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Abstract

Background.—Associations between fentanyl use and initiation and retention on medications 

for opioid use disorder (MOUD) are poorly understood.
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Methods.—Data were from a multisite clinical trial comparing extended-release naltrexone 

(XRNTX) with treatment as usual (TAU; buprenorphine or methadone) to achieve HIV 

viral suppression among people with OUD and uncontrolled HIV disease. The exposure of 

interest was fentanyl use, as measured by urine drug screening. Outcomes were time to 

MOUD initiation, defined as date of first injection of XR-NTX, buprenorphine prescription, or 

methadone administration; MOUD persistence, the total number of injections, prescriptions, or 

administrations received over 24 weeks; and MOUD retention, having an injection, prescription, or 

administration during weeks 20 to 24.

Results.—Participants (N = 111) averaged 47 years old and 62% were male. Just over half 

(57%) were Black and 13% were Hispanic. Sixty-four percent of participants tested positive for 

fentanyl at baseline. Participants with baseline fentanyl positivity were 11 times less likely to 

initiate XR-NTX than those negative for fentanyl (aHR = 0.09, 95% CI 0.03 to 0.24, p < .001), 

but there was no evidence that fentanyl use impacted the likelihood of TAU initiation (aHR = 1.50, 

0.67 to 3.36, p = .323). Baseline fentanyl use was not associated with persistence or retention on 

any MOUD.

Conclusions.—Fentanyl use was a substantial barrier to XR-NTX initiation for the treatment 

of OUD in persons with uncontrolled HIV infection. There was no evidence that fentanyl use 

impacted partial/full agonist initiation and, once initiated, retention on any MOUD.
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INTRODUCTION

Approximately 2.1 million people in the United States have an opioid use disorder (OUD), 

leading to over 80,000 preventable overdose deaths in 2019–2020 (Ahmad et al., 2020). 

The opioid overdose crisis has evolved over time; initially, overdose deaths were largely 

attributable to prescription opioids and heroin, but since the mid-2010s, synthetic opioids 

such as fentanyl have become the primary source of opioid-related mortality (Gladden 

et al., 2019). While many overdoses are caused by contamination of the heroin supply, 

fentanyl and its various analogs have supplanted heroin as the most readily available and 

preferred opioid in some areas of the U.S. (Gryczynski et al., 2019). Fentanyl is 50 to 

100 times more potent than morphine (Peng and Sandler, 1999), an active metabolite of 

heroin, allowing little tolerance for dosing errors, even among experienced people who use 

opioids. The highly lipophilic nature and rapid onset of fentanyl contribute to acute airway 

obstruction (laryngospasm) and chest wall rigidity (“wooden chest syndrome”) in addition 

to the respiratory depression seen with morphine derived drugs, precipitously increasing its 

lethality (Torralva and Janowsky, 2019). Fentanyl has slowed progress in addressing the 

opioid overdose crisis and created a new, more challenging, treatment environment as its 

availability increases and analogs with greater potency emerge (e.g. carfentanil) (Dai et al., 

2019).
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Medications for opioid use disorder (MOUD) are effective for treating individuals with 

OUD. However, the reach of MOUD remains narrow because of limited access, challenging 

initiations, and a complex regulatory environment governing MOUD prescribing and 

dispensing. Of over an estimated 2 million who may benefit from MOUD, only about 

7% successfully initiate treatment, and only half of those who receive treatment are 

retained on MOUD after 6 months (Williams et al., 2019). Among people living with 

HIV, there is substantial evidence that MOUD can improve HIV outcomes, including higher 

rates of treatment engagement (Lucas et al., 2010), ART initiation, and viral suppression 

(Altice et al., 2011; Kim et al., 2021). However, rates of MOUD treatment may be lower 

among people living with HIV (Tsui et al., 2021), possibly because of stigma, challenging 

psychiatric comorbidities, high rates of homelessness, other substance use disorders, and 

other factors.

