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Abstract

Background and aim: Opioid agonist medications for treatment of opioid use disorder

(OUD) can improve human immunodeficiency virus (HIV) outcomes and reduce opioid

use. We tested whether outpatient antagonist treatment with naltrexone could achieve

similar results.

Design: Open-label, non-inferiority randomized trial.

Setting: Six US HIV primary care clinics.

Participants: A total of 114 participants with untreated HIV and OUD (62% male; 56%

black, 12% Hispanic; positive for fentanyl (62%), other opioids (47%) and cocaine (60%)

at baseline). Enrollment halted early due to slow recruitment.

Intervention: HIV clinic-based extended-release naltrexone (XR-NTX; n = 55) versus

treatment as usual (TAU) with buprenorphine or methadone (TAU; n = 59).

Measurements: Treatment group differences were compared for the primary outcome

of viral suppression (HIV RNA ≤ 200 copies/ml) at 24 weeks and secondary outcomes

included past 30-day use of opioids at 24 weeks.

Findings: Fewer XR-NTX participants initiated medication compared with TAU par-

ticipants (47 versus 73%). The primary outcome of viral suppression was compara-

ble for XR-NTX (52.7%) and TAU (49.2%) [risk ratio (RR) = 1.064; 95% confidence

interval (CI) = 0.748, 1.514] at 24 weeks. Non-inferiority could not be demon-

strated, as the lower confidence limit of the RR did not exceed the pre-specified

margin of 0.75 in intention-to-treat (ITT) analysis. The main secondary outcome of

past 30-day opioid use was comparable for XR-NTX versus TAU (11.7 versus

14.8 days; mean difference = −3.1; 95% CI = –8.7, 1.1) in ITT analysis. Among

those initiating medication, XR-NTX resulted in fewer days of opioid use compared
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with TAU in the past 30 days (6.0 versus 13.6, mean difference = −7.6; 95%

CI = –13.8, −0.2).

Conclusions: A randomized controlled trial found supportive, but not conclusive, evi-

dence that human immunodeficiency virus clinic-based extended-release naltrexone is

not inferior to treatment as usual for facilitating human immunodeficiency virus viral

suppression. Participants who initiated extended-release naltrexone used fewer opioids

than those who received treatment as usual.
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INTRODUCTION

Opioid use disorder (OUD) is common in people living with HIV and

associated with decreased receipt of antiretroviral therapy (ART),

decreased ART adherence and decreased HIV viral suppression [1].

Treatment of substance use disorders can increase engagement in

HIV care [2].

Opioid agonist therapy for OUD with either methadone or sublin-

gual buprenorphine decreases HIV transmission risk behaviors [3] and

improves HIV[4] and OUD outcomes [5], but access to medications

for opioid use disorder treatment (MOUD) remains limited. HIV pro-

viders are well positioned to integrate MOUD into HIV treatment set-

tings, but thus far only buprenorphine has been adopted in HIV

practice. In the buprenorphine–HIV evaluation and support (BHIVES)

collaborative (a demonstration of integrated care for HIV and OUD),

people living with HIV and OUD who received buprenorphine from an

HIV clinic provider decreased opioid use [6], increased ART use [7]

and experienced higher-quality HIV care [8]. HIV treatment guidelines

recommend opioid agonist therapy as a key treatment strategy for

engaging people who inject drugs (PWID) in HIV treatment [9]. How-

ever, retention on methadone and buprenorphine may be limited due

to daily dosing requirements. While the recent emergence of

extended-release formulations may mitigate daily dosing challenges,

they are not widely available and some patients prefer alternatives to

agonist treatment.

Extended-release naltrexone (XR-NTX), a deep muscle opioid

antagonist injection that lasts 28 days, may be preferred by some peo-

ple living with HIV who are seeking a non-narcotic treatment option

and/or once a month dosing, thus potentially increasing the number

of people who engage in OUD treatment [10]. In inpatient specialty

addiction treatment settings, XR-NTX decreases opioid use compara-

ble to sublingual buprenorphine after receiving the first XR-NTX injec-

tion while an inpatient [11, 12]. However, induction onto XR-NTX

following medically supervised withdrawal from active opioid use is

challenging, and resulted in suboptimal outcomes compared to sublin-

gual buprenorphine in intent-to-treat (ITT) analyses [12, 13]. In incar-

cerated individuals with OUD and HIV, XR-NTX initiated prior to

release increased HIV viral suppression at 6 months compared with

those randomized to placebo [14]. Similarly, a long-acting naltrexone

implant achieved greater HIV suppression compared to oral naltrex-

one in a trial in Russia [15].

