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Objectives

• Discuss the interaction of the opioid receptor system with the cycle of addiction

• Review the foundational studies of BUP in OUD

− The effect of BUP dose and time since dose on μORO

− The relationship between μORO and plasma levels of BUP

− The importance of achieving ≥70% μORO and BUP plasma levels ≥2 ng/mL to break the cycle 

of addiction

• How extended-release BUP can address limitations of daily sublingual dosing

μORO, μ-opioid receptor occupancy; BUP, buprenorphine; OUD, opioid use disorder.



OUD and the Opioid Receptor 
System



OUD is driven by drug liking, withdrawal and craving

OUD, opioid use disorder. 

US Department of Health and Human Services. Facing addiction in America: The Surgeon General’s report on alcohol, drugs, and health. Washington, DC: HHS, 2016. 

Available at: www.ncbi.nlm.nih.gov/books/NBK424857/pdf/Bookshelf_NBK424857.pdf (accessed September 2019).

Drug liking 

Positive response to a drug 

that causes pleasure or 

euphoria, increasing the 

probability of further drug use

Withdrawal

Drives further opioid use to 

prevent distressing 

physiological symptoms on a 

background of negative affect

Craving

Intense desire or compulsion 

to take opioids



The opioid receptor system in physiological reward and aversion, 
and the cycle of addiction

AMY, amygdala; BNST, bed nucleus of stria terminalis; CP, caudate putamen; DOR, δ-opioid receptor; DRN, dorsal raphe nucleus; Dyn, dynorphin;

FC, frontal cortex; Hb, habenula; HIP, hippocampus; KOR, κ-opioid receptor; MOR, μ-opioid receptor; NAc, nucleus accumbens; VTA, ventral tegmental area. 

Darcq E & Kieffer BL. Nat Rev Neurosci 2018;19:499–514.



μORs are widely expressed in the brain and are the main target 
of opioids

• Endogenous ligands: endorphins

• Exogenous ligands:

− Full agonists: methadone, heroin and fentanyl

− Partial agonists: BUP, nalbuphine and 

butorphanol

− Antagonists: naloxone, naltrexone and 

nalmefene

• Pharmacodynamic effects: analgesia, 

respiratory depression, abuse potential and 

physical dependence

μOR, μ-opioid receptor; Bup/BUP, buprenorphine; Bmax, maximum number of binding sites; Kd, equilibrium dissociation constant; MRI, magnetic resonance imaging.

Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009.



BUP activates µORs at physiologically relevant concentrations

• Partial agonist at µORs

− No activation of κORs or δORs (antagonism)

• High affinity for and slow dissociation 

from µORs

− Agonist affinity for nociceptin receptors 

is 3,500 lower than µOR

*Measured by the [(35)S]GTPgamma-S binding assay to examine G-protein activation following agonist binding.

δOR, δ-opioid receptor; κOR, κ-opioid receptor; μOR, μ-opioid receptor; BUP, buprenorphine; GTP, guanosine triphosphate.

Huang P et al. J Pharmacol Exp Ther 2001;297:688–695.

Clinical efficacy of BUP due to

its partial agonist effects at µORs
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Foundational Studies of BUP in 
OUD1,2

1. Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009;

2. Greenwald M et al. Biol Psychiatry 2007;61:101–110. 



[11C]-carfentanil PET is used to estimate μORO

• [11C]-carfentanil has high selectivity and 

affinity for µORs1

• [11C]-carfentanil infused after administration 

of BUP to examine differential binding 

between the two1

• Receptor occupancy is the inverse of 

availability2*

*Receptor availability (BPND) = 100% minus the percentage of µORs occupied by BUP.2

μOR(O), μ-opioid receptor (occupancy); BPND, non-displaceable binding potential; Bmax, maximum number of binding sites; Bup/BUP, buprenorphine; 

Kd, equilibrium dissociation constant; MRI, magnetic resonance imaging; PET, positron emission tomography.

1. Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009; 2. Greenwald MK et al. Drug Alcohol Depend 2014;144:1–11.



Study 1: correlating BUP dose with plasma concentration, 
μOR availability, drug liking and withdrawal

• Patients stabilised on descending doses

of BUP and challenged with HYD at each 

BUP dose 

• PET performed 5 days after HYD challenge 

and 4 hours after last dose of BUP

• Plasma levels of BUP and opioid symptoms 

also recorded

μOR, μ-opioid receptor; BUP, buprenorphine; HYD, hydromorphone; PET, positron emission tomography.

Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009.

Methods



Study 1: BUP dose-dependently decreases μOR availability

μOR, μ-opioid receptor; ACC, anterior cingulate cortex; BA, Brodmann area; Bup/BUP, buprenorphine; MRI, magnetic resonance imaging; PFC, prefrontal cortex; SL, sublingual.

1. Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009; 2. Greenwald MK et al. Drug Alcohol Depend 2014;144:1–11.

Results



Study 1: inter-subject variability in μOR availability is greatest at 
the lowest BUP dose

• Dose response for all participants

• Comparable binding effect of 32 mg QD, 

suggesting that 16 mg QD is sufficient to 

occupy most brain μORs

• Greatest inter-subject variability at the 

lowest dose (2 mg QD)

μOR, μ-opioid receptor; QD, once daily.

Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009.

Three main results



Study 1: µOR occupancy predicts withdrawal suppression1,2

μOR(O), μ-opioid receptor; BPND, non-displaceable binding potential.

1. Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009; 2. Greenwald MK. In: McKenna CR. Trends in Substance Abuse Research. 2006. Nova Science Publishers, Inc., New York, USA.

Results (individual patients)

• Among five patients, opioid 

withdrawal total symptom scores 

paralleled BUP-induced µOR 

availability (r2= correlation 

coefficient)



Study 1: opioid blockade is significantly greater with high vs. low 
doses of BUP

*Denotes a statistically significant difference.

BUP, buprenorphine; HYD, hydromorphone; OB, opioid blockade.

Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009.

Results
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Study 2: effect of time since BUP dose on plasma concentration, 
μOR availability, withdrawal and opioid blockade

• Patients stabilised on 16 mg BUP 

• Experimental testing

− PK: recorded pre-BUP dosing and at regular 

intervals ≤24 hours post dosing

− HYD challenge followed by PET, or vice versa

− Subjective assessments

μOR, μ-opioid receptor; BUP, buprenorphine; HYD, hydromorphone; PET, positron emission tomography; PK, pharmacokinetics.

Greenwald M et al. Biol Psychiatry 2007;61:101–110.

Methods



Study 2: μOR availability increases over time after BUP 
administration

μOR, μ-opioid receptor; ACC, anterior cingulate cortex; BA, Brodmann area; BP, binding potential; BUP, buprenorphine; MRI, magnetic resonance imaging; PFC, prefrontal cortex; SL, sublingual.

1. Greenwald M et al. Biol Psychiatry 2007;61:101–110; 2. Greenwald MK et al. Drug Alcohol Depend 2014;144:1–11.

Results



Study 2: time-dependent decreases in plasma concentration of 
BUP correlates exponentially with μOR availability

r2 BUP plasma 

concentration

μOR availability 0.942* (linear)

BUP plasma 

concentration
0.999* (exponential)

*Denotes statistical significance.

μOR, μ-opioid receptor; Bmax, maximum number of binding sites; BUP, buprenorphine; 

Kd, equilibrium dissociation constant.

Greenwald M et al. Biol Psychiatry 2007;61:101–110.

Results

24-hour period after daily dose

4, 28, 52 and 76 hours after 

BUP dose omission



Study 2: μORO is linearly related to suppression of withdrawal 
and opioid blockade1

μOR(O), μ-opioid receptor (occupancy); BUP, buprenorphine; HYD, hydromorphone.
1. Greenwald M et al. Biol Psychiatry 2007;61:101–110; 2. Greenwald MK et al. Drug Alcohol Depend 2014;0:1–11.

μORO ≥70% suppresses withdrawal and opioid agonist subjective effects1,2

μORO0% 100%

Withdrawal 

suppression

Reinforcing

effect

Analgesic

effect

50–60% µORO

(BUP ≥1 ng/mL)

Blockade

of euphoric

effects

≥70–80% µORO

(BUP ≥2–3 ng/mL)



Clinical Importance of Adequate 
Dosing: Further Insights



Higher craving during low µOR occupancy is associated with 
greater opioid-seeking behaviour

• Drug vs. money choice task

− 8 choice opportunities per session

− Total HYD dose available was 24 mg (i.e. 

each trial 3-mg unit doses, relative to 

money)

− Exponentially-escalating response 

requirements

BUP, buprenorphine; HYD, hydromorphone. . 
Greenwald MK et al. Psychopharmacology 2002;160:344–352.

