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A B S T R A C T

Objective and Design: A randomized, open-label pilot study in individuals treated with antiretroviral therapy (ART)
since acute HIV infection (AHI) with a regimen including a histone deacetylase inhibitor to induce HIV from
latency and control HIV replication during subsequent treatment interruption (TI).
Methods: Fifteen participants who initiated ART at AHI were randomized to vorinostat/hydroxychloroquine/
maraviroc (VHM) plus ART (n ¼ 10) or ART alone (n ¼ 5). The VHM arm received three 14-day vorinostat cycles
within 10 weeks before TI. ART was resumed for plasma viral load (VL) > 1,000 HIV RNA copies/mL. Primary
outcome was proportion of participants on VHM þ ART versus ART only with VL < 50 copies/mL for 24 weeks
after TI.
Results: Fifteen participants on ART (median: 178 weeks: range 79–295) enrolled. Two on VHM þ ART experi-
enced serious adverse events. Fourteen participants underwent TI; all experienced VL rebound with no difference
in time between arms: VHM þ ART (n ¼ 9) median: 4 weeks and ART only (n ¼ 5) median: 5 weeks. VHM
induced a 2.2-fold increase in VL (p ¼ 0.008) by single-copy HIV RNA assay after the first cycle. Neopterin levels
increased significantly following the first two cycles. After VHM treatment, the frequencies of peripheral blood
mononuclear cells harboring total HIV DNA and cell-associated RNA were unchanged. All participants achieved
VL suppression following ART re-initiation.
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Conclusions: Administration of VHM increased HIV VL in plasma, but this was not sustained. VHM did not impact
time to viral rebound following TI and had no impact on the size of the HIV reservoir, suggesting that HIV
reservoir elimination will require alternative treatment strategies.
1. Introduction

Antiretroviral therapy (ART) can control but not eliminate human
immunodeficiency virus (HIV).1 The “shock-and-kill” strategy, whereby
HIV is activated from latently infected cells and killed by viral-induced
cytopathicity and/or the immune system has been proposed as a cure
strategy.2 Histone deacetylase inhibitors (HDACi) have been used for
cancer therapy and evaluated as HIV latency reversing agents (LRA) in
clinical trials of individuals with chronic HIV infection following prom-
ising in vitro and ex vivo results.3,4 HIV clinical trials of HDACi have
included valproic acid.5 vorinostat 3,6,7 panobinostat 8, and romidepsin.9

However, while latency reversal was reported, a reduction in the size of
the HIV reservoir in vivo was not observed, with the exception of three of
four participants in the valproic acid trial, 5 implying that virus activation
was incomplete, did not result in death of infected cells and/or the
HIV-specific immune response was inadequate to clear infected cells.

One mechanism for HIV persistence could be immune activation
leading to new rounds of infection in activated CD4þ T cells, at sites
where ART penetration may be sub-optimal.10 Hydroxychloroquine
(HCQ) has been proposed as an anti-viral and anti-inflammatory agent in
HIV disease.11–13 One study in HIV-infected immunological
non-responders on ART noted that HCQ led to a reduction in innate and
adaptive immune activation, including a reduction in T-cell activation
markers expressed on both CD4þ and CD8þ T cells and an increase in the
frequency of plasmacytoid dendritic cells (pDC) with decreased
interferon-alpha (IFN-α). However, the role of HCQ and its analogue
chloroquine on IFN-α is unclear with studies reporting inhibitory,14

enhanced, 15 or no effect on induction.16 Reports of the impact of HCQ or
its analogue chloroquine on reduced expression of markers of immune
activation (CD38 and/or HLA-DR) on CD4þ and CD8þ T cells have shown
either no effect 11,15,16 or down-regulation. 17 However, the markers of
immune activation measured and treatment time varied between these
studies as did administration with 15,17 or without ART. 11,16

The occurrence of ongoing viral replication in the presence of ART has
been controversial.10,18 Maraviroc is a potent entry inhibitor of
CCR5-tropic viruses.19 Since HIV latency reversal could induce viral
replication, the addition of a different class of ART to the pre-existing
regimen was thought beneficial in terms of ensuring that new rounds of
HIV infection following potential latency reversal by vorinostat were
blocked to prevent possible expansion of the HIV reservoir. The HIV
reservoir in this study is defined as any cell harboring total DNA as this
marker has been found to correlate with induction of HIV virions.20,21