Most clinical trials of XR-NTX for OUD treatment have been con-

ducted in carefully controlled settings, typically with initiation as an

inpatient or during incarceration. XR-NTX improved retention and

reduced alcohol use when integrated into outpatient primary care

clinics for treatment of alcohol use disorder [16], but has not been

tested for treatment of OUD in outpatient HIV clinic settings. A pilot

trial in people living with HIV suggested that HIV clinic-based XR-

NTX was feasible and acceptable to patients with untreated OUD and

HIV [17].

The National Drug Abuse Treatment Clinical Trials Network

(CTN) Comparing Treatments for HIV-Infected Opioid Users in an

Integrated Care Effectiveness Study (CHOICES; CTN-0067) compared

the effectiveness of HIV clinic-based XR-NTX versus TAU in engaging

people with an OUD in care to improve HIV viral suppression. We

hypothesized that XR-NTX would be non-inferior to TAU for the pri-

mary outcome of HIV viral suppression at 24 weeks. Secondary aims

compared the effectiveness of XR-NTX versus TAU on opioid use and

other secondary outcomes including CD4 count, receipt of ART, ART

adherence, HIV clinic visits, overall health and mortality risk, HIV risk

behaviors and quality of life at 24 weeks.

METHODS

Study design, setting and participants

The CHOICES study (ClinicalTrials.gov NCT03275350) was an open-

label, randomized, non-inferiority comparative effectiveness trial of

office-based XR-NTX for 24 weeks (approximately 6-monthly injec-

tions) versus TAU in people with untreated OUD and HIV at baseline.

The Advarra Institutional Review Board (IRB00000971) reviewed and

approved the study and served as a single IRB for the study, with par-

ticipating sites deferring to its regulatory role.

HIV primary care clinics in six geographically diverse US HIV

clinics (Baltimore, MD; Chicago, IL; Lexington, KY; Miami, FL; Tar-

zana, CA; Washington, DC) served as study sites. Clinics were

selected based on the availability of office-based buprenorphine or
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methadone as TAU and community prevalence of untreated OUD

and HIV. All participants were offered ART and other routine HIV

and primary care. Participants completed written informed consent

and passed a consent comprehension quiz prior to enrollment.

Translated consent forms and surveys were available in Spanish

and English.

Eligible participants included people living with HIV and

DSM-5 moderate or severe OUD, who had uncontrolled HIV dis-

ease [RNA polymerase chain reaction (PCR) > 200 copies/ml], were

aged at least 18 years, willing to establish HIV care, be randomized

to antagonist-based therapy or TAU, able to provide written

informed consent and, if female, to take at least one evidence-

based contraceptive measure. Participants were excluded for severe

medical, psychiatric or other substance use disorder that, in the

opinion of the study physician, would make study participation

hazardous, aspartate aminotransferase or alanine aminotransferase

greater than five times the upper limit of normal, INR > 1.5 or

platelet count < 100 000; known allergy or sensitivity to naloxone

or naltrexone, anticipated surgery; chronic pain requiring ongoing

opioid analgesics; body habitus that precluded safe intramuscular

injection; receipt of methadone, buprenorphine or XR-NTX in the

4 weeks prior to consent; taking investigational drugs; currently

incarcerated or pending legal action; and, if female, were pregnant

or breastfeeding or planning to conceive.

Randomization and masking

A centralized data coordinating center randomized participants 1:1 to

office-based XR-NTX or TAU using a permuted block design with ran-

domly sized blocks. Randomization was stratified by study clinic. The

study was not blinded.

Procedures

The HIV clinic care team and research staff recruited participants from

their HIV clinics and interacted with community and hospital-based

outreach services to identify and engage potential participants outside

the HIV clinic. Potential participants received an overview of opioid

agonist and antagonist therapies and, with verbal consent, completed

a pre-screening interview to assess initial eligibility. Potentially eligible

participants then completed written informed consent and completed

screening, including laboratory testing, and were randomized to treat-

ment condition, if eligible.

Participants assigned to office-based XR-NTX underwent med-

ically supervised withdrawal and naltrexone induction in outpa-

tient or residential settings in accordance with the package insert

and published outpatient protocols [18–20]. XR-NTX (4 ml,

380 mg of naltrexone base) was administered as a gluteal

intramuscular injection (alternating sides monthly) at induction

(week 0) and at treatment weeks 4, 8, 12, 16 and 20 for a maxi-

mum of six doses.

Participants assigned to the TAU group were offered the standard

treatment for OUD provided at each HIV clinic. All clinics offered opi-

oid agonist treatment services (buprenorphine or methadone), with

the schedule of medical care and behavioral support determined by

the treating provider. Study clinicians provided all participants medical

management, a brief counseling intervention delivered by medical

providers to improve patient responses to MOUD treatments deliv-

ered in medical settings [21].

Participants completed urine drug screens (UDS) and surveys

regarding substance use and HIV measures at baseline and weeks

0, 4, 8, 12, 16, 20 and 24. HIV viral load and CD4 count were assessed

at baseline, 12 and 24 weeks. Adverse events were elicited at each

study visit.