Methods Results



Higher BUP exposure levels attenuate opioid-seeking behaviour

• Patients were maintained on BUP

• Standardised BUP dosing conditions (SL and 

SC) differed across weeks, producing within-

and between-subject variation in BUP 

plasma levels

• Drug/money choice task

− Examined drug-seeking behaviour 

(three sessions) weekly

• Data analysis

− Correlated group-mean plasma levels and drug 

seeking (HYD – placebo) breakpoint scores for 

each active HYD dose

BUP, buprenorphine; HYD, hydromorphone; SC, subcutaneous; SL, sublingual. Nasser AF et al. J Clin Psychopharmacol 2016;36:18–26.

Methods Results



Summary



Daily buprenorphine formulations have limitations

Plasma buprenorphine levels do not remain steady over 24 hours (i.e. between treatment doses)1

The three drivers of OUD are not consistently addressed2

Patient inconvenience and stigma3,4

Poor adherence and the potential for misuse/diversion3,4

OUD, opioid use disorder.

1. Greenwald M et al. Biol Psychiatry 2007;61:101–110; 2. National Institute on Drug Abuse. Medications to Treat Opioid Use Disorder. Available at: https://www.drugabuse.gov/publications/research-reports/medications-

to-treat-opioid-addiction/overview (accessed September 2019); 3. Gilman M et al. Patient Prefer Adherence 2018;12:2123–2129; 4. Neale J et al. Harm Reduct J 2019;16:25.



Extended-release formulations of BUP were developed to 
overcome limitations of daily formulations

Achieve rapid and sustained opioid blockade at well-tolerated buprenorphine concentrations

Achieve clinically significant reductions in craving and withdrawal

Prevent illicit opioid use (without compensatory use of other substances)

Limit the potential for misuse, diversion and accidental overdose/exposure



All three drivers of OUD can be addressed by maintaining a 
therapeutic buprenorphine threshold

μORO, μ-opioid receptor occupancy; OUD, opioid use disorder.

1. Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009; 2. Greenwald M et al. Biol Psychiatry 2007;61:101–110; 3. Greenwald MK et al. Drug Alcohol Depend 2014;0:1–11; 4. 

Nasser AF et al. Clin Pharmacokinet 2014;53(9):813–284; 5. Lofwall MR et al. JAMA Intern Med. 2018;178:764–773.

μORO is dose- and

time-dependent and 

correlates with 

buprenorphine plasma 

levels1–3

Maintaining a therapeutic 

threshold is critical to 

addressing the three

drivers of OUD2,3

Daily buprenorphine 

formulations have 

limitations

Optimal dosing is critical 

to achieving appropriate 

μORO

Buprenorphine plasma 

levels ≥2 ng/ml are 

associated with suppression 

of withdrawal, craving and 

drug liking

Extended release 

formulations may 

overcome the limitations 

of daily formulations4,5



Questions?



Additional slides



Can high-dose buprenorphine produce opioid blockade 
against fentanyl?

BUP, buprenorphine; HYD, hydromorphone; IV, intravenous; µOR, µ-opioid receptor; VAS, visual analogue scale.
1. Greenwald MK (2019, unpublished simulation data); 2. Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009.
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should reduce fentanyl potency, 

protecting against overdose through 

cross-tolerance

• Fentanyl has high potency and affinity 

for µORs

• Simulation1 based on fentanyl/HYD 

relative potency and extrapolations from 

HYD/buprenorphine dose interaction for 

VAS ‘good drug effect’ ratings2



Heroin self-administration in relation to µOR occupancy by 
buprenorphine

• Patients were able to self-administer 
intranasal heroin at four different unit doses 
in laboratory 

• Maintained on three different doses of 
sublingual buprenorphine/naloxone 
(32/8 mg, 8/2 mg, and 2/0.5 mg/day) 
on different protocol weeks

• Comer et al. (2005) estimated fractional 
µOR availability using a mathematical model 
that accounts for several factors, including:

− Receptor pool size under control conditions

− Maximum attainable response

− Opioid agonist concentration

µOR, µ-opioid receptor; S-A, self-administration.
Greenwald MK et al. Drug Alcohol Depend 2014;144:1–11; Comer SD et al. Psychopharmacology 2005;181:664–675.

