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Background.  In�ammation is associated with end-organ disease and mortality for people with human immunode�ciency virus 
(PWH). Ruxolitinib, a Jak 1/2 inhibitor, reduces systemic in�ammation for individuals without human immunode�ciency virus 
(HIV) and HIV reservoir markers ex vivo. �e goal of this trial was to determine safety and e�cacy of ruxolitinib for PWH on an-
tiretroviral therapy (ART).

Methods.  AIDS Clinical Trials Group (ACTG) A5336 was an open-label, multisite, randomized controlled trial (RCT). 
Participants were randomly assigned (2:1) using centralized so�ware to ruxolitinib (10�mg twice daily) plus stable ART for 5 weeks 
vs ART alone, strati�ed by efavirenz use. Eligible participants were suppressed on ART for �2�years, without comorbidities, and had 
>350 CD4+ T cells/µL. Primary endpoints were premature discontinuation, safety events, and change in plasma interleukin 6 (IL-6). 
Secondary endpoints included other measures of in�ammation/immune activation and HIV reservoir.

Results.  Sixty participants were enrolled from 16 May 2016 to 10 January 2018. Primary safety events occurred in 2.5% (1 participant) 
for ruxolitinib and 0% for controls (P = .67). �ree participants (7.5%) prematurely discontinued ruxolitinib. By week 5, di�erences in IL-6 
(mean fold change [FC], 0.93 vs 1.10; P = .18) and soluble CD14 (mean FC, 0.96 vs 1.08; relative FC, 0.96 [90% con�dence interval {CI}, 
.90�1.02]) levels for ruxolitinib vs controls was observed. Ruxolitinib reduced CD4+ T cells expressing HLA-DR/CD38 (mean di�erence, 
�0.34% [90% CI, �.66% to �.12%]) and Bcl-2 (mean di�erence, �3.30% [90% CI, �4.72% to �1.87%]).

Conclusions.  In this RCT of healthy, virologically suppressed PWH on ART, ruxolitinib was well-tolerated. Baseline IL-6 levels 
were normal and showed no signi�cant reduction. Ruxolitinib signi�cantly decreased markers of immune activation and cell sur-
vival. Future studies of Jak inhibitors should target PWH with residual in�ammation despite suppressive ART.

Clinical Trials Registration.  NCT02475655.
Keywords.   HIV; in�ammation; Jak inhibitors; immune activation; reservoir.

Janus kinase (Jak) and signal transducer and activator of tran-
scription (STAT) inhibitors have revolutionized the treatment 
of several inflammatory, autoimmune, and neoplastic condi-
tions [1]. Ruxolitinib, an orally bioavailable Jak 1/2 inhibitor 
approved for the treatment of myelofibrosis and polycythemia 
vera, reduced inflammatory biomarkers for these and other 
conditions under investigation [2�4].

Although antiretroviral therapy (ART) is an e�ective 
strategy for treating people with human immunode�ciency 

virus (PWH), systemic in�ammation and human immuno-
de�ciency virus (HIV)�related immunologic impairment can 
persist for some individuals, particularly if ART initiation is 
delayed [5]. Chronic in�ammation is thought to drive several 
consequences for PWH on ART including increased end-organ 
damage [6�9], less robust immunologic reconstitution [10, 11], 
and enhanced susceptibility of myeloid and lymphoid cells to 
HIV infection while promoting viral production and prolifer-
ation of infected cells [12, 13]. Many of the cytokines induced 
by Jak-STAT signaling are central to the pathogenesis of HIV 
including tumor necrosis factor alpha (TNF-�) and interleukin 
(IL)�6. It is from these observations that ruxolitinib was �rst 
considered as a potential therapeutic option for HIV-1 disease 
[14]. �erefore, the objectives of this clinical trial were to (1) as-
sess the safety/tolerability and (2) determine the immunologic 
and viral reservoir activity of ruxolitinib for PWH virologically 
suppressed on�ART.
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METHODS

Study�Design

AIDS Clinical Trials Group (ACTG) A5336 was a phase 2a 
multicenter, randomized (2:1), open-label, parallel-arm study 
conducted in 14 academic sites across the United States that 
enrolled PWH (18�74� years of age) who were virologically 
suppressed for �2� years on ART containing a nonnucleoside 
reverse transcriptase inhibitor or an integrase strand transfer 
inhibitor not requiring cobicistat (Supplementary Methods). 
Full details of the study are given at https://clinicaltrials.gov/
ct2/show/NCT02475655.

