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Abstract

Background and Aims: Given the ongoing opioid crisis, novel interventions to treat severe opioid use disorder
(OUD) are urgently needed. Injectable opioid agonist therapy (iOAT) with diacetylmorphine or hydromorphone is
effective for the treatment of severe, treatment-refractory OUD, however barriers to implementation persist. Intra-
venous buprenorphine for the treatment of OUD (BUP iOAT) has several possible advantages over traditional iOAT,
including a safety profile that might enable take-home dosing. We aimed to characterize injecting practices among
real-world populations of persons who regularly inject buprenorphine, as well as associated adverse events reported
in order to inform a possible future BUP iOAT intervention.

Methods: We conducted a systematic review. We searched MEDLINE, EMBASE, and PsycINFO from inception through
July 2020 and used backwards citation screening to search for publications reporting on dose, frequency among per-
sons who regularly inject the drug, or adverse events associated with intravenous use of buprenorphine. The review
was limited to English language publications and there was no limitation on study type. Study quality and risk of bias
was assessed using the Mixed Methods Appraisal Tool. Narrative synthesis was used in reporting the results.

Results: Eighty-eight studies were included in our review. Regular injection of buprenorphine was identified across
diverse settings world-wide. Daily dose of oral buprenorphine injected was < 1-12 mg. Frequency of injection was
0-10 times daily. Adverse events could be characterized as known side effects of opioids/buprenorphine or injection-
related complications. Most studies were deemed to be of low quality.

Conclusions: Extramedical, intravenous use of buprenorphine, continues to be documented. BUP iOAT may be fea-
sible and results may inform the development of a study to test the efficacy and safety of such an intervention. Future
work should also examine acceptability among people with severe OUD in North America. Our review was limited by
the quality of included studies.
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Introduction
The opioid overdose crisis continues unabated in the
USA and Canada. In 2020, over 6300 people died in Can-
ada and over 90,000 died in the USA of opioid-related
overdose [1, 2]. Reports across multiple jurisdictions
*Correspondence: nikki.bozinoff@camh.ca have confirmed that the COVID-19 pandemic has exac-
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treatment of severe OUD, not responsive to oral opioid
agonist therapy (OAT) [6, 8—11]. Injectable hydromor-
phone has also emerged as a novel therapy for OUD fol-
lowing the publication of a randomized controlled trial
that demonstrated non-inferiority compared with dia-
cetylmorphine for severe, treatment-refractory OUD
[9]. Benefits of injectable OAT (iOAT) in this popula-
tion include improved retention in treatment compared
with oral methadone alone, and reduction in the use of
non-prescribed opioids [9, 10]. Multiple studies have also
demonstrated iOAT to be cost-effective for severe OUD
[12-15].

Despite the urgent need for treatment options in the
setting of a toxic drug supply and mounting overdose
deaths across the North America, the widespread imple-
mentation of iOAT has not taken place [16]. A recent
environmental scan of iOAT programs across Canada
revealed only 14 programs with total capacity for 420 cli-
ents. Barriers to the scale up of iOAT identified included,
the high cost of infrastructure and personnel required to
operate a program that directly supervises people who
inject multiple times daily, and lack of government fund-
ing for high-dose liquid hydromorphone or diacetylmor-
phine in multiple provinces [16].

Given the ongoing opioid crisis, there remains a need
for novel treatment options for persons not benefitting
from oral OAT. Buprenorphine is a partial mu-opioid
receptor agonist which is indicated as a first-line treat-
ment for OUD owing to its favorable safety profile—it
carries a much lower risk of respiratory depression and
overdose when compared to full opioid agonists [17]. In
Canada, buprenorphine is available for the treatment of
OUD as a sublingual tablet co-formulated with naloxone
(hereinafter BNX), and as a buccal film. As a result of its
safety profile, it is feasible and non-inferior to metha-
done to provide BNX with a large number of take-home
doses [18]. Two long acting formulations are also avail-
able: extended-release buprenorphine for subcutaneous
injection by a medical provider at 4 week intervals, and
buprenorphine subdermal implants lasting 6 months in
duration [19]. Transdermal buprenorphine patches are
also available however, are only approved in the treat-
ment of pain.