Standard induction protocols onto opioid partial agonist (e.g., buprenorphine) or antagonist 

(extended-release naltrexone; XR-NTX) therapy require a period of opioid abstinence, 

typically ~12 hours for buprenorphine induction, and 7–10 days for XR-NTX, in order 

to avoid precipitated withdrawal. Because of its high potency, short duration of effect, 

and lipophilicity, fentanyl use may present a significant challenge to successful MOUD 

initiation. Individuals using fentanyl report faster onset, greater severity, and longer 

duration of withdrawal symptoms compared to heroin (Gryczynski et al., 2019). Emerging 

pharmacokinetic research suggests that redistribution of fentanyl into adipose tissue (Peng 

and Sandler, 1999) and protracted clearance (Huhn et al., 2020) may contribute to 

precipitated withdrawal during MOUD induction among people who use fentanyl (Antoine 

et al., 2020; Bisaga, 2019; Silverstein et al., 2019). However, few empiric data inform the 

role of fentanyl use in MOUD initiation.

Following initiation, the effects of fentanyl use on MOUD retention may vary by treatment 

modality. One retrospective chart review found that six-month retention on buprenorphine 

was worse for individuals with positive fentanyl toxicology at treatment initiation (38% 

fentanyl-positive vs. 47% heroin-positive vs. 51% who were negative for both), although 

results did not meet the threshold for statistical significance (Wakeman et al., 2019). Another 

found that 12-month retention on methadone was slightly better for individuals who were 

fentanyl-positive at intake than those who were negative (53% vs. 47%) (Stone et al., 2020). 

To our knowledge, no studies have prospectively examined the impact of fentanyl use on 

initiation or retention on MOUD, including XR-NTX.

Using data from a comparative effectiveness clinical trial of MOUD treatment, we 

examined the impact of fentanyl use on initiating and remaining on MOUD treatment. We 

hypothesized that fentanyl use would reduce the likelihood of MOUD initiation, especially 

among participants randomized to receive XR-NTX. We also hypothesized that individuals 

using fentanyl at baseline would receive fewer doses of MOUD throughout the study and be 

less likely to remain on MOUD at 24 weeks (end of study).
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METHODS

Data for this study were drawn from the Comparing Treatments for HIV-Infected Opioid 

Users in an Integrated Care Effectiveness Study (CHOICES) scale-up trial (National Drug 

Abuse Treatment Clinical Trials Network protocol number 0067). The CHOICES study 

was approved by the Advarra Institutional Review Board (IRB00000971) and all subjects 

provided written informed consent prior to participation.

Briefly, CHOICES was an open-label, non-blinded, non-inferiority trial comparing XR-NTX 

vs. treatment as usual (TAU) for achieving HIV viral suppression among individuals with 

HIV and OUD. The trial was conducted from February 2018 to November 2019 in six 

geographically diverse U.S. HIV clinics (Miami, FL; Washington, D.C; Baltimore, MD; 

Chicago, IL; Lexington, KY; Tarzana, CA). All study participants were people living with 

HIV and OUD. Eligibility criteria included HIV RNA PCR > 200 copies/mL, moderate to 

severe opioid use disorder by DSM-5 criteria without MOUD treatment in the past 4 weeks, 

and willingness to initiate MOUD treatment and establish HIV care. Study participants 

completed questionnaire, clinical, and biological assessments every four weeks for 24 

weeks. Additional information about the study procedures and major results can be found on 

Clinicaltrials.gov, registration number NCT03275350.

Induction procedures

Participants assigned to XR-NTX underwent medically supervised withdrawal and 

naltrexone induction in outpatient HIV clinic or residential settings in accordance with 

published guidelines (Sigmon et al., 2012). Study clinicians were trained in the use of 

three approaches to withdrawal management, including referral to inpatient medically 

supervised withdrawal with injection of XR-NTX upon release, a five to seven-day protocol 

that allowed for buprenorphine and benzodiazepines (Bisaga et al., 2018; Sullivan et al., 

2017), and a five to seven-day protocol that avoided controlled substances (Rudolf et 

al., 2018). Study clinicians were allowed to choose from this menu of options and adapt 

specific procedures to the individual participant and setting. The lead study team supported 

study clinicians with technical assistance regarding XR-NTX induction procedures during 

biweekly national study clinician calls. Participants assigned to TAU were offered the 

standard treatment for OUD provided at each HIV clinic. All clinics offered opioid agonist 

treatment services (buprenorphine or methadone), with induction procedures, the schedule of 

medical care, and behavioral support determined by the treating provider.