Participants

Given that this was the first-in-class trial of Jak inhibitors for 
PWH, regulatory requirements restricted enrollment to healthy 
individuals and required participants to have >350 CD4+ T 
cells/µL and plasma HIV-1 RNA below the limit of quantifica-
tion. Participants must have been on stable ART �12 weeks of 
entry and could not have an ongoing or previous comorbidity 
except well-controlled hypertension (see Supplementary Table 
1 for eligibility criteria). This trial was approved by the insti-
tutional review boards of each institution, and all participants 
provided written informed consent.

Randomization and�Masking

Remaining on their ART regimen, participants were random-
ized (2:1) in an open-label fashion using a centralized com-
puter system maintained by the ACTG Data Management 
Center using permuted blocks to treatment with ruxolitinib 
10�mg orally twice daily for 5 weeks or no study treatment (con-
trols), and was stratified by whether the participant was on an 
efavirenz (EFV)�containing regimen in order to ensure an ade-
quate number of EFV-treated participants for pharmacokinetic 
analyses.

Procedures

Participants assigned to ruxolitinib were followed for 7 weeks 
off-treatment; controls were followed on-study for 12 weeks. 
At preentry, entry, and weeks 4, 5, 10, and 12, soluble markers 
of immune activation and inflammation in the peripheral 
blood were measured by high-sensitivity enzyme-linked im-
munosorbent assay (ELISA) for IL-6, and standard ELISA 
and microarray analysis for soluble CD14 (sCD14), TNF-�, 
IL-1�, IL-7, IL-10, IL-15, IL-18, and transforming growth 
factor��1/2/3. At entry, and weeks 2, 5, and 12, peripheral 
blood mononuclear cell (PBMC) indices of immune acti-
vation, homing, cycling, and survival, including HLA-DR/
CD38, CD25, CD127, Bcl-2, Ki-67, and �4�7, as well as lym-
phocyte subsets, were determined using flow cytometry and 
microarray panels (messenger RNA and protein expression). 
Low-level HIV viremia was quantified using the integrase 
single-copy assay (iSCA) [15]. Levels of cell-associated HIV-1 

RNA (CA-RNA) and total HIV-1 DNA in total PBMCs were 
quantified at entry and at weeks 5 and 12 as previously de-
scribed [16].

Outcomes

Primary tolerability and safety outcomes included premature 
ruxolitinib discontinuation and occurrence of predefined safety 
events (Supplementary Data). The primary efficacy endpoint 
was change in plasma IL-6 levels through week 5.� Secondary 
endpoints included changes in other plasma, cell surface, and 
HIV reservoir measures.

Statistical Analysis

Inflating for 20% loss to follow-up or exclusion from pri-
mary efficacy analyses, with 60 participants, there was 80% 
power to detect a 0.20 log10 pg/mL difference between arms 
for change in IL-6 from baseline to week 4/5, using a 2-sided 
t test with 10% type I�error (Supplementary Methods). Safety 
and tolerability analyses included all participants random-
ized to ruxolitinib who took at least 1 dose and all parti-
cipants randomized to the control arm. The proportion of 
participants who experienced at least 1 primary safety mile-
stone was compared between arms using a 1-sided mid-P 
Fisher exact test with 5% type I�error.

E�cacy analyses were evaluated among a restricted subset 
of participants (see Supplementary Data for exclusions). 
Continuous measures were summarized with means, standard 
deviations (SDs), and con�dence intervals (CIs). Mean changes 
were compared between arms using 2-sided t tests with a 10% 
type I� error. To reduce variability and maximize statistical 
power, the average of 2 timepoints was used in analyses. Soluble 
markers of in�ammation were log10 transformed, with changes 
shown as fold change (FC) and di�erences between arms as rel-
ative fold change�(rFC).