At the time of this trial’s conceptualization and initiation, previous
and then ongoing trials of HDACi as HIV LRA were conducted in in-
dividuals who started ART in chronic infection.3, 6–9 Since then, a study
of the impact of vorinostat as a “shock” agent has been performed in
individuals with recent HIV infection.22 We assessed the combination of
vorinostat, hydroxychloroquine and maraviroc (VHM) in Thai in-
dividuals who initiated ART during acute HIV infection (AHI). We hy-
pothesized that these participants would respond better to strategies
aimed at eliminating latency as they have fewer latently infected cells, a
relatively intact immune system and viruses predominantly using CCR-5
with less genetic diversity relative to chronic infection23 Vorinostat was
selected as the LRA because at the time of study design, the drug had the
largest published safety data profile, facilitating more ready approval for
importation by the Thai FDA and had the best published evidence of HIV
transcription.3,7 The rationale for the combination was that vorinostat
would induce latency reversal and infected cell death through either
virological or immunological mechanisms. Activated CD4þ T cells are
primary targets of HIV infection,24 hence HCQ was included due to its
2

potential dampening effect on CD4þ T cell but not CD8þ T cell activa-
tion,15 in the event that there was immune activation following latency
reversal leading to additional target cells for infection. Maraviroc was
added as intensification therapy to potentially prevent new rounds of
infection, as participants in this AHI cohort are primarily infected with
CCR-5 tropic viruses.23 The primary objective of the study was to
compare the proportion of patients between VHM plus ART versus ART
only maintaining plasma HIV RNA below detection (<50 copies/ml)
during 24 weeks of TI. Secondary objectives of the study were: (i) time to
HIV RNA detection and rebound after TI; (ii) change in HIV DNA and
cell-associated RNA; (iii) change in histone acetylation (H3); (iv) adverse
events both related and unrelated to the combination of VHM; and (v) the
occurrence and severity of acute retroviral syndrome following TI.

A study with macaques infected with simian immunodeficiency virus
and treated with a combination of latency reversing agents including
vorinostat raised concerns of detrimental neurotoxic effects.25 Therefore,
participants were given the option to enroll in a neurologic sub-study to
monitor the effects of VHM on neurotoxicity and the central nervous
system (CNS) HIV reservoir. Since prevention of neuronal inflammation
or injury is imperative, the neurologic sub-study aimed to monitor in-
flammatory markers in cerebrospinal fluid (CSF) and impact on neuro-
psychological testing (NPT).

2. Methods

2.1. Eligibility

SEARCH019 (clinicaltrials.gov identification number: NCT02475915)
recruited 15 participants from the ongoing RV254/SEARCH 010 AHI
cohort in Thailand (clinicaltrials.gov identification numbers: NCT0079
6146 and NCT00796263) from January through March 2015 23,26 Par-
ticipantswere eligible if theywere18–60years old, at Fiebig III-V stages of
AHI at ART initiation - i.e. prior to a Western blot positive but incomplete
pattern,27 maintained viral suppression (HIV RNA <50 copies/mL) for �
28 weeks prior to enrolment, and had a CD4 count of >450 cells/μL.
Additional entry criteria included normal EKG and no retinal disease. In-
dividuals positive for HBsAg or with malignancy were excluded. In addi-
tion, female participants were required to use contraception throughout
the course of the trial. Participants were randomized 2:1 to VHMplus ART
or ART alone. The study was approved by the Institutional Review Board
of Chulalongkorn University, Thailand. All participants provided written
informed consent. The investigators adhered to the policies for protection
of human subjects as prescribed inAR-70, aUSDepartment of Armypolicy
on the protection of human subjects, and the Declaration of Helsinki. A
data safety monitoring board was appointed and met twice during the
course of the study: (1) Following completion of the VHM regimen (week
10) for the first 5 subjects and (2) Completion of the study by 50% of
participants. Individuals who enrolled into the neurologic sub-study
(clinicaltrials.gov identification number: NCT02470351) underwent
lumbar puncture (LP), unless contraindicated, and NPT.