Exposure and outcome definitions

The exposure of interest, fentanyl use, was assessed via urine drug screening (UDS). UDS 

were collected with an FDA-approved one-step temperature-controlled test cup; a further 

validity check was performed using a commercially available adulterant test strip. Fentanyl 

is generally detectable in urine for 1–3 days after exposure (Silverstein et al., 1993), but can 

persist for much longer in frequent users (Huhn et al., 2020). Participants completed UDS 

at baseline and every four weeks for the 24-week study period, for a maximum of seven 

UDS per participant. Study outcomes, MOUD initiation, persistence, and retention, were 

determined using XR-NTX injection logs and monthly pharmacy, methadone dispensing, 
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and/or medical record data abstraction. For participants initiating XR-NTX, the date of first 

injection, the number of injections received over 24 weeks, and having an injection between 

weeks 20–24 were used to define initiation, persistence, and retention, respectively. For 

other MOUD, the initiation date was set as the first day a prescription for buprenorphine 

or administered dose of methadone was documented. For those who initiated MOUD, 

persistence was defined as the number of 4-week periods (hereafter referred to as months) 

where receipt of MOUD was documented at any point during the month, and retention was 

defined as receiving MOUD between weeks 20–24 of the study. Analyses of persistence 

and retention were limited to participants who initiated MOUD. No participants randomized 

to the TAU arm received any XR-NTX injections, but some participants assigned to XR

NTX initiated other MOUD. Analyses of “any MOUD” include these participants, but 

analysis of “assigned study medication” do not. To estimate the impact of fentanyl on 

buprenorphine initiation and retention, analyses were repeated excluding TAU participants 

initiating methadone. A similar analysis of methadone could not be completed because of 

the small number of participants receiving methadone. Participants who did not initiate any 

MOUD were censored on their last day of contact with study staff.

Statistical analyses.

Prior to analyses, participant demographic and clinical characteristics were summarized 

and compared by baseline fentanyl use using Chi-square and t-tests. Cumulative incidences 

of MOUD initiation by baseline fentanyl use were described using Kaplan-Meier curves. 

Mixed effects Cox proportional hazards models were used to estimate associations between 

baseline and time-varying fentanyl use and initiation on 1) any MOUD and 2) assigned 

study medications (XR-NTX or TAU), controlling for age, sex, race, ethnicity, severity of 

substance use [Addiction Severity Index summary score (Cacciola et al., 2007)], anxiety 

or depression [EQ5D single item screener (Herdman et al., 2011)], and stimulant (cocaine, 

methamphetamine, or amphetamine), benzodiazepine, and other non-fentanyl opioid use. 

Models were first fit without interactions between fentanyl use and treatment assignment 

to estimate the overall effect of fentanyl on MOUD initiation. Then, we included an 

interaction term and estimated fentanyl effects within each randomized treatment group. 

Study site was included as a random effect in Cox models. Prior to analysis, the proportional 

hazards assumption was verified by examining and testing for an association between scaled 

Schoenfeld residuals and (transformed) study time.

Among those initiating MOUD, persistence on MOUD was analyzed with Poisson 

regression (a negative binomial model was also considered, but there was no evidence of 

overdispersion). The number of months receiving MOUD was the outcome and baseline 

fentanyl use the exposure of interest; covariates were the same as the initiation models. 

Finally, logistic regression was used to examine the association between baseline fentanyl 

use and retention on MOUD at 24 weeks (among those who initiated), controlling for the 

same covariate set. To achieve model convergence, study site was included as a fixed effect 

in analyses of persistence and retention. All analyses were conducted using R v.3.6.1 with 

the ‘survival’, ‘coxme’, and ‘MASS’ packages at a two-tailed level of significance of .05.