Total HIV-1 DNA copies/106 CD4+ T cells were normalized 
by the CD4% from the same date and log10 transformed. Analytic 
lower limits were determined for each marker with values 
below limit imputed as half the distance from zero. HIV-1 RNA 
levels by iSCA were categorized as above or below assay limit 
of detection (0.4 copies/mL). Log-binomial regression with log-
link, �tted with generalized estimating equations, compared the 
proportion of participants with detectable HIV-1 RNA by iSCA 
between arms with 10% type I�error. P values were presented at 
their nominal level and interval widths were not adjusted for 
multiple comparisons; therefore, inferences may not be repro-
ducible. Missing data were rare and were considered ignorable 
in analyses. All analyses were conducted using SAS version 9.4 
so�ware.

�e study was reviewed by an independent study moni-
toring committee at 6-month intervals and was registered with 
ClinicalTrials.gov (NCT02475655).
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RESULTS

In total, 60 participants (40 on ruxolitinib and 20 controls) 
were enrolled from 16 May 2016 to 10 January 2018 (Figure 1). 
Participant characteristics at entry were balanced in both arms 
(Table 1). The median age was 49 (interquartile range [IQR], 
37�54) years, 80% (n = 48) male, 50% (n = 29) black non-
Hispanic, 36% (n = 21) white non-Hispanic, and 10% (n = 6) 
Hispanic. Median CD4 count was 791 (IQR, 622�972) cells/µL 
and 98% (n = 59) had plasma viral load <40 copies/mL.

�ree participants (7.5%) prematurely discontinued 
ruxolitinib (Supplementary Table 3). One participant (2.5%) on 

ruxolitinib had a primary safety event, which was reported by 
site investigators as probably not related to ruxolitinib. �is par-
ticipant was diagnosed with Escherichia coli pyelonephritis at 
week 1 that resolved in 1�day without interruption of ruxolitinib. 
�ere was no di�erence in the proportion of participants with 
primary safety events between arms (P�=�.67). Complete safety 
data are shown in Supplementary Tables 4 and 5.

Baseline IL-6 levels were not elevated for any participants 
(Supplementary Table 6). �ere was no signi�cant di�erence be-
tween arms in IL-6 FC from baseline to week 4/5 (mean rFC, 0.85 
[90% CI, .69�1.04]; P = .18) or week 10/12 (rFC, 1.10 [90% CI, 

Figure 1.  Consolidated Standards of Reporting Trials (CONSORT) �ow diagram. Abbreviations: ARV, antiretroviral; AST, aspartate aminotransferase; HIV, human immuno-
de�ciency virus; SGOT, serum glutamic-oxaloacetic transaminase.
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.84�1.44]) (Figure 2A, Supplementary Table 12). In contrast, there 
was a signi�cant relative decrease in sCD14 at week 4/5 (mean FC, 
0.96 [90% CI, .90�1.02] for ruxolitinib vs 1.08 [90% CI, .93�1.26] 
for controls; rFC, 0.89 [90% CI, .80�.99]) (Figure 2B). �ere was 
a trend toward a greater reduction in TNF-� for participants who 
received ruxolitinib compared with controls (rFC, 0.88 [90% CI, 
.76�1.01]) and no di�erence between arms for IL-1�, IL-7, or 
IL-10 (Figure 2C�F, Supplementary Table 13) at week�5.

