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Abstract: Opioid use disorders (OUDs) have long been a global problem, but the prevalence 

rates have increased over 20 years to epidemic proportions in the US, with concomitant increases 

in morbidity and all-cause mortality, but especially opioid overdose. These increases are in 

part attributable to a several-fold expansion in the prescription of opioid pain medications over 

the same time period. Opioid detoxification and psychosocial treatments alone have each not 

yielded sufficient efficacy for OUD, but μ-opioid receptor agonist, partial agonist, and antagonist 

medications have demonstrated the greatest overall benefit in OUD treatment. Buprenorphine, 

a μ-opioid receptor partial agonist, has been used successfully on an international basis for 

several decades in sublingual tablet and film preparations for the treatment of OUD, but the 

nature of formulation, which is typically self-administered, renders it susceptible to nonadher-

ence, diversion, and accidental exposure. This article reviews the clinical trial data for novel 

buprenorphine delivery systems in the form of subcutaneous depot injections, transdermal 

patches, and subdermal implants for the treatment of OUD and discusses both the clinical 

efficacy of longer-acting formulations through increasing consistent medication exposure and 

their potential utility in reducing diversion. These new delivery systems also offer new dosing 

opportunities for buprenorphine and strategies for dosing intervals in the treatment of OUD.

Keywords: opioid use disorder, buprenorphine, drug diversion, drug implants, depot medica-

tions, maintenance therapy, treatment adherence

Introduction
Opioid use disorders (OUDs) are a continuing and increasing worldwide problem1 

that, in the US, have become epidemic over the last two decades, led by nonmedical 

use of prescription pain medications.2 Compared to those without OUD, patients 

with OUD have a significantly higher disease burden,3 including especially high rates 

of mortality for those not treated within specialty addiction treatment settings.4 In 

addition to the medical, economic, and social impairments typically associated with 

OUD, fatal overdoses related to opioids were at their highest in US history in 2015, 

including 12,727 deaths due to natural or semisynthetic opioids, 12,989 deaths due 

to heroin, and excluding methadone, a 72.2% increase over 2014 in death rate due to 

synthetic opioids such as fentanyl.2,5 Thus, the need for effective treatment is emer-

gent, and medically supervised agents with partial- or full-agonist properties such as 

buprenorphine or methadone are recommended as first-line maintenance interven-

tions, supported by high-quality evidence.6 However, less than half of the ~2.5 million 

persons in the US with an OUD have any access to evidence-based pharmacological 

treatment for it.7 In contrast, most treatment provided in the US for substance use 

disorders (SUDs) is psychosocial, and while there is a significant evidence base in 

support of psychosocial treatment of alcohol- and stimulant-based SUD, the evidence is 
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not robust in support of only psychosocial treatment of OUD 

provided after detoxification from opioids.8,9 More specifi-

cally, maintenance with buprenorphine has higher efficacy 

on treatment retention and adverse events than detoxification 

or psychological treatment.10 Among Medicaid recipients, 

OUD patients treated with methadone or buprenorphine have 

significantly lower relapse rates as well as lower overall 

costs of treatment.11 In addition, psychosocial interventions 

do not appear to add additional efficacy to effective medical 

maintenance treatments for OUD generally.12 Therefore, 

given the high rates of OUD related to the use of prescrip-

tion pain medications compared to other sources of opioids 

in the US, it is imperative that more evidence-based medi-

cal treatments are made available to those with OUD. This 

should not only address those with current OUD but may 

also provide secondary prevention, as problematic use of 

prescription pain medications is a predominant pathway 

to the use of heroin and has played a significant role in the 

current heroin epidemic in the US.13 However, it is also 

important to note that diversion of prescribed medications 

is not localized solely to medications with abuse liability or 

to those recipients with OUD.14

Diversion of prescribed opioids
The increased prescribing of opioid pain medications has 

supported a concomitant and dramatic increase in illicit use, 

diversion, and overdose.7,15 Patterns of high-intensity pre-

scribing of opioid pain medications by physicians in hospital 

emergency departments significantly predict patients’ long-

term opioid use.16 The risk for long-term opioid use increases 

with initial prescriptions for long-acting opioids, initial 

prescription for .10 or .30 days, .2 prescriptions, and a 

cumulative dose of 700 mg morphine equivalents.17 One-to-

one educational visits support prescribing lower quantities 

of prescription analgesics for acute pain and reduce rates of 

prescribing of high-dose prescription pain medications.18 In 

addition, improving controls over prescribing through legal 

and regulatory constraints in pain clinics and mandatory 

clinician review of prescription drug monitoring program 

data has impact on the rates of prescription opioid overdose 

deaths, but these interventions alone appear insufficient to 

address the epidemic.19 Another opportunity to impact the 

diversion and illicit the use of prescription medications, 

whether prescribed for treatment of pain or for maintenance 

treatment of OUD, is to alter the drug delivery system. The 

need for better delivery systems clearly applies to the use 

of opioid pain medications – in one study, four fifths of 

patients entering treatment for OUD were documented as 

having accelerated the delivery of prescription pain tablets 

by chewing, insufflating, or injecting it intravenously.20 In 

the US, immediate release prescription opioids are prescribed 

at much higher rates than long-acting formulations and have 

associated higher rates of abuse and diversion.21 In addition, 

diversion of opioid maintenance medications by patients 

participating in opioid substitution treatment programs is 

also substantial. For example, a study in Sweden including 

a 40.8% sample across 11 opioid treatment programs found 

that 67.6% of patients interviewed had ever diverted their 

maintenance medications, mostly by giving it away or selling 

it while participating in the program, and 24.1% had done 

so in the past month, with significantly higher diversion 

risks among younger patients.22 Addressing buprenorphine 

specifically, data from Australian opioid treatment programs 

and pharmacies suggest that among patients with OUD, the 

1-year prevalence of self-reported buprenorphine diversion 

is 15%–24%.23,24 People with OUD frequently use diverted 

buprenorphine to medicate opioid withdrawal because of 

their difficulty in accessing treatment.25

Impact of medication delivery systems on 
diversion
Delivery systems for OUD treatment medications with opi-

oid agonist activity seem to make a difference in diversion. 

