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Safety and Impact of Low-dose Methotrexate on
Endothelial Function and Inflammation in Individuals
With Treated Human Immunodeficiency Virus: AIDS
Clinical Trials Group Study A5314

Priscilla Y. Hsue,' Heather J. Ribaudo, Steven G. Deeks,' Tanvir Bell,® Paul M. Ridker,* Carl Fichtenbaum,’ Eric S. Daar,® Diane Havlir,’
Eunice Yeh,2 Ahmed Tawakol,” Michael Lederman,® Judith S. Currier,® and James H. Stein®

'Department of Medicine, University of California, San Francisco School of Medicine; “Center for Biostatistics in AIDS Research, Harvard T. H. Chan School of Public Health, Boston, Massachusetts;
3McGovern Medical School, University of Texas Health Science Center at Houston; “Cardiology Division, Brigham and Women's Hospital and Harvard Medical School, Boston, Massachusetts;
SUniversity of Cincinnati College of Medicine, Ohio; ®David Geffen School of Medicine, University of California, Los Angeles; "Cardiology Division, Massachusetts General Hospital and Harvard
Medical School, Boston; ®Case Western Reserve University School of Medicine, Cleveland, Ohio; and *University of Wisconsin School of Medicine and Public Health, Madison

Background. Chronic inflammation in treated HIV infection is associated with mortality and atherosclerotic cardiovascular
disease (ASCVD). We evaluated the safety and potential efficacy of low-dose methotrexate (LDMTX) in treated HIV.

Methods. 'This was a phase 2 randomized, double-blind, multicenter trial in adults >40 years old with treated HIV, with CD4"
T-cell count 2400 cells/pL and with/at increased risk for ASCVD. Participants received LDMTX (5-15 mg/week) or placebo (plus folic
acid) for 24 weeks and were followed for an additional 12 weeks. Primary endpoints were safety and brachial artery flow-mediated
dilation (FMD).

Results.  The 176 participants (90% male) had a median (Q1, Q3) age of 54 (49, 59) years. LDMTX was associated with decreases
in CD4" T cells at week 24 and CD8" T cells at weeks 8, 12, and 24. Eleven participants (12.8%) experienced safety events in the
LDMTX group vs 5 (5.6%) in placebo (A = 7.2%, upper 1-sided 90% CIL, 13.4%; P, . .= .037). Week 24 change in FMD was
0.47% with LDMTX and 0.09% with placebo (P = .55). No inflammatory markers changed differentially with LDMTX compared to
placebo.

Conclusions. Adults with HIV and increased ASCVD risk treated with LDMTX had more safety events than with placebo,
but the prespecified noninferiority margin of 15% was not exceeded. LDMTX had no significant effect on endothelial function or
inflammatory biomarkers but was associated with a significant decrease in CD8" T cells. The balance of risks and potential benefits
of LDMTX in this population will require additional investigation.

Clinical Trials Registration. NCT01949116.
Keywords.

endothelial function; human immunodeficiency virus; inflammation.

People with human immunodeficiency virus (HIV) on
antiretroviral therapy (ART) are at increased risk for ath-
erosclerotic cardiovascular disease (ASCVD), possibly
due to inflammation that persists despite virologic sup-
pression [1-3]. Patients with rheumatoid arthritis (RA)
and psoriatic arthritis also have high levels of inflam-
mation and an increased risk for developing ASCVD
[4, 5]. Low-dose methotrexate (LDMTX) is commonly
used to treat RA and other inflammatory diseases. In
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several large cohort studies, LDMTX therapy was asso-
ciated with a consistently lower risk of ASCVD [6-10].
Based on these observations, a large randomized clini-
cal trial evaluating the effects of LDMTX for secondary
prevention of ASCVD events and mortality in individu-
als with or at high risk for ASCVD (the Cardiovascular
Inflammation Reduction Trial [CIRT], NCT01594333)
recently ended, but it excludes persons with HIV infec-
tion, and its results have not been reported [11].
Although CD4 depletion is a hallmark of HIV disease pro-
gression, T-cell activation and inflammation play key roles in
HIV disease pathogenesis [12]. In the RA population, meth-
otrexate (MTX) has reduced T-helper populations along with
inflammatory cytokines [13]. Among individuals with HIV,
inflammatory and coagulation biomarkers predict serious
non-AIDS events including ASCVD and mortality in treated
HIV [3]. Identifying strategies to reduce inflammatory T-cell
populations as well as inflammatory cytokines may be helpful
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in reducing clinical events in this population. To determine if
LDMTX was safe, tolerable, and had the potential to reduce
ASCVD risk in individuals with treated HIV, we performed a
randomized, double-blind, placebo-controlled clinical trial.
The main objectives of our study were to evaluate the safety of
LDMTX in and its effects on endothelial function in individuals
with HIV infection. Secondary outcomes evaluated the impact
of LDMTX on inflammatory and coagulation markers.

METHODS

See the Supplementary Methods for additional details.

Study Participants and Design

AIDS Clinical Trials Group Study A5314 (NCT01949116)
was a phase 2 randomized, double-blind, placebo-controlled
multicenter trial of 36 weeks’ duration for adults with treated
and suppressed HIV, either with or at risk for ASCVD.
Eligibility criteria included HIV type 1 (HIV-1) infection,
age 240 years, and receiving continuous ART with CD4"
T-cell count 2400 cells/uL and an HIV-1 RNA level <40 cop-
ies/mL for at least 24 weeks prior to study entry and con-
firmed within 60 days prior to study entry. Participants were
required to be at moderate risk for ASCVD as defined in the
Supplementary Methods.

Eligible participants were randomized 1:1 to LDMTX ther-
apy or placebo (Division of AIDS Pharmaceutical and Chemical
Resource for AIDS Drug Development, Metrics Contract
Services, Greenville, North Carolina). Individuals were started
on 5 mg weekly of study drug or placebo at study entry and, if
tolerated after week 1, the dose was increased to 10 mg weekly
through week 12. If well-tolerated, the dose was increased to the
maximum dose of 15 mg weekly until week 24, at which time
the study medication or placebo was discontinued. In both the
active study drug and placebo arm, 1 mg folic acid was given
daily at study entry and continued for an additional 4 weeks
after week 24. Participants who did not meet the criteria for
dose escalation at the week 1 or 12 study visit remained on the
same dose until the next study visit, when the participant was
reevaluated for dose escalation. All participants continued tak-
ing folic acid for an additional 4 weeks after completion of study
treatment.

Study Endpoints

The primary safety endpoint was the occurrence of any of the
following safety milestones in Table 1 from entry to week 36.
The primary efficacy endpoint was the change from baseline
to week 24 in brachial artery flow-mediated dilation (FMD),
calculated as the ratio between the largest post-cuff release
and the resting diameter. Change in posthyperemic maximum
flow velocity also was evaluated. Secondary endpoints included
inflammatory and coagulation biomarkers.