Methods Results



HYD overcomes 8 mg/day buprenorphine maintenance and 
alters its own demand

HYD, hydromorphone; IM, intramuscularly; Pmax, price at which the maximum response output occurs.
Greenwald MK & Hursh SR. Drug Alcohol Depend 2006;85:35–48.

Methods Results

• Patients maintained on buprenorphine 

8 mg/day

− Choice task: work for HYD 1 mg or 2 mg 

unit doses/trial, relative to money, in 

different sessions

• 12 choice opportunities per session

• Total available HYD dose was 12 mg or 24 mg

• Exponentially escalating response 

requirements (increasing unit price)

• Pre-task supplemental hydromorphone 

0 mg (placebo), 12 mg or 24 mg IM in 

different sessions



Nicotine use may moderate buprenorphine treatment efficacy

• Compared with lighter smokers, 

heavier smokers showed: 

− Greater baseline levels of opioid withdrawal 

symptoms and heroin craving, and greater 

agonist symptom response to HYD1

− Less µOR availability2

BA25, Brodmann area 25 (anterior cingulate cortex); BPND, non-displaceable binding potential; HYD, hydromorphone; μOR, μ-opioid receptor.
1. Greenwald MK et al. Biol Psychiatry 2007;61:101–110; 2. Greenwald MK et al. Drug Alcohol Depend 2014:144:1–11.

Results



Higher buprenorphine/naloxone doses reduce opioid demand 
intensity

BUP, buprenorphine; ER, extended release.
Greenwald MK et al. In progress (2019, unpublished data).

Methods Results

• Four opioid agonist medication 

maintenance phases:

− Phase 1: ER-morphine stabilisation 

− Phases 2–4: three different buprenorphine/ 

naloxone tablet dosing conditions, administered 

for 2 weeks each in a randomised order

− Two randomised experimental conditions 

(stress and non-stress) within each 

medication phase

• Patients were then subject to:

− hypothetical drug-purchasing/consumption task

− behavioural economic analysis



Extended-Release BUP for the 
Treatment of OUD

BUP, buprenorphine; OUD, opioid use disorder.



Extended-release buprenorphine: CAM2038

1. Lofwall MR et al. JAMA Intern Med 2018;178:764–773; 2. Albayaty M et al. Adv Ther 2017;34:560–575; 3. Tiberg F et al. Chem Lett 2012;41:1090–1092. 

Uses the FluidCrystal® technology delivery system to control drug release3

Its bioavailability is 6- to 8-times higher than that of sublingual 

buprenorphine2

Administered via subcutaneous injection1

Dose-proportional, long-acting release of buprenorphine during 

weekly and monthly treatment intervals1



Extended-release buprenorphine: RBP-6000

1. US Food & Drug Administration. FDA advisory committee meeting briefing document: RBP-6000 (extended-release buprenorphine). 31 October 2017. Available at: 

www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/psychopharmacologicdrugsadvisorycommittee/ucm582449.pdf (accessed September 2019); 

2. Laffont CM et al. J Clin Pharmacol 2016;56(7):806–815; 3. Nasser AF et al. Clin Pharmacokinet 2014;53(9):813–824; 4. Malik K et al. Der Pharmacia Sinica 2010;1(1):74–81; 5. Jain A et al. 

Adv Drug Deliv Rev 2016;107:213–227; 6. Bari H. Int J Pharm Sci Res 2010;3(1):1–11; 7. Bhalerao KR et al. WJPR 2015;4(11):338–351; 8. Pandya Y et al. Int J of Biopharmaceutics 2014;5(3):208–213.

Uses the ATRIGEL® delivery system to control drug release4–8

Delivers consistent and sustained target plasma concentrations of 

≥2 ng/mL2,3

Pre-filled syringe, administered subcutaneously1

Two targeted-release phases: achievement of therapeutic levels 

that are sustained over monthly dosing interval1



Phase 3 study: evaluation of abstinence and treatment successa

in patients treated with RBP-60001,2

aDefined as ≥80% abstinence. bPatients began a 4–11-day, SL buprenorphine open-label run-in dose-adjustment period, with daily dosages ranging from 8–24 mg. Subjects returned to the clinic at 3- to 4-day intervals 

for opioid craving VAS, COWS and SOWS assessments to reach a stabilised dose that met randomisation criteria through the remainder of SL buprenorphine treatment.