Outcomes

We compared treatment groups for the primary outcome of HIV viral

suppression, defined as HIV-1 RNA ≤ 200 copies/ml at 24 weeks

from time of randomization. Treatment groups were compared for the

main secondary outcomes of proportion with any opioid use in the

past 30 days by self-report, proportion with any opioid use in the past

30 days by UDS, and number of days of use by time-line follow-back

at 24 weeks as well as CD4 count, VACS index (a marker of overall

health and mortality risk in HIV-infected patients) [22], receipt of

ART, ART adherence (100% prescribed ART in past month), retention

in HIV care (proportion of participants with at least one HIV primary

care visit in the past 12 weeks) measured at week 24, HIV risk behav-

iors (past 30-day injection drug use, unprotected sex, multiple sexual

partners) [23], quality of life visual analog scale (EuroQol Group 5D

[24]) at 24 weeks.

Analysis

Determination of non-inferiority margin and sample
size

Virological suppression in people living with HIV receiving

buprenorphine in the 2004–09 BHIVES collaborative was 57% at

6 months [7], and we assumed that in the absence of any treatment

for OUD, the suppression rate would be approximately 15%. Thus,

the risk difference compared to placebo would be 57–15% = 42%. A

clinically reasonable preserved fraction was chosen as 2/3, implying a

non-inferiority margin in the risk difference of 42% × 1/3 = 14%.

Therefore, if the true suppression probability for TAU was approxi-

mately 57% (as for BHIVES), any true XR-NTX suppression probability

greater than 43% would indicate that XR-NTX is not inferior to TAU.

On the risk ratio (RR) scale, the margin was thus set at 0.43/

0.57 = 0.754. We estimated that a sample size of 350 (175/arm)

would grant at least 80% power for the non-inferiority conclusion

using a random-assignment bootstrap approach, calculating the point

estimate from bootstrapped participant data observed in the pilot
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study [17]. Enrollment was halted at 33% of target sample size due to

slow recruitment resulting from advances in HIV treatment

(e.g. widespread uptake of potent, one-pill, once-daily integrase inhibi-

tors and increased treatment of PWID), giving rise to an effective

power level of approximately 37% based on our a priori assumptions.

Statistical analyses

Participant demographic and clinical characteristics were summarized

overall and by treatment arm. Study site and baseline alcohol use dis-

order were included as pre-specified covariates in all models, with the

two smallest-enrolling sites combined in order to achieve model con-

vergence. In a preliminary analysis there was no evidence in these

data for a site × intervention interaction (intervention effect hetero-

geneity, P < 0.38), implying that using fixed parameters for sites would

closely approximate using a random site effect. Therefore, given the

relatively small number of sites and limited data, fixed site effects

were used to provide stable estimates. The primary analysis was a

non-inferiority comparison of HIV viral suppression rates between

treatment arms at 24 weeks with a pre-specified non-inferiority mar-

gin of 0.75. The binary repeated measure of viral load (RMVL) model

[25] was used to predict the log of the RR for suppression via a gener-

alized estimating equation (GEE) model with an exchangeable covari-

ance structure. This longitudinal model incorporated two post-

randomization time-points for each patient (12 and 24 weeks), with a

contrast used to estimate the treatment effect at 24 weeks. The pri-

mary analysis was conducted under ITT principals with missing data

imputed as unsuppressed [i.e. missing data treated as ‘not at random’
(MNAR)]. As a sensitivity analysis, the model was re-estimated in the

per-protocol population (those who received at least one dose of their

assigned study medication); several other sensitivity analyses were

also conducted (Supporting information, Table S1). We conducted a

Bayes factor analysis comparing the likelihood of the results under

the non-inferiority versus inferiority hypotheses [26]. We estimated

subgroup effects for sex, race and ethnicity with treatment effect by

characteristic interactions.

We assessed opioid use at 24 weeks using two self-report

metrics—the number of days used and any use in the past month (col-

lected with time-line follow-back)—as well as UDS positivity. The

number of days of opioid use was analyzed with negative binomial

regression. Any self-reported use and UDS positivity were analyzed

with logistic regression. Treatment effect estimates were contrasts of

expected marginal counts/probabilities under two competing counter-

factual scenarios: if everyone in the study were treated with XR-NTX

versus everyone in the study treated with TAU. Missing data were

imputed as opioid-positive; a multiple imputation model analyzed days

of use with parameters set to the observed values among the subset

of participants reporting ≥ 1 day of use. Confidence intervals (CIs)

were obtained by bootstrapping.