HLA-DR/CD38 (Figure 3A, Supplementary Table 15), 
a marker of immune activation, signi�cantly decreased on 
CD4+ T cells by week 2 with ruxolitinib compared to controls 
(mean di�erence [md], �0.39% [90% CI, �.66% to �.12%]), 
and persisted while on ruxolitinib. �e proportion of CD4+ 
T cells expressing the cell survival marker Bcl-2 (Figure 3B, 
Supplementary Table 15) also signi�cantly decreased by week 

2 and remained lower at 5 weeks for participants who received 
ruxolitinib compared to controls (md, �3.30% [90% CI, �4.72% 
to �1.87%]). �e proportion of CD4+ T cells expressing the IL-7 
receptor �-chain, CD127 (Figure 3C, Supplementary Table 15), 
signi�cantly increased for participants who received ruxolitinib 
compared to controls (week 5: md, 3.49% [90% CI, 1.75%�
5.22%]). �e proportion of CD4+ T cells that were regulatory 
T cells, CD25Hi+/CD127� (Figure 3D, Supplementary Table 
15), signi�cantly decreased at weeks 2 and 5 for participants on 
ruxolitinib compared to controls (week 5: md, �1.71% [90% CI, 
�2.46% to �.97%]). �e proportion of CD4+ T cells expressing 
the gut homing marker, �4�7 (Figure 3E, Supplementary Table 
15), signi�cantly decreased at 2 and 5 weeks for participants 
on ruxolitinib, but the di�erence between arms was largely 
driven by increases at week 2 in controls. Finally, there were 

Table 1.  Participant Baseline Characteristics

Characteristic Total (N = 60)

Study Arm

Ruxolitinib (n = 40) Controls (n = 20)

Age, y, median (IQR) 49.0 (36.5�54.0) 49 (45�54) 43.5 (31.0�54.0)
Sex    
  Male 48 (80) 32 (80) 16 (80)
  Female 12 (20) 8 (20) 4 (20)
Race/ethnicity    
  White non-Hispanic 21 (36) 14 (37) 7 (35)
  Black non-Hispanic 29 (50) 19 (50) 10 (50)
  Hispanic (any race) 6 (10) 4 (11) 2 (10)
  >1 race 2 (3) 1 (3) 1 (5)
IV drug history    
  Never 52 (87) 33 (83) 19 (95)
  Previously 8 (13) 7 (18) 1 (5)

Entry CD4 count, cells/�L, median (IQR) 791 (622�972) 798 (628�973) 737 (610�930)

Entry CD8 count, cells/�L, median (IQR) 644 (490�852) 704 (483�842) 629 (496�852)

Entry CD4/CD8 ratio, median (IQR) 1.3 (0.9�1.6) 1.3 (0.9�1.6) 1.3 (0.8�1.6)

Nadir CD4 cell count, cells/�L    

  �50 3 (5) 3 (8) 0 (0)
  51�100 3 (5) 2 (5) 1 (5)
  101�200 10 (18) 7 (18) 3 (16)
  201�500 31 (54) 21 (55) 10 (53)
  >500 10 (18) 5 (13) 5 (26)
HIV-1 RNA, copies/mL    
  <40 59 (98) 39 (98) 20 (100)
  114 1 (2) 1 (3) 0 (0)
ART regimen    
  TDF/FTC/EFV 20 (33) 14 (35) 6 (30)
  ABC/3TC/DTG 13 (22) 8 (20) 5 (25)
  TAF/FTC/RPV 7 (12) 3 (8) 4 (20)
  TAF/FTC + DTG 5 (8) 4 (10) 1 (5)
  TDF/FTC + RAL 5 (8) 4 (10) 1 (5)
  TAF/FTC + RAL 4 (7) 2 (5) 2 (10)
  TDF/FTC + DTG 3 (5) 3 (8) 0 (0)
  TDF/FTC/RPV 2 (3) 1 (3) 1 (5)
  ABC/3TC + DTG 1 (2) 1 (3) 0 (0)

Data are presented as No. (%) unless otherwise indicated.
Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; DTG, dolutegravir; EFV, efavirenz; FTC, emtricitabine; HIV-1, human immunode�ciency virus type 1; IQR, interquar-
tile range; IV, intravenous; RAL, raltegravir; RPV, rilpivirine; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.
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no di�erences between arms in the proportion of CD4+ T cells 
expressing the cycling marker Ki67 (Figure 3F, Supplementary 
Table 15). Total CD8+ T-cell and monocyte results are provided 
in Supplementary Tables 7�9.