Interestingly, several preclinical [20-22] and clinical
studies [23—-25] have shown that buprenorphine can pro-
duce reinforcing and rewarding effects under appropriate
conditions. Specifically, where intravenous buprenor-
phine was administered to detoxified persons with opioid
use disorder, participants reported euphoria, liking the
drug’s effects, and a desire to continue taking it [23-25].
In countries in which buprenorphine is widely available,
cohorts of people who use intravenous buprenorphine as
a drug of choice have been described [26-29]. In fact, it
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was concerns regarding early reports of extramedical use
of buprenorphine [30, 31] that led to the creation of BNX
[22, 32], the “abuse-deterrent” formulation most com-
monly used in the USA and Canada. Despite the wide-
spread use of this “abuse-deterrent” formulation, regular
intravenous use of BNX has been well-described [33-35].

Injectable buprenorphine as an alternative to inject-
able diacetylmorphine or hydromorphone has a number
of possible benefits. Most significantly, BUP iOAT could
be a safer form of iOAT owing to lower risk of respiratory
depression and overdose [36], could potentially be dis-
seminated in low barrier settings (e.g. take-home doses),
may be associated with reduced stigma, and may facili-
tate transition to traditional oral OAT. In France, a recent
cross-sectional survey among people with OUD not
responsive to oral treatments indicated a strong willing-
ness to consider treatment with BUP iOAT were it avail-
able (83% of respondents) [37].

Nevertheless, no clinical trials on the use of BUP iOAT
as a novel iOAT exist, it is unclear what dose and fre-
quency of injection would be required to retain people
in treatment, and adverse events related to injection of
this medication are important to understand. Given the
urgency of the opioid crisis, and the need for novel thera-
peutic options for people with severe refractory OUD, we
undertook a systematic review to characterize injecting
practices among real-world persons who regularly inject
buprenorphine, as well as associated adverse events
reported.

Methods

We adhered to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2020 guide-
line in conducting and reporting this systematic review
[38]. The protocol was registered on PROSPERO ([39].
We searched the following electronic bibliographic data-
bases from inception: MEDLINE, EMBASE, PsycINFO
and also hand searched the reference lists of included
studies from the initial search. We searched all available
record fields using natural language search terms cap-
turing three conceptual areas relevant to our search: (1)
“Buprenorphine” (2) “injection” and (3) “misuse” (see
Additional file 1: Appendix 1 for full search strategy). The
initial search was conducted in July 2020.

Titles and abstracts of studies retrieved using the
search strategy above were screened independently by
two review authors (NB and DRK) to identify studies
that potentially met the inclusion criteria. The full text
of these potentially eligible studies was retrieved and
independently assessed for eligibility by two team mem-
bers (NB and VT). Any disagreements at screening were
resolved through discussion with a third member of the
study team. Studies were included if they reported on
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the dose or frequency of intravenous buprenorphine use
among real-world populations of persons with opioid use
disorder who regularly inject buprenorphine, or if they
reported on adverse events associated with intravenous
use of buprenorphine. There was no restriction on study
type; however lab-based studies and studies related to the
use of buprenorphine in the management of pain were
excluded. Studies related to extended-release formula-
tions of buprenorphine where subcutaneous adminis-
tration is appropriate were excluded. Owing to resource
limitations, only English language publications were
included. Data was managed in Covidence systematic
review software (2021), Veritas Health Innovation, Mel-
bourne, Australia.

A standardized data abstraction form was developed
and used to extract data from the included studies for
evidence synthesis. Extracted information included: bib-
liographical information, study setting, study popula-
tion, year of data collection, details about the outcomes
(including dose, frequency, formulation of buprenor-
phine used and adverse event(s) reported). Descriptions
of adverse events were taken verbatim from the text and
no attempt to verify causality was made. Two review-
ers extracted data independently and discrepancies
were resolved through discussion (with a third author
where necessary). For studies reporting on either dose
or frequency of use, where one element was missing, we
attempted to request this data from the authors via email.
Where information remained missing, it was left blank in
the table.

Study quality and risk of bias was assessed using the
Mixed Methods Appraisal Tool (MMAT), which provides
a set of criteria for appraising methodological quality of
quantitative, qualitative and mixed methods studies [40,
41]. Quality scores were calculated independently by
two reviewers using the MMAT tool. For mixed meth-
ods studies, we used the lowest score from amongst the
study components. Any conflicts were resolved by a third
reviewer. Scores of < 3 were considered to be of low qual-
ity and at high risk of bias [42].

Because we anticipated significant heterogeneity in
the way results were reported, data across studies were
summarized using narrative synthesis. We adhered to
the guidance on narrative synthesis in systematic reviews
developed by Popay et al., (2006), which provides guid-
ance on maintaining transparency, trustworthiness and
avoiding bias in the composite of findings [43].