Linear mixed models compared changes in mean VACS index

score, CD4 cell count and quality of life between randomization and

24 weeks by treatment arm using superiority hypothesis testing. Fixed

effects in the model were time (baseline, 24 weeks), treatment arm

and their interaction, geographic site and baseline AUD. Subject-level

random intercepts were included to account for repeated measure-

ments. Change in the binary outcomes of ART prescription using and

sexual risk behaviors were analyzed using generalized linear mixed

models with a similar strategy. Rates of 100% ART adherence and

HIV care engagement at 24 weeks were compared between treat-

ment arms using χ2 tests. Analyses were conducted using SAS version

9.4 and R version 3.6.2.

Role of the funding source

The US National Institutes of Health, National Institute on Drug

Abuse (NIDA) funded the study. The study received donated

extended-release naltrexone 380 mg injections from Alkermes

(Waltham, MA, USA), which played no role in study design, analysis,

manuscript development or publication decisions. The CTN is a coop-

erative agreement. Study investigators and NIDA personnel collabo-

rated in the development, implementation, analysis and manuscript

preparation. Emmes Co. (Rockville, MD, USA), with a NIDA contract,

provided independent review of study implementation, supported

web-based data collection, and conducted the primary outcome analy-

sis. The corresponding author had full access to all the data following

Emmes’ Company primary outcome analysis and had final responsibil-

ity for the decision to submit for publication.

RESULTS

Of 376 individuals screened for potential participation, 262 were ineli-

gible, with HIV viral suppression being the leading reason for exclu-

sion (Figure 1). Among participants who were not included, the

average age was 47 years, 60% were male, 11% were Hispanic, 62%

were black and 22% were white. Of 114 randomized participants

(n = 55 XR-NTX; n = 59 TAU), 98 (86%) were retained in the study at

24 weeks (n = 47 XR-NTX; n = 51 TAU). At baseline, the majority of

participants were male (62%), black (56%) or Latino/Hispanic (12%),

with at least a high school education (52%). Only 4% were employed;

86% reported a history of incarceration and 39% reported at least

1 day of homelessness in the past month. At baseline, the mean log10

HIV viral load was 4.0 copies/ml [standard deviation (SD) = 0.97,

median = 4.2], mean CD4 count was 412 cells/mm3 (SD = 298) and

61% of participants were hepatitis C antibody-positive. Substance use

by UDS was common among participants at baseline, with 44% meet-

ing criteria for alcohol use disorder, 62% UDS positive for fentanyl,

47% positive for other opioids and 61% positive for cocaine; 57%

reported a history of overdose. Baseline demographic and clinical

characteristics were comparable by treatment arm (Table 1).

Overall, 69 of 114 (61%) participants received at least one dose

of assigned study medication, including 26 of 55 XR-NTX participants

(47%) and 43 of 59 TAU participants (73%). Among XR-NTX partici-

pants who received at least one injection, the mean number of
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F I GU R E 1 CONSORT diagram

T AB L E 1 Participant characteristics by treatment arm, n = 114 CHOICES participants

Characteristic Overall XR-NTX n = 55 TAU n = 59

Mean age (SD) 47 (11.1) 48 (10.8) 46 (11.5)

Male gender 71 (62.3%) 32 (58.2%) 39 (66.1%)

Race

Black 64 (56.2%) 30 (54.5%) 34 (57.6%)

White 42 (36.8%) 19 (34.5%) 23 (39%)

Other 8 (7%) 6 (10.9%) 2 (3%)

Hispanic ethnicity 14 (12.3%) 9 (16.4%) 5 (8.5%)

< High school education 59 (51.8%) 29 (52.7%) 30 (50.8%)

Employed 5 (4.4%) 4 (7.3%) 1 (1.7%)

Homeless in past 30 days 44 (38.6%) 24 (43.6%) 20 (33.9%)

HIV viral load (log10 copies/ml) (SD) 4.0 (1.0) 4.0 (0.9) 4.0 (1.1)

Mean CD4 cells/mm3 (SD) (n = 112) 411.9 (298.2) 380.7 (248.2) 439.8 (336.6)

HCV antibody-positive 69 (60.5%) 32 (58.2%) 37 (62.7%)

History of incarceration 98 (86.0%) 46 (83.6%) 52 (88.1%)

Self-reported previous overdose 65 (57.0%) 31 (56.4%) 34 (57.6%)

Baseline alcohol use disorder 50 (43.9%) 25 (45.5%) 25 (42.4%)

UDS

Opioids (other than fentanyl) 54 (47.4%) 27 (49.1%) 27 (45.8%)

Fentanyl 71 (62.3%) 36 (65.5%) 35 (59.3%)

Methamphetamine/amphetamines 8 (7%) 3 (5.5%) 5 (8.5%)

Cocaine 69 (60.5%) 36 (65.5%) 33 (55.9%)

SD = standard deviation; CHOICES = Comparing Treatments for HIV-Infected Opioid Users in an Integrated Care Effectiveness Study; UDS = urine drug

screen; XR-NTX = extended-release naltrexone; TAU = treatment as usual.
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injections was 3.3 (SD = 2.1, median = 3) and seven participants

received all six possible injections (27% of those with at least one).