Table 1. Safety Endpoints

e Confirmed CD4"* T-cell decline (>33% of baseline and to <350 cells/uL for
participants with entry CD4* T-cell count <700 cells/uL; >50% of baseline
for participants with entry CD4* T-cell count =700 cells/uL)

Virologic failure (confirmed HIV-1 RNA level >200 copies/mL in the
absence of ART interruption)

New or recurrent CDC category C AIDS-indicator condition

HIV-associated infection including:

o Cytomegalovirus end-organ disease

o Varicella zoster

o Epstein-Barr virus-related clinical disease

Confirmed grade 3 or higher treatment-limiting toxicity

Lymphoproliferative malignancy

Pulmonary toxicity (grade 3 or 4 dyspnea, cough, shortness of breath
related to the study drug without other clinical causes)

All potential safety events were reviewed by an independent endpoint review committee,
which included a rheumatologist and HIV physician.

Abbreviations: ART, antiretroviral therapy; CDC, Centers for Disease Control and Prevention;
HIV, human immunodeficiency virus; HIV-1, human immunodeficiency virus type 1.

Brachial Artery Reactivity and Laboratory Testing

As previously described, participants were required to fast, not
smoke, and not drink caffeinated products for at least 8 hours
prior to ultrasound and laboratory testing [14-16].

Laboratory Testing

Standard hematology and chemistry laboratory testing was per-
formed at the individual sites and HIV RNA levels were sent
directly to Quest Diagnostics (Baltimore, Maryland). Plasma
and serum samples were sent to the Biomedical Research
Institute (Rockville, Maryland) for storage at —-70°C, then sent
to Case Western Reserve University for measurement of the fol-
lowing inflammatory biomarkers by Quantikine enzyme-linked
immunosorbent assay (ELISA; R&D Systems, Minneapolis,
Minnesota): high-sensitivity C-reactive protein (hsCRP), inter-
leukin 6 (IL-6), CD163, CD14, vascular cell adhesion mod-
ule, and interferon-y-inducible protein 10. The same lab also
measured D-dimer using an immunoassay (Diagnostic Stago,
Mount Olive, New Jersey) and fibrinogen using a human ELISA
kit (AbCam, Cambridge, Massachusetts).

Statistical Analysis

The primary safety analysis evaluated whether LDMTX provided
no greater than a 15-percentage-point higher occurrence of safety
events than the placebo group by week 36 (ie, a noninferiority
hypothesis using a noninferiority bound of 15%). This was eval-
uated using the exact upper 1-sided 90% confidence limit on the
difference using a Farrington-Manning exact score interval with
a 1-sided type 1 error rate of 10%. The primary efficacy analysis
examined the change from baseline in brachial artery FMD (%)
between the 2 study groups after 24 weeks using a stratified (by cur-
rent statin use at study entry) Wilcoxon rank-sum test. The study
was powered (90%) to detect an absolute 1.5% difference in FMD
between the study groups using a 2-sided type 1 error rate of 5%.
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The sample size was determined based on the primary effi-
cacy endpoint while ensuring that the study will be well pow-
ered to demonstrate the primary safety endpoint. The study was
powered (90%) to detect a clinically relevant, 1.5% absolute dif-
ference in FMD between the study groups using a 2-sided type
1 error rate of 5% [15, 17-19]. It was estimated that this sample
size would provide 87% power to demonstrate that the absolute
difference in the probability of a safety endpoint between the
2 treatment strategies was <15%. This assumed an underlying
true probability of safety endpoints of 8% with placebo com-
pared to 10% with LDMTX. The underlying rate of safety events
in the placebo group used in this calculation was based on an
evaluation of the ACTG A5001 study database (NCT00001137).

Planned enrollment was 200 participants, but enrollment
closed after 176 participants enrolled because an interim eval-
uation revealed better retention than expected and a lower
standard deviation (SD) of the change in FMD from baseline to
week 24 than had been anticipated, indicating adequate power
with this number of participants.

All 2-sample contrasts used the Wilcoxon rank-sum test.
Within-group changes in continuous outcomes were assessed
using the Wilcoxon signed-rank test. Supportive adjusted anal-
yses and evaluation of effect modification by statin use and by
qualifying ASCVD risk factor used normal errors linear regres-
sion. All P values are presented at their nominal level with no
formal adjustment for multiple comparisons.

RESULTS

Enrollment and Protocol Conduct

A total of 176 participants from 22 clinical sites were enrolled
out of a total of 362 screening attempts; the last participant
visit occurred on 8 December 2016 (Figure 1; Supplementary
Table 1). There were 86 participants randomly assigned to
receive LDMTX and 90 to receive placebo; 59% (n = 103)
reported statin use at randomization. One hundred sixty-one
(91%) participants completed the study and their assigned
treatment per protocol (91% LDMTX, 92% placebo). Eight
participants (5%) completed the study per protocol but dis-
continued treatment: 5 in the LDMTX group (6%) and 3 (3%)
in the placebo group. Reasons for treatment discontinuation
were protocol-defined toxicity (2 participants in the placebo
group), protocol-defined clinical events (2 LDMTX, 1 placebo),
and non-protocol-defined clinical events (3 participants in the
LDTMX group). More than 90% of participants reported 100%
adherence to LDMTX/placebo across all study weeks.

Participant Characteristics

Participant characteristics at study entry are shown in Table 2.
The median (Q1, Q3) age was 54 (49, 59) years and 90% were
male (n = 159); 42% self-reported as non-Hispanic white, 42%
as non-Hispanic black, 15% as Hispanic. Median (Q1, Q3)
CD4" T-cell count was 726 (552, 940) cells/pL. Six participants

had HIV-1 RNA levels below the limit of detection during
screening but greater than the assay limit of quantification at
study entry (range, 40-5222 copies/mL): 2 assigned to LDMTX
and 4 to placebo. Only 32 participants (18%) had established
ASCVD, 39 (22%) had controlled type 2 diabetes mellitus, and
105 (60%) had other ASCVD risk factors. The median (Q1, Q3)
calculated 10-year ASCVD risk [20] was 8.7% (5.1%, 13.0%).
There was a chance imbalance between the groups with respect
to ASCVD risk factors that appeared to have been driven by an
imbalance in smoking history.