At week 2, there was a greater increase in CD4+ T-cell counts 
for ruxolitinib (mean, 131 cells/µL) than controls (mean, �11 
[SD,�129] cells/µL) (md, 142 [90% CI, 58�227] cells/µL; Figure 
4A, Supplementary Table 14). Increased CD4 counts persisted 
in the ruxolitinib arm through week 5 but returned to baseline 
levels by week 12. One participant on ruxolitinib experienced 
a con�rmed CD4+ T-cell decline >50% below the entry level in 
the absence of an ART interruption at week 12 (1530 to 654 
cells/µL). Likewise, CD8+ T-cell counts increased signi�cantly 
(md, 160 [90% CI, 59�261] cells/µL) by 2 weeks for ruxolitinib 
(mean, 162 [SD,�220] cells/µL) compared to controls (mean, 2 
[SD,�188] cells/µL), and returned to baseline levels by week 12 
(Figure 4B, Supplementary Table 14).

�e absolute neutrophil count decreased more for partici-
pants on ruxolitinib compared to controls from entry to week 
4/5 (md, �651 [90% CI, �1110 to �192] cells/µL); however, 
the absolute change in the ruxolitinib arm was not signi�cant 
(mean, �251 [95% CI, �506 to�4] cells/µL). During this same pe-
riod, the hemoglobin levels for the ruxolitinib arm also declined 
(mean, 0.65 [SD, 0.71] g/dL; md, �0.55 [90% CI, �.87 to �.23] 

g/dL), whereas the platelet counts increased (mean, 32�435 [SD, 
39�771]/µL; md, 27�832 [90% CI, 9849�45�815]/�L) compared to 
controls. All hematological levels for participants on ruxolitinib 
returned to baseline levels by week�12.

Overall, 3 participants on ruxolitinib had documented 
low-level HIV-1 RNA viremia (above the lower limit of 
quantification). At entry, 30% (11 of 37)�of ruxolitinib and 
50% (9 of 18)�of control participants had HIV-1 RNA <0.4 
copies/mL by iSCA. Similar proportions were observed at 
week 5 (34% [12 of� 35] and 61% [11 of� 18], respectively) 
and at week 12 (26% [9 of�35] and 56% [10 of�18], respec-
tively). Participants on ruxolitinib compared to controls had 
a similar likelihood of having HIV-1 RNA <0.4 by iSCA at 
week 5 (relative risk, 0.98 [90% CI, .65�1.49]). Total HIV-1 
DNA per million CD4+ T cells increased modestly in the 
ruxolitinib arm at week 5 compared to entry (mean FC, 1.16 
[90% CI, .96�1.41]; Figure 5A), but differences between 
arms were driven by decreases in the controls (mean FC, 
0.62 [90% CI, .36�1.06]). Comparable trends were observed 
when examining changes among those with detectable total 
DNA at entry (Figure 5C). Changes in CA-RNA/106 CD4+ 
T cells among all participants (Figure 5B) and those with a 
detectable baseline CA-RNA (Figure 5D) did not differ be-
tween arms at weeks 2, 5, and�12.

Figure 2.  Longitudinal jitter plots of changes in plasma cytokines with or without 5 weeks of ruxolitinib for individuals virologically suppressed on antiretroviral therapy. 
Interleukin (IL)�6 (A), soluble CD14 (sCD14; B), tumor necrosis factor alpha (TNF-�; C), IL-1� (D), IL-7 (E), and IL-10 (F) measured at preentry and entry, and weeks 2, 4, 5, 10, 
and 12, depending on the marker (see x-axis); baseline is the average of preentry and entry, week 4/5 is the average of weeks 4 and 5, and week 10/12 is the average of 
weeks 10 and 12. Black circles and triangles represent the geometric mean, and error bars represent 95% con�dence intervals. Jittered data points are shown as transparent 
circles and triangles.
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