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Abstract

Purpose of Review—Recent HIVoutbreaks have occurred as a result of the current US opioid
epidemic. Providing medications for opioid use disorder (MOUD) with methadone,
buprenorphine, and extended-release naltrexone is essential to achieving optimal HIV treatment
outcomes including viral suppression and retention in treatment. This review describes the
pharmacology of MOUD with specific attention to interactions with antiretroviral therapy, and to
the effect of MOUD on HIV treatment outcomes.

Recent Findings—Methadone and buprenorphine both improve HIV viral suppression,
adherence to antiretroviral therapy, and overall mortality for persons with opioid use disorder
(OUD). Extended-release naltrexone has been most extensively studied in persons with HIV
leaving incarcerated settings, and improves HIV viral suppression in that context.

Summary—Strategies that integrate MOUD and HIV treatment are crucial to optimize viral
suppression. The differing pharmacokinetic and delivery characteristics of these MOUD offer
diverse options. Given the chronic and relapsing nature of both HIV and OUD, long-term
approaches are required.
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Introduction

The opioid epidemic is a national public health emergency. According to the most recent
estimates, over 2.1 million US persons,12 years of age and older, have an opioid use disorder
(OUD) [1], and more than 49,000 people died from a drug overdose attributed to opioids in
2017—a 4.1-fold increase since 2002 [2, 3]. Persons with OUD are at risk for HIV and viral
hepatitis due to injection drug use as well as sexual risk behaviors. Several recent HIV
outbreaks are the result of injection opioid use and have occurred in young, white, rural
populations, reflecting the demographic most affected by the ongoing epidemic [4, 5].
Accordingly, a recent analysis predicted the US counties at highest risk of HIV and hepatitis
C transmission due to the opioid epidemic are in rural Appalachia [6¢]. A widely reported
HIV outbreak in Scott County, Indiana, for example, was attributed to oxymorphone
injection in a small, tightly networked rural community without access to syringe exchange
services, nor robust OUD medication treatment [4, 7]. In addition, persons who use drugs
and have HIV are less likely to receive and adhere to HIV care [8, 9].

Medications for opioid use disorder treatment (MOUD) are the most effective evidence-
based treatment to prevent opioid craving, relapse, and overdose. There are three Food and
Drug Administration (FDA)-approved medications for the treatment of OUD in the USA:
methadone (a full mu opioid receptor agonist), buprenorphine (a partial mu opioid receptor
agonist), and extended-release naltrexone (XR-NTX) (an opioid mu receptor antagonist).
The differing pharmacokinetic and delivery characteristics of these MOUD offer diverse
options for integrating MOUD for people living with OUD and HIV.

Providing MOUD with the opioid agonists methadone or buprenorphine can improve
engagement and retention in care for persons living with HIV (PLH), receipt of antiretroviral
therapy (ART), ART adherence, and HIV viral suppression [10e, 11, 12¢]. MOUD also
decreases illicit opioid use, HIV transmission [13], and mortality [14]. A meta-analysis of 32
studies, including in resource-limited settings, demonstrated that opioid agonist MOUD is
associated with a 54% increase in the odds of antiretroviral coverage (odds ratio [OR] 1.54;
95% CI 1.17-2.03), with a 23% decrease in the odds of attrition (OR 0.77; 95% CI 0.63—
0.95), and with a 45% increase in the odds of HIV viral suppression (OR 1.45; 95% ClI
1.21-1.73) [10<]. Treating OUD in persons who inject drugs (PWID) decreases risky
injection and sexual HIV transmission risk behaviors as well as opioid use [15, 16]. Ina
meta-analysis of 12 studies that examined the association between OAT and HIV incidence,
opioid agonist MOUD reduced new HIV infections by 54% (rate ratio 0.45; 95% CI 0.32,
0.67) [13].
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Methadone

