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Abstract

Introduction

Several pharmacotherapeutic interventions are available for maintenance treatment for opi-
oid-related disorders. However, previous meta-analyses have been limited to pairwise com-
parisons of these interventions, and their efficacy relative to all others remains unclear. Our
objective was to unify findings from different healthcare practices and generate evidence to
strengthen clinical treatment protocols for the most widely prescribed medications for opi-
oid-use disorders.

Methods

We searched Medline, EMBASE, PsycINFO, CENTRAL, and ClinicalTrials.gov for all rele-
vant randomized controlled trials (RCT) from database inception to February 12, 2022. Pri-
mary outcome was treatment retention, and secondary outcome was opioid use measured
by urinalysis. We calculated risk ratios (RR) and 95% credible interval (Crl) using Bayesian
network meta-analysis (NMA) for available evidence. We assessed the credibility of the
NMA using the Confidence in Network Meta-Analysis tool.

Results

Seventy-nine RCTs met the inclusion criteria. Due to heterogeneity in measuring opioid use
and reporting format between studies, we conducted NMA only for treatment retention.
Methadone was the highest ranked intervention (Surface Under the Cumulative Ranking
[SUCRA] = 0.901) in the network with control being the lowest (SUCRA = 0.000). Metha-
done was superior to buprenorphine for treatment retention (RR = 1.22; 95% Crl = 1.06—
1.40) and buprenorphine superior to naltrexone (RR = 1.39; 95% Crl = 1.10-1.80). How-
ever, due to a limited number of high-quality trials, confidence in the network estimates of
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other treatment pairs involving naltrexone and slow-release oral morphine (SROM) remains
low.

Conclusion

All treatments had higher retention than the non-pharmacotherapeutic control group. How-
ever, additional high-quality RCTs are needed to estimate more accurately the extent of effi-
cacy of naltrexone and SROM relative to other medications. For pharmacotherapies with
established efficacy profiles, assessment of their long-term comparative effectiveness may
be warranted.

Trial Registration

This systematic review has been registered with PROSPERO (https://www.crd.york.ac.uk/
prospero) (identifier CRD42021256212).

Introduction

Opioid use disorder (OUD), including opioid dependence and addiction, is a problematic opi-
oid use commonly characterized by tolerance and withdrawal symptoms. Adverse health out-
comes associated with OUD include overdose, infectious diseases (e.g., AIDS; hepatitis C; and
skin, soft tissue, and vascular infections), suicide, and death in severe cases [1-5]. A recent
study on OUD burden revealed a global estimate of 40.5 million people who suffer from opioid
dependence and 109,500 deaths from opioid overdose (including both accidental and inten-
tional cases) in 2017 [6]. In response to the severity of OUD disease burden, several treatment
pathways have emerged, with opioid maintenance therapy (OMT) as the most effective
strategy.

OMT involves the use of opioid substitutes (e.g., buprenorphine, methadone, or naltrex-
one) to treat and manage addiction to opioids such as heroin, fentanyl, hydromorphone, and
oxycodone [7]. Compared to other treatment pathways (e.g., detoxification, residential ser-
vices, and behavioural interventions) or no treatment, OMT has lower risk of overdose hospi-
talizations [8], mortality [9], and frequency of injection drug use and needle sharing [10-12].
With mounting evidence of its effectiveness, OMT has undoubtedly become the gold standard
for treating opioid addiction and dependence, and public health stakeholders around the
world have sought to expand access to medications for OUD in order to reduce the individual-
and population-level burdens of OUD [13-15].

Researchers from the United States, Canada, and European nations (e.g., the UK, France,
Germany, Spain, and Finland) have adopted guidelines or reached a consensus to prescribe
buprenorphine and methadone as first-line OMT treatments against OUD [15-18]. At the
same time, there have been growing interests in understanding the efficacy of other medica-
tions for OUD, such as naltrexone [19, 20] and slow-release oral morphine (SROM) [21-23].
For example, recent clinical practice guidelines from Canada and the United States have out-
lined expectations of professional conduct in relation to prescribing these medications in addi-
tion to buprenorphine and methadone [17, 18]. These OMT guidelines reflect advances in
clinical practice, and the availability of a wider range of therapeutic options for OMT medica-
tions may reduce OUD burden [14]. However, no review to date has compared treatment effi-
cacy between several different OMT medications. Despite the availability of multiple
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medications, previous meta-analyses have been limited to pairwise comparisons of buprenor-
phine vs. methadone [24], SROM vs. methadone [21], or OMT medications vs. no mainte-
nance treatment [20, 25]. In the absence of randomized controlled trials (RCT) comparing
other combinations of treatment pairs, especially those involving naltrexone or SROM, their
treatment efficacy relative to that of buprenorphine or methadone remains poorly understood.
We undertook a systematic review with a network meta-analysis to establish which medica-
tions out of buprenorphine, methadone, naltrexone, and SROM have superior efficacy profile.
This study unifies findings from different healthcare practices around the world and generates
evidence to strengthen clinical treatment protocols for the most widely prescribed OMT
medications.

Materials and methods

We conducted this systematic review in accordance with a pre-specified protocol (PROSPERO
number: CRD42021256212), and we reported our findings following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses for Network Meta-Analyses (PRIS-
MA-NMA) (S1 Table) [26].

Search strategy

We conducted a systematic literature search of studies comparing medications for OUD
among people with opioid-related disorders in MEDLINE, EMBASE, PsycINFO, and
Cochrane CENTRAL databases. We also scanned the bibliographies of the included articles
and searched through the first 10 pages of Google Scholar (search terms: ‘randomized con-
trolled trials opioid use disorder’) to identify additional references in the grey literature. We
tailored our search strategy to each database, and search terms and keywords included those
related to buprenorphine, methadone, naltrexone, slow-release oral morphine, and opioid-
related disorders (see S2 Table for Search Strategy). There were no restrictions on the language
of publication. Initial search was conducted on June 7, 2021, and it was updated on February
12, 2022.

Inclusion and exclusion criteria

Population. This study included adult patients with problematic opioid or heroin use
who were receiving pharmacotherapy, including buprenorphine, methadone, naltrexone, and
SROM. Problematic use included OUD, opioid dependence, and opioid addiction as well as
conditions specific to the use of heroin. These conditions were ascertained by the Diagnostic
and Statistical Manual of Mental Disorders (DSM-3, -4, or -5) or the International Classifica-
tion of Diseases (ICD) criteria. We excluded women who were pregnant in order to mitigate
heterogeneity in study population that could arise from scientific and ethical complexities
involving these patient population groups.

Interventions and comparators. The main intervention for this study was pharmacother-
apy for OUD including buprenorphine, methadone, naltrexone, and slow-release oral mor-
phine. We included studies that compared any of the described intervention medications with
each other or with a control group (e.g., placebo, standard of care, or no treatment). For inclu-
sion, these interventions needed to be administered to treat OUD. Studies with one of the four
intervention medications in one arm but another medication that is not one of the four inter-
vention medications or controls (e.g., heroin or clonidine) were excluded. This was because
they were not described in the latest best practice guidelines and consensuses for opioid main-
tenance treatment, and therefore did not reflect the most up-to-date clinical practice around
the world (e.g., North America and Europe). In addition, we excluded from our analyses RCT's

PLOS ONE | https://doi.org/10.1371/journal.pone.0266142 March 31, 2022 3/30


https://doi.org/10.1371/journal.pone.0266142

PLOS ONE

Relative effectiveness of medications for opioid-related disorders

that compared different treatment regimens of the same medication, including studies where
only the dosage, setting, or the route of administration (e.g., sublingual vs. injectable) differed
between treatment groups.