2.2. Intervention

The treatment phase of the trial spanned ten weeks (Fig. 1). Partici-
pants in the VHM plus ART arm received vorinostat at 400 mg/day for
three two-week cycles with two-week rest periods between cycles. The
dose was based on the safety profile from oncology studies28 and induces
HIV expression from resting CD4þT cells in vivo.3 HCQ was administered
at 400 mg/day and maraviroc at 300 mg/day or 1,200 mg/day for par-
ticipants on protease-inhibitor or non-nucleoside reverse transcriptase
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(NNRTI) containing ART regimens, respectively, throughout the treat-
ment phase. Those on NNRTI based ART regimens had the NNRTI
switched to darunavir/ritonavir at week eight, two weeks prior to TI to
prevent the risk of development of NNRTI-resistance during ATI due to
ART cessation. VHM was discontinued and ART interrupted at week ten;
ART was reinitiated when plasma viremia exceeded 1,000 copies
RNA/mL and/or the CD4 count was <350 cells/μL on two consecutive
occasions.

2.3. Safety laboratory tests

Safety laboratory tests, including pregnancy, clinical chemistries and
complete blood count (CBC) were performed at weeks 0, 2, 4, 6, 8, 10, 12,
16, 22 and 34 with additional CBC at weeks 11, 13, 14, 18, 26, 28, 30 and
32.

2.4. HIV genotyping and co-receptor usage

Genotyping for HIV reverse-transcriptase and protease inhibitor
resistance mutations by a previously published in-house assay was per-
formed at RV254/SEARCH 010 study entry and at the first time point
with plasma viral load (VL) > 1,000 copies/mL after TI.29 Viruses were
tested for co-receptor usage at the same two time points using the Trofile
phenotypic viral RNA assay (Monogram Biosciences, San Francisco, CA,
USA).

2.5. Plasma and CSF HIV-1 RNA measurement

VL was monitored at weeks 0, 2, 4, 6, 8 and 10 during the treatment
phase of the trial, weekly until week 12 following TI and every twoweeks
thereafter until the end of the trial using the COBAS® Taqman HIV-1 Test
(Roche Diagnostics, Branchburg, NJ, USA) with a lower limit of detection
of 20 HIV RNA copies/mL. VL was monitored at weeks 0, 2, 6, 10 and 34
for samples <20 copies/mL by single-copy assay (SCA) with a limit of
detection as low as 0.44 HIV RNA copies/mL for the volume of plasma
tested, as previously described.30 CSF VL was monitored at weeks 0 and
10 by both viral load assays, with a lower limit of detection of 0.26 HIV
RNA copies/mL for the CSF SCA. Although the clinical viral load assay
used in this study had a lower limit of quantitation of <20 copies/mL,
initial measurements in the parent protocol, RV254/SEARCH 010, were
performed with an assay with a lower limit of quantitation of <50
Fig. 1. Protocol schema for multiple cycles of vorinostat/hydroxychloroquine/
Vorinostat was administered at 400 mg/day, hydroxychloroquine at 400 mg/day and
week 10.

3

copies/mL, hence this value was used to define HIV suppression for the
purpose of longitudinal comparisons.

2.6. CD4 count

CD4 counts were measured at weeks 0, 2, 4, 6, 8, 10, time of viral
rebound, and week 34.

2.7. Analysis of histone acetylation

Histone acetylation was measured using 1 � 106 cryopreserved pe-
ripheral blood mononuclear cells (PBMC) collected prior to, 8 h and 24 h
after administration of vorinostat, and at two-week intervals thereafter
through week 10. PBMC were permeabilised and fixed with methanol.
Acetylated (Ac) histone (H)3 was measured by intracellular flow cytom-
etryusing antibodies toAcH3andAc lysine (Millipore, Billerica,MA,USA)
as described6 Data were expressed as mean fluorescence intensity (MFI)
above the associated antibody isotype control. Fold-changes in MFI rela-
tive to baseline were calculated for each time-point.

2.8. Cell-associated unspliced (CA-US) HIV RNA and HIV DNA (CA-
DNA)

CA-US HIV RNA and total HIV DNA were quantified by PCR from
cryopreserved PBMC using a minimum sample input of 1 � 104 and 3 �
104 CD4þ T cells and PBMC, respectively, collected within 28 days prior
to trial entry and at weeks 0, 2, 6, 10, time of plasma virus rebound, and
week 34.