Methadone is a synthetic full-opioid agonist that has been a mainstay of treatment for OUD
since the early 1960s in the form of methadone maintenance treatment (MMT). It is a long-
acting, oral daily medication administered in federally licensed clinics. At low doses, it can
alleviate pain and symptoms of opioid withdrawal, while the higher doses used in MMT
block the effects of other opioids (e.g., heroin) and decrease opioid cravings. Copious
evidence supports it as a safe, effective medication to decrease morbidity and mortality in
persons with OUD [14, 17]. Achieving target therapeutic dosages, however, must occur
slowly with careful monitoring as methadone prolongs the QTc interval, increasing risk for
fatal ventricular arrhythmias, and has multiple drug-drug interactions due to its complex
metabolism [18]. Methadone has high oral bioavailability, and undergoes A-demethylation
via multiple CYP enzymes [19]. Methadone metabolism, therefore, may be altered by
inhibitors and inducers of these multiple CYP enzymes. There are several clinically
significant interactions between methadone and several ART medications. Patients on
nevirapine, efavirenz, and ritonavir, as well as lopinavir/ritonavir and darunavir/ritonavir
combinations may require higher methadone doses. There may also be significant effects on
the metabolism of antiretrovirals by methadone, zidovudine in particular, potentially
requiring dose-adjustment [19, 20]. Outside of ART, there are other commonly prescribed
medications that interact with methadone. Patients receiving rifampin, carbamazepine, and
phenytoin may require increased doses of methadone, and those receiving fluconazole,
voriconazole, ciprofloxacin, fluoxetine, and quetiapine may require decreased doses of
methadone due to QTc prolongation [21].

The provision of MMT is regulated at both the federal and state levels, which contributes to
the gap in access. Federal regulations require methadone to be provided only by licensed
opioid treatment programs (OTP), which typically do not provide medical treatment for
other conditions (e.g., primary care). Over four decades of evidence demonstrate that MMT
is both efficacious in clinical trials and effective in the community in promoting and
sustaining abstinence and reducing risks associated with OUD [22, 23]. In a cohort of HIV-
infected PWID in Vancouver, British Columbia, MMT was associated with greater ART
adherence (AOR 1.52; 95% CI 1.16-2.00), HIV-1 RNA suppression (AOR 1.34; 95% Cl
1.00-1.79), and CD4 cell count rise (AOR 1.58; 95% CI 1.26-1.99) over time [24].

Buprenorphine

In October 2002, buprenorphine, a semi-synthetic partial opioid mu receptor agonist and
partial kappa receptor antagonist became available to treat OUD in the community by
primary care physicians. The Drug Addiction Treatment Act of 2000 (DATA 2000) allowed
qualified physicians to administer office-based treatment for OUD with FDA-approved
medications. Buprenorphine is the only medication that falls into this category. It is available
as a monoproduct and in combination with naloxone in tablet and film forms for sublingual
administration, and more recently in a long-acting monthly injection [25] and a 6-month
implant [26], with additional promising formulations in development [27]. The addition of
naloxone to the sublingual products is intended as an abuse-deterrent because the naloxone
is only bioavailable if the pill or film is injected, and then would cause precipitated
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withdrawal in the opioid-dependent individual. If the buprenorphine/naloxone (BUP/NX)
tablet or film is taken sublingually, the naloxone is not meaningfully bioavailable.
Buprenorphine binds tightly to the mu opioid receptor, which provides for clinical blockade
of the effects of other opioids. As a partial-agonist, it has a ceiling of stimulation of the p-
opioid receptor, resulting in less respiratory suppression compared to full agonists.

In comparison to methadone, buprenorphine has few drug-drug interactions with ART or
other medications, low overdose risk, and no requirement for daily observed dosing and
avoids the administrative requirements of MMT, making it highly feasible for use in busy
HIV clinics [28-30]. On a population level, it is less effective than methadone in retaining
patients in treatment [31], but, like methadone, is associated with decreased overdose and
all-cause mortality [14]. In a pilot trial (7= 93) of clinic-based buprenorphine vs. referral for
methadone maintenance, HIV-infected participants randomized to clinic-based
buprenorphine treatment were more likely to engage in treatment for opioid dependence
compared to those referred for methadone (74% vs. 41%, p < .001); however, ART receipt,
HIV RNA, and CD4 counts did not differ at 12 months [32]. Two US pilot studies of
BUP/NX suggest it is safe and feasible and reduces opioid use in HIV care, but were limited
by lack of a comparison group [28, 29], and small sample size [32]. In both studies, the
majority of patients were already on ART with high baseline rates of viral suppression,
limiting the capacity to assess the effect of BUP/NX on HIV outcomes. In the
Buprenorphine HIV Evaluation and Support Collaborative (BHIVES), HIV-infected
individuals with opioid dependence who received clinic-based buprenorphine/naloxone
(BUP/NX) from an HIV clinic provider decreased opioid use [29], experienced higher
quality of HIV care [30], and reported better quality of life [33]. A majority (60%) of
BHIVES participants were already on ART at baseline. Participants initiating clinic-based
BUP/NX (N = 295) were significantly more likely to initiate or remain on ART and improve
CD4 counts over time compared with baseline. Retention on BUP/NX for three or more
quarters was associated with increased likelihood of initiating ART (8= 1.34 [95% CI 1.18,
1.53]) and achieving viral suppression (5= 1.25 [95% CI 1.10, 1.42]) among the 64 of 119
(54%) participants not on ART at baseline compared with the 55 participants not retained on
buprenorphine [28].