For the multi-arm trials, we took the following analytic approach to evidence synthesis.
First, in studies with three or more treatment arms, we extracted all intervention information
but included only the eligible arms for evidence synthesis, following the approach taken by
Rice et al. 2020 [27]. Second, in studies with two or more treatment arms with the same inter-
vention (e.g., two arms with buprenorphine and two arms with methadone), we categorized
each arm as ‘low dose’, ‘moderate dose’, or ‘high dose’ and treated two intervention arms with
different medications that have the same categorization as a separate study. For example, if the
four intervention arms were low dose buprenorphine, low dose methadone, moderate dose
buprenorphine, and moderate dose methadone, the two low dose arms were included in the
analysis as one study and the two moderate dose arms as another study. Third, in other trials
with a small sample size in each arm, we combined multiple treatment arms with the same
intervention into a larger single arm, if applicable, as had been done in earlier meta-analyses
[20, 24, 25].

Outcomes. The primary outcome of interest was treatment retention at the end of the
study. We defined treatment retention for each intervention or control arm as the number of
participants who completed or remained in the study (did not withdraw) divided by the total
number of participants who were randomized to a specific treatment in the beginning of the
study. The secondary outcome of interest was opioid use based on urinalysis. Opioid use could
be reported as either abstinence from opioids or illicit opioid use (e.g., heroin), and the defini-
tion of abstinence could vary by study duration or the number of times of opioid use. There-
fore, for each intervention or control arm, we defined opioid use in two different ways: (1)
Percentage of urine samples that were positive for opiates at the end of the study, and (2) Num-
ber of patients who had at least one urine sample that was positive for opiates at the end of the
study out of all those randomized to each arm in the beginning of the study.

Study design. We included RCTs that compared any of the four medications for OUD,
namely buprenorphine, methadone, naltrexone, and SROM against each other for any treat-
ment regimen (dose, frequency, timing, duration, and route of administration), placebo, stan-
dard of care, or no treatment. We restricted our study design to RCT's because they were best
suited to address the relative efficacy of the pharmacotherapies on retention and opioid use,
while eliminating confounding present in other study designs. Consequently, observational
studies, case series, and case reports were excluded from our analysis. To identify additional
eligible studies, we inspected earlier systematic reviews and meta-analyses, but these systematic
reviews and meta-analyses themselves were not included in the qualitative and quantitative
evidence syntheses.

Screening

Two independent reviewers (JL and IF) screened titles and abstracts, and then conducted a
full-text review of all articles retrieved from the databases for eligibility (study selection) based
on specified inclusion/exclusion criteria. We conducted title and abstract screening using a lib-
eral accelerated approach, in which only one reviewer was needed to include a citation, while
two reviewers were needed to exclude a citation [28]. At this stage, articles that were judged to
be potentially relevant underwent a full-text review, which two reviewers performed indepen-
dently and in duplicate. Disagreements between the two reviewers were resolved through con-
sensus or adjudication by a third independent reviewer (DP), if necessary.
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Data extraction

Two reviewers (JL and IF) conducted data extraction using a pre-piloted, standardized data
extraction form (S3 Table). Data were independently extracted by a single reviewer (JL) and
were verified by a second reviewer (IF). Disagreements were resolved through consensus or
adjudication by a third independent reviewer (DP), if necessary. Extracted information
included publication traits (year, setting/country, and funding source), study characteristics
(trial design, trial duration, intervention type, comparator type, treatment regimen for each
arm, number of participants randomized [total and for each arm], inclusion/exclusion crite-
ria), basic participant characteristics (age and sex), and outcome data (number of participants
retained and results from urinalysis for detecting opiates, including morphine and heroin). If
multiple studies reported on the same cohort, we included only the most recent article with
the most up-to-date study information.

Risk of bias assessment

Two reviewers (JL and IF) independently assessed the risk of bias for all included studies. We
used Version 2 of the Cochrane Risk of Bias (RoB 2) tool to examine potential biases in five
domains [29]. These include biases in randomization process, deviations from intended inter-
vention, missing outcome data, measurement of the outcome, and selection of the reported
results. Based on the assessment of each domain, we determined the overall risk of bias as one
of low risk of bias’, ‘some concerns’, and ‘high risk of bias’, where the overall risk was deter-
mined by the highest risk assigned in any individual domain.

Review of network geometry

We constructed network graphs to visualize the overall structure of the comparisons in our
network. The nodes of the network graph represent the competing treatments, and an edge
connects them if at least one RCT compared these corresponding treatments. We examined
which treatments were compared directly (head-to-head comparisons) or indirectly (through
one or more common comparators) and the amount of evidence generated from each
comparison.

Strategies for evidence synthesis

We conducted a network meta-analysis of available direct and indirect evidence using a Bayes-
ian framework to account for the correlation between treatment effects by different compari-
sons in multi-arm trials [30]. We chose to conduct network meta-analysis using the Bayesian
framework, as this paradigm allows for probability statements [31], such as “There is X% prob-
ability that treatment A is the most efficacious out of all treatments”.

For treatment retention and opioid use, the treatment effect measure was the risk ratio
(RR). To estimate the posterior distribution of the treatment effects, we conducted a Markov
Chain Monte Carlo (MCMC) simulation with 100,000 iterations total and 5,000 burn-in itera-
tions. To derive the posterior distribution, we ran both random-effects and fixed-effects mod-
els with an uninformative prior distribution of treatment effects. Next, we determined model
fit using the deviance information criterion (DIC), where smaller DIC values correspond to
better fit [32]. We then assessed the convergence of the MCMC simulations using the Gelman-
Rubin-Brooks plot and the potential scale reduction factor (PSRF) [33, 34], where we deter-
mined that convergence was reached if the PSRF < 1.05.

We analyzed the outcomes by constructing the model for binary endpoints for network
meta-analysis, and we calculated the RR with a 95% credible interval (CrI). To rank the
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preference of treatment options in the study, we plotted a rankogram and calculate the Surface
Under the Cumulative Ranking (SUCRA) score [35]. The SUCRA score ranges from 0 to 1,
where values closer to 1 indicate the more preferred treatments. Finally, we used the node split
method to evaluate consistency of our network model, where consistency refers to the concor-
dance of results between direct and indirect estimates within the network meta-analytic
model. All analyses were conducted using R Studio version 4.0.5.

Sensitivity analysis

To assess whether study characteristics are associated with effect size differences, we conducted
univariate network meta-regression analyses by the overall risk of bias (Low Risk vs. Some
Concerns or High Risk from RoB 2) and by the year of study publication (Before 2010 vs. On
or After 2010). We conducted an MCMC simulation with the same conditions as above and
compared model fit with the main analysis model using the DIC. We also examined the credi-
bility of the network meta-analysis results using the Confidence in Network Meta-Analysis
(CINeMA) tool to improve transparency and limit subjectivity in the evidence synthesis pro-
cess [36]. For each pairwise comparison, both direct and indirect, we specifically assessed six
domains: (1) within-study bias, (2) reporting bias, (3) indirectness, (4) imprecision, (5) hetero-
geneity, and (6) incoherence. We evaluated each domain and rated it as ‘No concerns’, ‘Some
concerns’, or ‘Major concerns’ based on a set of criteria described below. For all possible pair-
wise comparisons across the six domains, we took the average of the level of concerns to assign
arating. For additional details, please refer to S1 Text.

Results
Search results

The database searches identified 13,262 publications (Fig 1). We removed 4,915 duplicates
and an additional 7,915 studies upon review of the title and abstract. These studies were
excluded because they were irrelevant to the research question or had observational study
designs. Two reviewers independently examined the remaining 432 articles and excluded 360
of them (see S4 Table for the list of articles for full-text review and reasons for exclusion). In
addition to the 72 RCT's that met our inclusion criteria, we identified 7 additional studies
through grey literature search and review of earlier meta-analyses [37-43]. In total, 79 studies
were included for the qualitative and quantitative evidence syntheses [37-115].