COWS, Clinical Opiate Withdrawal Scale; IDC, individual drug counselling; Q1W, once weekly; QD, once daily; SL, sublingual; SOWS, Subjective Opiate Withdrawal Scale; VAS, visual analogue scale.

1. US Food & Drug Administration. FDA advisory committee meeting briefing document: RBP-6000 (extended-release buprenorphine). Available at: 

www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/psychopharmacologicdrugsadvisorycommittee/ucm582449.pdf (accessed September 2019); 2. Haight BR et al. Lancet 2019;393:778–790.

Methods

After randomisation, supplemental buprenorphine was not permitted

All subjects received manual-guided IDC (psychosocial support) at least Q1W starting on Day 1 for the duration of the study

Screening

Treatment with six double-blind 

injections and Q1W visits for urine 

screening, self-reports and IDC

Follow up 

(option to enter 

safety extension 

study)

Induction
3 days

2–24 mg SL 

buprenorphine + 

naloxone QD

RBP-6000 300 mg ×2 months/

100 mg ×4 months + IDC (n=203)

RBP-6000 300 mg + IDC ×6 months 

(n=203)

Placebo + IDC ×6 months

(n=100; volume-matched equivalent)

Week

24/25

Stabilisationb

4–11 days

8–24 mg SL 

buprenorphine + 

naloxone QD

Randomisation
Requirement for 

COWS score ≤12 

and opioid craving 

VAS score ≤20 mm 

(N=504)



Phase 3 study: RBP-6000 provides BUP concentrations ≥2 ng/mL 
over time 

SD, standard deviation.

Haight BR et al. Lancet 2019;393:778–790.

Results
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Phase 3 study: Abstinence levels in patients treated with 
RBP-6000 vs placebo 

BUP-XR, extended-release buprenorphine; IDC, individual drug counselling.

Haight BR et al. Lancet 2019;393:778–790.

Results



Phase 3 study: RBP-6000 addresses drivers of OUD

CI, confidence interval; COWS, Clinical Opiate Withdrawal Scale; OUD, opioid use disorder; VAS, visual analogue scale.

Haight BR et al. Lancet 2019;393:778–790.

Results

Craving (per mean VAS) Withdrawal (per mean COWS)



Moderate-dose methadone attenuates effects of near-lethal 
fentanyl doses

Fentanyl administered at methadone trough levels (20–24 hours after prior-day dose) to minimise cross-tolerance.

IV, intravenous.

Greenwald MK. Exp Clin Psychopharmacol 2005;13:3–14. 

Results
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Methodological factors preclude direct comparison of µOR 
availability for buprenorphine1–2 and methadone3

• Lack of methadone condition differences in 

µOR availability is consistent with previous 

studies in animals and humans using 

[11C]-diprenorphine PET imaging4

µOR, µ-opioid receptor; ACC, anterior cingulate cortex; BA, Brodmann area; Bmax, maximum number of binding sites; Bup, buprenorphine; Kd, equilibrium dissociation constant; 

MET, methadone; PET, positron emission tomography. 1. Greenwald MK et al. Neuropsychopharmacology 2003;28:2000–2009; 2. Greenwald MK et al. Biol Psychiatry 2007;61:101–110; 

3. Greenwald MK et al. (unpublished data); 4. Melichar JK et al. J Pharmacol Exp Ther 2005;312:309–315.

Results

*

*
*Repeated determination (across studies) 

of buprenorphine dose/time condition



Single-dose oral naltrexone: duration of µORO 

• Each healthy subject (n=5) was administered 
50 mg acutely1

• [11C]-carfentanil PET scans before and 5x after 
naltrexone (1, 48, 72, 120, 168 hours)1

• T1/2 in brain ranged from 72 to 108 hours, 
which is longer than fast plasma clearance 
(4–12 hours) but similar to terminal clearance 
(96 hours)1

• µOR occupancy time course was consistent 
with its previously observed duration of 
heroin blockade2

• Long duration orally suggested potential use in 
sustained-release formulation1

µOR, µ-opioid receptor; PET, positron emission tomography; SEM, standard error of mean; T1/2, half-life. 
1. Lee MC et al. J Nucl Med 1988;29:1207–1211; 2. Verebey K et al Clin Pharmacol Ther. 1976;20:315–328.