In addition, a non-randomized prospective trial of 98 PLH with OUD released from prison
were initiated on BUP/NX at time of release to evaluate opioid relapse as well as to evaluate
the ability to maintain viral suppression at 6 months post-release to the community. This
study notably was conducted soon after the FDA approval of buprenorphine in the
community and the subjects had been thus unfamiliar with buprenorphine. The results
showed that there was high satisfaction with BUP/NX and reductions in craving and
reductions in opioid use by urine toxicology [11]. Multivariate regression analyses revealed
that retention in buprenorphine treatment had an AOR of 5.37 (95% CI 1.14-25.1) of
predicting viral suppression at < 50 copies/ML at 6 months [34].

Naltrexone

Naltrexone is a p-opioid receptor antagonist that blocks the action of full- or partial-agonist
opioids and removes the rewarding effects of using opioids. Naltrexone is available in an

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2019 March 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fanucchi et al.

Page 5

oral formulation and an extended-release formulation that was FDA-approved in the USA
for opioid dependence in 2011. Data on the effect of naltrexone on opioid cravings are
mixed [35, 36]. A 2011 Cochrane review of 13 studies [37] showed that oral naltrexone did
not perform better than either placebo or other pharmacological treatments. Therefore, oral
naltrexone should generally be reserved for the most highly motivated patients [37] and/or
where monitoring adherence is part of the treatment (e.g., impaired professionals). The
extended release formulation is more effective than the oral, and has recently been compared
to buprenorphine in two large studies that suggest they are comparable for individuals who
have previously undergone detoxification and are able to initiate XR-NTX [38, 39].
Nevertheless, both formulations of naltrexone have low patient and provider uptake.

Daily oral naltrexone has been used to treat opioid and alcohol use disorders in HI\-infected
persons. Tetrault et al. assessed changes in liver enzymes and HIV biomarkers in 114 HIV-
infected US veterans 365 days before, during, and 365 days after treatment with oral
naltrexone [40]. Comorbidities common among the participating veterans were opioid
dependence (32%), alcohol dependence (89%), and hepatitis C (53%). About half (52%)
received antiretroviral therapy during naltrexone treatment. Participants were prescribed
naltrexone for a median 49 days (interquartile range 30-83 days). Mean AST and ALT
levels decreased during and after naltrexone treatment. Two of 114 participants (1.8%)
experienced mild liver enzyme elevations during naltrexone treatment, less than five times
the upper limit of normal, which resolved upon treatment discontinuation. Mean HIV RNA
levels decreased after naltrexone treatment and mean CD4 count remained stable
throughout. This study suggests the risk of hepatotoxicity is minimal in HIV-infected
participants treated with naltrexone, and that there are no adverse immunologic or virologic
effects of treatment. The safety of extended-released naltrexone (XR-NTX) is further
demonstrated in PLH randomized to XR-NTX following release from prison, who
experienced no change in hepatic enzymes compared to those receiving placebo in two
double-blind, placebo-controlled randomized trials in PLH with alcohol use disorders and
those with opioid use disorders [41], nor in the completed trials themselves [12, 42, 43].
HIV/HCV co-infection has no effect on XR-NTX hepatic safety [44].