Study characteristics

Table 1 summarizes the key demographic and study characteristics of the RCTs included
whose duration ranged from 2 weeks to 1 year. Additional details of each study can be found
in the S5 Table. The included studies were published between 1976 and 2021, and the size of
the study ranged from 19 to 1,269 participants. These trials were conducted in the United
States (N = 37) 38, 39, 42, 48, 50-54, 58, 60-65, 68, 69, 71, 78-80, 82, 83, 85, 89, 90, 92, 97, 99,
101-103, 107-109, 114], Europe including Russia (N = 24) [40, 43, 47, 49, 56, 57, 66, 67, 72-77,
84, 88, 95, 96, 98, 104, 106, 110, 111, 113], Asia including the Middle East and the Caucasus

(N = 14) [44-46, 59, 70, 81, 87, 91, 93, 94, 100, 105, 112, 115], and Australia (N = 4) [37, 41, 55,
86]. Most studies were financially supported by the government or non-profit organization
grants. However, 10 studies did not mention their funding source [37, 41, 43, 45, 46, 48, 59, 81,
88, 104], and seven were industry-sponsored trials [47, 56, 60, 74, 82, 84, 112]. The analysis
included 70 trials with a parallel design [38-46, 48-55, 57-61, 63-88, 91-99, 101-108, 110-
114], three with a cross-over design [37, 47, 56], and six with a factorial design [62, 89, 90, 100,
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Fig 1. PRISMA flowchart of study selection process.
https://doi.org/10.1371/journal.pone.0266142.9001

109, 115]. There were 46 double- or triple-blind trials [38-40, 44, 48, 50, 53, 54, 56, 59-61, 63—
65, 67,68,71,73-77, 81-84, 86-88, 91, 92, 95-98, 100-102, 104, 105, 107-109, 111, 112], 22
open-label trials [37, 41, 43, 47, 49, 51, 52, 55, 57, 66, 69, 70, 78-80, 89, 90, 99, 103, 115], and 11
trials that did not specify blinding mechanism used [42, 45, 46, 58, 62, 72, 85, 93, 94, 106, 114].

Most of the patients in the included studies were male (78% among those that reported it
for the entire study population before randomization), with 12 trials including only male par-
ticipants [44-46, 48, 61, 69, 79, 85, 91, 93, 105, 115]. The mean age of the participants in the
study was 34 among those that reported it for the entire study population before randomiza-
tion (range of mean age: 20 to 47). All of the included studies focused on patients with OUD,
with 13 studies focusing specifically on patients with heroin-related disorders [37, 41, 44, 50,
55, 65-67, 69, 77, 91, 103, 114]. Two studies recruited patients with co-occurring opioid use
disorder and chronic non-cancer pain [89, 90], while 61 studies excluded patients with psychi-
atric disorders or concurrent dependence on alcohol, sedative, or hypnotic medications [37,
39, 40, 42, 43, 48-50, 52, 54-57, 59, 60, 62-68, 70, 74-80, 82-88, 90-93, 95-113, 115].
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Table 1. Characteristics of included studies.

First Author | Year |Journal Country Study Blinding | Duration | Disease Interventions |Mean Age | Male %
Design Condition
Ahmadi 2003 | Journal of Substance Abuse Iran Parallel DB 18w Heroin BUP BUP: 31.43 | 100%
Treatment dependence MET MET: 33.7
Ahmadi 2003 | European Journal of Clinical Iran Parallel NI 24w Opioid BUP 31.2 100%
Investigation dependence MET
NTX
Ahmadi 2003 | German Journal of Psychiatry | Iran Parallel NI 12w Opioid BUP 29.43 100%
dependence MET
Beck 2014 | Addiction Switzerland | Crossover | OL 47w Opioid SROM 38.1 81.5%
Germany dependence MET
Bickel 1988 | Clinical Pharmacology & USA Parallel DB 13w Opioid BUP BUP: 30.2 100%
Therapeutics addiction MET MET: 29.3
Cameron 2006 | International Journal of UK Parallel OL 12w Opioid BUP NI NI
Pharmacy Practice dependence MET
Clark 2006 | MD Thesis Submitted to the Australia Crossover | OL 12w Heroin SROM 36.5 NI
University of Melbourne dependence MET
Comer 2006 | Archives of General Psychiatry | USA Parallel DB 8w Heroin NTX 41 76.70%
dependence CTR
Cornish 1997 | Journal of Substance Abuse USA Parallel OL 6m Opioid NTX 39 90%
Treatment addiction CTR
Coviello 2010 | American Journal on USA Parallel OL 6m Opioid NTX 33.5 82%
Addictions dependence CTR
Cropsey 2011 | Drug and Alcohol Dependence | USA Parallel DB 12w Opioid BUP 31.8 0%
dependence CTR
Curran 1976 | NIDA Research Monograph USA Parallel DB 9m Opioid NTX 26 NI
dependence CTR
D’Onofrio 2015 | Journal of American Medical | USA Parallel TB 30d Opioid BUP 314 76.30%
Association dependence CTR
Dunlop 2017 | Drug and Alcohol Dependence | Australia Parallel OL 12w Heroin BNX 36.9 56%
dependence CTR
Eder 2005 | Addiction Austria Crossover | DB 14w Opioid SROM SROM/ 87.50%
dependence MET: 29.5
MET MET/
SROM: 27.9
Fischer 1999 | Addiction Austria Parallel OL 24w Opioid BUP BUP: 25.9 68.33%
dependence | g MET: 24.97
Fudala 2003 | New England Journal of USA Parallel DB 4w Opioid BUP BNX: 38.1 64.71%
Medicine dependence CTR BUP: 36.6
CTR: 38.0
Gruber 2008 | Drug and Alcohol Dependence | USA Parallel NI 8.5m Opioid MET MET 61.26%
dependence standard:
40.2
CTR MET
minimal:
42.6
CTR: 43
(Continued)
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Table 1. (Continued)

First Author | Year |Journal Country Study Blinding | Duration | Disease Interventions |Mean Age | Male %
Design Condition
Guo 2001 | Hong Kong Journal of China Parallel DB 6m Opioid NTX NTX:24.96 | NTX:
Psychiatry dependence 88.57%
CTR CTR:26.76 | Placebo:
92.86%
Haight 2019 | Lancet USA Parallel DB 6m Opioid use BUP BUP: 39.3 BUP: 67%
disorder CTR CTR:39.2 | Placebo:
(moderate or 65%
severe)
Hollister 1978 | Archives of General Psychiatry | USA Parallel DB 9m Opioid NTX NI 100%
dependence CTR
Jarvis 2019 | Drug and Alcohol Dependence | USA Factorial | NI 24w Opioid NTX NTX: 43.9 NTX:
dependence 60%
CTR UC:42.2 UC: 83%
Johnson 1992 | Journal of American Medical USA Parallel DB 17w Heroin BUP BUP: 33.4 BUP:
Association addiction 71.7%
MET MET 20 mg: | MET 20
32.7 mg: 69.1%
MET 60 mg: | MET 60
33.1 mg: 68.5%
Johnson 1995 | Drug and Alcohol Dependence | USA Parallel DB 2w Opioid BUP BUP8mg: | BUPS
dependence 31.65 mg: 50%
CTR BUP2mg: |BUP2
33.70 mg: 75%
CTR: 34.99 | Placebo:
72%
Johnson 2000 | New England Journal of USA Parallel DB 17w Opioid BUP BUP: 36 BUP: 66%
Medicine dependence MET MET: 36 MET:
64%
Kakko 2003 | Lancet Sweden Parallel OL ly Heroin BUP BUP: 29.2 72.50%
dependence | cTR CTR315
Kakko 2007 | American Journal of Psychiatry | Sweden Parallel DB 6m Heroin BUP BUP: 34.8 79.20%
dependence | \pT MET: 36.5
Kamien 2008 | Heroin Addiction & Related USA Parallel DB 17w Opioid BNX BNX 8/2: 71.27%
Health Problems dependence 37.2
MET BNX 16/4:
38.9
MET 45:
40.3
MET 90:
38.1
Kinlock 2009 | Journal of Substance Abuse USA Parallel OL 12m Heroin MET 40.3 100%
Treatment dependence CTR
Korthuis 2021 | Lancet HIV Vietnam Parallel OL 12m Opioid use BNX 383 97%
disorder MET
(moderate or
severe)
Kosten 1993 | Journal of Nervous and Mental | USA Parallel DB 6m Opioid BUP 32 73%
Disease dependence MET
Kristensen | 2005 | Tidsskrift for Den norske Norway Parallel NI 26w Opioid BUP BUP: 36 76%
legeforening addiction MET MET: 36
(Continued)
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Table 1. (Continued)