Cook et al. Page 5

Drug Alcohol Depend. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



RESULTS

Participant characteristics

Of 376 individuals screened for participation in the parent clinical trial, 114 were enrolled. 

The most common reasons for exclusion were having a suppressed HIV viral load (n = 

87) or not meeting DSM-5 criteria for OUD (n = 52). For the current paper, three TAU 

participants who refused agonist therapy were excluded, resulting in an analytic sample of 

111 participants. Participants (N = 111) were 47 years old, on average (SD = 11 years), 

and 62% were male. Just over half (57%) were Black, 36% were White, and 13% were 

Hispanic. Nearly half (43%) had less than a high school education, only five participants 

reported part- or full-time employment (5%), 39% had been houseless for at least one day 

in the past month, and 87% had a history of incarceration. Seventy-eight percent reported 

moderate or severe anxiety or depression. Participants had a mean baseline CD4 cell count 

of 411 cells/mm3 (SD = 302) and mean viral load of 4.0 (SD = 0.97) log10 copies/mL. Sixty 

percent were hepatitis C antibody positive at baseline. At baseline, 71 (64%) participants 

were UDS positive for fentanyl, 49% were UDS positive for (non-fentanyl) opioids, 6% 

were positive for methamphetamine or amphetamines, 62% positive for cocaine, and 21% 

positive for benzodiazepines. Fifty-nine percent of participants reported a history of nonfatal 

opioid overdose. Fentanyl-positive participants were more likely have a positive UDS for 

other opioids and cocaine than fentanyl-negative participants (Table 1). Other demographic 

and clinical characteristics did not differ by baseline fentanyl positivity.

MOUD Initiation

Overall, 78/111 participants (70%) initiated MOUD during the study period, regardless 

of treatment assignment. Forty-four initiated buprenorphine (56% of those who initiated 

MOUD), 26 initiated XR-NTX (33%), and 8 initiated methadone (10%). 55/111 participants 

were randomized to XR-NTX; aside from the 26 receiving XR-NTX, seven people 

originally assigned to XR-NTX initiated buprenorphine and five methadone. Of 59 

participants randomized to TAU, 37 received buprenorphine and 3 methadone (no 

participants randomized to TAU received XR-NTX). Among those who initiated MOUD, 

the median number of days between randomization and initiation was 21 (interquartile range 

7 to 69) days [XR-NTX median = 11 (IQR 6–41); buprenorphine median = 25 (9–77); 

methadone median = 62 (5–105)]. The mean daily dose of buprenorphine was 14.6 mg, 

excluding 10 participants who received only one prescription (and thus may have never 

received more than an induction dose). The mean daily dose of methadone was 73.3 mg.

Figure 1 presents Kaplan-Meier curves of MOUD initiation by baseline fentanyl positivity. 

Overall, participants who tested positive for fentanyl at baseline were half as likely to initiate 

MOUD as compared to those who were negative for fentanyl (adjusted HR [aHR] = 0.47, 

95% CI 0.27 to 0.83, p = .009). When analyzing initiation on assigned study medication, 

participants with baseline fentanyl positivity were 11 times less likely to initiate XR-NTX 

than those negative for fentanyl (aHR = 0.09, 95% CI 0.03 to 0.24, p < .001). There was no 

evidence that fentanyl use impacted TAU initiation (aHR = 1.50, 0.67 to 3.36, p = .323) or 

initiation of buprenorphine specifically (aHR = 1.35, 0.59 to 3.11, p = .477). All p values for 
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interactions between fentanyl use and treatment assignment were <.001. Effect sizes were 

slightly larger when fentanyl use was treated as a time-varying covariate (Table 2).