CA-US HIV RNA was measured using a semi-nested real-time quan-
titative PCR as previously described for HIV subtype B with minor
modifications in primer design (Supplementary Table 1) for CRF01_AE,
the predominant circulating subtype in Thailand. HIV RNA copy numbers
were standardized to cellular equivalents using an 18s RNA real time
standard as previously described.7 Total DNA was measured using
primers specific for the LTR and gag regions which detect multiple HIV
subtypes as previously described.31

2.9. Activation markers in plasma and CSF

Four proteins associated with monocyte activation were measured at
study weeks 0, 2, 6 and 10, time of viral rebound, and at the end of the
maraviroc (VHM).
maraviroc at 300–1,200mg/day. Antiretroviral therapy (ART) was interrupted at



Table 1
Baseline characteristics of participants with acute HIV infection stratified by
treatment arm.

Characteristics VHMa þ ARTb (N ¼
10)

ARTb only (N ¼
5)

Acute HIV infection stage at ART
initiation

8 Fiebig III/2 Fiebig
IV

5 Fiebig III

Gender (Male: Female) 9:1 4:1

Viral load at ART initiation, log10
copies/mL

6.1 (4.7–7.5) 5.6 (3.1–7.1)

CD4þ T cells/μL at ART initiation 397 (132–574) 532 (213–740)

CD4: CD8 ratio at ART initiation 0.4 (0.3–2.1) 0.8 (0.6–1.0)

Total HIV DNA at ART initiation, copies/
106 PBMC

837 (0.8–2,323) 594 (19–1,878)

Length of time on ART prior to trial
entry, weeks

224 (79–294) 155 (100–295)

ART at trial entry
EFVc/TDFd/FTCe 5 4
EFV/TDF/3 TCf 1 0
LPV-rg/TDF/FTC 3 0
RALh/TDF/3 TC 1 1

Age at trial entry, years 28 (22–51) 26 (24–34)

Plasma HIV RNA at trial entry, log10
copies/mL

<1.3 <1.3

CD4þ T cells/μL at trial entry 634 (501–1,106) 1079
(537–1,612)

CD4: CD8 ratio at trial entry 1.2 (0.7–2.6) 1.2 (0.8–1.4)

Total HIV DNA at trial entry, copies/106

PBMC
5.5 (0.8–93.0) 27.0 (3.0–86.0)

Data are presented as Median (Minimum-Maximum) unless otherwise specified.
a VHM: vorinostat/hydroxychloroquine/maraviroc.
b ART: antiretroviral therapy.
c EFV: efavirenz.
d TDF: tenofovir.
e FTC: emtricitabine.
f 3TC: lamivudine.
g LPV-r: ritonavir boosted lopinavir.
h RAL: raltegravir.
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study: soluble CD163 (sCD163), sCD14, monocyte chemoattractant
protein (MCP)-1, and neopterin. Interferon γ–induced protein (IP-10)
and interferon-alpha (IFN-α) were also measured. MCP-1, sCD14,
sCD163 and IP-10 were quantified using Human Magnetic Luminex
Screening Assay (R&D Systems, Minneapolis, MN, USA). Neopterin was
measured by enzyme-linked immunoassay (B.R.A.H.M.S., Hennigsdorf,
Germany) and IFN-α with the Simoa Human IFN-α kit (Quanterix, Bill-
erica, MA, USA).

2.10. Neuropsychological assessment

The NPT battery consisted of thirteen tests, summarized as NPZ
Global as previously described at weeks 0, 10, during ATI, and after
resuming ART.32 Testing was completed by blinded, certified
nurse-psychometrists. Data were compared to a normative set of 500
HIV-negative, healthy Thais, stratified by age and educational attainment
to define standardized z scores.

2.11. Statistical analysis

Time-to-event analysis was performed for time from treatment
interruption to the first viral load detection (�20 copies/mL) and
rebound (>1,000 copies/mL). Time from viral load detection to ART
resumption and time from ART resumption to plasma viremia suppres-
sion were also evaluated. Survival functions between study arms were
compared using log-rank test. Demographic and HIV-disease related
characteristics are described as median (minimum–maximum range) or
frequencies. The Wilcoxon signed-rank and Mann-Whitney tests were
used to compare variables within and between groups.

The Friedman test was used to compare multiple repeated measures.
Analyses were performed with Stata Statistical Software version 13
(StataCorp, College Station, TX, USA) and Prism version 6.0e (GraphPad
Software, San Diego, CA, USA).