Safety and Safety Endpoints

Hematologic, hepatic, and renal laboratory test results were
similar between groups across the entirety of the study. There
was no significant difference in change in CD4" T cells in the
LDMTX group vs placebo at weeks 4, 8, or 12 but there was a
significant difference at week 24 (median change, -58 CD4" T
cells/pL for LDMTX vs +2 for placebo; P = .016).After 12 weeks
of treatment discontinuation, differences no longer were present
(Figure 2). The LDMTX group had a greater decrease in CD8" T
cells at weeks 8, 12, and 24 (median change, ~103 CD8" T cells/
uL for LDMTX vs -2 for placebo, P = .001; Figure 2). The CD4/
CD8 ratio was not different between the study groups at any time
point (all P> .27). Across all study weeks, 16 participants (evenly
distributed by group) had at least 1 HIV-1 RNA level above the
assay quantification limit (40 copies/mL). Cytomegalovirus
(CMV) was detected in postentry testing at weeks 4, 12, 24, and
36) in 1 participant in each group (1 of 27 participants treated
with LDMTX and 1 of 21 treated with placebo); both were
transient and only detected at 1 visit (the week 12 and 24 vis-
its, respectively). Given this finding, future CMV testing of the
remaining study participant samples was not performed.

There were 11 (12.8%) safety events in the LDMTX group
vs 5 (5.6%) in the placebo group (A = 7.2%, upper 1-sided 90%
confidence limit = 13.4%; anmfemmy = .037) (Figure 3). The
most frequently reported events were infections, including
7 cases of pneumonia (4 in the LDMTX and 3 in the placebo
groups), 3 confirmed CD4" T-cell declines of 250% (all in the
LDMTX group), 2 Centers for Disease Control and Prevention
category C events (both recurrent pneumonia, 1 in each group),
2 treatment-limiting toxicities (1 in each group), and 2 pulmo-
nary toxicities (severe cough, both in the LDMTX group). No
lymphoproliferative malignancies or confirmed virologic failure
events were observed. There were 2 deaths, both in the LDTMX
group. The primary causes of death were a subdural hemorrhage
from a fall (not considered to be related to study treatment) and
pneumococcal pneumonia. The latter event occurred 23 days
into study treatment in a participant who had received 3 doses
of LDMTX (one 5-mg dose and two 10-mg doses) and who was
vaccinated 10 years earlier. It was considered possibly related to
study treatment by the site investigator. CD4" T-cell count con-
gruent to the pneumonia diagnosis was 36 cells/pL compared
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Failed Screening (n=186)

Assessed for eligibility (n=362)

- Lab values out of range (n=51)

- Screening number expired (n=12)
- Participant’'s own reason (n=11)

- HIV RNA result out of range (n=10)
- CD4+ result out of range (n=9)

A

- lliness that would interfere (n=9)
- On prohibited medications (n=6)
- Did not return to clinic (n=3)

- Multiple reasons (n=36)

- Other reasons (n=39)

Randomized (n=176)

h 4 [
C

Allocation

J A

Allocated to LDMTX (n=86)

- Received allocated intervention (n=86)

- Did not receive allocated intervention
(n=0)

Allocated to Placebo (n=90)

- Received allocated intervention (n=89)

- Did not receive allocated intervention
(never initiated) (n=1)"

v (

Follow-Up }

Lost to follow-up (n=1)
Died (n=2)
Discontinued intervention (n=5)

Lost to follow-up/withdrawal of
consent (n=3)
Discontinued intervention (n=3)

l [

Analysis

] |

Intent-to-treat population (n=86)
- Baseline FMD not evaluable (n=0)
- Week 24 FMD not evaluable (n=12)

Adequately-dosed population (n=59)

Intent-to-treat population (n=90)
- Baseline FMD not evaluable (n=3)
- Week 24 FMD not evaluable (n=9)

Adequately-dosed population (n=70)

Figure 1. A5314 Consolidated Standards of Reporting Trials (CONSORT) diagram. AIDS Clinical Trials Group Study A5314 was a phase 2 randomized, double-blind, place-
bo-controlled multicenter trial of 36 weeks" duration for treated and suppressed human immunodeficiency virus—infected individuals either with or at risk for atherosclerotic
cardiovascular disease. Participants were randomized 1:1 to low-dose methotrexate therapy or placebo. Individuals were started on 5 mg weekly of study drug or placebo at
study entry and, if tolerated after week 1, the dose was increased to 10 mg weekly through week 12. The dose was further increased to the maximum dose of 15 mg weekly
until week 24, at which time study medication or placebo was discontinued. In both the arms, 1 mg folic acid was taken daily and continued for an additional 4 weeks after
week 24. Monitoring for safety outcomes and other side effects continued through week 36. Abbreviations: ASCVD, atherosclerotic cardiovascular disease; FMD, flow-

mediated dilation; HIV, human immunodeficiency virus; LDMTX, low-dose methotrexate.

with 700 cells/uL at study entry; no CD4" T-cell measures were
available at intermediate time-points. The most recent HIV-1
RNA evaluation prior to death was <40 copies/mL.

Study Monitoring

A5314 underwent annual safety reviews by the Study
Monitoring Committee of the End-Organ Disease and
Inflammation Transformative Science Group of the ACTG with
membership augmented to include the independent endpoint
review committee.

Primary Efficacy Endpoint: Brachial Artery FMD

A total of 154 participants had paired baseline and week 24
scans available and were evaluable for the primary endpoint.
For 3 participants, FMD scans could not be evaluated at baseline

(1 participant was not afebrile, 2 scans were unsatisfactory).
Twenty-one participants were not evaluable for FMD at week
24. Missing FMD scans at week 24 were due to the following
reasons: 8 scans were not performed (5 participants were off-
study, 1 missed the visit, and there were 2 site errors) and 13
scans were excluded (7 due to unsatisfactory image quality, 2
participants were not afebrile, and 4 were out of the examina-
tion window).

There was no change in brachial artery FMD after 24 weeks
in the LDMTX (P = .24) or placebo group (P = .65) (Figure 4)
and no treatment group difference (stratified mean difference,
0.09% [95% confidence interval, —-.67% to .85%]; P = .55)
(Table 3). These findings were unchanged in sensitivity analy-
ses that adjusted for baseline brachial artery diameter, type of
qualifying ASCVD risk factor, and smoking history (data not
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Table 2. Participant Characteristics at Entry