First Author | Year |Journal Country Study Blinding | Duration | Disease Interventions |Mean Age | Male %
Design Condition
Krook 2002 | Addiction Norway Parallel DB 12w Opioid BUP 38 66.04%
dependence CTR
Krupitsky 2004 | Journal of Substance Abuse Russia Parallel DB 6m Heroin NTX NTX: 22.8 80.80%
Treatment dependence CTR CTR: 20.7
Krupitsky 2006 | Journal of Substance Abuse Russia Parallel DB 6m Opioid NTX NTX:23.9 NTX:
Treatment dependence 73%
CTR CTR: 23.6 CTR: 64%
Krupitsky 2011 | Lancet Russia Parallel DB 24w Opioid NTX NTX: 29.4 88%
dependence | cTR CTR: 29.7
Krupitsky 2012 | Archives of General Psychiatry | Russia Parallel DB 24w Opioid NTX 28.2 72.50%
dependence CTR
Krupitsky 2013 | Drug and Alcohol Dependence | Russia Parallel DB 6m Opioid NTX 283 82.40%
dependence CTR
Lee 2015 | Addiction USA Parallel OL 8w Opioid NTX NTX: 40 100%
dependence | cTR CTR: 47
Lee 2016 | New England Journal of USA Parallel OL 24w Opioid NTX 44 85%
Medicine dependence CTR
Lee 2018 | Lancet USA Parallel OL 24w Opioid use NTX NTX: 34.0 70.35%
disorder BNX BNX: 33.7
Lerner 1992 | Israel Journal of Psychiatry and | Israel Parallel DB 2m Opioid NTX 26.6 NI
Related Sciences addiction CTR
Ling 1996 | Archives of General Psychiatry | USA Parallel DB 52w Opioid BUP 40.8 80%
dependence MET
Ling 2010 | Journal of American Medical | USA Parallel DB 6m Opioid BUP BUP: 35.8 68.71%
Association dependence CTR CTR: 39.3
Lintzeris 2004 | American Journal on Australia Parallel OL 12m Heroin BUP NI NI
Addictions dependence MET
Madlung- 2009 | Addiction Austria Parallel DB 22d Opioid SROM SROM: 27.4 | 75.25%
Kratzer addiction MET MET: 28.2
Magura 2009 | Drug and Alcohol Dependence | USA Parallel NI 3m Opioid BUP BUP: 38.4 100%
dependence | \fpT MET: 40.7
Mattick 2003 | Addiction Australia Parallel DB 13w Opioid BUP 30 69.38%
dependence MET
Mokri 2016 | Addiction Iran Parallel DB 12w Opioid NTX 28.6 NI
dependence BNX
Neri 2005 | Psychopharmacology Italy Parallel DB 12m Opioid BUP 25 88.71%
addiction MET
Neumann 2013 | Journal of Addictive Diseases USA Factorial | OL 6m Opioid BNX 38.3 53.70%
dependence MET
Neumann 2020 | Journal of Addictive Diseases | USA Factorial | OL 6m Opioid BNX NI 31.58%
dependence MET
Newman 1979 | Lancet Hong Kong | Parallel DB 3y Heroin MET MET: 38 100%
addiction CTR CTR: 38
Oliveto 1999 | Archives of General Psychiatry | USA Parallel DB 13w Opioid BUP BUP: 34.3 68.89%
dependence | \pT MET: 33.9
(Continued)
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Table 1. (Continued)

First Author | Year |Journal Country Study Blinding | Duration | Disease Interventions |Mean Age | Male %
Design Condition
Otiashvili 2012 | Drug and Alcohol Dependence | Republic of | Parallel NI 22w Opioid NTX 35.6 100%
Georgia dependence CTR
Otiashvili 2013 | Drug and Alcohol Dependence | Republic of | Parallel NI 12w Opioid BNX 33.7 95%
Georgia dependence MET
Pani 2000 | Drug and Alcohol Dependence | Italy Parallel DB 6m Opioid BUP BUP: 28 86.11%
dependence MET MET: 28
Petitjean 2001 | Drug and Alcohol Dependence | Switzerland | Parallel DB 6w Opioid BUP 27.3 82.76%
dependence MET
Rosenthal 2013 | Addiction USA Parallel DB 24w Opioid BUP BI: 36.4 BIL: 63.2%
dependence SB:353 | SB:57.4%
CTR CTR: 35.2 CTR:
60.5%
San 1991 | British Journal of Addiction Spain Parallel DB 6m Opioid (heroin) | NTX NTX: 26.1 76%
dependence | c7R CTR: 27.3
Saxon 2013 | Drug and Alcohol Dependence | USA Parallel OL 32w Opioid BUP BUP: 39.3 BUP:
dependence 71.2%
MET MET: 38.4 MET:
64.7%
Schottenfeld | 1997 | Archives of General Psychiatry | USA Parallel DB 24w Opioid BUP BUP4mg: | 68.97%
dependence 33.7
Cocaine MET BUP 12 mg;:
dependence 32.6
MET 20 mg:
31.6
MET 65 mg:
32.6
Schottenfeld | 2005 | American Journal of Psychiatry | USA Parallel DB 24w Opioid BUP 36.2 66%
dependence
Cocaine MET
dependence
Cocaine abuse
Schottenfeld | 2008 | Lancet Malaysia Factorial | DB 24w Opioid NTX NTX: 38.2 NI
dependence | gyyp BUP: 363
CTR CTR: 37.6
Schottenfeld | 2021 | Addiction Malaysia Factorial | OL 24w Opioid BUP 38.7 100%
dependence CTR
Schwartz 2006 | Archives of General Psychiatry | USA Parallel OL 4m Heroin MET 41.4 59.20%
dependence CTR
Schwartz 2020 | Drug and Alcohol Dependence | USA Parallel NI 12m Opioid use MET 38.3 80.40%
disorder CTR
Seifert 2002 | Pharmacopsychiatry Germany Parallel DB 14d Opioid BUP BUP: 31.1 84.62%
dependence | gt MET: 31.8
Shufman 1994 | Biological Psychiatry Israel Parallel DB 12w Opioid NTX NTX: 33.6 100%
dependence CTR CTR: 32
Soyka 2008 | International Journal of Germany Parallel NI 6m Opioid BUP BUP: 31.2 65.71%
Neuropsychopharmacology dependence MET MET: 27.9
Stella 2005 | Life Sciences Italy Parallel OL 6m Opioid NTX NI 91.07%
dependence CTR
(Continued)
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Table 1. (Continued)