This was an exploratory study of a unique group of early-treated in-
dividuals with low HIV reservoir size.26 The sample size was based on
feasibility with regards to the complexity of clinic visits and budget. The
assumption was that the proportion of subjects achieving drug-free HIV
remission would be higher than in the VISCONTI study (15%),33 because
participants had initiated ART earlier and exhibited lower HIV DNA. The
power calculation was based on proportion with drug-free HIV remission
being 15% and showed that there was no adequate statistical power to
test differences in post-treatment viremic controllers between the arms.
Nevertheless, the study was considered important in informing the effect
of VHM on HIV remission and reservoir size and to provide data on the
safety of VHM in Thais with the aim to expand to a larger trial if there was
any significant difference in time to viral load rebound between the two
study arms.

3. Results

Sixteen individuals were screened, as one individual withdrew con-
sent after enrollment and randomization, but prior to assigned treatment
(Supplementary Fig. 1). Fourteen individuals were infected with HIV
CRF01_AE and one (S019-120) with subtype B. The majority were men
who have sex with men (Table 1). Participants had been on ART for a
median of 178 weeks (79–259). Two participants experienced adverse
events that despite being grade 2 (moderate), were regarded as serious
adverse events based on leading to hospitalization and, in one case,
treatment discontinuation: one participant discontinued VHM during the
second vorinostat cycle for renal insufficiency (grade 2, previously
normal) treated with IV hydration, and thrombocytopenia (grade 2,
previously normal). Both renal function and platelets normalized
following VHM discontinuation. Another participant was hospitalized for
diarrhea grade 2 which was deemed possibly related to VHM, but he
made a full recovery without interrupting study intervention. There were
118 clinical adverse events reported: 81 in the VHM þ ART participants
4

and 37 in the ART only participants (Supplementary Table 2). There were
40 mild to moderate laboratory adverse events, with 34 of these occur-
ring in the VHM þ ART group with thrombocytopenia the most common
(Supplementary Table 3). During treatment, all participants maintained
HIV VL< 20 copies/mL, with one participant (S019-700) showing a viral
load of 38 copies/mL at the end of the first VHM rest period (week 4).

SCA measurements during VHM demonstrated HIV RNA expression at
the end of the first vorinostat cycle relative to baseline (p¼ 0.008), but not
subsequent cycles with wide inter-individual variability. Only one partic-
ipant (S019-160) in the VHMþ ART group did not have measurable VL by
SCA during treatment (Fig. 2). No significant increases in viral load rela-
tive to baseline were seen in the ART only group during treatment.

VL rebound (confirmed HIV RNA >1,000 copies/mL) occurred as
early as two weeks following TI in one individual in the VHM þ ART
group (Supplementary Fig. 2). There was no difference in time to initial
virus detection (�20 HIV RNA copies/mL) between the two arms
following TI (Table 2). Similarly, there was no difference in time to viral
rebound following TI: 28 days in the VHM þ ART arm versus 35 in the
ART only arm (p ¼ 0.425). Combining the arms, the median times from
TI to first viral load detection and rebound were 21 and 32 days,
respectively.

Four participants, all in the VHM þ ART arm, had concurrent first VL
� 20 copies/mL and rebound (>1000 copies/mL). One ART only
participant (S019-300) showed a prolonged delay from first VL detection
to rebound of 35 days and remained off ART for 16 weeks. This female



Fig. 2. Plasma viral load during 10 weeks of treatment with vorinostat/hydroxychloroquine/maraviroc (VHM) þ ART (left panel) and ART only (right
panel) measured by the single-copy HIV RNA assay.
The horizontal bars above the left panel show the times of administration of vorinostat. *: p ¼ 0.008 relative to study entry. C: Cycle.

Table 2
Virologic and immunologic characteristics of participants following treatment
interruption, stratified by study arm.