Treatment Assignment
Characteristic All LDMTX Placebo
No. 176 86 90
Age, y 54 (49, 59) 55 (51, 60) 53 (49, 56)
Male sex, No. (%) 159 (90) 78 (91) 81 (90)
CD4* count, T cells/uL 726 (552, 940) 689 (551, 910) 729 (569, 947)
CD8* count, T cells/uL 813 (571, 1075) 813 (546, 1023) 817 (596, 1136)
Prior ASCVD, No. (%) 32 (18) 20 (23) 12 (13%)
10-year ASCVD risk, No. (%) 8.7 (5.1, 13.0) 10.1 (5.4, 14.3) 79 (5.0, 12.4)
Never smoker, No. (%) 65 (37) 38 (45) 27 (30)
Current nonsmoker, No. (%) 108 (61) 58 (67) 50 (56)
Weight, kg 86 (75, 97) 88 (76, 99) 84 (74, 96)
Total cholesterol, mg/dL 174 (156, 208) 178 (155, 216) 170 (156, 190)
Triglycerides, mg/dL 135 (95, 198) 128 (91, 204) 143 (99, 194)
HDL cholesterol, mg/dL 44 (36, 56) 45 (37, 58) 43 (35, 54)
LDL cholesterol, mg/dL 95 (76, 125) 101 (72, 132) 92 (79, 119)
Glucose, mg/dL 93 (86, 102) 94 (87, 109) 92 (84, 101)
On aspirin, No. (%) 71 (40) 39 (45) 32 (36)
On lipid-lowering medication, No. (%) 112 (64) 55 (64) 57 (63)
Statin use, No. (%) 103 (59) 51 (59) 52 (58)
On antihypertensive medication, No. (%) 124 (70) 61 (71) 63 (70)
On antiglycemic medication, No. (%) 38(22) 17 (20) 21 (23)

Data are presented as median (Q1, Q3) unless noted otherwise.

Abbreviations: ASCVD, atherosclerotic cardiovascular disease risk; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LDMTX, low-dose methotrexate.

shown). There was no differential treatment effect of LDMTX
on FMD by statin use (P, . = .54). There were no changes
through week 24 or differences between LDMTX and pla-
cebo groups in reactive hyperemic flow rates or velocities (all

P > .5; Table 3).

Change in CD4+ T-Cell Count (/mm?) from Baseline

—&— Placebo —@—— LDMTX
o | p=0.20 p=0.016
by 100 p=0.65 p=0.14 p=0.36
(0]
e
o 0
3
o
g -100
&
(]
=
-200 +
Number of Participants
Placebo| 90 85 88 88 88 86
omrx|_8s 83 82 83 81 79
0 4 8 12 24 36
Study Week

*p-values from two-sample Wilcoxon rank sum tests between treatment groups.

Figure 2. Effects of low-dose methotrexate (LDMTX) on CD4* (A) and CD8" (B)
T cells from baseline through 36 weeks. LDMTX was associated with a modest
decrease in CD4* T-cell count that was significant at week 24 only (median change
of =58 CD4* T cells/pL for LDOMTX vs + 2 for placebo, P=.016) but this difference did
not persist at 12 weeks after treatment ended. The LDMTX arm had a significantly
greater decrease in CD8" T cells at weeks 8, 12, and 24 (median decrease of —103
CD8" T cells/pL for LDMTX vs =2 for placebo, P=.001). Abbreviations: IQR, inter-
quartile range; LDMTX, low-dose methotrexate.

Secondary Efficacy Endpoints: Inflammatory Biomarkers

In the adequately dosed population of 126 participants, there were
no significant between-group differences in biomarkers at baseline
or across all study weeks (Table 4). Values for all biomarkers were

Upper 1-sided 90% confidence limit (80% confidence interval)
Ectimated Risk Esti d Risk Difference 15% Non-inferiority margin|
LDMTX 12.8% 7.2% (p=0.037) (1-sided)

Placebo  5.6%
Wald |
[1.7,12.8]%
Farrington-Manning
[1.7,12.8]% |

Farrington-Manning score (1xact)
[1.0, 13.4]% 1

12 3 4 5 6 7 8 9 10 11

Absolute Difference (%)

T T T
12 13 14 15

= J

Figure 3. A5314 primary safety event endpoint analysis. Upper 1-sided con-
fidence limit for between-group risk differences. Per the study design, inference
regarding the safety of low-dose methotrexate (LDMTX) is based on whether the
exact (Farrington-Manning score) upper 1-sided 90% confidence limit (ie, accepting
a 1-sided 10% type 1 error rate) on the difference in the proportions of participants
reaching a primary safety milestone event in the 2 study groups (ie, the absolute
risk difference, LDMTX — placebo) is <15 percentage points. Although all inference
is based on the upper 1-sided confidence limit, a 2-sided (80%) confidence interval
is shown for reference. Intervals estimated using asymptotic methods (Wald and
Farrington-Manning) also are shown. The Pvalue for the risk difference is from an
asymptotic noninferiority analysis for the proportion (risk) difference with a 15%
noninferiority margin. Abbreviation: LDMTX, low-dose methotrexate.
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Rank-ordered Change from Baseline in FMD (%) at Week 24 across ITT Participants
Treatment Group [ Placebo B LDMTX

Change from Baseline in FMD (%)

Individual Participants (N=155)

Figure 4. Rank-ordered change in brachial artery flow-mediated dilation from baseline to 24 weeks (intention-to-treat analysis, n = 154). Change in endothelial function as
assessed by flow-mediated vasodilation of the brachial artery is shown above with each bar representing an individual participant. A total of 154 participants had paired base-
line and week 24 scans available. The red color indicates placebo group and the blue is the low-dose methotrexate arm. Overall, there was no significant change in brachial
artery diameter after 24 weeks in the low-dose methotrexate or placebo group, even after adjustment for resting brachial artery diameter. Abbreviations: FMD, flow-mediated
dilation; ITT, intention-to-treat; LDMTX, low-dose methotrexate.

highly variable between and within participants at all visits, with the
exception of IL-6. IL-6 levels increased over time in both groups, but
no differences between treatment groups were apparent at week 24

(P = .60). Similarly, no treatment group differences were observed
in soluble levels of the inflammatory biomarkers of monocyte/mac-
rophage activation (CD163 and CD14).

Table 3. Primary Efficacy Analyses: Brachial Artery Ultrasound Measures by Treatment Group at Baseline and Changes After 24 Weeks in the Intention-

to-Treat Population

PValue
Treatment
Ultrasound Measure Overall LDMTX Placebo Group Difference
Brachial artery FMD, %
Week 0 No. 173 86 87
Median (Q1, Q3) 3.45 (2.10, 4.91) 3.54 (2.19, 4.91) 3.41 (1.98, 5.03)
A to week 24 No. 154 74 80
Median (Q1, Q3) 0.15 (-1.15, 1.51) 0.47 (-1.14, 1.64) 0.09 (-1.27 1.46)
P value 27 24 .65 .65
Resting average diameter, mm
Week 0 No. 173 86 87
Median (Q1, Q3) 4.62 (4.20, 5.08) 4.66 (4.23, 5.16) 4.61(4.12, 4.96)
A to week 24 No. 154 74 80
Median (Q1, Q3) 0.00 (-0.10, 0.13) -0.00 (-0.11, 0.13) 0.01 (-0.10, 0.12)
P value .86 .87 91 .99
Peak RH flow velocity, cm/sec
Week 0 No. 171 86 85
Median (Q1, Q3) 131.8 (108.7, 165.3) 132.0 (108.6, 156.9) 131.6 (110.0, 149.1)
A to week 24 No. 150 74 76
Median (Q1, Q3) -0.35 (-13.3, 15.3) -0.20 (-11.3, 14.4) -0.83 (-16.8, 16.9)
P value .97 .79 .83 .73
RH flow rate, cc/min
Week 0 No. 171 86 85
Median (Q1, Q3) 840 (614, 1052) 859 (649, 1080) 813 (603, 1046)
A to week 24 No. 150 74 76
Median (Q1, Q3) -6.25 (-98.9, 121.3) -11.4 (-975, 161.6) 13.8 (<135, 107.7)
P value .83 .61 .78 .64

P values are from Wilcoxon signed-rank tests within groups and overall and 2-sample Wilcoxon rank-sum tests between treatment groups, stratified by statin use at study entry.