Among TAU participants, 37 of 43 (86%) initiated buprenorphine,

three of 43 (7%) initiated methadone and three of 43 (7%) initiated

oral naltrexone. Among TAU participants receiving at least one dose

of buprenorphine or methadone, the mean number of months was 2.9

(SD = 1.7). Five of 43 (12%) TAU participants received opioid agonist

treatment for all 6 months. Excluding 10 participants who only

received one prescription (and thus probably never received more

than an induction dose), the mean daily dose of buprenorphine was

14.6 mg. The mean daily dose of methadone was 73.3 mg. Of the

92 of 114 participants (81%) who received ART during the study,

84 (91%) received an integrase-inhibitor-based regimen, typically as a

single daily pill. Receipt of ART was not correlated with initiation of

MOUD (83% of those initiating MOUD also started ART versus 78%

not initiating MOUD, P = 0.5).

Table 2 and Figure 2 present the results of the primary study ana-

lyses. Of 114 randomized participants, 83.3% had HIV viral load col-

lected at week 24, including 48 of 59 TAU participants (81.4%) and

47 of 55 XR-NTX participants (85.5%). With missing viral load data

treated as unsuppressed, 29 of 55 participants (52.7%) in the XR-NTX

arm and 29 of 59 participants (49.2%) in the TAU arm achieved HIV

viral suppression at 24 weeks (RR = 1.064; 95% CI = 0.748, 1.514). As

the lower confidence limit of the RR of 0.748 did not exceed the pre-

specified non-inferiority margin of 0.754, we were unable to conclude

that XR-NTX was non-inferior to TAU for achieving viral suppression.

Given the limited sample size accrued in the trial, similar observed

rates of viral suppression between the two arms, and an underpow-

ered hypothesis test, we performed a Bayes factor analysis comparing

the relative likelihood of the observed results under non-inferiority

versus inferiority of XR-NTX versus TAU (at the pre-specified non-

inferiority margin of 14%). The Bayes factor comparing these

T AB L E 2 Non-inferiority analyses of HIV viral suppression by treatment arm (n = 114)

Overall XR-NTX TAU RR (95% CI)

Intent-to-treat (n = 114)

Missing imputed as unsuppressed

12 weeks 44/114 (38.6%) 23/55 (41.8%) 21/59(35.6%) 1.15 (0.73, 1.81)

24 weeksa 58/114 (50.9%) 29/55 (52.7%) 29/59 (49.2%) 1.06 (0.748, 1.51)

Per-protocolb (n = 69)

Missing as unsuppressed

12 weeks 27/69 (39%) 11/26 (42.3%) 16/43 (37.2%) 1.18 (0.68, 2.04)

24 weeks 38/69 (55%) 15/26 (57.7%) 23/43 (53.5%) 1.03 (0.69, 1.55)

aPrimary study outcome;
bper-protocol population includes 69 participants who received at least one dose of their assigned study medication.

RR = relative risk; XR-NTX = extended-release naltrexone; TAU = treatment as usual; CI = confidence interval.

The critical value for the 95% lower confidence limit (LCL) used to test the primary non-inferiority hypothesis was 0.75. If the LCL > 0.75, we conclude

that XR-NTX is non-inferior to TAU for achieving HIV viral suppression.

F I G U R E 2 HIV viral
suppression at 24 weeks by
treatment arm, overall and by
pre-specified subgroups (n = 114),
with 95% confidence limits
[truncated at (0, 2.5)]. Δ = 0.75 is

the pre-specified non-inferiority
margin; if the lower confidence
limit of the RR > Δ, we conclude
that XR-NTX is non-inferior to
TAU for achieving HIV viral
suppression. These significant
findings are noted in red.
TAU = treatment as usual; XR-
NTX = extended-release
naltrexone
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hypotheses was 31.1, suggest that non-inferiority of XR-NTX is 31.1

times more likely than inferiority, given the observed data. Applying a

suggested cut-off of Bayes factor ≥ 3 to quantify ‘substantial’ evi-

dence in favor of one hypothesis over an alternative [27], our data

provide substantial evidence that XR-NTX has no more than a 3%

absolute reduction in efficacy compared to TAU for achieving viral

suppression.

Table 2 and Figure 2 present pre-specified sensitivity and sub-

group analyses. Non-inferiority was not demonstrated in the per-pro-

tocol population. In subgroup analyses, XR-NTX was non-inferior to

TAU in black and non-Hispanic participants. Among black participants,

56.7% assigned to XR-NTX and 41.2% assigned to TAU achieved viral

suppression (RR = 1.27; 95% CI = 0.80, 2.03). Among non-Hispanic

participants, 56.5% assigned to XR-NTX and 46.3% assigned to TAU

achieved viral suppression (RR = 1.22; 95% CI = 0.85, 1.75). Addi-

tional sensitivity analyses are presented in Supporting information,

Table S1.

