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Abstract

Background: Although oral opioid agonist therapies (OATs), buprenorphine and methadone, are effective first-line
treatments, OAT remains largely underutilized due to low retention rates and wide variation across programs. This

rapid review therefore sought to summarize the retention rates reported by randomized controlled trials (RCTs) and
controlled observational study designs that compared methadone to buprenorphine (or buprenorphine-naloxone).

Methods: We searched four electronic databases (EMBASE, MEDLINE, Cochrane Central Register of Controlled Trials,
CINAHL, up to April 2018) for RCTs and controlled observational studies that compared oral fixed-dose methadone

to buprenorphine versus methadone (or buprenorphine-naloxone). Data were extracted separately for two different
definitions of retention in treatment: (1) length of time retained in the study and (2) presence on the final day of a
study. Separate random effects meta-analyses were performed for RCTs and controlled observational studies. Data
from controlled observational studies where retention was measured as the length of time retained in the study were
not amenable to meta-analysis.

Results: Among 7603 studies reviewed, 10 RCTs and 3 observational studies met inclusion criteria (n=>5065) and
compared fixed-dose oral buprenorphine with methadone. Across studies, the average retention rate was highly vari-
able (RCTs: buprenorphine 20.0-82.5% and methadone 30.7-83.8%; observational studies: buprenorphine 20.2-78.3%
and methadone 48.3-74.8%). For time period retained in the study, we observed no significant difference in treat-
ment retention for buprenorphine versus methadone in RCTs (standardized mean difference [SMD] = — 0.07; 95%
Cl—0.35-0.21, p=0.63; quality of evidence: low). For presence on the final study day, we observed no significant dif-
ference between buprenorphine and methadone treatment retention in RCTs (risk ratio [RR]=0.89; 95% CI 0.73-1.08,
p=0.24; quality of evidence: low) and controlled observational studies (RR=0.75; 95% Cl 0.36-1.58, p=0.45).

Conclusion: Meta-analysis of existing RCTs suggests retention in oral fixed-dose opioid agonist therapy with metha-
done appears to be generally equal to buprenorphine (or buprenorphine-naloxone), with wide variation across stud-
ies. Similarly, a meta-analysis of three controlled observational studies indicated no difference in treatment retention

although there was significant heterogeneity among the included studies. The length of follow-up did not appear to
affect the retention rate.
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Background

During the last decade, the ongoing opioid overdose
epidemic has transitioned from being primarily heroin
driven to pharmaceutical opioids, contributing signifi-
cantly to drug-related mortality [1]. Recent research has
shown that rates of opioid prescribing are strongly cor-
related with rates of opioid overdose death [2]. More spe-
cifically, in some of the most affected jurisdictions, over
70% of men and nearly 50% of women who have died of a
prescription opioid overdose death did not have an active
prescription in the 60 days prior to their death, suggest-
ing the presence of significant diversion of prescription
opioid medications [2].

When these analgesics first became available via unsafe
prescribing practices in pain treatment, large numbers of
opioid naive persons developed prescription opioid use
disorder (OUD) [3]. Illicit drug markets then capitalized
on these conditions by producing unprecedented quan-
tities of relatively cheap and illegally manufactured opi-
oids [4]. Fentanyl contamination in the illicit drug market
continues to contribute to an increase in opioid-related
overdose deaths [5, 6], and a substantial proportion of
OUD starts with prescription opioids [7]. In response to
this crisis, evidence-based therapies for preventing over-
dose and treating OUD are urgently needed. Currently,
the gold standard pharmacotherapies for overdose pre-
vention are opioid agonist therapies (OATs), including
buprenorphine-naloxone (Suboxone™) and methadone
[8, 9]. However, only a fraction of people with OUD ever
access treatment [1], and those who do are often poorly
retained [10].