Methods Results



Differences between opioid agonists in producing µOR 
internalisation

µOR, µ-opioid receptor; HYD, hydromorphone. 
1. Keith DE et al. Mol Pharmacol 1998;53:377–384; 2. Koch T et al. Mol Pharmacol 2005;67:280–287.

• Opioid alkaloids can induce µOR 
endocytosis1

– This can occur rapidly, and is not correlated 
with µOR ligand potency

– Endocytosis may counteract receptor 
desensitisation and the development of 
tolerance 

• Buprenorphine, morphine and HYD have 
been shown to produce minimal µOR 
internalisation2

• Fentanyl analogues and methadone 
produced greater µOR internalisation2
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Greenwald MK (2019, unpublished data).



µOR upregulation is related to history of chronic heroin use, 
not buprenorphine

µOR, µ-opioid receptor; Bmax, maximum number of binding sites; BUP, buprenorphine; Kd, equilibrium dissociation constant; PFC, prefrontal cortex.
Greenwald MK. In: McKenna CR, editor. Trends in Substance Abuse Research. 2006. Nova Science Publishers, Inc, NY, USA.



Emergency department-based rapid induction onto BUP 
immediately following naloxone reversal of fentanyl overdose

BUP, buprenorphine; d/c, discontinued; NAL, naloxone; SL, sublingual.

Herring AA et al. Am J Emerg Med 2019. pii: S0735-6757(19)30364-X. 



Comparative pharmacokinetics of buprenorphine via differing 
modes of administration

IV, intravenous; SC, subcutaneous; SL, sublingual.

1. Andresen T et al. Basic Clin Pharmacol Toxicol 2011;108:274–284; 2. Kuhlman JJ et al. J Anal Toxicol 1996;20:369–378; 3. Laffont CM et al. J Clin Pharmacol 2016;56:806–815; 

4. McAleer SD et al. Drug Alcohol Depend 2003;72:75–83; 5. White J et al. Drug Alcohol Depend 2009;103:37–43.



Micro-induction Standard induction

Precipitated 

withdrawal

Hypothesis to explain the complexities of buprenorphine 
induction

BUP, buprenorphine.
Greenwald MK (2019, unpublished data). 



Relative affinity of opioids for µOR

• Measured inhibition of [3H]-sufentanil 

equilibrium binding in rat brain membranes

− +NaCl = physiological conditions

− Lower EC50 value = higher binding affinity 

• Reversal: naloxone 5x higher affinity than 

morphine but 5x lower affinity than 

sufentanil

• Induction: buprenorphine displayed a 6x 

higher affinity than naloxone

β-CNA, β-chlornaltrexamine; β-FNA, β-funaltrexamine; µOR, µ-opioid receptor; EC50, half maximal effective concentration; NaCl, sodium chloride.
Clark  JA et al. Eur J Pharmacol 1988;13:343–351.

Methods

Compound
[3H]-sufentanil

EC50 (nM) (+NaCl)

Rat cerebrum

Tyr-D-Ala-Gly-(Me)Phe-Gly-ol 13.2

Sufentanil 1.25 ± 0.08

Morphine 31.4

β-FNA 6.99

β-CNA 1.29

Naloxone 6.37

Etorphine 0.60

Buprenorphine 1.07

Results



µOR gene variants

• A to G substitution causes a missense mutation, 

leading to loss of function at the N-terminal 

extracellular site

• Physiologically, the G allele is related to lower 

opioid agonist binding1–6 and low receptor 

expression levels1,7–9

• Phenotypically, the G allele exhibits: 

− no reliable associations with opioid addiction risk in 

meta-analyses,10,11 except in Asian subjects12

− Altered HPA axis response in Caucasians13

− Worse drug abuse-related consequences and more 

quit attempts14,15

• MAF only adequate for studying African 

descent or Northern Indian populations but 

only one large study to date: in AA females, 

related to cocaine, alcohol and tobacco, but 

not opioid use16

µOR, µ-opioid receptor; AA, African-American; HPA, hypothalamic-pituitary-adrenal; MAF, minor allele frequency.