Of the 10 participants who never received more than one prescription for buprenorphine, 

5 were UDS positive for fentanyl at baseline. Although we cannot confirm whether 

those participants were successfully inducted on buprenorphine or not, we performed a 

sensitivity analysis assuming all were induction failures and thus did not successfully initiate 

MOUD. Results of this analysis still showed no evidence that fentanyl adversely affected 

buprenorphine initiation (aHR = 1.55, 0.58 to 4.14, p = .378)

MOUD Persistence

Analyses of MOUD persistence included 76 of 78 participants initiating MOUD, as duration 

data was not available for two XR-NTX participants initiating buprenorphine. Among those 

initiating buprenorphine, the mean number of months with a prescription was 2.6 (SD = 

1.5); only two participants (5%) had a prescription for all six months. The mean number 

of XR-NTX injections received was 3.3 (SD = 2.1) and seven of 26 participants (27%) got 

all six possible injections. Finally, the mean number of months on methadone was 4.5 (SD 

= 2) and four of eight participants (50%) were administered methadone in all six months. 

Baseline fentanyl use had little impact on MOUD persistence overall (adjusted IRR [aIRR] 

= 0.99, 95% CI 0.69 to 1.42, p = .953) or by assigned medication (XR-NTX aIRR = 0.97, 

95% CI 0.48 to 1.95, p = .927; TAU aIRR = 1.27, 0.78 to 2.07, p = .338; buprenorphine 

aIRR = 1.17, 0.71 to 1.94, p = .537; Table 3).

Retention on MOUD

Overall, 37/78 participants were retained on MOUD at 6 months (47%); 18/44 on 

buprenorphine (41%), 8/8 on methadone (100%), and 11/26 on XR-NTX (42%). There 

was no evidence that baseline fentanyl use impacted retention on any MOUD (adjusted OR 

[aOR] = 1.37, 95% CI 0.36 to 5.28, p = .640) or assigned medication (XR-NTX aOR = 0.82, 

95% CI 0.04 to 16.01, p = .896; TAU aOR = 0.87, 0.12 to 5.95, p = .884; buprenorphine 

aOR = 0.58, 0.08 to 4.21, p = .591; Table 4).

DISCUSSION

In a clinical trial of treatment-seeking participants with uncontrolled HIV disease and 

untreated OUD, fentanyl use was the most frequently detected opioid and substantially 

decreased XR-NTX initiation, but not initiation of buprenorphine or methadone. Among 

participants that initiated MOUD, there was little evidence that fentanyl use impacted 

retention on MOUD. As fentanyl and other highly potent synthetic opioids increasingly 

become the leading contributors to overdose deaths, this study provides important data 

suggesting that fentanyl use may not adversely affect buprenorphine initiation nor retention 

and persistence on any MOUD.

Even prior to widespread fentanyl use, induction onto opioid antagonist therapy (i.e., 

XR-NTX) proved challenging. The largest U.S. comparative effectiveness study to date 

initiated treatment in medically supervised withdrawal inpatient facilities; still, only 72% 

of participants randomized to XR-NTX initiated treatment as compared to 94% of those 
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randomized to buprenorphine (Lee et al., 2018). The pilot for the current study, CTN-0055, 

noted 68% induction success in the XR-NTX group compared to 96% among TAU 

participants (Korthuis et al., 2017). Widespread use of fentanyl and its analogues is likely 

to exacerbate this disparity. Fentanyl is highly lipophilic, and an injected dose will rapidly 

redistribute from the bloodstream into adipose tissue where it releases back into plasma over 

a period of 8–12 hours. This long elimination half-life causes repeated doses to accumulate, 

leading to much slower clearance of fentanyl compared to morphine (Peng and Sandler, 

1999). Consequently, individuals who frequently use fentanyl may experience prolonged 

and intensified withdrawal, making initiation onto XR-NTX extremely challenging. Our 

data provide important clinical evidence that underscores this challenge, and suggest 

that intensive induction protocols including inpatient medically supervised withdrawal 

management may be required for successful XR-NTX treatment initiation for persons using 

fentanyl.