Although buprenorphine and methadone are effective
first-line OATs [9], these effective medications remain
underutilized due to low retention rates [1]. In settings
where buprenorphine and methadone are widely availa-
ble, many eligible persons with OUD are unable to access
care, decline treatment with these medications, or—if
OAT is started—are often not retained in care beyond
12 months [1, 11]. For example, recent estimates in the
USA suggest that 891.8 per 100,000 people with OUD
need treatment; however, only 420.3 per 100,000 people
can be possibly treated with buprenorphine (and 119.9
p/100,000 with methadone) [12]. This is particularly
problematic given the known increases in mortality when
individuals stop OAT, due to a decline in tolerance fol-
lowing prolonged decreases in opioid use [13]. Clearly,
there is a need to optimize attraction into and retention
on first-line oral OATs to reduce opioid-related overdose

and mortality. While recent reviews have demonstrated
the efficacy of OAT in reducing substance-related
harms, the retention rates in randomized controlled tri-
als (RCTs) and observational studies have not been fully
characterized. Due to the use of rigorous follow-up strat-
egies, RCTs may overestimate retention on OAT thera-
pies. This overestimation may be important for clinical
care, as retention on treatment is a primary outcome of
interest when prescribing buprenorphine and metha-
done. Estimates may be further influenced by strict inclu-
sion criteria in RCTs, which often exclude individuals
with significant comorbidities. Observational studies
may therefore give a more accurate estimation of reten-
tion on OAT; however, the extent of these differences
remains poorly understood.

Recently, a 2016 systematic review (55 articles) found
substantial variability in OAT retention rates in rand-
omized vs. non-randomized controlled trials (3—94%
vs. 21-87%, respectively), but did not conduct a formal
meta-analysis to compare retention across study designs
[14]. Another Cochrane review and meta-analysis from
2014 (31 articles) evaluated buprenorphine compared
to placebo and to methadone in the management of
OUD for various dosing amounts and schedules (flex-
ible vs. fixed) [9]. The review found that the effective-
ness of buprenorphine was comparable to methadone
but only when both were fixed, medium-to-high doses.
However, there was greater effectiveness of methadone
for the retention of patients for flexible and low doses.
The effects of randomization on retention rates were not
evaluated. This rapid review, therefore, sought to sum-
marize the retention rates reported by RCTs and con-
trolled observational studies that compared methadone
to buprenorphine (or buprenorphine-naloxone).

Methods

Compared to a standard systematic review, we employed
the following methodological adjustments to produce
this rapid review: (1) limited the search to four data-
bases and reference lists of included articles EMBASE,
MEDLINE, Cochrane Central Register of Controlled
Trials, and CINAHL; (2) limited searches to the Eng-
lish language; and (3) limited studies to oral fixed-dose
for methadone treatment. Research ethics approval
was not necessary for this review. In this report, we
adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [15] to
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conduct a rapid review (RR), using the evolving extension
PRISMA-RR [16].

Searching and study selection

We considered data from published RCTs and controlled
observational studies that compared methadone to
buprenorphine (or buprenorphine-naloxone), but exclud-
ing studies with behavioral focus and placebo compari-
son, until April 2018 (see Additional file 1 for the list of
included and excluded studies). Only trials that defined
participants as adults (>18 years) with OUD were
included. OUD was defined using the diagnostic crite-
ria for OUD as defined in the Diagnostic and Statistical
Manual (DSM)-IV, DSM-V, or International Statistical
Classification of Diseases and Related Health Problems
(ICD)-10 manuals. The considered interventions were
oral fixed-dose methadone versus buprenorphine. We
included controlled observational studies, randomized
controlled trials (RCTs), or clinical trials (CCTs). Multi-
ple-arm trials were included if they had at least two phar-
macotherapy arms directly comparing buprenorphine
and methadone.