Results

Figure 1 describes the search and selection process using
the PRISMA flow diagram. Five thousand, three-hundred
and twenty-four studies were found in the search and
imported for screening. After duplicates were removed,
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4308 studies were included in first stage screening and
titles and abstracts were reviewed. Two-hundred and
thirteen studies passed first-stage screening and full texts
were assessed for inclusion. After second stage screening,
77 studies were included and 11 additional studies were
included after reviewing the reference lists of included
studies for a total of 88 included studies. The included
studies were published between 1984 and 2020 and were
from multiple cities across Australia, Bangladesh, China,
Finland, France, Georgia, India, Iran, Malaysia, Nepal,
New Zealand, Scotland, Singapore, Spain, Turkey, and
the USA (Table 1, 2).

After reviewing the included studies, we chose to group
them as studies primarily reporting on dose and fre-
quency of use among regular buprenorphine injectors in
Table 1 and those reporting on adverse events in Table 2.
Where studies reported on both of those outcomes, they
are included in both tables.

Studies included in Table 1, that is, those reporting
on persons who regularly inject buprenorphine were of
diverse design, but largely quantitative descriptive studies
(surveys or incidence/prevalence studies without a com-
parison group) and were published between 1984 and
2018. Both oral buprenorphine-alone and BNX formula-
tions were reportedly injected, and in countries in which
the liquid formulation is available (Iran, India for exam-
ple), injection of ampoules was also described. There
was heterogeneity related to the frequency of injection
among regular buprenorphine users. Our results revealed
a report of injecting a maximum of 10 times daily how-
ever more common were reports of injecting 2—4 times
daily. Among studies reporting injection of buprenor-
phine ampoules, doses ranged from <1 mg/day to 24 mg/
day. Among those studies reporting on the injection
of oral buprenorphine or BNX, doses reported were
between<1 mg to 12 mg daily. Sixty-seven percent of
(28/42) studies included in Table 1 had MMAT scores < 3
indicating low quality and high risk of bias. Many were
limited by selection bias and measurement bias.

Adverse events associated with buprenorphine injec-
tion are reported in Table 2. Adverse events described
were generally either known side effects associated with
opioids/buprenorphine (overdose, precipitated with-
drawal), injection-related complications (endocarditis,
cellulitis etc.) or theorized to be as a result of excipients
in the buprenorphine/BNX tablets [44]. Adverse events
were associated with injection of oral formulations of
buprenorphine/BNX although one case report described
adverse events associated with injection of buprenor-
phine from a transdermal patch. The quality of included
studies is presented in Table 2. Most studies (53/67, 79%)
were of low quality based on MMAT scores <3 and were
judged to be at high risk bias.
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77 studies included

5324 studies imported for screening 1016 duplicates removed
4308 studies screened - 5 4095 studies irrelevant
136 studies excluded
-No data about outcomes of
213 full-text studies assessed for interest (90)
eligibility S -No original data (9)
-Unclear route of

administration (6)
-Wrong route of
administration (4)
-Duplicate (1)
-Not in English (26)

88 studies included

Fig. 1 PRISMA flow diagram

11 additional studies
located from screening
references of included

articles

Discussion
Although existing literature has synthesized and
described the extent and motivations for extramedical
buprenorphine use [33, 45, 46], our review is the first
to systematically document patterns of injection and
adverse events among people who inject buprenor-
phine regularly. The studies summarized here could be
characterized as coming from countries where either
diverted oral buprenorphine is easily accessible (i.e.
France [47, 48], Singapore [49]), or, from countries in
which more desirable opioids (ie. heroin) are difficult,
expensive, or dangerous to obtain (ie. India [50], Bang-
ladesh [51], Finland [52, 53]).

Whereas most people who use buprenorphine extra-
medically do so irregularly and to manage or mitigate
opioid cravings or withdrawal [33, 45, 54-56], our

findings demonstrate that there is a smaller subset of
persons who inject extramedical buprenorphine for
its reinforcing properties. The use of buprenorphine in
this way across multiple jurisdictions suggests that BUP
iOAT may be an acceptable treatment option for per-
sons with severe, refractory OUD that is non respon-
sive to traditional OAT, or who are not interested in
OAT. Possible acceptability of BUP iOAT is further
supported by a recent cross sectional study from France
among 353 persons with treatment-refractory OUD,
83% of whom indicated they would be willing to con-
sider BUP iOAT were it available [57]. Factors posi-
tively associated with willingness to receive BUP iOAT
included a history of>5 injection-related complica-
tions, history of regular buprenorphine injection (com-
pared with heroin and prescription opioids), and no
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lifetime overdose [57]. Among those willing to receive
BUP iOAT, willingness to receive supervised dosing
was positively associated with injecting heroin, older
age, and not having stable housing [57].