First Author | Year | Journal Country Study Blinding | Duration | Disease Interventions | Mean Age | Male %
Design Condition
Strain 1994 | Psychopharmacology USA Parallel DB 26w Opioid BUP 32 71%
dependence MET
Strain 1994 | American Journal of Psychiatry | USA Parallel DB 26w Opioid BUP BUP: 32.2 70.73%
dependence | g MET: 32.8
Sullivan 2015 | Drug and Alcohol Dependence | USA Factorial | DB 24w Opioid NTX BNT 78.65%
dependence +XR-NTX:
38.1
CTR BNT+CTR:
40.1
CE
+XR-NTX:
37.3
CE+CTR:
36.7
Tanum 2017 | JAMA Psychiatry Norway Parallel OL 12w Opioid NTX NTX: 36.4 72.33%
dependence | gy BNX: 35.7
Tiihonen 2012 | American Journal of Psychiatry | Russia Parallel DB 10w Opioid NTX NTX: 28.0 89%
dependence | cTR CTR: 29.3
Wang 2018 | Asia-Pacific Psychiatry China Parallel DB 10w Opioid BNX BNX:43.92 | 81.92%
dependence | cTR CTR: 44.40
Wright 2011 | British Journal of General UK Parallel OL 6m Opioid BUP BUP: 31.0 NI
Practice dependence MET MET: 30.7
Yancovitz 1991 | American Journal of Public USA Parallel NI 1m Heroin MET MET: 34.8 79.40%
Health addiction CTR CTR: 34.4

Abbreviations: BI: buprenorphine implants, BUP: buprenorphine, BNX: buprenorphine-naloxone, CE: compliance enhancement, CTR: control (includes standard of

care, usual care, treatment as usual, behavioural counselling, and placebo), MET: methadone, NTX: naltrexone, XR-NTX: extended-release naltrexone, SB: sublingual

buprenorphine, SROM: slow-release oral morphine, NI: no information; DB: double-blind, TB: triple-blind, OL: open label, d: days, w: weeks, m: months, y: years.

https://doi.org/10.1371/journal.pone.0266142.t001

Risk of bias of included RCT's

Opverall, the risk of bias was judged ‘Low’ for 38 studies [39, 40, 50, 53-57, 60, 63-67, 70, 73—
80, 82, 83, 85-87, 89, 90, 97, 100-102, 109-112], ‘Some Concerns’ for 37 studies [37, 38, 41-43,
45-49, 51, 52, 58, 59, 62, 68, 71, 72, 81, 84, 88, 91-96, 98, 99, 104-108, 113, 115], and ‘High’ for
4 studies [44, 69, 103, 114] (Table 2; see S6 Table for a more detailed assessment of risk of
bias). For randomization and allocation concealment, 49 trials were judged ‘Low Risk’ [39-41,
48, 50, 53-57, 59-61, 63-68, 70, 71, 73-80, 82, 83, 85-87, 89, 90, 92, 96-98, 100-102, 104, 109-
113], and 30 trials were judged ‘Some Concerns’ [37, 38, 42-47, 49, 51, 52, 58, 62, 69, 72, 81,
84, 88,91, 93-95, 99, 103, 105-108, 114, 115]. The trials in the latter group were rated as such
due to unclear reporting of whether the allocation sequence was concealed until participants
were enrolled and assigned to interventions. That is, these studies provided no information on
whether treatment allocation was remotely or centrally administered. For the three cross-over
studies [37, 47, 56], we also examined the risk of bias associated with period or carryover
effects. Two studies [47, 56] were judged to have ‘Low Risk’ of carryover effects, but one study
[37] was judged to have ‘Some Concerns’ because it had provided no information on whether
there was sufficient time between the two study periods for the carryover effects to have disap-
peared. For most studies, the risk of bias due to deviations from the intended interventions
and the risk of bias due to missing outcome data was ‘Low’. However, two trials were judged to
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Table 2. Risk of bias assessment.

Study Randomization | Effect of Effect of Adherence | Missing Measurement of | Selection of Period or Overall Risk
Assignment to to Intervention Outcome Outcome Reported Carryover of Bias
Intervention Data Result Effects
Ahmadi 2003a | Some Concerns | Low High Low Low Some Concerns High
Ahmadi 2003b | Some Concerns | Low Low Low Low Some Concerns Some
Concerns
Ahmadi 2003¢ | Some Concerns | Low Low Low Low Some Concerns Some
Concerns
Beck 2014 Some Concerns | Low Low Low Low Low Low Some
Concerns
Bickel 1988 Low Low Low Low Low Some Concerns Some
Concerns
Cameron 2006 | Some Concerns | Low Low Low Low Some Concerns Some
Concerns
Clark 2006 Some Concerns | Low Low Low Low Some Concerns | Some Concerns | Some
Concerns
Comer 2006 Low Low Low Low Low Low Low
Cornish 1997 Some Concerns | Low Low Low Low Low Some
Concerns
Coviello 2010 Some Concerns | Low Low Low Low Some Concerns Some
Concerns
Cropsey 2011 Low Low Low Low Low Low Low
Curran 1976 Some Concerns | Low Low Low Low Some Concerns Some
Concerns
D’Onofrio 2015 | Low Low Low Low Low Low Low
Dunlop 2017 Low Low Low Low Low Low Low
Eder 2005 Low Low Low Low Low Low Low Low
Fischer 1999 Low Low Low Low Low Low Low
Fudala 2003 Low Low Low Low Low Low Low
Gruber 2008 Some Concerns | Low Low Low Low Some Concerns Some
Concerns
Guo 2001 Low Low Low Low Low Some Concerns Some
Concerns
Haight 2019 Low Low Low Low Low Low Low
Hollister 1978 | Low Low Low Low Low Some Concerns Some
Concerns
Jarvis 2019 Some Concerns | Low Low Low Low Low Some
Concerns
Johnson 1992 Low Low Low Low Low Low Low
Johnson 1995 Low Low Low Low Low Low Low
Johnson 2000 Low Low Low Low Low Low Low
Kakko 2003 Low Low Low Low Low Low Low
Kakko 2007 Low Low Low Low Low Low Low
Kamien 2008 Low Low Low Low Low Some Concerns Some
Concerns
Kinlock 2009 Some Concerns | Some Concerns Low High Low Low High
Korthuis 2021 | Low Low Low Low Low Low Low
Kosten 1993 Low Low Low Low Low Some Concerns Some
Concerns
Kristensen Some Concerns | Low Low Low Low Some Concerns Some
2005 Concerns
Krook 2002 Low Low Low Low Low Low Low
Krupitsky 2004 | Low Low Low Low Low Low Low
(Continued)
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Table 2. (Continued)

Study Randomization | Effect of Effect of Adherence | Missing Measurement of | Selection of Period or Overall Risk
Assignment to to Intervention Outcome Outcome Reported Carryover of Bias
Intervention Data Result Effects

Krupitsky 2006 | Low Low Low Low Low Low Low

Krupitsky 2011 | Low Low Low Low Low Low Low

Krupitsky 2012 | Low Low Low Low Low Low Low

Krupitsky 2013 | Low Low Low Low Low Low Low

Lee 2015 Low Low Low Low Low Low Low

Lee 2016 Low Low Low Low Low Low Low

Lee 2018 Low Low Low Low Low Low Low

Lerner 1992 Some Concerns | Low Low Low Low Some Concerns Some
Concerns

Ling 1996 Low Low Low Low Low Low Low

Ling 2010 Low Low Low Low Low Low Low

Lintzeris 2004 | Low Low Low Low Low Some Concerns Some
Concerns

Madlung- Some Concerns | Low Low Low Low Some Concerns Some

Kratzer 2009 Concerns

Magura 2009 Low Low Low Low Low Low Low

Mattick 2003 Low Low Low Low Low Low Low

Mokri 2016 Low Low Low Low Low Low Low

Neri 2005 Some Concerns | Low Low Low Low Some Concerns Some
Concerns

Neumann 2013 | Low Low Low Low Low Low Low

Neumann 2020 | Low Low Low Low Low Low Low

Newman 1979 | Some Concerns | Low Low Low Low Some Concerns Some
Concerns

Oliveto 1999 Low Low Low Low Low Some Concerns Some
Concerns

Otiashvili 2012 | Some Concerns | Low Low Low Low Low Some
Concerns

Otiashvili 2013 | Some Concerns | Low Low Low Low Low Some
Concerns

Pani 2000 Some Concerns | Low Low Low Low Some Concerns Some
Concerns

Petitjean 2001 | Low Low Low Low Low Some Concerns Some
Concerns

Rosenthal 2013 | Low Low Low Low Low Low Low

San 1991 Low Low Low Low Low Some Concerns Some
Concerns

Saxon 2013 Some Concerns | Low Low Low Low Some Concerns Some
Concerns

Schottenfeld Low Low Low Low Low Low Low

1997

Schottenfeld Low Low Low Low Low Low Low

2005

Schottenfeld Low Low Low Low Low Low Low

2008

Schottenfeld Some Concerns | Some Concerns Low Low Low Low Some

2021 Concerns

Schwartz 2006 | Some Concerns | Some Concerns Low High Low Some Concerns High

Schwartz 2020 | Some Concerns | Low Low Low Low Low Some
Concerns

(Continued)
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Table 2. (Continued)