Opioid use outcomes at 24 weeks are presented in Table 3. The

mean adjusted number of days of self-reported opioid use in the past

30 days was 11.7 in the XR-NTX arm and 14.8 in the TAU arm [mean

difference (MD) = –3.1; 95% CI = –8.73, 1.05], indicating no signifi-

cant difference between treatment arms in ITT analysis. However, in

the per-protocol population, there were fewer adjusted days of self-

reported opioid use in the XR-NTX group compared to TAU (6.0 ver-

sus 13.6 days; MD = –7.55; 95% CI = –13.8, −0.22). Similarly, self-

reported use of any opioid was comparable between groups in ITT

analysis and XR-NTX participants were less likely to report any opioid

use in the per-protocol population. Biomarkers confirmed findings of

self-reported opioid use (Table 3).

Secondary outcomes of VACS index, receipt of ART prescription,

ART adherence, HIV clinic visits, HIV risk behaviors and quality of life

were similar between treatment arms (i.e. no comparisons met the

statistical threshold for significance) (Supporting information,

Tables S2–S5).

Twenty-one participants experienced at least one mild-to-

moderate adverse event [10 of 55 (18.2%) XR-NTX; 11 of 59 (18.6%)

TAU] and 12 participants experienced at least one serious adverse

event [five of 55 (9.1%)] XR-NTX; seven of 59 (11.9%) TAU] (Table 4).

There were three deaths [two of 55 (3.6%) XR-NTX; one of 59 (1.7%)

TAU]. No serious adverse events or deaths were related to study

medication.

DISCUSSION

The CHOICES study informs the utility of providing long-acting opioid

antagonist treatment to people with untreated HIV and OUD in six

geographically diverse US cities. The study documents marked and

similar improvements in HIV viral suppression at 24 weeks with both

XR-NTX and TAU. The trial did not meet criteria for non-inferiority of

XR-NTX versus TAU, due to limited power. Bayes factor analysis,

however, suggests that the observed data increases our confidence

× 31 that the treatment groups did not substantially differ in HIV viral

suppression. Thus, study findings may be interpreted as overall sup-

portive, but not conclusive, of the non-inferiority of HIV clinic-based

XR-NTX versus TAU for facilitating HIV viral suppression. Pre-

specified subgroup analyses demonstrated that XR-NTX was non-

inferior to TAU among participants who identified as black/African

American and non-Hispanic ethnicity. Secondary outcomes of VACS

index, receipt of ART prescription, ART adherence, HIV clinic visits,

HIV risk behaviors and quality of life did not differ by treatment arm.

Our findings advance those of previous studies of the impact of

MOUD on HIV clinical outcomes in people with uncontrolled HIV dis-

ease and OUD, and in particular the potential effect of XR-NTX on

HIV viral suppression. Remarkably, half of participants in this high-

needs study population, overall, achieved HIV viral suppression by

24 weeks. In a US trial randomizing incarcerated individuals with HIV

and OUD to XR-NTX versus placebo injection prior to release, 30% of

those with non-suppressed HIV at baseline who received XR-NTX

achieved HIV viral suppression at 6 months [14]. In a trial in Russia,

people with OUD and untreated HIV were randomized to receive

long-acting naltrexone implants or daily oral naltrexone dosing. At

24 weeks, 38% of those assigned to long-acting naltrexone and 35%

of those assigned to oral naltrexone achieved an HIV viral load < 400

T AB L E 3 Opioid use at 24 weeks by treatment arm (n = 114)

Population XR-NTX Mean/% TAU MD/RR (95% CI)

Mean days of self-reported use (last 30 days)

Intent-to-treat 11.73 14.81 −3.07 (−8.73, 1.05)

Per-protocol 6.02 13.58 −7.55 (−13.78, −0.22)

Probability of any self-reported use (last 30 days)

Intent-to-treat 64.2% 68.9% 0.93 (0.72, 1.20)

Per-protocol 39.6% 66.9% 0.59 (0.30, 0.99)

UDS positivity

Intent-to-treat 62.2% 69.1% 0.90 (0.69, 1.18)

Per-protocol 38.5% 70.0% 0.55 (0.29, 0.92)

MD = mean difference; RR = relative risk; CI = confidence interval; UDS = urine drug screen; XR-NTX = extended-release naltrexone; TAU = treatment as

usual.
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copies/ml [15]. HIV viral suppression rates of 52.7% at 24 weeks

among those randomized to XR-NTX in the CHOICES trial exceeds

viral suppression observed in these prior studies, as well as a system-

atic review of 32 mainly observational studies that reported a 45%

increase in HIV viral suppression attributed to opioid agonist treat-

ment [4]. Our results suggest that initiating XR-NTX in a non-

addiction specialty outpatient setting facilitates HIV viral suppression

on a level comparable to initiating opioid agonist treatment. While

OUD treatment adherence most probably mediates the effect of XR-

NTX on HIV viral suppression [15], XR-NTX may also mitigate risky

decision-making and improve treatment adherence through central

effects on the reward pathway [28].