Week 0 results were unavailable for 3 participants (unsatisfactory scan, n = 2; not afebrile, n = 1). Change to week 24 results were unavailable for 22 participants (out of window, n = 4; site
error, n = 2; unsatisfactory scan, n = 7; not afebrile, n = 2; no matching baseline, n = 1; off-study or missed visit, n = 6).

Abbreviations: FMD, flow-mediated dilation; LDMTX, low-dose methotrexate; RH, reactive hyperthermia.
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Table 4. Secondary Efficacy Analyses: Inflammatory Biomarkers at Baseline and Changes After 24 Weeks in Adequately Dosed Population

PValue
Treatment
Biomarker Overall LDMTX Placebo Group Difference
hsCRP, pg/mL
Week 0 No. 126 57 69
Median (Q1, Q3) 2.26 (112, 4.31) 2.47 (1.35, 5.49) 2.05 (1.02, 4.08)
A to week 24 No. 124 55 69
Median (Q1, Q3) +8.3% (-40.4, +70.0) +9.5% (-45.7 +82.8) +6.9% (-40.0, +63.0)
P value 73 97 .70 .85
|6, pg/mL
Week 0 No. 126 57 69
Median (Q1, Q3) 1.48 (1.06, 2.01) 1.54 (1.10, 1.91) 1.43 (1.01, 2.04)
A to week 24 No. 125 56 69
Median (Q1, Q3) +7.2% (-20.6, +65.8) +5.2% (-15.9, +47.0) +13.8% (-24.1, +85.8)
P value .009 15 .037 .60
IP-10, pg/mL
Week 0 No. 126 57 69
Median (Q1, Q3) 141.4 (97.1, 192.0) 138.6 (94.6, 177.0) 141.4 (101.8, 201)
A to week 24 No. 125 56 69
Median (Q1, Q3) -2.1% (-18.7, +25.0) -4.0% (-21.2, +25.7) -1.0% (-18.6, +21.1)
P value .87 .53 .81 .55
sCD163, ng/mL
Week 0 No. 126 57 69
Median (Q1, Q3) 402 (274, 541) 371 (280, 509) 435 (273, 592)
A to week 24 No. 125 56 69
Median (Q1, Q3) +2.7% (-11.7, +21.3) -1.4% (-12.3, +12.9) +8.1% (-10.8, +33.3)
P value 14 .81 .05 15
sCD14, pg/mL
Week 0 No. 126 57 69
Median (Q1, Q3) 1.86 (1.563, 2.23) 1.86 (1.51, 2.21) 1.86 (1.60, 2.24)
A to week 24 No. 125 56 69
Median (Q1, Q3) +1.3% (-10.4, +14.0) -1.7% (-11.7, +15.7) +3.7% (9.0, +12.9)
P value 44 .90 22 .33
D-dimer, ng/mL
Week 0 No. 126 57 69
Median (Q1, Q3) 144.2 (99.2, 205) 1562.8 (111.2, 222) 141.0 (90.4, 173.2)
A to week 24 No. 125 56 69
Median (Q1, Q3) +1.6% (-15.3, +29.2) -0.4% (-15.3, +18.8) +4.1% (-13.8, +38.0)
Pvalue 22 .99 M 21
Fibrinogen, mg/mL
Week 0 No. 126 57 69
Median (Q1, Q3) 3.04 (2.28, 4.17) 3.28 (2.52, 4.27) 2.87(2.17,3.82)
A to week 24 No. 125 56 69
Median (Q1, Q3) +4.5% (-13.9, +27.8) +3.7% (-13.9, +15.9) +5.6% (-12.4, +30.3)
Pvalue A2 .34 .28 73
VCAM, ng/mL
Week 0 No. 126 57 69
Median (Q1, Q3) 893 (677, 1146) 835 (601, 1146) 911 (705, 1125)
A to week 24 No. 125 56 69
Median (Q1, Q3) -0.8% (-9.0, +18.3) +0.0% (=72, +14.7) -2.0% (-11.1, +21.7)
P value .23 .53 27 .81

P values are from signed-rank test for within-group changes and Wilcoxon rank-sum test for between-group differences.

Abbreviations: hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; IP-10, interferon-y—inducible protein 10; LDMTX, low-dose methotrexate; sCD14, soluble CD14; sCD163, soluble
CD163; VCAM, vascular cell adhesion module.

DISCUSSION

In a randomized study of treated adults with HIV, with estab-
lished ASCVD or at increased risk for ASCVD, we administered

LDMTX or placebo (with folic acid) for 24 weeks and found

that LDMTX was reasonably well tolerated but had no effects
on our primary or secondary efficacy measurements. The most
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common serious adverse event was pneumonia, but it occurred
in a similar number in each group. There were more than twice
as many prespecified safety events in the LDMTX group, but
the difference in serious event rates between the LDMTX and
placebo groups was within the prespecified 15% margin of
noninferiority.

This is an important negative study in HIV and one of the
largest clinical trials performed in older HIV-infected adults
with or at risk for ASCVD. Previous reports of MTX in HIV
are limited to case reports of individuals with psoriasis in the
pre-ART era [21, 22] or higher chemotherapeutic doses in the
setting of malignancy [23]. LDMTX was used to safely treat
an individual with HIV-related CD8" cutaneous pseudolym-
phoma [24]. In our study, infectious complications were com-
mon even in the placebo group (22 infection-related adverse
events/100 years [95% confidence interval, 12-43/100 years]),
suggesting that effective ART does not fully restore immuno-
logic and clinical health in this population. The occurrence
of infectious complications in the placebo group emphasizes
the persistent impairment of host defenses in the aging HIV-
infected population despite virologic control, suggesting that
strategies other than ART are needed to restore health in older
individuals living with HIV.