Study Randomization |Effect of Effect of Adherence | Missing Measurement of | Selection of Period or Overall Risk
Assignment to to Intervention Outcome Outcome Reported Carryover of Bias
Intervention Data Result Effects
Seifert 2002 Low Low Low Low Low Some Concerns Some
Concerns
Shufman 1994 | Some Concerns | Low Low Low Low Some Concerns Some
Concerns
Soyka 2008 Some Concerns | Low Low Low Low Low Some
Concerns
Stella 2005 Some Concerns | Some Concerns Low Some Low Some Concerns Some
Concerns Concerns
Strain 1994a Some Concerns | Low Low Low Low Some Concerns Some
Concerns
Strain 1994b Some Concerns | Low Low Low Low Some Concerns Some
Concerns
Sullivan 2015 Low Low Low Low Low Low Low
Tanum 2017 Low Low Low Low Low Low Low
Tiihonen 2012 | Low Low Low Low Low Low Low
Wang 2018 Low Low Low Low Low Low Low
Wright 2011 Low Low Low Low Low Some Concerns Some
Concerns
Yancovitz 1991 | Some Concerns | High High High Low Low High

https://doi.org/10.1371/journal.pone.0266142.t1002

have higher risk of bias due to deviations from the intended interventions because a large
number of patients failed to remain and adhere to the originally assigned treatment shortly
after randomization [44, 114]. Relatedly, four studies that examined opioid use as their main
endpoint were at higher risk of bias due to missing outcome data because they employed per-
protocol analyses that excluded participants who were lost to follow-up before the end of the
study period [43, 69, 103, 114]. Since both treatment retention and opioid use were measured
objectively, the risk of bias in the measurement of outcome was judged ‘Low Risk’ for all stud-
ies, and the risk of bias from selective reporting remains low. However, due to the lack of avail-
able protocol in the grant (e.g., NIH REPORTER) or trial registry (e.g., ClinicalTrials.gov), the
risk of reporting bias was judged ‘Some Concerns’ for 31 studies [37, 38, 41, 43-46, 48, 49, 52,
58,59, 61,68,71,72,81, 84, 88,91, 92, 95, 96, 98, 99, 103-105, 107, 108, 113].

Evidence synthesis

Due to differences in approach to measurement of opioid use (e.g., differences in defining
abstinence) even between studies using urinalysis to ascertain it, we judged that the network
meta-analysis (NMA) would not produce reliable estimates for the secondary outcome. There-
fore, we only conducted NMA for treatment retention (primary outcome).

Synthesis of primary outcome. In our network meta-analysis, 73 studies, representing 5
interventions, presented data on treatment retention [37-42, 44-61, 63-68, 70-102, 104-113],
measured as the number of patients who remained in treatment at the end of the study. Fig 2
illustrates a network diagram that summarizes the overall structure of the competing treat-
ments in our network of interventions. The most frequently analyzed pairwise comparison has
been the buprenorphine-methadone comparison (N = 35 from 32 studies) [41, 44-46, 48, 49,
57, 63, 65, 67, 68, 70-72, 83, 85, 86, 88-90, 92, 94-96, 99, 101, 102, 104, 106-108, 113], followed
by the naltrexone-control (N = 21) [38, 40, 50-52, 59, 61, 62, 74-79, 81, 93, 98, 100, 105, 109,
111] and buprenorphine-control (N = 13) [39, 53-55, 60, 64, 66, 73, 82, 97, 100, 112, 115]
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Network Geometry for Retention
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Fig 2. Network geometry for the treatment retention outcome for each medication or control group.

https://doi.org/10.1371/journal.pone.0266142.g002

comparisons. While treatment retention for methadone has been compared with that for all
other treatments and controls in our network, the efficacy of SROM has only been compared
with that of methadone [37, 47, 56, 84].

For the primary analysis, we initially ran both fixed effects (FE) and random effects (RE)
model. Upon comparison of the DIC values, both models demonstrated similar model fit (FE:
294.28 vs. RE: 294.58), but we chose to conduct all subsequent analyses with the random effects
model (see S7 Table for the explanation and model fit comparison). The MCMC simulation
with the random effects model resulted in the PSRF of 1.0037, suggesting convergence of the
MCMC algorithm (i.e., the simulation resulted in an accurate estimate of our parameters; see
S1 and S2 Figs for detailed results of the simulation).

All pharmacotherapy options were more efficacious with respect to treatment retention
than the control group. Compared to the control group, the likelihood of retention was 2.62
(95% Crl = 2.09-3.33), 2.52 (95% Crl = 1.62-3.94), 2.15 (95% CrI = 1.76-2.69), and 1.54 (95%
CrI = 1.26-1.90) times higher for methadone, SROM, buprenorphine, and naltrexone, respec-
tively (Fig 3). Further, the average percentage of treatment retention across all studies was
77.6% for SROM, 64.1% for methadone, 54.3% for buprenorphine, 41.0% for naltrexone, and
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Risk Ratio for Retention for Each Medication against Control

Risk Ratio (95% Crl)
Compared with Control
Buprenorphine —— 2.15(1.76, 2.69)
Methadone —— 262 (2.09, 3.33)
Naltrexone —— 1.54 (1.26, 1.90)
SROM > : 2.52(1.62,3.94)
1 4

Fig 3. Forest plot of the risk ratio for treatment retention for each pharmacotherapy compared to the control
group.
https://doi.org/10.1371/journal.pone.0266142.9003

30.1% for control (see S8 Table and S3 Fig). Analysis using the SUCRA score also indicated
similar findings (see S8 Table and S4 Fig for additional details). Methadone was the highest
ranked treatment based on the SUCRA value of 0.901. The next highest ranked treatment was
SROM (SUCRA = 0.784), followed by buprenorphine (SUCRA = 0.559), naltrexone

(SUCRA = 0.257), and control (SUCRA = 0.000). While the SUCRA values demonstrated
which treatment in the network may be the most efficacious, pairwise comparisons revealed
the relative effectiveness of one treatment versus the other in retaining patients in the initially
assigned treatment (Table 3). Methadone had a higher likelihood of retention than buprenor-
phine (RR = 1.22; 95% Crl = 1.06-1.40) and naltrexone (RR = 1.69; 95% CrI = 1.30-2.24) but
remained statistically equivalent to SROM (RR = 1.04; 95% CrI = 0.71-1.52). Similarly, bupre-
norphine (RR = 1.39; 95% CrI = 1.10-1.80) and SROM (RR = 1.63; 95% CrI = 1.01-2.63) both
had a higher likelihood of retention than naltrexone, but the two medications remained equiv-
alent (RR = 0.86; 95% CrI = 0.57-1.28 with SROM as the reference group).