The proportion of participants with successful outpatient induc-

tion on XR-NTX was lower than that reported in previous trials in

which induction occurred in more controlled environments or where

eligibility criteria excluded people with active opioid use at the time of

enrollment [14, 29]. In one trial demonstrating efficacy of XR-NTX for

community-dwelling, criminal justice-involved adults with OUD, par-

ticipants were required to be seeking non-opioid agonist treatment

and be opioid-free on UDS prior to randomization; 95% successfully

completed outpatient XR-NTX induction [29]. In another trial, 100%

of incarcerated people with OUD who had abstained from opioids

received their first XR-NTX injection in the week prior to release [14].

In a large comparative effectiveness trial of XR-NTX versus

buprenorphine for treatment of OUD, participants were recruited

from inpatient medically supervised withdrawal facilities and initiated

treatment in the inpatient setting—treatment initiation was 72% for

XR-NTX and 94% for sublingual buprenorphine [12]. These studies

suggest that a controlled setting for XR-NTX induction is important.

Engaging non-treatment-seeking patients with untreated OUD

through community-based outreach for XR-NTX treatment in a less

controlled, real-life outpatient primary care setting probably requires

more intensive supports for XR-NTX induction. For example, qualita-

tive interviews with clinical staff involved in the CHOICES trial identi-

fied limited access to inpatient facilities for medically managed opioid

withdrawal as a barrier to XR-NTX induction [30]. Treatment models

where patients interested in opioid antagonist treatment receive their

first dose of XR-NTX in an inpatient withdrawal setting followed by

linkage to primary care for subsequent doses may increase the feasi-

bility of XR-NTX in primary care.

Despite limited XR-NTX uptake, all CHOICES participants expe-

rienced marked reductions in opioid use that compare favorably with

changes in opioid use in previous trials. In ITT analysis, self-reported

opioid use and UDS opioid positivity decreased comparably in par-

ticipants assigned to the XR-NTX arm compared to those assigned

to TAU. Among those who initiated OUD treatment, reductions in

opioid use were greater in the XR-NTX than the TAU arm. Our find-

ings contrast with those of a large comparative effectiveness trial of

XR-NTX versus sublingual buprenorphine [12], which demonstrated

higher rates of return to opioid use at 24 weeks for XR-NTX (65%)

than for buprenorphine [57%; hazard ratio (HR) = 1�36; 95%

CI = 1�10–1�68] in the ITT analysis, and comparable rates of return

to use in the per protocol analysis [12]. In a second trial of XR-NTX

versus sublingual buprenorphine conducted in a specialty addiction

treatment setting in Norway, XR-NTX was non-inferior to

buprenorphine for the primary outcome of the proportion of UDS

negative for opioids at 12 weeks, and superior to buprenorphine for

T AB L E 4 CHOICES adverse events and serious adverse events

XR-NTX
(n = 55)

TAU
(n = 59)

Treatment emergent adverse events (mild or moderate)

Participants with one or more adverse

events

10 (18.2%) 11 (18.6%)

Number of adverse events 17 11

Type of adverse event

Infections 2 (3.6%) 5 (8.5%)

Injury, poisoning and procedural

complications

1 (1.8%) 2 (3.4%)

Gastrointestinal disorders 3 (5.5%) 0 (0.0%)

Respiratory disorders 2 (3.6%) 1 (1.7%)

Psychiatric disorders 2 (3.6%) 1 (1.7%)

Nervous system disorders 2 (3.6%) 0 (0.0%)

Vascular disorders 1 (1.8%) 1 (1.7%)

Neoplasms benign, malignant and

unspecified

0 (0.0%) 1 (1.7%)

Musculoskeletal and connective

tissue disorders

1 (1.8%) 0 (0.0%)

Metabolism and nutrition disorders 1 (1.8%) 0 (0.0%)

Transaminases increased 1 (1.8%) 0 (0.0%)

Skin and subcutaneous tissue

disorders

1 (1.8%) 0 (0.0%)

Treatment emergent serious adverse events

Participants with one or more

serious adverse events

5 (9.1%) 7 (11.9%)

Number of serious adverse events 6 7

Type of serious adverse event

Infections 2 (3.6%) 3 (5.1%)

Psychiatric disorders 2 (3.6%) 1 (1.7%)

Injury, poisoning and procedural

complications

0 (0.0%) 2 (3.4%)

Vascular disorders 1 (1.8%) 0 (0.0%)

Respiratory disorders 1 (1.8%) 0 (0.0%)

Neoplasms benign, malignant and

unspecified

0 (0.0%) 1 (1.7%)