Characteristics VHMa þ ARTb (N
¼ 9)

ARTb only (N ¼
5)

p

Weeks from treatment
interruption to viral load
detection, � 20 copies/mL

3 (2–5) 3.1 (3–11) 0.61

Viral load at detection, copies/mL 222 (33–41,822) 156 (52–395) 0.39

Weeks from treatment
interruption to viral load
rebound, >1,000 copies/mL

4 (2–7) 5 (4–16) 0.36

Peak viral load prior to ART
resumption, copies/mL

10,797
(2,823–75,084)

4,717
(1,614–31,264)

0.21

Weeks from viral load detection,
�20 copies/mL, to ART
resumption

1 (0.1–4.1) 2 (1–5.3) 0.22

Weeks from ART resumption to
VL suppression,<20 copies/mL

2.9 (0.9–10.9) 2 (1.9–3.9) 0.29

CD4þ T cells/μL change from
study entry to ARTb resumption

2 (�376 to 549) 16 (�284 to 474) 0.74

Data are presented as Median (Minimum-Maximum).
a VHM: vorinostat/hydroxychloroquine/maraviroc.
b ART: antiretroviral therapy.
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participant enrolled in the parent protocol at Fiebig stage III and had
been on a NRTI/NNRTI regimen for over two years and was found to
express the HLA B*58:01 allele, which is associated with HIV-1 subtype C
protection.34 All participants reinitiated ART and had suppressed viremia
at the end of the study. The median time to viral load suppression
following ART re-initiation was 2.4 weeks (0.9–10.9) with no significant
difference between the two arms (data not shown). Neither acute retro-
viral syndrome, nor novel significant ART-resistance mutations occurred
5

in any participant and there was no change in co-receptor usage (data not
shown).

CD4þ T cell counts remained unchanged from baseline to end of
treatment in both arms - median: 701 cells/μL (501–1106) at week
0 versus 643 (443–1357) at week 10 for the VHMþ ART arm (p¼ 0.734)
and 1079 cells/μL (537–1612) versus 955 (536–1125) for the ART only
arm (p ¼ 0.062). (Supplementary Fig. 3). One participant in the VHM þ
ART arm had a CD4þ T cell count of 312 cells/μL at the end of the trial,
which increased to 746 cells/μL two weeks later.

Histone acetylation measurements were performed for only six study
participants (Supplementary Fig. 4) due to limited availability of PBMC
following issues with one international shipment.

CA-US HIV RNA was detected in two of eight VHMþ ART participants
assessed (the participant infected with HIV subtype B was not assessed as
the primers were specific for CRF01_AE) and two of five ART only par-
ticipants at baseline (Fig. 3). Overall, CA-US HIV RNA was detected in 5/8
VHMþ ART versus 3/5 ART only participants during the 10 weeks prior to
TI. Following viral rebound and prior to ART re-initiation, CA-US HIV RNA
was detected in 4/8 VHM þ ART versus 2/5 ART only participants, all of
whom showed measurable CA-US HIV RNA prior to TI. CA-US HIV RNA
showed no significant difference at any time point between the VHM þ
ART and ART only arms, or relative to baseline.

HIV DNA was measured for four VHM þ ART participants and four in
the ART only group at week 0, with DNA detected in 3/4 and 4/4 par-
ticipants, respectively (Fig. 4). The median concentrations of total DNA
in PBMC were similar between the arms (p ¼ 0.49; Table 1). There was
no significant change at the end of VHM treatment (5.9 copies/106

PBMC; 0.8–45.0) relative to week 0 (p ¼ 0.75), with DNA detected in 2
out of 4 participants after treatment. In the ART only arm at the end of
treatment, DNA was detected in four out of five participants and the
concentration was similar to the VHMþ ART arm (9.0 copies/106 PBMC;
0.8–68.0; p¼ 0.62). Total HIV DNA at time of viral rebound was detected
in eight out of ten participants measured (median: 34.0 copies/106

PBMC; 1.0–105.0).
Fig. 3. Change in CA-US HIV RNA in the
vorinostat/hydroxychloroquine/mar-
aviroc (VHM) þ ART treatment arm (left
panel) versus ART only (right panel).
Grey shaded area represents the VHM treat-
ment period. Treatment in both study arms
was interrupted at week 10. The vertical
dashed lines represent the minimum and
maximum times following treatment inter-
ruption at which viral rebound occurred (2–7
weeks in the VHM þ ART group and 4–16
weeks in the ART only group). Horizontal
bars at the top of the left panel show the
timing of vorinostat administration. The
color schema used in Fig. 2 for each partici-
pant is retained. C: Cycle.