In contrast to XR-NTX, we found no evidence that fentanyl use affected the likelihood of 

initiating partial or full opioid agonist therapy (buprenorphine or methadone). Although 

observational evidence and clinical experience describe challenges with buprenorphine 

induction among people who use fentanyl, including concerns about higher rates of 

precipitated withdrawal (Antoine et al., 2020; Bisaga, 2019; Silverstein et al., 2019), novel 

cross-taper induction strategies that have emerged since our study was initially designed may 

be successful in this population (Ahmed et al., 2020). Buprenorphine induction procedures 

in our study were determined by treating providers who were trained in early naltrexone 

cross-tapering strategies and aggressive withdrawal symptom management (Rudolf et al., 

2018; Sibai et al., 2020). Unfortunately, we were not able to examine the impact of 

fentanyl on methadone initiation specifically, as only a few participants initiated methadone. 

However, our data encouragingly supports the feasibility of initiating buprenorphine among 

people using fentanyl, and we have little reason to believe results would be different for 

methadone, which does not produce precipitated withdrawal.

Also encouraging is the lack of evidence showing that, among those who started treatment, 

fentanyl use decreased persistence and retention on MOUD, including XR-NTX. Although 

not conclusive, our data add to the very limited clinical evidence suggesting that, once 

initiated, MOUD treatment continuation is not impeded by baseline fentanyl use in 

a treatment-seeking population (Stone et al., 2020; Wakeman et al., 2019). However, 

analyses to date (including ours) have only been able to examine fentanyl use as a binary 

exposure. Several studies demonstrate reduced retention on buprenorphine or methadone 

with increasing frequency of heroin/opioid use (O’Connor et al., 2020); frequency of 

fentanyl use may similarly decrease retention. Another limitation to our findings was 

that, for analyses of persistence and retention, only participants’ baseline fentanyl use was 

considered. To better understand the impact of fentanyl on treatment retention, future studies 

should utilize time-varying models to reflect the dynamic relationship between fentanyl use 

and MOUD treatment over time (Daniel et al., 2011; Robins et al., 2000).

In this study, we were unable to determine whether individuals were using fentanyl 

intentionally or unintentionally testing positive for fentanyl-contaminated drugs. Anecdotal 

reports from site investigators suggested that intentional use was ubiquitous in East 
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coast sites (including the study’s largest recruiting sites), while unintentional use was 

more common in Midwestern and Western states, consistent with differences in regional 

prevalence of fentanyl use during the study period (Hedegaard et al., 2019). As such, 

fentanyl ‘exposure’ may be a more accurate description than fentanyl ‘use’ for some 

participants, but we are reasonably confident that the majority were knowingly using 

fentanyl. Although all analyses accounted for study site, intentional and possibly more 

frequent fentanyl use may explain some of the observed variability in MOUD induction 

success. With new data showing rapid expansion of fentanyl, its analogues, and other 

highly potent synthetic opioids (e.g., U47700) into Western states, intentional fentanyl use is 

quickly becoming the norm nationwide (Shover et al., 2020).

Our results should be considered in light of some additional limitations. First, several 

commonly available fentanyl analogs are not detected by urine drug screens, and the true 

prevalence of fentanyl analogues may be higher than indicated by our data. Second, this 

study was conducted exclusively among individuals living with uncontrolled HIV infection, 

and may not be generalizable to others living with OUD. MOUD was delivered in HIV 

care clinics, and participants received supplementary services related to their HIV care (e.g., 

primary care, peer support, and social services) that may have affected MOUD outcomes as 

well. Also, participants may have provided additional, potentially random drug screenings 

as part of their OUD treatment, which were not recorded in the study database. Finally, 

this study was conducted in a relatively small sample and null findings may be susceptible 

to type II error, especially treatment assignment-stratified results. However, encouragingly, 

most effect sizes of fentanyl on TAU initiation, persistence, and retention were small or even 

positive.