LDMTX did not improve brachial artery FMD (the primary
efficacy endpoint) or peak hyperemic flow velocity, 2 measures
of arterial function that predict future ASCVD events in the
general population [19, 25-28]. In our study, baseline FMD was
lower than in the general population, the interquartile range
of baseline FMD was narrower, and reproducibility of FMD
measurements was lower than in previous multicenter ACTG
studies [14, 29]. LDTMX had no effect on 8 inflammatory bio-
markers that are associated with a variety of adverse clinical
outcomes [30-37]. Plasma levels of inflammatory biomarkers
were highly variable within individuals between visits; IL-6
increased in both study groups.

LDMTX appeared to mediate small declines in CD4" T cells
and more significant and sustained declines in CD8" T cells
that were independent of changes in white blood cell count;
these findings suggest that the immunomodulatory effects of
LDMTX may be mediated through CD8" T cells. HIV infec-
tion results in abnormal T-cell homeostasis, which is character-
ized by CD4" T-cell depletion and persistently elevated CD8" T
cells [38]. Antiretroviral therapy results in CD4" T-cell recov-
ery; however, CD8 T cells remain persistently elevated [39, 40]
and independently predict ASCVD as well as other non-AIDS
events [39, 41].

Previous studies of anti-inflammatory interventions in HIV
have had similar results. In the general population, statins
reduce inflammatory markers but the effects of statins on hsCRP
and other markers have been mixed in the setting of HIV [42—
45]. Neither pentoxyfylline [46] nor low- or high-dose aspi-
rin treatment consistently reduced inflammatory cytokines or

improved endothelial function in people with HIV infection [47].
Hydroxychloroquine did not reduce CD8" T-cell activation, but
led to greater declines in CD4" T cells and increased viral repli-
cation [48]. Although differences in LDMTX dosing and patient
characteristics may underlie our null results compared to those
observed with LDMTX in non-HIV-infected populations, it is
plausible that the pathways of chronic inflammation in HIV infec-
tion are distinct from those seen in other inflammatory conditions
such as RA and psoriasis. Preexisting T-cell abnormalities in the
setting of HIV infection may overpower immunomodulatory
effects of MTX. Also, ART, low-level HIV replication, microbial
translocation across damaged mucosal surfaces, excess burdens of
chronic coinfections such as CMV; and loss of immunoregulatory
pathways may contribute to persistent inflammation during oth-
erwise effective ART [12]. These pathways may be distinct from
the immune perturbations that occur in autoimmune disease such
as RA and, accordingly, different interventions will be needed to
modify them.

Our study had limitations. The LDMTX dose we targeted

was on the low end of what has been observed to be effec-
tive in larger cohort studies. The 24-week treatment duration
may have been too short to detect an effect on vascular indi-
ces and inflammatory markers; however, the safety of a longer
study drug exposure also is not known. The bioavailability of
oral methotrexate ranges from 20% to 100% [49, 50] and may
be modulated by the gut microbiome [51] which could have
impacted our findings. Lower scan-rescan reproducibility for
FMD and higher temporal variability in inflammatory mark-
ers may have limited our ability to detect differences between
arms; however, the observed between-subjects FMD variabil-
ity was lower than assumed in our sample size determination
(observed SD, 2.56% vs 3% assumed). Furthermore, lack of
statistical power is a relevant consideration only if clinically
relevant treatment group differences are observed that fail to
achieve statistically significance. Without exception, the esti-
mated effects sizes for our null primary and secondary effi-
cacy outcome results were small and unlikely to be of clinical
relevance. Our substudy of the effects of LDMTX on aortic
inflammation and an exploratory analysis of brachial artery
echogenicity, as well as the findings from the CIRT [11], may
provide more information about LDMTX effects on ASCVD
risk and may help to determine if there is a role for further
study of LDMTX in persons with HIV infection.
In this study of older adults with or at increased ASCVD risk,
more participants treated with LDMTX had safety events than
with placebo, but the prespecified noninferiority margin of 15%
was not exceeded. LDMTX had no significant effect on endo-
thelial function or soluble inflammatory biomarkers but was
associated with significant decreases in CD8" T cells. The bal-
ance of risks and potential benefits of LDMTX on ASCVD risk
in the setting of treated and suppressed HIV infection remains
unclear and will require additional investigation.

1884 « CID 2019:68 (1]June) s Hsue et al



Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.

Notes

Acknowledgments. The authors greatly appreciate the assistance of the
ACTG Statistical and Data Analysis Center and the ACTG Optimization of
Antiretroviral Therapy Committee; the clinical trials support from Social
and Scientific Systems, Inc; and the efforts of the research participants.
Participating AIDS Clinical Trials Group units are listed in the Appendix.

Author contributions. J]. H. S.: conception, design, obtained fund-
ing, conduct of study, data analysis, draft of manuscript, critical revision
of the manuscript. H. J. R. and S. G. D.: design, conduct of study, data
analysis, critical revision of the manuscript. T. B, E. D., and D. H.: conduct
of study, critical revision of the manuscript. E. Y.: conduct of study, data
analysis, critical revision of the manuscript. M. M. L.: design, supervision of
immunologic monitoring, critical revision of the manuscript. P. M. R. and
A. T.: critical review of the manuscript. C. J. E: conduct of the study, critical
review of the manuscript. J. S. C.: conception, design, conduct of study, data
analysis, draft of the manuscript. P. Y. H.: conception, design, obtained fund-
ing, conduct of study, data analysis, and critical revision of the manuscript.

Disclaimer. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Institute of
Allergy and Infectious Diseases (NIAID), the National Heart, Lung, and
Blood Institute (NHLBI), or the National Institutes of Health (NTH).

Financial support. 'The project described was supported by the NIAID
(award numbers U01A1068636, UM1A1068636, UM1AI10686334) and the
NHLBI (award number HL1177131).

Potential conflicts of interest. P. Y. H. has received honoraria from
Gilead and Merck. J. S. C. has received grants from Theratechnologies. J. H.
S. has received personal fees from Lilly for being on a data and safety moni-
toring board, a core laboratory grant from Novartis, and royalties from the
Wisconsin Alumni Research Foundation. C. F. has received grants from
Gilead Sciences, Merck, Janssen, Pfizer, Cytodyn, and ViiV Healthcare, and
personal fees from Clinical Care Options. A. T. has received grant support
from Actelion and Genentech, and minor consulting fees from Actelion.
E. S. D. has received grants from NIH, Gilead, Bristol-Myers Squibb,
Janssen, Merck, and ViiV; and advisory and/or consulting fees to Harbor-
UCLA Medical Center from Gilead, Bristol-Myers Squibb, Janssen, Merck,
Teva, ViiV, and Theratechnologies. D. H. has received grants from NIH
and nonfinancial support from Gilead Sciences. All other authors report
no potential conflicts. All authors have submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Conflicts that the editors con-
sider relevant to the content of the manuscript have been disclosed.