From 2003 to 2009, buprenorphine/naloxone tablets were 

sold at an increasing rate of an additional 34 million tablets 

per year for the purposes of OUD treatment in the US, with 

a parallel increase in diversion.26 In Australia, surveys of 

injection drug users, patients receiving opioid substitution 

medication through offices, clinics, and pharmacies, and 

clinicians prescribing opioid substitution treatment revealed 

that the sublingual combination buprenorphine/naloxone 

tablet formulation was injected at a lower frequency than the 

buprenorphine mono product, validating the hypothesized 

deterrence of the combination tablet form,27 but that overall 

both the buprenorphine formulations were diverted at a 

higher rate than methadone dispensed as a liquid.28 However, 

novel formulations of sublingual buprenorphine prepara-

tions can differentially impact nonadherence and diversion 

rates. A double-blind double-dummy study comparing 

buprenorphine/naloxone in tablet and film formulations 

among patients already receiving treatment for OUD, while 

finding no between-group differences in efficacy measures, 

adverse, events, or pharmacokinetics, demonstrated that 

the films dissolved faster, suggesting that it would be less 

susceptible to diversion after administration.29 In addition, 

US data from poison control centers, drug diversion police 

investigations, patients attending opioid treatment programs, 

and college student surveys found that the combination 
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buprenorphine film is diverted or intentionally abused sig-

nificantly less frequently in all the settings than the combined 

tablet formulation, suggesting that a different delivery system 

may be involved.30 However, while the Australian data found 

that a lower proportion of patients in opioid substitution 

treatment prescribed buprenorphine/naloxone films being 

injected than that for buprenorphine/naloxone tablets or the 

mono tablet product, the films were diverted and used at 

similar rates to the combination tablet products by injecting 

drug users who were not in treatment.31 Thus, improvements 

in the delivery of sublingual buprenorphine have supported 

reductions in diversion, but there may be considerable oppor-

tunity to develop other delivery strategies that might further 

reduce diversion and rates of illicit use.

When patients with OUD receive medications with opioid 

agonist activity such as methadone or buprenorphine for 

maintenance treatment, it is reasonable to expect that a deliv-

ery system that reduces the risks of altered self-administration 

or diversion is also likely to increase its effectiveness for 

clinical stabilization through increased treatment exposure.

Buprenorphine pharmacology
Buprenorphine is a partial agonist with high affinity for 

the μ-opioid receptor but weak agonist activity compared 

to full agonists such as methadone and demonstrates high 

affinity for and antagonism at the κ- and δ-opioid receptors.32 

Owing to its partial agonist properties at μ-opioid receptor, 

buprenorphine will precipitate opioid withdrawal in individu-

als who are physically dependent on full opioid agonists 

such as morphine, but compared to pure μ-agonists is also 

relatively safer at high doses when administered alone, owing 

to its inverted u-shaped dose–response curve for respiratory 

depression demonstrated in animal models and its plateauing 

at increasing doses as evidenced in human adults.33,34 Sub-

lingual buprenorphine taken for the treatment of OUD has a 

relatively long duration of action with a T½ of 24–60 hours.33 

At the nociceptin/orphanin FQ (N/OFQ) receptor (formerly 

opioid receptor-like 1), buprenorphine acts as a low-affinity, 

weak partial agonist in humans, where its action opposes the 

analgesic and rewarding properties of morphine.32 In animal 

models, buprenorphine also acts as an antagonist of beta-

endorphin-mediated G-protein activation at the purported 

ε-opioid receptor and binds it with high affinity, blocking 

β-endorphin-induced antinociception.35,36

Efficacy trials of buprenorphine for 
OUDs
A 2014 Cochrane review evaluated maintenance treatment 

with buprenorphine compared to placebo and to methadone 

maintenance in the management of opioid dependence.37 The 

trials included different formulations of buprenorphine: sub-

lingual solution, sublingual tablets, combined buprenorphine/

naloxone sublingual tablet, and an implant. The review 

included 31 trials (5,430 participants), with the evidence 

graded at moderate to high quality. Compared with placebo, 

high-dose buprenorphine (16 mg) can reduce illicit opioid 

use effectively. There is a moderate quality of evidence that 

high-dose buprenorphine ($16 mg) was more effective 

than placebo in suppressing illicit opioid use measured by 

urinalysis in the trials; however, in two of the studies from 

the meta-analysis, low-dose (2–6 mg) and medium-dose 

(7–15 mg) buprenorphine did not suppress illicit opioid use 

measured by urinalysis better than placebo.38,39 Regarding 

retention of participants in the treatment, buprenorphine at 

all doses examined was superior to placebo medication. At 

fixed doses above 7 mg per day, buprenorphine was compa-

rable for treatment retention to fixed doses at 40–85 mg of 

methadone per day. However, buprenorphine retains patients 

in the treatment less effectively than methadone if prescribed 

in a flexible dose regimen according to patient need or at 

a low, fixed dose ranging from 2 to 6 mg per day.37 There 

were no study findings of differences in decreased use of 

other abused substances such as cocaine or benzodiazepines, 

criminal activity, or mortality.37

Route of administration may affect OUD 
treatment outcome
Transmucosal medications administered orally for OUDs, in 