Fig 4 illustrates forest plots of direct and indirect estimates of likelihood of treatment reten-
tion from the node split method, which was used to evaluate consistency of our network
model. Results from six pairwise comparisons involving buprenorphine, methadone, naltrex-
one, and control group were presented. Pairwise comparisons involving SROM were not
included in this node split approach because methadone was its only comparator, and SROM
was disconnected from all other interventions including the control group in the network
graph. For all pairwise comparisons except naltrexone versus methadone, the estimates from

Table 3. Risk ratio estimates for treatment retention and 95% credible interval (CrI)".

Buprenorphine
Methadone
Naltrexone
Control

SROM

Buprenorphine
Buprenorphine
0.82 (0.71, 0.95)
1.39 (1.10, 1.80)
2.15 (1.76, 2.69)
0.86 (0.57, 1.28)

Methadone Naltrexone Control SROM
1.22 (1.06, 1.40) 0.72 (0.55, 0.91) 0.47 (0.37, 0.57) 1.17 (0.78, 1.74)
Methadone 0.59 (0.45, 0.77) 0.38 (0.30, 0.48) 0.96 (0.66, 1.4)

1.69 (1.30, 2.24)
2.62 (2.09, 3.33)
1.04 (0.71, 1.52)

Naltrexone
1.54 (1.26, 1.9)
0.62 (0.38, 0.99)

0.65 (0.53, 0.79)
Control
0.4 (0.25, 0.62)

1.63 (1.01, 2.63)
2.52 (1.62, 3.94)
SROM

! When read horizontally, the risk ratio estimates are those from comparing a treatment group with the drug name in the cell. For example, the risk ratio (RR) of 1.22

(95% CrI = 1.06-1.40) refers to the relative risk of retention associated with methadone compared to buprenorphine as the reference group. Similarly, the RR = 0.72

(95% CrI = 0.55-0.91) refers to the naltrexone versus buprenorphine comparison, where the latter was the reference group. When read vertically, the drug name in the

left-most column is the reference group in a comparison with the medication listed in the top row.

https://doi.org/10.1371/journal.pone.0266142.t003
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Study P.value Risk Ratio (95% Crl)
Methadone vs Buprenorphine

direct o 12(10,14)
indirect 0.7005 —T<°—  1.3(0.79,23)
network - 12(1.1,14)
Naltrexone vs Buprenorphine

direct —0— 0.68 (0.46, 0.98)
indirect 0.5415 —Or 0.79(0.56, 1.1)
network - 0.72 (0.56, 0.91)
Control vs Buprenorphine

direct —0— 0.49(0.37,063)
indirect 0.5445 —0— 0.43(0.30,0.60)
network O 0.46 (0.37,0.57)
Naltrexone vs Methadone

direct —— 0.24(0.10, 0.56)
indirect 0.027 —0o— 0.66 (0.50,0.87)
network -0 0.59(0.45,0.76)
Control vs Methadone

direct —0— 0.37 (0.21,0.60)
indirect 0.861 = 0.39(0.30, 0.50)
network -0 0.38 (0.30, 0.48)
Control vs Naltrexone

direct o= 0.62(0.49,0.78)
indirect 0.5465 —0— 0.72(0.46, 1.1)
network [ o ] 0.65(0.53,0.79)

0.1 1 3

Fig 4. Direct and indirect estimate of the likelihood of retention between treatments using the node-splitting
method to assess consistency of the network model.

https://doi.org/10.1371/journal.pone.0266142.g004

direct and indirect comparisons were statistically equivalent (p-value > 0.05). However, for
the naltrexone versus methadone pair, there was some evidence of inconsistency (p-

value = 0.027), as the magnitude of the RR was larger for the direct estimate than for the indi-
rect estimate.

As for sensitivity analysis, model fit from univariate network meta-regression analysis
adjusting for risk of bias and publication year remained similar to that from the unadjusted
analysis (DIC: Unadjusted = 294.58; Risk of bias = 293.46; Publication year = 294.66). Thus, it
remains unlikely that controlling for these study characteristics and methodological differ-
ences between studies influenced the magnitude of the effect sizes in our network. Using the
CINeMA tool (Table 4, S5 and S6 Figs), we judged with ‘High’ level of confidence the esti-
mates of the likelihood of treatment retention comparing buprenorphine vs. control and meth-
adone vs. control. For the buprenorphine vs. methadone and buprenorphine vs. naltrexone
comparisons, we assigned a ‘Moderate’ confidence rating due to the presence of heterogeneity.
For the methadone vs. naltrexone comparison, we assigned a confidence rating of ‘Low’ due to
having a small number of studies as well as concerns related to the ‘Heterogeneity’ and ‘Inco-
herence’ domains for the estimates derived from the network. Finally, all pairwise comparisons
involving SROM received the confidence rating of “Very Low’ due to high degree of incoher-
ence that resulted from insufficient evidence in the network.
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Table 4. Summary of credibility of the network estimates using the Confidence in Network Meta-Analysis (CINeMA) tool.

Comparison Number of | Within- Reporting |Indirectness | Imprecision |Heterogeneity |Incoherence |Confidence |Reason(s) for
studies study bias | bias rating downgrading

Buprenorphine- 12 No Low risk No concerns | No concerns | No concerns | No concerns | High [l

Control concerns

Buprenorphine- 35 Some Low risk No concerns | No concerns | Some No concerns | Moderate ["Heterogeneity"]

Methadone concerns concerns

Buprenorphine- 5 No Low risk No concerns | No concerns | Some No concerns | Moderate ["Heterogeneity"]

Naltrexone concerns concerns

Methadone- 3 Some Low risk No concerns | No concerns | No concerns No concerns | High [

Control concerns

Naltrexone- 21 No Low risk No concerns | No concerns | Some No concerns | Moderate ["Heterogeneity"]

Control concerns concerns

Methadone- 1 Some Some No concerns | No concerns | Some Some Low ["Reporting bias",

Naltrexone concerns | concerns concerns concerns "Heterogeneity",

"Incoherence"]
Methadone- 4 Some Some No concerns | No concerns | Major Major Very low ["Reporting bias",
SROM concerns | concerns concerns concerns "Heterogeneity”,
"Incoherence"]

Buprenorphine- 0 Some Low risk No concerns | Some Some Major Very low ["Incoherence"]

SROM concerns concerns concerns concerns

SROM-Control 0 Some Low risk No concerns | No concerns | No concerns | Major Very low ["Incoherence"]
concerns concerns

Naltrexone-SROM | 0 Some Low risk No concerns | No concerns | Some Major Very low ["Incoherence"]
concerns concerns concerns

https://doi.org/10.1371/journal.pone.0266142.t004

Synthesis of secondary outcomes. Due to both small number of studies reporting sec-
ondary outcomes and inconsistent reporting formats, we were unable to meta-analyze studies
reporting these outcomes. We present below details of the post-hoc analysis of the secondary
outcomes.

Thirty-five studies [47, 50-53, 57, 59-63, 65, 71, 72, 76, 78, 79, 82, 83, 88, 93-98, 101, 102,
107, 108, 110-112, 115] assessed opioid use as the percentage of opioid positive urine samples;
twelve studies [43, 52, 53, 61, 62, 69, 74, 87, 98, 103, 105, 114] assessed opioid use as the num-
ber of patients who had at least one opioid positive urine sample at the end of the study out of
all those randomized to each arm in the beginning of the study; and three studies [61, 62, 98]
applied both definitions. In addition, there were heterogeneities in reporting opioid use across
studies. Among the studies that reported percentage of opioid positive urine samples, nine
reported the total number of tests and number of positive urine samples [50, 59, 61, 62, 76, 79,
82, 88, 94], eight reported percentages with a 95% CI or standard error [47, 50, 54, 63, 76, 82,
97, 115], and six reported percentages with a standard deviation [60, 62, 83, 95, 101, 110].
However, 13 studies only reported the percentage value without other parameters to assess var-
iability of the sample [51, 57, 65, 71, 72,78, 96, 98, 102, 107, 108, 111, 112].