References

1. Neuhaus J, Jacobs DR Jr, Baker JV, et al. Markers of inflammation, coagulation,
and renal function are elevated in adults with HIV infection. ] Infect Dis 2010;
201:1788-95.

2. Kuller LH, Tracy R, Belloso W, et al; INSIGHT SMART Study Group.
Inflammatory and coagulation biomarkers and mortality in patients with HIV
infection. PLoS Med 2008; 5:¢203.

3. Grund B, Baker JV, Deeks SG, et al; INSIGHT SMART/ESPRIT/SILCAAT Study
Group. Relevance of interleukin-6 and D-dimer for serious non-AIDS morbidity
and death among HIV-positive adults on suppressive antiretroviral therapy. PLoS
One 2016; 11:¢0155100.

4. Lindhardsen J, Ahlehoff O, Gislason GH, et al. The risk of myocardial infarction
in rheumatoid arthritis and diabetes mellitus: a Danish nationwide cohort study.
Ann Rheum Dis 2011; 70:929-34.

5. Avina-Zubieta JA, Thomas J, Sadatsafavi M, Lehman AJ, Lacaille D. Risk of inci-
dent cardiovascular events in patients with rheumatoid arthritis: a meta-analysis
of observational studies. Ann Rheum Dis 2012; 71:1524-9.

6. van Halm VP, Nurmohamed MT, Twisk JW, Dijkmans BA, Voskuyl AE. Disease-
modifying antirheumatic drugs are associated with a reduced risk for cardiovas-
cular disease in patients with rheumatoid arthritis: a case control study. Arthritis
Res Ther 2006; 8:R151.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Prodanovich S, Prodanowich S, Ma E et al. Methotrexate reduces incidence of

vascular diseases in veterans with psoriasis or rheumatoid arthritis. ] Am Acad
Dermatol 2005; 52:262-7.

. Solomon DH, Avorn J, Katz JN, et al. Immunosuppressive medications and

hospitalization for cardiovascular events in patients with rheumatoid arthritis.
Arthritis Rheum 2006; 54:3790-8.

. Naranjo A, Sokka T, Descalzo MA, et al; QUEST-RA Group. Cardiovascular

disease in patients with rheumatoid arthritis: results from the QUEST-RA study.
Arthritis Res Ther 2008; 10:R30.

Choi HK, Hernan MA, Seeger JD, Robins JM, Wolfe E Methotrexate and mortality
in patients with rheumatoid arthritis: a prospective study. Lancet 2002; 359:1173-7.
Ridker PM. Testing the inflammatory hypothesis of atherothrombosis: scientific
rationale for the cardiovascular inflammation reduction trial (CIRT). ] Thromb
Haemost 2009; 7(Suppl 1):332-9.

Deeks SG, Kitchen CM, Liu L, et al. Immune activation set point during early
HIV infection predicts subsequent CD4+ T-cell changes independent of viral
load. Blood 2004; 104:942-7.

Zhong W, Zhao L, Liu T, Jiang Z. IL-22-producing CD4+T cells in the treatment
response of rheumatoid arthritis to combination therapy with methotrexate and
leflunomide. Sci Rep 2017; 7:41143.

Torriani FJ, Komarow L, Parker RA, et al. Endothelial function in human immu-
nodeficiency virus-infected antiretroviral-naive subjects before and after starting
potent antiretroviral therapy: the ACTG (AIDS Clinical Trials Group) Study
5152s. ] Am Coll Cardiol 2008; 25:569-76.

Corretti MC, Anderson TJ, Benjamin EJ, et al; International Brachial Artery
Reactivity Task Force. Guidelines for the ultrasound assessment of endothelial-depen-
dent flow-mediated vasodilation of the brachial artery: a report of the International
Brachial Artery Reactivity Task Force. ] Am Coll Cardiol 2002; 39:257-65.

Stein JH, Brown TT, Ribaudo H]J, et al. Ultrasonographic measures of cardiovas-
cular disease risk in antiretroviral treatment-naive individuals with HIV infec-
tion. AIDS 2013; 27:929-37.

Stein JH, Merwood MA, Bellehumeur JL, et al. Effects of pravastatin on lipopro-
teins and endothelial function in patients receiving human immunodeficiency
virus protease inhibitors. Am Heart ] 2004; 147:E18.

Hiirlimann D, Chenevard R, Ruschitzka F, et al. Effects of statins on endothe-
lial function and lipid profile in HIV infected persons receiving protease inhib-
itor-containing anti-retroviral combination therapy: a randomised double blind
crossover trial. Heart 2006; 92:110-2.

Yeboah J, Crouse JR, Hsu FC, Burke GL, Herrington DM. Brachial flow-mediated
dilation predicts incident cardiovascular events in older adults: the Cardiovascular
Health Study. Circulation 2007; 115:2390-7.

Goff DC, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA guideline on the
assessment of cardiovascular risk a report of the American College of Cardiology/
American Heart Association task force on practice guidelines. Circulation 2014;
129(25 Suppl 2):549-73.

Duvic M, Johnson TM, Rapini RP, Freese T, Brewton G, Rios A. Acquired
immunodeficiency syndrome-associated psoriasis and Reiter’s syndrome. Arch
Dermatol 1987; 123:1622-32.

Maurer TA, Zackheim HS, Tuffanelli L, Berger TG. The use of methotrexate for treat-
ment of psoriasis in patients with HIV infection. ] Am Acad Dermatol 1994; 31:372-5.
Hentrich M, Hoffmann C, Mosthaf E, et al; German Study Group of Physicians in
Private Practice Treating HIV-Infected Patients (DAGNA); German AIDS Society
(DAIG). Therapy of HIV-associated lymphoma-recommendations of the oncol-
ogy working group of the German Study Group of Physicians in Private Practice
Treating HIV-Infected Patients (DAGNA), in cooperation with the German AIDS
Society (DAIG). Ann Hematol 2014; 93:913-21.

Ingen-Housz-Oro S, Sbidian E, Ortonne N, et al. HIV-related CD8+ cutaneous
pseudolymphoma: efficacy of methotrexate. Dermatology 2013; 226:15-8.
Deanfield JE, Halcox JP, Rabelink TJ. Endothelial function and dysfunction: test-
ing and clinical relevance. Circulation 2007; 115:1285-95.

Neunteufl T, Heher S, Katzenschlager R, et al. Late prognostic value of flow-mediated
dilation in the brachial artery of patients with chest pain. Am J Cardiol 2000; 86:207-10.
Gokee N, Keaney JF Jr, Hunter LM, et al. Predictive value of noninvasively deter-
mined endothelial dysfunction for long-term cardiovascular events in patients
with peripheral vascular disease. ] Am Coll Cardiol 2003; 41:1769-75.