addition to adherence issues specifically related to the route 

of administration (taste, dosing schedule), may generate 

adherence problems related to the pharmacological properties 

of the medication or its side effects, such as low adherence 

seen with orally administered naltrexone.40 However, even 

when adherence is controlled with observed dosing, medi-

cations for OUDs may demonstrate differential efficacy by 

the route of administration. For example, a double-blind 

double-dummy 24-week study of observed dose of oral 

naltrexone, sublingual buprenorphine, and placebo was 

conducted in Malaysia with 126 recently detoxified heroin-

dependent patients which provided manual-guided weekly 

individual and group drug counseling and demonstrated 

consistent, significant superiority findings for sublingual 

buprenorphine (8 mg/day mean dose) compared to oral 

naltrexone (50 mg/day mean dose) and placebo in days to 

both first and sustained heroin use as well as in retention in 

treatment.41 Similarly, a retrospective case–control study of 

medical charts of patients (n=248) treated in India for opi-

oid addiction showed that the odds of retention in treatment 
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for patients maintained on buprenorphine is 4.5 (P,0.005) 

times greater than patients maintained on oral naltrexone and 

7 times (P,0.001) greater than patients receiving only psy-

chosocial intervention.42 A 12-week, double-blind random-

ized clinical trial at a single clinical site in Iran also compared 

the effectiveness of thrice-weekly dosing of oral naltrexone 

and sublingual buprenorphine/naloxone for OUD. The find-

ings demonstrated that sublingual buprenorphine/naloxone 

was associated with a significantly greater mean number of 

opioid-negative urine tests as well as better treatment reten-

tion than oral naltrexone, but neither significantly greater 

duration of time to relapse to illicit opioid use nor propor-

tions with 12-week abstinence, which ranged from 8% in the 

naltrexone group to 16% in the buprenorphine group.43 Thus, 

although sublingual buprenorphine appears overall to be 

more efficacious than oral naltrexone, buprenorphine results 

suggest that a large percentage of those treated on orally or 

sublingually administered medications may be at risk for 

continued illicit opioid use, even when adherent to treatment. 

After each sublingual dose of buprenorphine, plasma con-

centrations peak within several hours and drop steeply with 

associated subjective symptoms of withdrawal in a substan-

tial subpopulation.44 In addition, sublingual formulations of 

buprenorphine produce variable buprenorphine blood levels 

and require frequent dosing that potentially jeopardizes medi-

cation adherence.45 Systematic reviews suggest that, overall, 

the full benefits of medical treatments for chronic medical 

conditions are not obtained as most approaches intended to 

improve patient adherence to medication are complex and 

not so effective.46 Reducing poor medication adherence by 

extending the dosing cycle is a more specific intervention that 

may improve treatment outcomes.47 A longer-acting formu-

lation of buprenorphine might address the diurnal variation 

that has been described and observed with daily dosing and 

thus reduce vulnerability to relapse.

Public health impact of poor adherence
An important consequence related to poor medication adher-

ence is the public health impact of drug exposure of pre-

scribed maintenance opioid substitution agonist and partial 

agonist in those other than the intended recipient, namely, 

exposure through intentional diversion and illicit adminis-

tration or through accidental use. Systematic review of the 

literature from the European Union suggests that diversion 

of both methadone and buprenorphine is substantial, which 

implies that a relevant proportion of those being prescribed as 

medications are not adherent to treatment.48 In addition, a less 

frequent but significant public health risk is the unintentional 

diversion to minors due to poor control over the medication 

supply, resulting at times in an accidental pediatric intoxica-

tion or overdose.49,50 Buprenorphine was reported by the US 

Centers for Disease Control and Prevention for 2010–2011 

to have caused the largest percentage of emergency hospi-

talizations in children under 6 years of age compared to any 

other medication.51 Widespread implementation of unit-dose 

films in child-resistant packaging probably contributed to a 

decrease in buprenorphine-related pediatric emergency room 

visits from 2013 to 2015, but the introduction of generic 

buprenorphine tablets in multi-dose bottles may contribute 

to a leveling off of the reductions in pediatric poisoning rates 

or even an increase.52

New medication delivery 
approaches for treating OUD
The adherence problem with conventional oral daily dosing 

of methadone and buprenorphine maintenance and naltrexone 

has led to the search for a treatment that maximizes both 

efficacy and adherence and, in the case of medications with 

abuse liability, reduces the risk of diversion.