Our review documented daily doses of injected SL
buprenorphine between <1 mg-12 mg daily, which is less
than the oral buprenorphine doses that best retain per-
sons with OUD in treatment (> 16 mg [58]), likely reflect-
ing higher effective doses when injected. These doses
suggest that a BUP iOAT program may be feasible with
the existing formulations of buprenorphine and would
not require crushing and injecting large volumes of tab-
lets or liquid. It should be noted however that most of
these studies occurred in the pre-fentanyl era and there-
fore required doses for BUP iOAT would likely be higher
among fentanyl-dependent persons.

The frequency of use reported among regular
buprenorphine injectors (many reporting 2—-4 times
daily) is similar to the range in frequency of heroin typi-
cally injected. Taken together, the dosing and frequency
of use of injected buprenorphine revealed in this review
provide a starting place for possible dosing were a pilot
BUP iOAT clinical trial established.

The adverse events documented as associated with
injection of buprenorphine were largely known side
effects associated with opioids/buprenorphine (over-
dose, precipitated withdrawal), injection-related compli-
cations (endocarditis, cellulitis etc.), or theorized to be
as a result of excipients in the buprenorphine/ BNX tab-
lets [44, 59]. Reports of acute hepatitis in the context of
chronic hepatitis C are worth noting [60, 61]. Although
overdose was reported, it was most-commonly reported
in the context of concurrent sedative use [62, 63]. Con-
sistent with buprenorphine’s known ceiling effect with
respect to respiratory depression, observational stud-
ies suggest that extramedical use of buprenorphine is
actually protective for overdose—data considering inci-
dence of overdose following buprenorphine injection at
a supervised consumption facility in Australia has dem-
onstrated a significant protective effect associated with
injecting buprenorphine compared with injection of
heroin or other opioids [36]. Similarly, a recent study in
Ohio, US found that higher frequency of extramedical
buprenorphine use among people with OUD was asso-
ciated with a lower risk of drug overdose [64]. Lower
likelihood of overdose is a possible major benefit of a
BUP iOAT intervention both for participants as well
as for the broader community given concerns [65] that
diverted doses could end up in the hands of children or
other persons without opioid tolerance. However, prop-
erly powered trials would be needed to ensure the safety
of such an intervention compared with usual treatment.
With respect to the infectious complications reported,
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these are known injection-related complications and
could be minimized with harm reduction education
and provision of harm reduction supplies. Interestingly,
precipitated withdrawal was not a commonly reported
adverse-event. This may reflect publication bias, or
alternately may reflect proficiency in timing other opi-
oid use among regular buprenorphine injectors. As with
SL buprenorphine induction, novel induction methods
such as micro-dosing and macro-dosing may be useful
for a potential BUP iOAT intervention in order to avoid
precipitated withdrawal and retain persons who use fen-
tanyl in treatment [66].

There are several limitations to this systematic review.
Firstly, we included only English language publications,
and did not search the grey literature, therefore, our
review may have missed some relevant publications.
Secondly, owing to the heterogeneity of the results,
no attempt at meta-analysis was made. The studies
included were generally of low quality. Individual stud-
ies were subject to selection bias, measurement bias and
overall the dataset is subject to outcome reporting bias
and language bias. Finally, the majority of the publica-
tions included are from outside of North America, and
many were published decades ago. It is therefore unclear
whether the findings would be applicable to persons
with opioid use disorder in North America, and in the
current context of a fentanyl-dominated drug supply.

Given the ongoing opioid crisis and increasingly toxic
drug supply, there remains an urgent need for novel
therapies for the treatment of OUD among persons not
responsive to traditional therapies and/or among those
not interested in them. Our results paint a clearer pic-
ture of the patterns of use of buprenorphine among real-
world populations who regularly inject the drug, and
could inform the development of a BUP iOAT interven-
tion. Our results suggest that a BUP iOAT intervention
could be safe and feasible. Importantly, although people
who inject drugs in France demonstrated strong willing-
ness to consider this type of therapy, it remains unclear
if it would be acceptable to persons with OUD in the US
or Canada. Take-home doses, and availability of liquid
formulations may increase the acceptability of BUP iOAT
among people with OUD in North America. Future
research should work with persons with lived experience
to explore acceptability, and consider testing the feasibil-
ity, efficacy and safety of BUP iOAT compared with tradi-
tional OAT and iOAT.
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