Modena MG, Bonetti L, Coppi F, Bursi E Rossi R. Prognostic role of reversible
endothelial dysfunction in hypertensive postmenopausal women. ] Am Coll
Cardiol 2002; 40:505-10.

Stein JH, Ribaudo HJ, Hodis HN, et al. A prospective, randomized clinical trial of
antiretroviral therapies on carotid wall thickness. AIDS 2015; 29:1775-83.
Sharath Subramanian M, Ahmed Tawakol M, Burdo TH, et al. Arterial inflamma-
tion in patients with HIV. JAMA 2012; 308:379-86.

Danesh J, Collins R, Appleby P, Peto R. Association of Fibrinogen, C-reactive
protein, albumin, or leukocyte count with coronary heart disease. JAMA 1998;
279:1477-82.

Methotrexate in HIV Infection « CID 2019:68 (1 June) 1885



32. Mendall MA, Strachan DP, Butland BK, et al. C-reactive protein: relation to total
mortality, cardiovascular mortality and cardiovascular risk factors in men. Eur
Heart ] 2000; 21:1584-90.

33. Niki T, Soeki T, Yamaguchi K, et al. Elevated concentration of interferon-induc-
ible protein of 10 kD (IP-10) is associated with coronary atherosclerosis. Int Heart
] 2015; 56:267-72.

34. Wilhelmsen L, Svirdsudd K, Korsan-Bengtsen K, Larsson B, Welin L, Tibblin G.
Fibrinogen as a risk factor for stroke and myocardial infarction. N Engl ] Med
1984; 311:501-5.

35. Yarnell JW, Baker IA, Sweetnam PM, et al. Fibrinogen, viscosity, and white blood
cell count are major risk factors for ischemic heart disease. The Caerphilly and
Speedwell collaborative heart disease studies. Circulation 1991; 83:836-44.

36. Miller M, Zhan M, Havas S. High attributable risk of elevated C-reactive pro-
tein level to conventional coronary heart disease risk factors: the Third National
Health and Nutrition Examination Survey. Arch Intern Med 2005; 165:1584-90.

37. Longenecker CT, Jiang Y, Orringer CE, et al. Soluble CD14 is independently asso-
ciated with coronary calcification and extent of subclinical vascular disease in
treated HIV infection. AIDS 2014; 28:969-77.

38. Cao W, Mehraj V, Kaufmann DE, Li T, Routy JP. Elevation and persistence of CD8
T-cells in HIV infection: the Achilles heel in the ART era. ] Int AIDS Soc 2016;
19:20697.

39. Helleberg M, Kronborg G, Ullum H, Ryder LP, Obel N, Gerstoft J. Course and
clinical significance of CD8+ T-cell counts in a large cohort of HIV-infected indi-
viduals. ] Infect Dis 2015; 211:1726-34.

40. Emu B, Moretto W], Hoh R, et al. Composition and function of T cell subpopula-
tions are slow to change despite effective antiretroviral treatment of HIV disease.
PLoS One 2014; 9:¢85613.

41. Serrano-Villar S, Sainz T, Lee SA, et al. HIV-infected individuals with low CD4/
CD8 ratio despite effective antiretroviral therapy exhibit altered T cell subsets,
heightened CD8+ T cell activation, and increased risk of non-AIDS morbidity
and mortality. PLoS Pathog 2014; 10:e1004078.

42. Calza L, Trapani E, Bartoletti M, et al. Statin therapy decreases serum levels of high-sen-
sitivity C-reactive protein and tumor necrosis factor-a in HIV-infected patients treated
with ritonavir-boosted protease inhibitors. HIV Clin Trials 2012; 13:153-61.

43. Aslangul E, Fellahi S, Assoumou LK, Bastard JP, Capeau ], Costagliola D. High-
sensitivity C-reactive protein levels fall during statin therapy in HIV-infected
patients receiving ritonavir-boosted protease inhibitors. AIDS 2011; 25:1128-31.

44. Eckard AR, Jiang Y, Debanne SM, Funderburg NT, McComsey GA. Effect of 24
weeks of statin therapy on systemic and vascular inflammation in HIV-infected
subjects receiving antiretroviral therapy. J Infect Dis 2014; 209:1156-64.

45. Lo J, Lu MT, Thenachor EJ, et al. Effects of statin therapy on coronary artery
plaque volume and high-risk plaque morphology in HIV-infected patients with
subclinical atherosclerosis: a randomised, double-blind, placebo-controlled trial.
Lancet HIV 2015; 2:e52-63.

46. Gupta SK, Dubé MP, Stein JH, Clauss MA, Liu Z. A pilot trial of pentoxifylline on
endothelial function and inflammation in HIV-infected patients initiating antire-
troviral therapy. AIDS 2016; 30:2139-42.

47. O’Brien MP, Hunt PW, Kitch DW, et al. A randomized placebo controlled trial of
aspirin effects on immune activation in chronically human immunodeficiency
virus-infected adults on virologically suppressive antiretroviral therapy. Open
Forum Infect Dis 2017; 4:0fw278.

48. Paton NI, Goodall RL, Dunn DT, et al; Hydroxychloroquine Trial Team. Effects of
hydroxychloroquine on immune activation and disease progression among HIV-
infected patients not receiving antiretroviral therapy: a randomized controlled
trial. JAMA 2012; 308:353-61.

49. Herman RA, Veng-Pedersen P, Hoffman J, Koehnke R, Furst DE. Pharmacokinetics
of low-dose methotrexate in rheumatoid arthritis patients. ] Pharm Sci 1989;
78:165-71.

50. Bello AE, Perkins EL, Jay R, Efthimiou P. Recommendations for optimizing
methotrexate treatment for patients with rheumatoid arthritis. Open Access
Rheumatol 2017; 9:67-79.

51. Alexander JL, Wilson ID, Teare J, Marchesi JR, Nicholson JK, Kinross JM.
Gut microbiota modulation of chemotherapy efficacy and toxicity. Nat Rev
Gastroenterol Hepatol 2017; 14:356-65.

APPENDIX

Participating AIDS Clinical Trials Group Units. 101 -
Massachusetts General Hospital Clinical Research Site (CRS);
107 - Brigham and Women’s Hospital Therapeutics CRS; 201 -
Johns Hopkins University CRS; 601 - University of California, Los
Angeles CARE Center CRS; 603 - Harbor University of California

Los Angeles Center CRS; 701 - University of California, San Diego
AntiViral Research Center CRS; 801 - University of California, San
Francisco HIV/AIDS CRS; 1001 - University of Pittsburgh CRS;
1201 - University of Southern California CRS; 2101 - Washington
University Therapeutics CRS; 2301 - Ohio State University CRS;
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