One strategy that can potentially affect both clinical out-

comes and reduce diversion is to alter the dosing frequency 

of medications. For example, Levo-alpha-acetyl-methadol 

(LAAM) provided an alternative to the daily dosing with 

methadone with twice or thrice weekly dosing. In stud-

ies comparing LAAM to methadone, LAAM consistently 

demonstrated non-inferiority and trended toward improved 

treatment retention and lower opioid use.53–55 In addition, it 

appeared to be better at stabilizing withdrawal symptoms, 

perhaps due to the low fluctuation in active plasma metabo-

lites over the dosing interval.56 However, following reports of 

severe cardiac-related adverse events, including QT interval 

prolongation, Torsades de Pointes, and cardiac arrest, LAAM 

was discontinued from the European market in 2001 and the 

US market in 2004.57

Although beyond this paper’s focus on buprenorphine, 

it is noteworthy to mention the µ-opioid receptor antagonist 

naltrexone, since long-acting formulations can attend to 

issues of treatment adherence in a population that has been 

well described as poorly adherent to daily oral administration 

of opioid receptor antagonists for OUDs.40,58–60 In general, 

long-acting naltrexone preparations reduce illicit opioid use 

and positively impact morbidity and mortality.61 In 2010, the 

US Food and Drug Administration approved a long-acting 

injectable intramuscular form of naltrexone to treat DSM IV 

Opioid Dependence. Randomized controlled and open tri-

als have demonstrated the efficacy of monthly long-acting 
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injectable naltrexone as compared to daily oral formulations 

or placebo in the treatment of opioid dependence, suggesting 

that a long-acting injectable naltrexone preparation sustains 

exposure to treatment and improves outcomes.62–65 Similarly, 

implantable forms of naltrexone demonstrate advantages over 

the daily oral formulation in maintaining effective blood 

levels and in relapse to heroin use.66,67

Transmucosal buprenorphine
All buprenorphine sublingual or buccal formulations can 

be diverted for illegal sale and used illicitly. In situations 

where medications for OUD are being administered, such 

as in opioid treatment programs, changes to the formulation 

may impact the patient’s ability to subvert the administration 

process and divert the medication. A recent (2014) addition to 

the transmucosal buprenorphine armamentarium for OUD is 

the development of BioErodible MucoAdhesive technology 

buccal buprenorphine/naloxone film (Bunavail, BioDelivery 

Sciences International, Inc, Raleigh, NC, USA) that adheres 

to the inside of the cheek while dissolving.68 The bilayer film 

has a backing layer facing the oral cavity that reduces oral 

administration of buprenorphine while the drug-containing 

layer has direct mucosal contact, which increases bioavail-

ability compared to other transmucosal buprenorphine film 

preparations.69 While an open-label 12-week conversion 

study among participants (N=249) previously stabilized for 

at least 30 days on sublingual buprenorphine-naloxone tablets 

or film for OUD demonstrated that switching to a bioequiva-

lent dose of buprenorphine in the buprenorphine-naloxone 

buccal film was well tolerated, efficacious, and safe, there 

does not appear to be any advantage over other transmucosal 

formulations with respect to diversion except in situations 

where the medicine is administered rather than prescribed or 

dispensed, as the buccal film, once applied, adheres strongly 

to the oral mucosa and dissolves completely.69

However, a large current component of medication 

treatment for OUD in the US is through prescription by 

physicians in office-based practice. As such, changes to 

the transmucosal buprenorphine delivery systems for self-

administered doses are unlikely to significantly impact the 

risk for improper or accidental use or diversion. Thus, a 

reasonable strategy to further address and reduce diversion 

is to develop long-acting preparations that are administered 

by a treating clinician and are less under the control of the 

patient. Long-acting preparations of buprenorphine have been 

tested for administration using 3 different delivery systems – 

depot injections, transdermal patches, and subdermal 

implants. Part of the efficacy of transmucosally delivered 

buprenorphine is its pharmacological activity in reducing 

the reinforcing effects of co-administered opioid agonists, 

and this should thus be a characteristic of all long-acting 

preparations whether agonist, partial agonist, or antagonist, 

regardless of delivery system.

Buprenorphine depot preparations
Several depot forms of buprenorphine have been developed 

for subcutaneous administration. One formulation (Norvex; 

Biotek, Inc., Woburn, MA, USA), currently unavailable, 

used a biodegradable polymer 100–150 micron microcap-

sule depot technology consisting of buprenorphine base and a 

poly lactide-coglycolide polymer.70 After being administered 

as a subcutaneous injection, the plasma buprenorphine level 

increases to peak on day 2 or 3 and then decreases gradu-

ally to zero over 6 weeks.71 A small 6-week double-blind 

randomized controlled trial (N=15) of subcutaneous injec-

tion of 58 mg buprenorphine depot versus depot placebo in 

opioid-dependent participants demonstrated that the depot 

medication was effective in suppressing symptoms of with-

drawal and provided significant blockade of opioid receptors 

as evidenced by reduced objective and subjective responses 

to hydromorphone challenges.70

Another buprenorphine preparation (RBP-6000; Indivior, 

Richmond, VA, USA) that has been developed for monthly 

administration contains 200 mg/mL of buprenorphine base in 

a precipitation delivery system of biodegradable polylactide-

co-glycolide polymer and biocompatible solvent (N-methyl-

pyrrolidone), which in contact with water, solidifies at the 

surface in the subcutaneous space72 and provides sustained 

release of buprenorphine over a minimum of 28 days through 

diffusion and polymer degradation.73 A 300 mg dose of depot 

buprenorphine (RBP-6000) injected subcutaneously into 

the abdomen of subjects previously inducted to 8–24 mg of 

sublingual buprenorphine/naloxone daily reduced the mean 

“drug liking” visual analog scale scores to close to that of 

placebo after intramuscular 18 and 6 mg hydromorphone 

challenges. A US study demonstrated that a 300 mg dose 

of RBP-6000 provided a potent blockade of the subjective 

effects and reinforcing efficacy of hydromorphone in subjects 

with moderate or severe OUD.74 In addition, pharmacokinetic 

analysis of RBP-6000 showed that a subcutaneous dose of 

300 mg every 28 days rapidly achieved effective drug expo-

sure after the initial injection and maintained effective levels 

during chronic treatment. A simulated 2-week drug holiday 

demonstrated μ-opioid receptor occupancy consistently 

above 80% without loss of drug efficacy.75 A double-blind 

randomized controlled 24-week study was conducted at 
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38 locations in the US among treatment-seeking participants 