An English language search (up to April 2018) identi-
fied studies in Cochrane Central Register of Controlled
Trials, MEDLINE, CINAHL, and EMBASE. We also
searched reference lists of articles considered eligible
based on full report screening to identify further stud-
ies. Databases were searched using a strategy developed
incorporating the filter for the identification of RCTs
[22], combined with selected MeSH terms and free-text
terms relating to opioid use disorder (see search strategy
in Additional file 1: Table 1). We also searched reference
lists of articles considered eligible based on full report
screening and other relevant papers.

Outcome measures

The primary outcome assessed was treatment retention,
measured using dropout rates. This outcome was often
assessed multiple times throughout the study period and
measured during varied time intervals ranging from 12
to 52 weeks, depending on study length. Retention was
measured as the length of time retained in treatment
or study completion status, using the longest follow-up
from each study (see Additional file 1 for search strategy).
The level of statistical significance to assess differences
between treatment and control groups was set a priori at
p<0.05.

Data extraction and analysis

All citations identified by the search were independently
screened based on title and abstract by two review-
ers (LG, AA). Each potentially relevant study was then
reviewed in full text (AA, MAH) and assessed for all
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inclusion criteria. Any disagreements were resolved by
discussion among reviewers (LG, AA) and senior investi-
gators (JK, EW). Relevant data from eligible articles (i.e.,
authors/country; design; participants [N, age, gender,
diagnosis]; interventions [dosage]; and retention rates—
both categorical and continuous) were then extracted
(AA, LG, MAH).

Risk of bias assessment

Study quality was assessed using the criteria and the tool
from the Cochrane Handbook for Systematic Reviews of
Interventions [15] by two reviewers (AA, MAH). Each
trial was assessed for the risk of bias in random sequence
generation and allocation concealment (i.e., selection
bias). Blinding of participants and personnel (i.e., perfor-
mance bias) and of outcome assessment (i.e., detection
bias; objective and subjective outcomes were combined)
was measured; however, since blinding was considered
unlikely to affect the study outcome in this context [17],
open-label studies were included. Incomplete outcome
data (i.e., attrition bias) was recorded for each eligible
study. Each category of bias was assigned a rating of low,
high, or unclear risk using protocols from the Cochrane
Handbook [15]. Observational studies were assessed for
quality using an eight-item tool derived from the Joanna
Briggs Institute (JBI) Cohort Study Critical Appraisal
Instrument for observational studies [18]. The JBI tool
considered studies on the following criteria: selection of
the study groups, comparability of the groups, addressing
bias and confounding factors, and ascertainment of the
outcome of interest.

Data analysis

For the meta-analysis, dichotomous outcome meas-
ures (treatment retention defined as present on the last
day of treatment) were analyzed by calculating the risk
ratio (RR) for each trial, with uncertainty in each result
expressed via 95% confidence intervals (Cls). Continu-
ous outcomes, such as the number of days retained in
treatment, were analyzed by calculating the mean differ-
ence (MD) between experimental and control groups. In
addition, the effect of follow-up period length on reten-
tion was characterized by grouping studies using the
length of follow-up and then comparing study retention
rates. Review Manager (v.5.3) was used to conduct the
meta-analyses.

Information on missing data was collected where pos-
sible from study authors. If study authors were unable to
supply this information, missing data were obtained or
calculated from values in the primary studies according
to suggested procedures in the Cochrane Handbook for
Systematic Reviews of Interventions [15].
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Given the expected heterogeneity of results among
studies due to differences in population and intervention
type, we employed a random effects meta-analytic model.
The I-squared (%) statistic was employed to test the pres-
ence of heterogeneity between trials.

Protocol and registration

The review has been registered with the PROSPERO
register of systematic review protocols on August 8,
2018 (registration No. CRD42018104452, web address:
https://www.crd.york.ac.uk/prospero/display_record.
php?RecordID=104452). Since the registration, the fol-
lowing deviations from the protocol have been applied to
accommodate reduced staff availability: the intervention
under study was re-defined as fixed-dose buprenorphine
or methadone, “no intervention” has been removed from
the definition of the comparator, and the review has been
completed as a rapid review without a meta-regression.