1. Befort K et al. J Biol Chem 2001;276:3130–3137; 2. Beyer A et al. J Neurochem 2004;89:553–560; 3. Kroslak T et al. J Neurochem 2007;103:77–87; 4. Ray R et al. Proc Natl Acad Sci USA 2011;31:9268–9273; 5. Weerts EM et 

al. Int J Neuropsychopharmacol 2013;16:47–53; 6. Bond C et al. Proc Natl Acad Sci USA 1998;95:9608–9613; 7. Zhang Y et al. J Biol Chem 2005;280:

32618–32624; 8. Huang P et al. Biochem J 2012;441:379–386; 9. Oertel BG et al. Hum Mol Genet 2012;21:4751–4760; 10. Arias A et al. Drug Alcohol Depend 2006;27:262–268; 

11. Coller JK et al. Pharmgenomics Pers Med 2009;2:9–19; 12. Haerian BS & Haerian MS. Pharmacogenomics 2013;14:813–824; 13. Yuferov V et al. Ann N Y Acad Sci 2010;1187:184–207; 

14. Manini AF et al. J Med Toxicol 2013;9:148–154; 15. Woodcock EA et al. Am J Addict 2015;24:329–335; 16. Crystal HA et al. Addict Biol 2012;17:181–191. 

A118G functional variant (rs1799971) C17T variant (rs1799972)



µOR gene variants impact heroin use characteristics

• A role of OPRM1 allelic variation in heroin use characteristics has been identified

• µOR genotype should be considered in OUD treatment and relapse prevention

#Indicated ANCOVA was performed with duration of heroin use entered as covariate; *Indicates significance (p≤0.05).

µOR, µ-opioid receptor; ANCOVA, analysis of covariance; OUD, opioid use disorder; SD, standard deviation.  

Woodcock EA et al. Am J Addict 2015;24:329–335.



κOR gene variants

• OPRK1 genotypes are associated with vulnerability to heroin dependence1–3

κOR, κ-opioid receptor; BUP, buprenorphine.

1. Yuferov V et al. Pharmacogenetics 2004;14:793–804; 2. Gerra G et al. Am J Med Genet B Neuropsychiatr Genet 2007;144B:52–57; 3. Levran O et al. Genes Brain Behav 2008;7:720–729; 4. Greenwald et al. (2019, unpublished data).   
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Additional slides: RBP-6000



The ATRIGEL® delivery system regulates the release 
of buprenorphine into the body

1. Malik K et al. Der Pharmacia Sinica 2010;1:74–81; 2. Jain A et al. Adv Drug Deliv Rev 2016;107:213–227; 3. Bari H Int J Pharm Sci Res 2010;3:1–11; 4. Bhalerao KR et al. WJPR 2015;4:338–351; 
5. Pandya Y et al. Int J of Biopharmaceutics 2014;5:208–213.

Parenteral injection 

as a liquid1,3

Solidifies in the 

subcutaneous space1–4

Controlled release of 

drug into body1–4

Biodegrades

No need for removal1,3–5



RBP-6000 delivers buprenorphine levels ≥2 ng/mL over time1,2

• RBP-6000 300 mg reaches plasma 

buprenorphine levels ≥2 ng/mL after the 

second dose, which is maintained with 

subsequent doses

− This is consistent with ≥70% µORO after the 

first injection

• RBP-6000 100 mg achieves ≥2 ng/mL plasma 

buprenorphine levels at steady state

µORO, μ-opioid receptor occupancy.

Nasser AF et al. Clin Pharmacokinet 2014;53:813–824.

Adapted from: Nasser AF et al. 2014.



Plasma levels of buprenorphine

BUP, buprenorphine; SL, sublingual.
Nasser AF et al. J Clin Psychopharmacol 2016;36:18–26.

Adapted from: Nasser AF et al. 2016.

Injection 1

Injection 2

SL

BUP



Phase 2 study: effect of RBP-6000 on drug liking

aPatients were non-treatment-seeking patients with OUD. bPatients were stabilised on 

daily 8–24 mg SL buprenorphine.