with moderate or severe OUD who were first inducted and 

dose adjusted to sublingual buprenorphine film at 8–24 mg 

over a 7–14 day period. Once assessed as stable with respect 

to objective and subjective withdrawal, participants were 

randomized and then transitioned to 300  mg of subcuta-

neous buprenorphine for 2 monthly injections followed 

by low-dose (100 mg) buprenorphine for 4  injections, or 

6 monthly high-dose buprenorphine (300 mg) injections, 

or 6 equivolume subcutaneous monthly placebo injections. 

Injections were given each month on alternate sides of 

the participant’s abdomen (https://ClinicalTrials.gov/ct2/

show/NCT02357901). The between-groups cumulative 

distribution function of the percentage of opioid-negative 

urine samples plus self-reported non-use of opioids during 

2–6 months of the study was significant (P,0.0001) for both 

active treatment groups compared to the placebo condition. 

In addition, a between-groups comparison of responders 

defined as those with at least 80% of urine samples being 

negative for illicit opioids plus self-reports being negative 

for illicit opioid use over 2–6 months of the study was also 

significant (P,0.0001) for each of the active treatment 

groups against placebo.76

A depot buprenorphine preparation that uses a different 

delivery strategy from poly lactide-coglycolide microcap-

sules is based on the characteristics of certain low-viscosity 

lipids in contact with aqueous media to self-assemble into 

reversed-phase “water-in-oil” nonlamellar liquid crystal 

nanoparticle gels.77,78 The preparation CAM2038 uses this 

technology (FluidCrystal®; Camurus AB, Lund, Sweden) to 

deliver buprenorphine in a low-viscosity two-lipid medium 

that can be delivered through a small 23-gauge needle as a 

premixed weekly or monthly subcutaneous injection. After 

injection, the depot, in contact with interstitial aqueous fluid, 

transforms into a viscous liquid-crystal gel phase that elutes 

buprenorphine at a predictable rate as the depot is biode-

graded. Two dosage strengths have been developed, one for 

weekly injection (50 mg/mL) and one for monthly injection 

(356 mg/mL). An international open-label multisite safety/

efficacy study of CAM2038 is in progress to test 1-year safety 

in N=100 outpatients with OUD who are currently maintained 

on sublingual buprenorphine or who are seeking treat-

ment (https://ClinicalTrials.gov/ct2/show/NCT02672111). 

Subjects were given weekly subcutaneous buprenorphine 

injections of 0.16, 0.32, 0.48, or 0.64 mL, corresponding 

to doses of 8, 16, 24, and 32 mg, respectively, to either 

replace their current sublingual buprenorphine dose or initiate 

maintenance treatment with clinical titration and then were 

maintained on the weekly dose or transitioned to monthly 

0.18, 0.27, 0.36, or 0.45 mL subcutaneous injections cor-

responding to doses of 64, 96, 128, or 160 mg, respectively. 

A Phase III randomized, double-blind, active-controlled, 

parallel group, multicenter 24-week non-inferiority trial in 

N=428 participants with moderate to severe DSM-5 OUD 

tested CAM2038 against sublingual buprenorphine in 36 US 

sites, where a responder was defined as $33% (4 of 12) 

Phase I urine toxicology tests and 67% (4 of 6) of Phase II 

urine toxicology tests being negative for illicit opioids and 

illicit opioid use by self-report (https://ClinicalTrials.gov/

ct2/show/NCT02651584). At randomization, the participants 

were induced to daily sublingual buprenorphine with weekly 

placebo SC injections or weekly SC CAM2038 injections 

with daily placebo SL tablets. During the 12-week Phase II 

study, subjects in the SL Bup group continued treatment 

with monthly dispensing of daily SL BPN treatment and 

began monthly placebo SC injections, whereas the group 

receiving weekly CAM2038 began monthly injections and 

were dispensed daily SL placebo at monthly visits. The study 

demonstrated SC buprenorphine preparation was non-inferior 

to sublingual buprenorphine in the responder rate (CI −3.5%, 

10.4%; P,0.001) and percentage of urine samples negative 

for illicit opioids (CI −0.2%, 13.7%; P,0.001). The study 

was also designed to test the superiority of the combined 

percent of urine samples negative for illicit opioids and/

or self-reported illicit opioid use over weeks 5–24, and it 

demonstrated significant results (P=0.004) in favor of the 

subcutaneous injection group.79

Transdermal buprenorphine
A transdermal buprenorphine (46.6 mg) patch has also been 

investigated for the treatment of opioid dependence. An 

open-label 10-day detoxification trial in opioid-dependent 

participants (N=9) on a research unit found that while applied 

for 3 days, the patch was safe and well-tolerated, delivered 

a mean of 1.9 mg/day of buprenorphine with a peak average 

plasma concentration of 60 ng/mL at 48 hours, continued 

the suppression of opioid withdrawal as evidenced by nor-

malized physiologic measures, and subjective withdrawal 

symptoms reduced by about 50%.80 As an analysis of used 

patches in the study revealed that there was a substantial 

reservoir of buprenorphine remaining after the initial use, a 

replication open-label study extended the patch application 

to 7 days of the 10-day detoxification protocol for (N=12) 