XR-NTX has been shown to be feasible and acceptable for HIV clinic-based treatment. The
NIDA Clinical Trials Network (CTN)-0055 CHOICES pilot study randomized 51
participants with HIV and opioid and/or alcohol use disorder (16 with OUD, 27 with AUD,
8 with both) to receive XR-NTX or treatment as usual (TAU) [45]. Two-thirds (68%) of
participants assigned to XR-NTX initiated treatment, and 88% of these were retained on
XR-NTX at 16 weeks. In comparison, 96% of TAU participants initiated treatment, but only
50% were retained on medication at 16 weeks. Mean days of opioid use in past 30 days
decreased from 17.3 to 4.1 for TAU and from 20.3 to 7.7 for XR-NTX. Mean heavy drinking
days decreased from 15.6 to 5.7 for TAU and 12.5 to 2.8 for XR-NTX. Among those with
OUD, HIV suppression improved from 67 to 80% for XR-NTX and 58 to 75% for TAU.
XR-NTX was well-tolerated, with no precipitated withdrawals and one serious injection site
reaction. The currently enrolling CTN-0067 CHOICES Scale-up study will assess the effect
of XR-NTX versus TAU for OUD on HIV outcomes [46].
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Two recently completed double-blind randomized controlled trials among PLH being
released from prison and jail in the USA with AUD and OUD, respectively, found that XR-
NTX improved or maintained viral suppression at < 50 copies/mL 6 months after release
[12, 42]. The first study among those with HIV and AUD had 100 participants randomized
in a 2:1 fashion to receive XR-NTX or matched placebo injection starting 1 week prior to
release from an incarcerated setting then five subsequent injections in the community. Those
who received XR-NTX were more likely to maintain or improve to viral suppression at 6
months (31 to 56.7%, p=0.001) as compared to those who received placebo (42 to 30.3%, p
= 0.292). The 6-month between-group analysis also demonstrated that those who received
XR-NTX had a greater proportion with viral suppression (56.7%) as compared to the
placebo group (30.3%, p=0.015), and receipt of XR-NTX was associated with viral
suppression at 6 months in multivariate regression analysis (AOR 4.54 (95% Cl, 1.43-14.43,
p=0.009) [12¢]. The other double-blind, placebo-controlled trial of XR-NTX among PLH
with OUD released from prison and jail had 98 participants also randomized in 2:1 fashion
(XR-NTX: placebo) with the same design as the previously mentioned study. This study also
found that those who received XR-NTX were more likely to have maintained or achieved
viral suppression from baseline to 6 months (37.9 to 60.6%, p = 0.002) as compared to the
placebo group (55.6 to 40.7%, p= 0.294), and multivariate regression analysis found the
only predictor of viral suppression at 6 months was receiving XR-NTX (OR 2.77, 1.013-
7.562, p=10.047) [42].

Naltrexone is metabolized through both hepatic glucuronidation and minor extra-hepatic
metabolism. When taken orally, it undergoes extensive first-pass metabolism, with reduction
of naltrexone to the active metabolite 6-beta-naltrexol by dihydrodiol dehydrogenase. 6-
Beta-naltrexol levels are much lower with injectable extended-release naltrexone [47-49].
Elimination of conjugated naltrexone and 6-beta-naltrexol is through renal excretion.
Naltrexone has no effect on Cytochrome P450 metabolism. It is thus unlikely to have
clinically significant drug-drug interactions with antiretroviral medications. There are
theoretical interactions possible between naltrexone and antiretrovirals that undergo
glucuronidation, such as raltegravir (a substrate of UDP-glucuronosyltransferase [UGT]
1A1) and zidovudine (a substrate of UGT 2B7); however, there is no evidence to change
ART dosage or medications. A pharmacokinetic study of oral zidovudine administered to 15
participants taking oral naltrexone revealed no change in area under the curve (AUC) for
zidovudine compared to controls [50].

Conclusions/Recommendations

Strategies that integrate OUD and HIV are crucial to optimize HIV viral suppression. Given
the chronic and relapsing nature of both HIV and OUD, long-term approaches are required.
The International Association of Providers of AIDS Care guidelines recommend scale-up of
evidence-based treatments for substance use disorders for optimizing the HIV care
continuum [51]. The HIV Cascade of Care is an effective organizing framework to define
quality outcome measures for agencies and healthcare systems to scale-up and target
interventions to improve HIV care [52]. An analogous OUD Treatment Cascade has been
proposed to help guide the US response to the opioid crisis, which includes five stages:
diagnosis of OUD, linkage to care, medication initiation, retention in treatment for at least 6
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months, and continuous remission from illicit opioid use among those retained [53, 54].
Applying the OUD Treatment Cascade within the HIV Cascade of Care to optimize HIV and
OUD treatment outcomes, clinics and systems can integrate standard, ongoing screening
protocols for OUD and other substance use disorders (e.g., NIDA Quick Screen, NIDA
Modified-ASSIST) [55], provide linkage to care and medication initiation via integrated
primary care models as described in this review and elsewhere [56] as well as through
licensed opioid treatment programs, and include retention in OUD treatment as part of an
ongoing clinical quality management program. Areas of opportunity for further research
include the role of extended-release formulations of buprenorphine in the care of persons
with HIV and OUD, as well as consideration of novel care models and payment structures
that increase the number of PLH able to access MOUD.
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