Mortality events

All deaths 2 (3.6%) 1 (1.7%)

Overdose deaths 0 0

AIDS-related deaths 1 0

Pneumonia 0 1

Cardiac 1 0

XR-NTX = extended-release naltrexone; TAU = treatment as usual;

CHOICES = Comparing Treatments for HIV-Infected Opioid Users in an

Integrated Care Effectiveness Study.
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opioid craving [11]. People with OUD who initiated XR-NTX in the

CHOICES trial may have benefited from the additional wrap-around

primary care, HIV and social services offered in outpatient HIV pri-

mary care clinics. Another notable difference between previous trials

and the CHOICES study is the high prevalence of fentanyl in the

study population. Fentanyl was the most common opioid detected

on baseline UDS in the CHOICES study and previous studies were

conducted prior to the upsurge in fentanyl use. While fentanyl may

decrease the utility of XR-NTX due to initiation challenges, it is pos-

sible that, once started, XR-NTX might be more effective than

buprenorphine in reducing opioid cravings, as suggested by the Nor-

wegian trial [11]. Further research is required to assess the role of

fentanyl in starting MOUD treatment. Recently approved long-acting

injectable buprenorphine may also serve as a more equivalent com-

parator than daily dosed formulations.

The CHOICES trial was limited by a slow pace of recruitment.

Enrollment ceased after achieving only 33% of the targeted sample

size, which limited power to meet pre-determined thresholds for sta-

tistical significance. The primary reason for slow recruitment was an

eligibility requirement of uncontrolled HIV disease, the leading reason

for study exclusion. At the time the trial was conceived, achieving

virological suppression among people with OUD was still a consider-

able challenge in many HIV clinics. During the study’s development,

highly potent, once-daily, single-pill combination formulations of

integrase inhibitor-based regimens became first-line therapy. National

guidelines also emerged encouraging HIV providers to initiate ART in

people actively using drugs. Together, these secular trends increased

the proportion of Ryan White-funded clinic patients with HIV viral

suppression from 65% in 2010 to 87.5% in 2018 [31], reducing the

pool of eligible participants in HIV clinics and transforming study

recruitment into more of a ‘seek, test and treat’ approach to OUD

and HIV engagement and linkage to care. Top-recruiting study sites

hired peer recovery support specialists to conduct direct community

outreach and assist with study engagement and retention [30]. It is

possible that the additional support received through study participa-

tion contributed to HIV outcomes, apart from MOUD treatment.

Diagnosing and treating HIV in people who use drugs remains essen-

tial to eliminate HIV. The CHOICES study reinforces the need to

expand community-based outreach and engagement efforts beyond

the walls of HIV clinics. Further research on the role of peer recovery

support specialists and other engagement strategies are urgently

needed.

An additional limitation is that excluding people with untreated

OUD and already suppressed viral loads may have increased study

internal validity at the expense of generalizability to people engaged

in HIV care with untreated OUD, who remain at risk for overdose.

Alternative primary outcomes such as maintenance of viral suppres-

sion have been used in other studies that included such participants

[14], but would have required a larger sample size which was not fea-

sible and could have biased the study results toward non-inferiority.

One strength of the current study was its ability to recruit and

retain a highly vulnerable population of people on the margins of the

health-care system who had high rates of unemployment,

homelessness, history of overdose, and criminal justice involvement.

These are people who may be most likely to benefit from long-acting

medication formulations and an essential group required for achieving

HIV elimination. A second strength of the current study was the high

proportion of participants from racial and ethnic minority groups and

inclusion of monolingual Spanish-speaking participants. Pre-planned

subgroup analyses demonstrated that XR-NTX was non-inferior to

TAU in the ITT analysis for achieving HIV viral suppression among

African American/black participants and among those of non-Hispanic

ethnicity. Further research is urgently needed to explore differences

in the effects of and to improve access to MOUD treatment in people

of minority race/ethnicity. A third strength was the novel primary out-

come of HIV viral suppression, as previous studies focused on OUD

outcomes.

Overall, the CHOICES trial affirms the importance of medications

for OUD treatment for achieving HIV viral suppression in people who

use drugs. The study suggests, but does not definitively demonstrate,

that uptake of XR-NTX in HIV clinics may improve HIV viral suppres-

sion and decrease opioid use as well as opioid agonist treatment. Out-

patient initiation of XR-NTX for the treatment of OUD among people

with uncontrolled HIV disease is challenging. Better induction strate-

gies are needed to successfully integrate XR-NTX into HIV primary

care settings. Based on the experiences of clinical staff in the

CHOICES trial, one strategy may require development of systems of

care that increase the availability of inpatient induction services with

linkage to outpatient continuation services. Once initiated on XR-

NTX, patients may then benefit from decreased opioid use that other-

wise hinders ART adherence and HIV disease control and

stabilization.
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