opioid-dependent volunteers pre-stabilized with hydromor-

phone to suppress withdrawal symptoms.81 A significant 

suppression of withdrawal was maintained during the week 
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of patch application and during the 24 hours after the patch 

was removed, consistent with buprenorphine plasma levels 

peaking at 48 hours after the patch was applied and sustaining 

mean levels .0.5 ng/mL for 96 hours with a steady decline 

thereafter. This formulation was safe and, with the prior 

results, suggested clinical utility for opioid detoxification.81 

Interestingly, using Researched Abuse, Diversion and 

Addiction-Related Surveillance (RADARS) System Poison 

Center data, a different buprenorphine transdermal prepara-

tion for the treatment of chronic pain was compared to other 

buprenorphine products, fentanyl patches, extended release 

opioid formulations, and extended release tramadol, which 

demonstrated the lowest rates of abuse and diversion.82

Buprenorphine implant
A subdermal formulation containing 90 mg of buprenorphine 

blended homogeneously with a biocompatible nonbiodegrad-

able form of ethylene vinyl acetate polymer and extruded 

into a 26×2.5 mm rod-shaped implant was developed and 

approved for use by the US FDA in May 2016 (Probuphine; 

Braeburn Pharmaceuticals, Princeton, NJ, USA). In animal 

studies, buprenorphine release was dependent on the implant 

surface area, which determined the rate of dissolution and 

passive diffusion through the polymer matrix.45 In an initial 

open-label dose-finding safety/efficacy trial of the buprenor-

phine implants, post-implantation pharmacokinetic analysis 

in n=12 heroin-dependent subjects demonstrated an initial 

pulse release with a peak at about 16 hours when 4 implants 

were administered, followed by a slow decrease to steady 

state by 21 days, and then a relatively constant linear release 

of buprenorphine from the implants until implant removal 

at 6 months.83 These pharmacokinetic data demonstrated an 

absence of plasma peaks and troughs typically demonstrated 

with daily dosing of medications. After explantation, the 

mean terminal half-life of plasma buprenorphine was about 

24 hours, in similar range to that of sublingual and buccal 

buprenorphine.83–85

Recent Phase III, multisite placebo-controlled studies 

support the use of long-acting buprenorphine 80 mg implants 

in the treatment of OUD. Two 24-week, randomized, 

double-blinded placebo-controlled multisite trials have been 

conducted in the US among participants with DSM-IV opioid 

dependence first stabilized clinically on 12–16 mg of sub-

lingual buprenorphine and provided standardized individual 

drug counseling. The first study randomized 162 participants 

at a 2:1 ratio to receive 4 buprenorphine (80 mg) implants 

(n=108) or 4 placebo implants (n=55). Those randomized 

to buprenorphine implants had more than double the study 

completion rate compared to those who received placebo 

implants (65.7% vs 30.9%) (P,0.001). The buprenorphine 

implant group also demonstrated significantly more urine 

samples negative for illicit opioids during weeks 1 through 

16 (P=0.04), and a mean percentage of urine samples that 

tested negative for illicit opioids across weeks 1 through 16 

of 40.4% versus 20.8% in the placebo group.86 The buprenor-

phine implant group participants also had significantly 

fewer clinician-rated withdrawal symptoms, lower opioid 

dependence severity and greater global improvement, and 

lower patient-rated symptoms of withdrawal and craving 

compared to the placebo implant recipients.86 The second 

study was also a double-blind, placebo-controlled trial, which 

evaluated the safety and efficacy of four 80 mg buprenor-

phine implants (n=114) versus placebo implants (n=54) (2:1 

randomization), as well as conducting a non-inferiority com-

parison of buprenorphine implants to open-label sublingual 

buprenorphine/naloxone tablets (12–16 mg/day, continued 

after study induction; n=119) for the treatment of opioid 

dependence.87 In this case, the main outcome measure was 

the percentage of negative urine samples for opioids collected 

from weeks 1 to 24, examined as a cumulative distribution 

function, and for which the buprenorphine implant group 

was significantly different from placebo (P,0.0001). As in 

the prior study,86 active implant subjects had a higher study 

completion rate relative to placebo (64% vs 26%, P,0.0001), 

lower clinician-rated withdrawal and higher global improve-

ment ratings, lower subjects’ ratings of withdrawal and 

craving, and better subjects’ ratings of global improvement. 

Regarding the comparison with continued open-label sub-

lingual buprenorphine/naloxone, the buprenorphine implants 

were non-inferior on the percentage of urine samples negative 

for opioids over the 24 weeks of study.87

In both the studies, the most frequent adverse events 

were within the class of implant site reactions; however, the 

rates in the first study were 52.7% in the placebo group and 

56.5% in the buprenorphine group,86 whereas the rates in the 

second study were 25.9% in the placebo group and 27.2% in 

the buprenorphine group.87 The differences in adverse events 

between the Ling et al86 and Rosenthal et al87 studies are likely 

due to improvements in the implantation methodology in the 

second study, which instituted applying a pressure bandage 

for 24 hours immediately post implantation and closure, 

and also replaced the original dull-ended insertion applica-

tor with a specially designed sharp-edged beveled insertion 

applicator, since the original applicator was associated with 

more tissue adhesions to the implants that resulted in more 

implant fractures on explantation.87
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Implants in clinically stable populations
Different from that of office-based treatment of OUDs 