Fig. 4. Total HIV DNA during the 34-week
study period in the vorinostat/hydroxy-
chloroquine/maraviroc treatment arm
(left panel) versus ART only (right panel).
Grey shaded area represents the VHM treat-
ment period. Treatment in both arms was
interrupted at week 10. The vertical dashed
lines represent the minimum and maximum
times following treatment interruption at
which viral rebound occurred (2–7 weeks in
the VHM þ ART group and 4–16 weeks in
the ART only group). Horizontal bars at the
top of the left panel show the timing of
vorinostat administration. Horizontal dashed
line shows the limit of detection of the assay.
The color schema used in Fig. 2 for each
participant is retained. C: Cycle.
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Neopterin showed a significant increase after the first and second
vorinostat cycles, returning to pre-treatment levels at the end of the study
(Supplementary Fig. 5). Interestingly, the neopterin peak concentration
during VHM þ ART treatment was greater than the concentration
observed at time of viral rebound: 8.18 nmol/L (2.12–11.96) versus 5.18
nmol/L (3.25–5.86), respectively (p ¼ 0.012). IP-10 showed a similar
trend as neopterin but was not significantly elevated (Supplementary
Fig. 6). However, neopterin and IP-10 levels were positively correlated (r
¼ 0.268; p ¼ 0.008). Neither neopterin nor IP-10 was correlated with
viral load: r ¼ �0.121; p ¼ 0.468 and r ¼ 0.250; p ¼ 0.130, respectively.
Other markers of immune activation, including IFN-α showed no signif-
icant changes (Supplementary Fig. 6).

CSF HIV RNA was below the limit of detection by clinical and single-
copy viral load assays at weeks 0 and 10 in all participants in the
neurologic sub-study. Inflammatory markers—CSF protein, IP-10, MCP-
1, neopterin, sCD14, and sCD163—did not significantly change among
the weeks 0, 10 and viral rebound time-points.

Neuropsychological performance improved with repeated testing in all
but oneVHMparticipantwhose z-scores declinedat theweek10VHMvisit.

4. Discussion

This was the first clinical trial to assess the impact of a combination
intervention including an LRA in participants who initiated therapy
during AHI. There were more grade 2 adverse events and more labora-
tory events overall reported in VHM recipients, with one participant in
this arm discontinuing study treatment for grade 2 renal insufficiency
and thrombocytopenia, regarded as a serious adverse event based on
hospitalization for IV hydration. Another individual with grade 2 diar-
rhea constituted a second serious adverse event due to overnight hospi-
talization as well. All other related events were grade 1/2 and resolved
upon completion of treatment, demonstrating that the regimen was safe
and well tolerated by the majority of participants.

Each component of VHM was previously tested in combination with
ART for safety. A 14-day trial of vorinostat in HIV infected participants on
ART demonstrated a safety profile similar to the current trial.7 Two other
single arm trials in HIV-infected participants on ART used up to 22 doses
of vorinostat and reported similar safety profiles.6,35 These trials used the
same dose of vorinostat as the current study and also reported throm-
bocytopenia, but were conducted in participants who had started ART in
chronic HIV infection.

There was no difference in either the proportion of participants
maintaining viral suppression or the time to viral rebound following TI
between the study arms. However, the time to viral rebound was highly
variable between individuals. Previous and subsequent trials with vor-
inostat have not included TI.3,6,7,22,36 However, a study with the HDACi,
panobinostat, in HIV-infected individuals on ART, also reported rapid
viral rebound following a TI.9 We did not observe any deleterious effect
of TI on reservoir size, emergence of ART-resistance, co-receptor
6

switching, or immune activation following viral rebound and ART
re-initiation.

The detection of plasma viremia during administration of VHM while
receiving ART is novel. A previous trial reported no significant increase in
plasma viremia using clinical or SCA after a single course of vorinostat.7 A
smaller trial usingmultiple cycles of vorinostat plus ART noted no increase
in plasma RNA despite pre-selecting participants based on vorinostat
inducing HIV expression from their resting CD4þ T cells.3 The increase in
plasma viremia by SCA at the end of the first vorinostat cycle but not later
agrees with the observation of a previous trial of multiple cycles of vor-
inostat where resting CD4þ T cell-associated HIV RNA was dampened by
multiple doses relative to a single dose and may be due to a cellular
negative feed-back mechanism to compensate vorinostat-induced acety-
lation.6 Neither HCQ nor maraviroc intensification has been reported to
induce HIV plasma viremia, although less frequent and sensitive viral load
measurements were used.16–18 However, a previous trial of maraviroc
intensification reported a transient increase in HIV 2-LTR DNA circles,
suggesting that the drug induced perturbations in the HIV reservoir.36