As rates of fentanyl use and overdose rapidly increase nationwide (Gladden et al., 2019), 

increased understanding of the effects of fentanyl and its analogs on MOUD treatment 

initiation and retention are urgently needed. Our study highlights the distinct challenge that 

fentanyl use presents to XR-NTX initiation and provides some assurance that buprenorphine 

initiation is feasible even in people using fentanyl. The unique pharmacology of fentanyl is 

likely to make withdrawal management prior to induction even more difficult. Yet, once this 

hurdle is overcome, baseline fentanyl use did not appear to negatively impact retention on 

MOUD, although more research is needed. Clearly, efforts to increase treatment initiation, 

improve treatment retention and reduce overdose must identify and address the unique 

challenges that fentanyl use presents to all persons with OUD.
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Highlight

• Fentanyl use decreases extended-release naltrexone initiation

• Fentanyl use may not affect buprenorphine or methadone initiation

• Fentanyl use may not affect retention on medication for opioid use disorder
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Figure 1. 
Kaplan-Meier cumulative incidence of A) initiation on any medication for opioid use 

disorder (MOUD), B) initiation on extended-release naltrexone, and C) initiation on 

treatment as usual (buprenorphine or methadone).
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Table 1.

Participant characteristics by baseline fentanyl positivity, N = 111 CHOICES participants

Characteristic Overall Fentanyl positive n=71 Fentanyl negative n=40 p

Mean Age (SD) 47 (11.1) 46 (10.8) 48 (11.8) .53

Male 69 (62.2%) 41 (57.8%) 28 (70%) .23

Race/Ethnicity .71

 Black 63 (56.8%) 41 (57.7%) 22 (55%)

 White 40 (36%) 26 (36.6%) 14 (35%)

 Other 8 (7.2%) 4 (5.6%) 4 (10%)

Hispanic 14 (12.6%) 9 (12.7%) 5 (12.5%) .99

< High School Education 48 (43.2%) 32 (45.1%) 16 (40%) .69

Employed 5 (4.5%) 3 (4.2%) 2 (5%) .99

Anxiety or depression .33

 None 31 (27.9%) 17 (23.9%) 14 (35%)

 Moderate 63 (56.8%) 44 (62%) 19 (47.5%)

 Severe 17 (15.3%) 10 (14.1%) 7 (17.5%)

Houseless in past 30 days 43 (38.7%) 29 (40.8%) 14 (35%) .69

History of incarceration 96 (86.5%) 62 (87.3%) 34 (85%) .78

Mean CD4 cells/mm3 (SD) 411.1 (302.1) 383.9 (276.8) 459.8 (341.4) .24

HIV viral load (log10 copies/mL) (SD) 4.0 (0.97) 4.0 (1.0) 4.1 (1.0) .52

HCV antibody positive 66 (60%) 44 (62.9%) 22 (55%) .43

UDS

 Opioids 54 (48.6%) 47 (66.2%) 7 (17.5%) <.001

 Methamphetamine/Amphetamines 7 (6.3%) 4 (5.6%) 3 (7.5%) .7

 Cocaine 69 (62.2%) 54 (76.1%) 15 (37.5%) <.001

 Benzodiazepines 23 (20.7%) 15 (21.1%) 8 (20%) .99

History of opioid overdose 65 (58.6%) 42 (59.2%) 23 (57.5%) .99
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Table 2.

Associations between baseline and time-varying fentanyl use and medications for opioid use disorder 

(MOUD) initiation, N = 111 CTN 0067 CHOICES participants.