with buprenorphine, the first two multisite clinical trials 

of buprenorphine implants were conducted in a treatment 

center setting with patients new to pharmacotherapy for 

opioid dependence, so as to optimize patient safety through 

intensive data assessments and capacity to rapidly modify 

the treatment.88 However, issues raised in the literature 

suggested that it was important to compare the implants 

directly to sublingual buprenorphine and to use a metric such 

as number needed to treat (NNT) or effect size in order to 

establish the clinical significance,89,90 although the median 

urine samples negative for illicit opioids of 40.7% in the 

buprenorphine implant group and 20.8% in the placebo group 

was considered to be a clinically meaningful difference in 

patients new to treatment.86,91 Having demonstrated safety 

and efficacy against placebo, the third randomized trial of 

buprenorphine implants (PRO-814) recruited patients on 

stable doses of buprenorphine who were receiving treatment 

in office-based practices. A double-blind, double-dummy, 

randomized controlled noninferiority study was conducted 

among 177 patients who were treated for at least 6 months 

with sublingual buprenorphine and were deemed stable by 

their treating clinician on a dose #8 mg for at least 90 days 

with no evidence of illicit opioid use.92 Participants who were 

randomized to either 4 buprenorphine implants (80 mg each) 

and placebo sublingual tablets or 4 dummy implants and 

buprenorphine sublingual tablets at their pre-randomization 

dose were considered responders if they demonstrated absti-

nence from illicit opioids by urine testing or self-report for at 

least 4 of the 6 study months. The proportion of responders 

was 87.6% with sublingual buprenorphine and 96.4% with 

buprenorphine implants, meeting a predefined noninferiority 

threshold (P,0.001). Once the non-inferiority threshold was 

met, chi-square analysis of the 8.8% difference in responder 

rates demonstrated superiority of the buprenorphine implant 

(P=0.03). In addition, significantly more of the implant group 

(85.7%) compared to the sublingual group (71.9%) were 

abstinent of illicit opioids over all 6 months of the study 

(P,0.03; NNT =7.25 against sublingual buprenorphine as 

the base intervention), and time to first use of illicit opioids 

was longer in the active implant group (P=0.04).92 Taken 

together, these findings suggest that buprenorphine implants 

may be superior to the sublingual route of administration 

for the maintenance of long-term abstinence from illicit 

opioids. In all the three multisite randomized controlled 

studies of buprenorphine implants, but especially in the last 

where subjects were already clinically stable at lower doses 

(#8 mg), conversion from sublingual buprenorphine to the 

implant was clinically non-disruptive.86,87,92

That last study retained 93.1% of participants compared 

to rates (64%–66%) seen in the two prior studies enrolling 

participants new to buprenorphine maintenance treatment 

(Ling et al and Rosenthal et al).86,87,92 Apart from the referral 

from office-based practices and the required clinical stability 

of participants who were randomized into the study, other 

factors that might have contributed to the high overall study 

retention are that the majority of the participants enrolled 

were white, employed, had at least a high school educa-

tion, and were dependent on prescription opioids, rather 

than heroin. In addition, there may be a contribution to the 

retention of enhanced therapeutic alliance in participants 

referred by their psychiatrists or addiction medicine primary 

care physicians, which might not be as robust for those in an 

addiction clinic. This suggests potential target populations 

who share similar characteristics to the study population, 

such as patients who are dependent on prescription pain 

medications or who are treated in office-based practices. 

Characteristics such as a history of cocaine use or having 

self-identified as white predicted better opioid use out-

comes with methadone as compared to traditional treatment 

with sublingual buprenorphine in a prospective long-term 

follow-up study, so it would be important to study whether 

long-acting buprenorphine preparations have an ameliorative 

impact in those subpopulations.93

Since the risk of opioid relapse after cessation of sublin-

gual buprenorphine treatment seems to be inversely associ-

ated with the maintenance buprenorphine dosages,94 the 

indication of the implant for those stabilized on a moderate-

dose sublingual buprenorphine may suggest considering 

treating those whose daily dose of illicit opioids is relatively 

lower. In addition, other potential target populations may 

be those in previously low access populations such as those 

in the criminal justice system, those being released from 

incarceration and others.95

It is a clinical reality that patients with OUD still tend 

to sporadically use illicit opioids at different times during 

maintenance treatment; however, total illicit opioid use dur-

ing treatment with buprenorphine implants shows a reduction 

compared to placebo as well as sublingual buprenorphine, 

substantiating a clinically relevant impact.91,92 Over and 

above the well-demonstrated effects of buprenorphine in 

the treatment of OUD, what specific aspects of the implant 

delivery system for buprenorphine are major contributors to 

its extended clinical utility is as yet unclear. Interestingly, 

illicit opioid use during maintenance treatment with doses of 
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medication effective in blocking the μ-receptor response to 

agonists may have a predictive value for positive outcomes 

via extinction processes when patients do not experience 

reinforcement after opioid use.96 One of the potential gains 

of implants is that they demonstrate their additional effec-

tiveness over time. In the head-to-head double-blind study 

with sublingual buprenorphine, the buprenorphine implant 

began to demonstrate a significantly higher responder rate 

during the third month of treatment, which was then sustained 

through 6 months.92 One hypothesis is that the elimination of 

daily peak and trough effects after the achievement of steady 

state reduces the risk of relapse to illicit opioid use. Given 

that intermediate-range (1 week, 30 day) extended release 

buprenorphine depots are being tested in clinical trials, one 

should expect to see similar reductions in illicit opioid use 

against placebo, or perhaps at least at levels intermediate to 

that seen with daily formulations and the 6-month implant.