Following completion of SEARCH 019, an in vitro study reported that
maraviroc reversed latency of both CXCR4-and CCR5-tropic HIV in resting
and central memory CD4þ T cells via agonist activity of the CCR5 receptor
and activation of nuclear factor kappa B.37 Additionally, reports of pDC
expansion and enhanced plasma IFN-α levels in clinical trials of HCQ, 15,17

suggested that HCQ could also function as a LRA. 38,39 Our results do not
support the treatment regimen inducing IFN-α.

The absence of any increase in CA-US RNA after two weeks of vor-
inostat was surprising given previous trials, where most participants had
detectable CA-US RNA before vorinostat administration.3,6,7,35 However,
those trials were performed in individuals who initiated ART during
chronic HIV infection. Also, detection of CA-US HIV RNA prior to vor-
inostat in the current study was infrequent. One study in Swiss partici-
pants initiating ART following AHI reported undetectable CA-US RNA in
14/24 subjects despite total DNA being detected in all.40 The current
study had a marginally lower frequency of detection of CA-US HIV RNA,
but participants had been treated for longer. Given the low frequency of
CA-US HIV RNA detection prior to vorinostat, our study was under-
powered to detect changes in CA-US HIV RNA following vorinostat. In
addition, changes in CA-US HIV RNA were measured after 14 days of
vorinostat, while previous studies demonstrated that initial changes in
CA-US HIV RNA occur within 8 h of the first dose.3,7,35 However, the
recent RIVER trial of vorinostat did report high frequencies of CA-US HIV
RNA prior to and 4–8 weeks following vorinostat administration but also
reported no difference in CA-US HIV RNA at 2 h or other time points
assessed following vorinostat administration either relative to
pre-vorinostat or the ART only group.22

The finding of plasma viremia, in the absence of CA-US RNA was also
reported in the Swiss study of ART initiation during primary infection
(within 3–15weeks of infection) which detectedHIV plasma viremia, and
CA-USRNAatmedian times of 4.2 and 8weeks, respectively, followingTI,
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suggesting that theobservation is not related toHIV subtypeor ethnicity. It
may be that the source of plasma viremia was not PBMC.

Measurement of total HIV DNA in PBMC revealed no impact of VHM
on HIV reservoir size. The marginal increase seen in the reservoir during
viral rebound and its return to baseline is a promising preliminary finding
for future treatment interruption trials as there is no evidence that
expansion of the reservoir occurred.

Elevated levels of neopterin are associated with plasma viremia and
decline with ART.41 The increased neopterin level following the first and
second vorinostat cycles but not during viral rebound suggests that the
effect was not due to HIV.While treatment intensificationwith maraviroc
has been reported to have no impact on plasma neopterin levels,42 the
effect of HCQ or vorinostat or the VHM combination is unknown and
their role in the observed elevation cannot be excluded.

No impact of VHM on CNS inflammatory markers or NPT perfor-
mance was observed, in agreement with the finding by Archin et al.6

A limitation of the current trial was the inability to perform endpoint
CA-US RNA, CA-DNA and histone acetylation measurements on all par-
ticipants due to a PBMC shipment problem.We also did not have multiple
study arms with the individual drugs.

The failure of the VHM combination to reduce the HIV reservoir size
is similar to other studies with HDACi LRA.5–9,22,35 In vitro and ex vivo
studies have demonstrated that combinations of LRA with different tar-
gets and timing of administration will be important in reducing the size
of the HIV reservoir.43,44

The only HDACi study that showed a reduction in reservoir size as
measured by total HIV DNA/106 CD4þ T cells used romidepsin following
therapeutic immunization with a vaccine known to stimulate HIV-
specific cell-mediated immune responses.45 However, following TI all
participants experienced viral rebound. Our preliminary findings suggest
that HIV remission strategies for participants with AHI, despite their
relatively reduced reservoir size, will require alternative strategies.
Importantly, this pilot study showed that TI in individuals initiating ART
during AHI did not result in clinically adverse outcomes, with no acute
retroviral syndrome or drug-resistant viruses observed and rapidly sup-
pressed plasma viremia following ART resumption.
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