Discussion

All pharmacotherapeutic strategies were associated with a higher likelihood of treatment
retention compared to the control arm, which consisted of placebo, standard of care, or no
treatment. Based on SUCRA rankings, methadone appeared to be the most effective pharma-
cotherapy for treatment retention, followed by SROM, buprenorphine, and naltrexone. Bupre-
norphine was superior to naltrexone, and naltrexone was superior to non-
pharmacotherapeutic interventions in treatment retention. SROM was compared only with
methadone, and all other pairwise comparisons involving SROM were based on indirect
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evidence. The lack of available evidence on direct comparison also raised major concerns with
respect to the ‘Incoherence’ domain in the CINeMA, which in turn lowered confidence in the
estimates related to SROM generated by the NMA.

To our knowledge, this is the first network meta-analysis of the medications for opioid use
disorder to examine their relative efficacy against each other. The findings from this study
remain consistent with those from earlier meta-analyses by Mattick et al. (2014) and Mattick
et al. (2009) [24, 25], which concluded that buprenorphine and methadone were associated
with higher treatment retention than non-pharmacotherapeutic controls and that methadone
resulted in superior treatment retention to buprenorphine. At the same time, our study pro-
vides an important update to an earlier Cochrane review by Minozzi et al. (2011) [20]. This
review concluded that naltrexone did not result in higher retention than placebo or non-phar-
macotherapeutic agents, and that naltrexone was non-inferior to buprenorphine in treatment
retention from only one study [100]. The authors’ conclusions were based on a limited number
of studies that were published before June 2010. With additional evidence, we found that nal-
trexone is an effective treatment strategy for retention compared to non-pharmacotherapeutic
interventions, which contrasts findings by Minozzi et al. (2011). Further, our NMA generated
preliminary evidence on the superiority of buprenorphine to naltrexone in treatment reten-
tion, supported by both the risk ratio estimates and the average proportion of retention calcu-
lated for each medication. However, additional RCT's will need to be conducted to better
ascertain the efficacy of naltrexone in relation to methadone or SROM, since the network esti-
mates were largely based on indirect comparisons.

Evidence on naltrexone from this network meta-analysis may also have important clinical
implications in relation to the current guidelines that recommend buprenorphine and metha-
done as first-line treatments [15-17]. A 2015 guideline by the American Society of Addiction
Medicine (ASAM) described buprenorphine, methadone, and naltrexone as more effective
than non-pharmacotherapeutic strategies in treating OUD but concluded that their relative
advantages over each other remain unknown [18]. Our NMA partially addresses this impor-
tant gap raised in the ASAM guideline by generating evidence that demonstrates greater likeli-
hood of treatment retention associated with buprenorphine than with naltrexone. In other
words, should the clinicians prioritize retention while treating patients with OUD, buprenor-
phine may be the preferred treatment to naltrexone. On the other hand, although methadone
was ranked higher than both buprenorphine and naltrexone using the SUCRA scores, the net-
work estimates from the methadone-naltrexone pair would need to be interpreted more cau-
tiously. Only one trial conducted a head-to-head comparison of these two medications, which
subsequently raised some concerns around heterogeneity and incoherence of the NMA results.
While methadone may have higher likelihood of treatment retention than naltrexone, the
extent to which this is true may require further validation through additional RCTs.

Evidence on SROM from this network meta-analysis reveals the potential methodological
issues surrounding earlier trials that contributed to the current clinical practice guidelines. In
Canada, for example, clinical practice guidelines have stated that SROM could be a safe and
effective alternative to treating OUD based on a small number of studies comparing SROM to
methadone [17, 116]. Two review studies reached similar conclusions by stating that treatment
retention may be similar between SROM and methadone, but the authors of these studies also
acknowledged that the methodological quality of the included studies may be low to moderate
[21, 22]. Our NMA results were consistent with these reviews and guidelines, as the number of
high-quality RCTs comparing SROM to other medications for OUD was limited. However,
through extensive examination of the risk of bias and credibility of the NMA estimates, we
also observed that most of the trials comparing SROM to methadone had been industry-spon-
sored by the manufacturers of SROM, namely the Mundipharma Medical Company [47, 56,
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84], which had not been detected in earlier reviews. Relatedly, the recommendations in the
above guidelines may be based on studies with a potential for reporting bias, further lowering
the confidence in the estimates from pairwise comparisons in the NMA involving SROM.
Therefore, additional RCTs comparing SROM with other pharmacotherapeutic interventions
are needed to better determine comparative effectiveness and facilitate treatment decisions for
opioid maintenance treatments.

Our study has several strengths. First, we conducted a rigorous and extensive literature
search across five databases and grey literature. Second, we included only the trials whose par-
ticipants had opioid-related disorders and whose outcomes were measured objectively, which
include treatment retention and opioid use measured by urinalysis. Although this may have
reduced the number of studies in the network, we applied such eligibility criteria to ensure
comparable study populations across studies. Third, the network meta-analysis included all
pharmacotherapeutic strategies in the model. This allowed us to derive risk ratio estimates
from both direct and indirect comparisons of all treatments in the network, which was not
possible in the previous pairwise meta-analyses. Fourth, we examined the credibility of our
network meta-analytic estimates using the CINeMA tool, a state-of-the-art platform that
enabled a thorough assessment of the NMA results across six methodological domains.

Our study also has a few limitations. First, as with all network meta-analyses, randomiza-
tion holds within each study but not between different studies [117], which could lead to het-
erogeneity in the study population across studies and subsequently yield biased results.
However, we followed a pre-specified protocol with pre-determined eligibility criteria, which
allowed us to mitigate between-study population differences. Second, due to heterogeneities
between studies in outcome measurement and reporting formats, we were unable to meta-ana-
lyze trials on secondary outcomes. Although we conducted NMA only on the treatment reten-
tion outcome, findings on this endpoint remain clinically relevant because improvements in
retention can reduce illicit opioid use as well as psychiatric, medical, and legal setbacks, while
enhancing quality of life for people with OUD [118, 119]. Third, evidence on comparisons
involving naltrexone or SROM remained sparse, and confidence in the network meta-analytic
estimates was low. This hindered us from drawing substantive conclusions on their efficacy
and advantages in relation to the more widely prescribed buprenorphine and methadone.
Fourth, about 78% of all participants across the studies in the network were male, which could
compromise the generalizability of the study findings. We note, however, that the large major-
ity of those who are treated for opioid use disorders are also male patients[13, 120-122].
Therefore, the generalizability of our study findings likely still holds true. Finally, long-term
comparative effectiveness of the included pharmacotherapies remains uncertain because only
RCTs were included in the network. However, the findings from our NMA serve as evidence
that could pave the way for future observational studies, which are accepted as the best evi-
dence for clinical and policy decision-making surrounding these medications [123].

Conclusion

For treating opioid-related disorders, maintenance treatment through buprenorphine, metha-
done, naltrexone, and SROM is more effective than non-pharmacotherapeutic interventions.
Among the medications included in the network, methadone appears to be the most effica-
cious pharmacotherapy for treatment retention. Due to limitations in reporting and heteroge-
neity in outcome measurement formats, the relative efficacy of these interventions for other
clinical endpoints remains unclear. Buprenorphine and methadone appear to have superior
retention to naltrexone based on a small number of studies. Upon comparison with metha-
done, the efficacy of slow-release oral morphine was not statistically different. However, the
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lack of comparison with other pharmacotherapeutic options and the potential presence of
reporting bias may hinder accurate conclusions about the efficacy of SROM. Finally, our study
revealed directions for future research, which include (1) further RCT's involving naltrexone
or SROM to assess their relative efficacy in relation to buprenorphine and methadone, and (2)
observational studies to examine long-term comparative effectiveness of these medications.
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