Results

A total of 7603 records were identified as potentially eli-
gible, with 5716 records remaining after de-duplication.
After title and abstract screening, 99 full texts were
assessed for eligibility. Eight studies were excluded from
the present analysis, as they utilized flexible doses. A
total of 13 full texts (N=5065) met the inclusion crite-
ria (Fig. 1), including 10 RCTs [19-28] and three obser-
vational studies [29-31]. Among the 10 included RCTs
(n=1465), the mean doses of methadone and buprenor-
phine used were 60.46 mg/day and 7.79 mg/day, respec-
tively. Suboxone was used in 2 RCTs with a mean dose
of 8.50 mg/day. The formulations of buprenorphine that
were used included sublingual buprenorphine tablets [19,
20, 22, 25, 27, 28] and buprenorphine-naloxone [21, 24].
The treatment was on average 24.4 weeks long and the
retention rate varied widely (buprenorphine range 20.0—
82.5% and methadone range 30.7-83.8%).

Among the three included controlled observational
studies (n=3600), the mean doses of methadone and
buprenorphine used were 69.27 mg/day and 8.84 mg/
day, respectively. The formulations of buprenorphine that
were used included sublingual buprenorphine (including
Subutex) [31]. The treatment was on average 29.3 weeks
long and the retention rate varied widely (buprenorphine
range 20.2-78.3% and methadone range 48.3-74.8%).

Quality assessments for each study are presented in
Table 1. All RCTs were found to be low to unclear risk
of bias for incomplete outcome data. There was an
unclear or high risk of bias relating to blinding of out-
come assessments, allocation concealment, and random
sequence generation which was particularly noteworthy
in the studies by Eder et al. and Ahmadi et al. [20, 25].
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For controlled observational studies, two studies [29, 31]
were rated at moderate risk and one at low risk of bias
[30].

Meta-analysis results

Data are presented separately for two different definitions
of retention in treatment: (1) length of time retained in
the study and (2) presence on the final day. When reten-
tion was defined as the length of time (weeks) retained
in the study (Fig. 2 (1.1.1)), there was no difference in the
effects of buprenorphine and methadone on treatment
retention evaluated in RCTs (—0.07, 95% confidence
interval [CI] —0.35-0.21, 4 studies, n =334, [-squared
[’]=37%). This pattern was consistent when retention
was defined as presence on final day in both RCTs (0.89
95% CI 0.73-1.08, 8 studies, n=718, I>=56%, Fig. 2
(1.2.1)) and controlled observational studies (0.75, 95%
CI 0.36-1.58, 3 studies, n=3498, >=98%, Fig. 2 (1.2.2)).
The data for non-randomized controlled studies, where
retention was measured as the length of time (weeks)
retained in the study, were not amenable to meta-anal-
ysis. Most studies were rated at an overall moderate to
high risk of bias, there was a substantial heterogeneity
between studies, and the overall quality of the included
evidence was rated as low, which is an important limita-
tion to the generalizability and robustness of the results.

Sub-analysis results

The mean retention rates for buprenorphine and metha-
done are shown in Fig. 3. A sub-analysis was completed
to compare the effect of the follow-up period duration
on the retention rate measured as a categorical variable
(number of patients who completed the study) for both
buprenorphine and methadone. Studies were grouped
in follow-up period ranges (1-3 months, 4—6 months,
7-9 months, and 10-12 months). Boxplots were com-
pleted for groupings with more than one study. There-
fore, only studies with follow-up lengths between 4 and
6 months were plotted [19-21, 23-25, 27, 28, 32]. The
mean weighted retention rate was determined separately
for randomized controlled trials using buprenorphine
and methadone. The mean weighted retention rate and
95% confidence interval (CI) for studies with follow-up
periods between 4 and 6 months using buprenorphine
was 57.3% (95% CI=53.5%, 61.1%) and using methadone
was 65.5% (95% CI=60.5%, 70.5%). Analyzing the reten-
tion rates once studies were grouped by follow-up length
had no effect on the retention rates.