Impact of long-acting 
buprenorphine preparations
Adherence risk in high severity opioid 
users
Although both methadone and buprenorphine were effec-

tive at reducing the use of opioids compared to an untreated 

population, opioid and heroin use were higher at an average 

of 4.5 years long-term follow-up in patients randomized to 

24-week treatment with sublingual Bup/NTX as compared 

to oral methadone for OUD, but demonstrated no between-

groups differences in mortality.93 The difference in opioid 

use was attributable to differences in continued participa-

tion in treatment with probable differences in medication 

adherence.93,97 In the same study, participants who clustered 

into a high opioid use trajectory over the follow-up period 

had significantly fewer months of sublingual buprenorphine 

treatment than the low-use group, supporting a cumulative 

medication exposure effect.97 Hence, by eliminating the need 

for frequent dosing and reducing the capacity for patient 

interaction with the medication, long-acting formulations 

of buprenorphine may enhance treatment efficacy through 

improving treatment exposure.

Diversion and illicit self-administration
Clearly, a medication formulation that is not self-administered, 

such as a depot or implant, offers a potential advantage in 

that reducing access to the medicine by patients lowers 

the risk for diversion. In patients who are non-adherent to 

the regimen, physical barriers can deter tampering without 

generating adverse events.98 A specific obstacle to diversion 

is that the buprenorphine implants are under the skin, and 

once the implantation incision is healed, a minor surgery is 

required to remove. In addition, the buprenorphine content of 

the implant is distributed throughout the VPA matrix rather 

than being deposited in a reservoir state, which makes it more 

difficult to extract for the purposes of diversion or illicit intra-

venous use.83 Buprenorphine is not quickly separated from 

the implant matrix by soaking it in water.83 However, 4–5 

days exposure to an aqueous medium can release 90%–95% 

of the buprenorphine, and an ethanol or methanol wash for 

24 hours will accelerate its extraction in vitro (Sonnie Kim, 

personal communication).99

Similarly, the two aforementioned buprenorphine formu-

lations currently in the development of subcutaneous injec-

tion (RBP-6000 and CAM2038) have properties that reduce 

the likelihood of intravenous use as they either solidify or 

become a viscous gel, each of which is stationary on con-

tact with bodily fluids.72,77 Also, the solid or gel interface 

that is produced is the rate-limiting step in the diffusion of 

buprenorphine into bloodstream, so one might expect that 

the knowledge of this characteristic by patients with OUDs 

will reduce the likelihood of parenteral application.

Other potential advantages of long-acting 
buprenorphine preparations
In clinical circumstances where monitoring or observed dos-

ing of buprenorphine is required, such as in Opioid Treatment 

Programs in the US,100 the reduced frequency of dosing of 

long-acting forms of buprenorphine may support reduced 

allocation of clinical staff time to patient monitoring, and 

thus potentially increase treatment capacity.83 Certainly, 

long-acting preparations lend themselves for use within busy 

primary care practices, where the availability of physicians 

with training in addiction medicine and buprenorphine pre-

scribing capacity may be relatively low, but where the clinical 

staff of other disciplines may be more available to support the 

ongoing active treatment and overall monitoring of OUDs. 

However, the need for weekly or monthly dosing is likely 

to drive regular contact with the clinician.101

In particular, the subcutaneous formulations may offer 

comparable dosing and titration flexibility to sublingual 

tablets and films, since the dosing can be adjusted based on 

the volume of injection, but with lower potential for abuse 

or diversion.

There are high rates of relapse to illicit opioid use after 

simple medical detoxification.102,103 As cumulative exposure 

to buprenorphine over time reduces relapse rates,97 shorter 

acting weekly or monthly subcutaneous depot formulations 
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might be employed for the purposes of extending the period of 

acute detoxification in addition to titration against symptoms 

of opioid withdrawal for the purposes of clinical stabilization 

and maintenance. With the availability of subcutaneous injec-

tions, the dosing interval could move from daily sublingual to 

weekly subcutaneous administration, and the dose might be 

adjusted clinically as needed. With the patient’s continuing 

clinical stabilization and decreasing impairment, the dosing 

interval might be moved to once-monthly injections. For 

those aiming at near-term cessation of medical maintenance, 

a lower maintenance dose prior to discontinuation may lower 

the relapse rate.104 For those patients for whom longer-term 

treatment is indicated or desired, monthly subcutaneous 

injections or 6-month implants may aid in further stabiliza-

tion. These new delivery systems offer a potential continuum 

of dosing strength and interval strategies for buprenorphine 

treatment of OUD.

Summary
OUDs have continued to cause significant and increasing 

morbidity and mortality and have reached epidemic propor-

tions in certain regions. Buprenorphine-based maintenance 

medications have proved to be an important advancement 

in the effective treatment of OUD, but daily dosing strate-

gies also have associated liabilities such as under-treatment 

due to missed doses and public health concerns such as 

purposeful diversion and accidental poisoning, especially in 

young children. Novel delivery systems for buprenorphine 

in injectable and implantable forms seem to add a significant 

advantage through reduction in an individual’s physical 

control of the medication, which increases the probability 

of consistent treatment exposure over time associated with 

improved outcomes and reduced opportunity for diversion 

or accidental exposure.
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