N initiating HR
a
 (95% CI); p Adjusted HR

b
 (95% CI); p

Baseline fentanyl use

Any MOUD

 Fentanyl positive 46 0.51 (0.31, 0.83); .007 0.47 (0.27, 0.83); .009

 Fentanyl negative 32 Ref Ref

Assigned study medication *

XR-NTX

 Fentanyl positive 9 0.08 (0.03, 0.20); <.001 0.09 (0.03, 0.24); <.001

 Fentanyl negative 17 Ref Ref

TAU
c

 Fentanyl positive 26 1.32 (0.66, 2.63); .437 1.50 (0.67, 3.36); .323

 Fentanyl negative 14 Ref Ref

Buprenorphine

 Fentanyl positive 23 1.21 (0.60, 2.45); .595 1.35 (0.59, 3.11); .477

 Fentanyl negative 14 Ref Ref

Time-varying fentanyl use

Any MOUD

 Fentanyl positive 54 0.38 (0.24, 0.63); <.001 0.54 (0.30, 0.98); .041

 Fentanyl negative 24 Ref Ref

Assigned study medication *

XR-NTX

 Fentanyl positive 11 0.04 (0.02, 0.12); <.001 0.06 (0.02, 0.17); <.001

 Fentanyl negative 15 Ref Ref

TAU

 Fentanyl positive 32 1.28 (0.63, 2.61); .490 1.58 (0.71, 3.54); .261

 Fentanyl negative 8 Ref Ref

Buprenorphine

 Fentanyl positive 29 1.19 (0.57, 2.45); .644 1.41 (0.62, 3.21); .418

 Fentanyl negative 8 Ref Ref

a
Adjusted for study site only

b
Adjusted for study site, age, sex, race, ethnicity, severity of substance use, anxiety or depression, and stimulant, benzodiazepine, and other opioid 

use

c
Treatment as usual includes buprenorphine or methadone

*
p for interaction between fentanyl use and treatment assignment <.001
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Table 3.

Associations between baseline fentanyl use and persistence on 1) any medications for opioid use disorder 

(MOUD) and 2) assigned study MOUD (N = 76 participants initiating MOUD with duration data).

Mean (sd), Median IRR
a
 (95% CI); p Adjusted IRR

b
 (95% CI); p

Any MOUD

Fentanyl positive 3.07 (1.73), 3 0.94 (0.70, 1.27); .689 0.99 (0.69, 1.42); .953

Fentanyl negative 3.19 (1.99), 3 Ref Ref

Assigned study medication

XR-NTX

 Fentanyl positive 2.78 (1.86), 2 0.82 (0.49, 1.35); .426 0.97 (0.48, 1.95); .927

 Fentanyl negative 3.64 (2.21), 4 Ref Ref

TAU
c

 Fentanyl positive 3.13 (1.75), 3 1.23 (0.79, 1.94); .362 1.27 (0.78, 2.07); .338

 Fentanyl negative 2.50 (1.56), 2.5 Ref Ref

Buprenorphine

 Fentanyl positive 2.71 (1.45), 3 1.09 (0.69, 1.75); .702 1.17 (0.71, 1.94); .537

 Fentanyl negative 2.50 (1.56), 2.5 Ref Ref

a
Adjusted for study site only

b
Adjusted for study site, age, sex, race, ethnicity, severity of substance use, anxiety or depression, and stimulant, benzodiazepine, and other opioid 

use

c
Treatment as usual includes buprenorphine or methadone
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Table 4.

Associations between baseline fentanyl use and retention on 1) any medication for opioid use disorder 

(MOUD) and 2) assigned study MOUD (N = 78 participants initiating MOUD with retention data).

N (%) OR
a
 (95% CI); p Adjusted OR

b
 (95% CI); p

Any MOUD

Fentanyl positive 23/46 (50%) 1.15 (0.40, 3.31); .793 1.37 (0.36, 5.28); .640

Fentanyl negative 14/32 (44%) Ref Ref

Assigned study medication

XR-NTX

 Fentanyl positive 4/9 (44%) 0.84 (0.20, 3.55); .809 0.82 (0.04, 16.01); .896

 Fentanyl negative 7/17 (41%) Ref Ref

TAU
c

 Fentanyl positive 10/26 (38%) 0.94 (0.16, 5.39); .946 0.87 (0.12, 5.95); .884

 Fentanyl negative 6/17 (35%) Ref Ref

Buprenorphine

 Fentanyl positive 7/23 (30%) 0.62 (0.14, 2.75); .531 0.58 (0.08, 4.21); .591

 Fentanyl negative 6/14 (43%) Ref Ref

a
Adjusted for study site only

b
Adjusted for study site, age, sex, race, ethnicity, severity of substance use, anxiety or depression, and stimulant, benzodiazepine, and other opioid 

use

c
Treatment as usual includes buprenorphine or methadone
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