Discussion

The findings of this rapid review and meta-analyses sug-
gest similar retention rates on oral fixed-dose methadone
and buprenorphine (or buprenorphine-naloxone), with
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Fig. 1 Flowchart of studies. Comparison of retention in oral fixed-dose methadone versus buprenorphine Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram. Creative Commons Attribution License 4.0, adapted with permission [39]

little difference between RCTs and controlled observa-
tional studies published up to April 2018. Additionally,
our findings indicate that the length of follow-up does
not affect the retention rate.

Our findings align with and further corroborate the
conclusions of previous systematic reviews of oral OATSs
for OUD in three specific ways [2, 9, 14]. First, all of
these reviews found variable rates of average treatment

retention across the included studies with little differ-
ence between buprenorphine and methadone [33] and
little evidence of better retention rates in naturalistic
studies with cohort design [14]. Second, except for the
RCT-focused review by Mattick et al. [9], the reviews did
not pool the data from RCTs and observational studies
in separate meta-analyses and did not review literature
post-2014 (e.g., Timko et al. reviewed studies between
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1.1 Retention in OATSs measured as the number of weeks retained in treatment:
1.1.1 RCT
Buprenorphine Methadone Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.1 RCTs Fixed Continuous
Kamien 2008 125 148 58 123 1le 76 33.5% 0.12 [-0.21, 0.47] e B
Kosten 1993 15 g 28 19 g 35 21.0% -0.49[-1.00, 0.01]
Otiashvili 2013 127 328 40 12.2 4.9 40 25.3% 0.11[-0.33, 0.55] e
Schottenfeld 1997 18.1 8.5 29 136 B.1 28 20.2% -0.1B[-0.70, 0.24]
Subtotal (95% CI) 155 179 100.0% -0.07 [-0.35, 0.21] —lli—
Heterogeneity. Tau? = 0.03; Chi® = 4.77, df = 3 (P = 0.19); I* = 37%
Test for owverall effect: 2 = 0.48 (P = 0.63)
Total (95% CI) 155 179 100.0% -0.07 [-0.35, 0.21] *—
Heterogeneity. Tau? = 0.03; Chi? = 4.77, df = 3 (P = 0.19); I* = 37% —:1 -0: z S 055

Test for overall effect: 2 = 0.48 (P = 0.63)
Test for subgroup differences: Mot applicable

Favours Methadone Favours Buprenorphine

1.2 Retention in OATs measured as the number of patients who completed the study:

Test for overall effect: 2 = 0.76 (P = 0.45)

1.2.1 RCT
Buprenorphine  Methadone Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Ahmadi 2003 A 28 41 25 41 14.9% 1.12 [0.81, 1.54] -
Ahmadi 2003 B 40 68 57 68 18.9% 0.70 [0.56, 0.88] —-—
Eder 1998 & 16 13 18 6.0% 0.52[0.26, 1.04] —
Johnsan 1992 22 53 17 54 9.3% 1.22[0.79, 2.19] T
Ling 1996 15 75 23 75 8.1% 065 [0.27, 1.15] —
Otiashuili 2013 33 40 33 40 19.8% 1.00[0.82, 1.22] -+
Pani 2000 18 38 22 34 11.7% 0.73 [0.48, 1.11] —=
Schottenfeld 1997 18 28 16 29  113% 1.17 [0.76, 1.79] -
Total (95% CI) 359 359 100.0% 0.89 [0.73, 1.08] 4
Total events 180 206
Heterogeneity, Tau® = 0.04; Chi® = 15.81, df = 7 (P = 0.03); I* = 56% I t t
Test for overall effect: 2 = 118 (P = 0.24) 0.01 0.1 10 -
Favours Methadone Favours Buprenorphine
1.2.2 OBS
Buprenorphine Methadone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gerra 2004 45 76 48 7B 22.9% 0.96 [0.74, 1.24]
Maremmani 2007 83 106 80 107 33.7% 1.05[0.90, 1.22]
Proctor 2014 79 393 1322 2738 33.4% 0.42 [0.34, 0.51] -
Total (95% CI) 575 2923 100.0% 0.75 [0.36, 1.58]
Total events 207 1450

Heterogeneity, Tau® = 0.42; Chi® = 85.26, df = 2 (P < 0.00001); I = 98% I

0.01 o1 1 10
Favours Methadone Favours Buprenorphing

(OBS) compared with retention assessed in randomized trials (RCT)

Fig. 2 ; Cl confidence intervalForest plot of retention in fixed-dose oral opioid agonist treatment (OAT) assessed with observational study designs

2010 and 2014) [14]. Third, although we excluded pla-
cebo-controlled RCTs, which were included in Mattick
et al’s Cochrane review [9], we did not further restrict
our review to specific populations, or countries, such as
the review by Timko et al. that studied low- and mid-
dle-income countries [14]. In sum, we believe that our
review provides important data on retaining participants
in fixed-dose oral OAT and on differentiating retention

rates in controlled studies with or without randomization
of participants into treatment groups.

From a program evaluation perspective, a key contri-
bution of this review to the wider literature is the very
little difference in OAT treatment retention between ran-
domized controlled trials (RCTs) and non-randomized
but controlled observational studies. Similar findings
have been reported in a 2014 Cochrane overview of 15
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Fig. 3 Boxplots of mean retention rate for randomized controlled trials (RCTs), 4-6 months of follow-up. Retention rates are for buprenorphine and
methadone, where the retention rate was measured as the number of patients who completed the study. All studies had follow-up rates between 4

methodological reviews (1583 meta-analyses that cov-
ered 228 different medical conditions) assessing the
impact of study design (including RCTs versus observa-
tional study designs) on the effect measures estimated
[34]. While the authors, Anglemyer and colleagues, did
not include reviews of substance-use interventions and
excluded reviews of observational studies that had used
some form of concurrent allocation, they found no effect
estimate differences between observational studies and
RCTs. In agreement with Anglemyer et al., we too con-
clude that factors other than randomization should be
considered when examining differences between RCTs
and observational studies in the substance-use research
literature. Although this literature is still evolving to
allow the drawing of firm conclusions regarding interven-
tions for increasing retention in oral OAT [35], a rapid
evaluation and scale up of novel effective OATs as part
of overdose emergency response must now become a pri-
ority. OAT remains the key route for reducing overdose
mortality, but non-use (due to either inability to access
or non-interest in existing OAT models), or discontinua-
tion, is the key issue that contributes to mortality for per-
sons with OUD [13].

The rapid review has several limitations. First, only
four databases were searched, and the limitation to
only studies of English language published up to April
2018 provided a further restriction on the search
results. Second, because of the nature of rapid reviews
[36], some studies were missed due to the employed

inclusion criteria. As such, the present rapid review
was aligned with the evolving standards of rapid
reviews [36, 37], which are not as rigorous as system-
atic reviews. Third, our analysis should be interpreted
with caution due to its a priori narrow focus on fixed-
dose oral methadone and buprenorphine. A fixed dose
is probably the least used scenario in the real world
[9] whereas trials use fixed doses [38]. The data for
fixed-dose observational studies, where retention was
measured as a continuous variable, were not amenable
to meta-analysis, as this measure was not reported in
more than three studies. Fourth, the longest follow-
up periods in each study were used for data analysis;
however, the length of these follow-up periods varied
widely. Fifth, the included studies also utilized a variety
of study designs, different doses, various formulations
of buprenorphine, varying measures of retention, and
varying numbers of treatment arms. Here, only treat-
ment arms that were relevant to the desired compari-
son were analyzed. Finally, while oral OAT is effective
for many patients, the observed low overall retention
rates suggest further examination of methods to opti-
mize OAT retention is necessary.
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