Methods

• RBP-6000 300 mg was administered on Days 1 and 29

• Subjects were challenged with placebo, 6 mg hydromorphone or 18 mg hydromorphone at various times during the study

• Each challenge was administered in a randomised sequence on 3 consecutive days, so that all subjects experienced each hydromorphone dose 

and placebo in a randomised fashion

• First challenge: administered during screening (Days −17 to −15) to confirm that subjects could discriminate between hydromorphone and placebo

• Second challenge: administered during the last 3 days of the SL buprenorphine run in (Days −3 to −1)

• Subsequent challenges were administered at the end of each week

Weeks

Screening

(n=39)a

Run in

(SL buprenorphine)b
1 2 3 4 5 6 7 8 9 10 11 12

Day 1: 300 mg RBP-6000 Day 29: 300 mg RBP-6000

Challenge
(placebo/8 mg or 16 mg 

hydromorphone)

Adapted from: Nasser AF et al. 2016.



Phase 2 study: RBP-6000 produced a rapid and sustained 
reduction in drug liking

LS, least squares; QD, once daily.

Nasser AF et al. J Clin Psychopharmacol 2016;36:18–26.

Results

Adapted from: Nasser AF et al. 2016.

RBP-6000 injection 1

Buprenorphine 8–24 mg QD

RBP-6000 injection 2

No medication



Phase 2 study: reduction in drug liking correlated with plasma 
buprenorphine levels ≥2 ng/mL and ≥70% μORO

μORO, μ-opioid receptor occupancy; LS, least squares; VAS, visual analogue scale.

Nasser AF et al. J Clin Psychopharmacol 2016;36:18–26.

Results

Adapted from: Nasser AF et al. 2016

(supplementary appendix).



Phase 2 study: RBP-6000 reduced drug-seeking behaviour
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Nasser AF et al. J Clin Psychopharmacol 2016;36:18–26.

Results

Adapted from: Nasser AF et al. 2016.

Expectancy?



Phase 3 study: patient disposition

BUP-XR, extended-release buprenorphine.

Haight BR et al. Lancet 2019;393:778–790.

Results

Adapted from: Haight BR et al. 2019.



Phase 3 study: baseline characteristics1,2

Characteristic, n (%)a RBP-6000 300/100 mg + IDC (n=194) RBP-6000 300/300 mg + IDC (n=196) Placebo + IDC (n=99)

Age (years), mean (SD) 40.4 (11.2) 39.3 (11.0) 39.2 (11.0)

Sex

Male 128 (66) 132 (67) 64 (65)

Race

White 132 (68) 140 (71) 77 (78)

Black/African American 56 (29) 54 (28) 20 (20)

Other 6 (3) 2 (1) 2 (2)

Duration of opioid use (years), mean (SD) 12 (10) 11 (9) 11 (9)

Severity of OUDb

Moderate 49 (26) 67 (34) 31 (32)

Severe 142 (74) 128 (66) 67 (68)

History of alcohol use 152 (78) 152 (78) 80 (81)

History of drug use

Non-injectable opioid use 110 (57) 116 (59) 49 (49)

Injectable opioid use 84 (43) 79 (41) 50 (51)

aUnless otherwise stated. SD, standard deviation. bDefined according to DSM-5 

criteria. DSM-5, Diagnostic and Statistical Manual of the American Psychiatric 

Results

Adapted from: Haight BR et al. 2019.



Phase 3 study: proportion of patients completing treatment with 
300/100 mg and 300/300 mg RBP-6000

BUP-XR, extended-release buprenorphine; IDC, individual drug counselling; NA, not applicable.

Haight BR et al. Lancet 2019;393:778–790.

Results

Adapted from: Haight BR et al. 2019.



Phase 3 study: treatment retention with RBP-6000

Ngaimisi E et al. Presented at the 8th American Conference on Pharmacometrics, 14–19 October 2017, Fort Lauderdale, FL, USA. 

Results

Adapted from: Ngaimisi E et al. 2017.



Phase 3 study: proportion of RBP-6000-treated patients negative 
for opioids from Week 5a

aWeeks 1–4 were considered a ‘grace’ period to allow patients to engage with 

treatment.

Results

Adapted from: Haight BR et al. 2019.



Phase 3 study: proportion of RBP-6000-treated patients abstinent 
from Week 5a

aWeeks 1–4 were considered a ‘grace’ period to allow patients to engage with 

treatment. bOpioid-free defined as the proportion of time in which patients had a 

Results
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Phase 3 study: plasma BUP levels ≥2 ng/mL led 
to abstinence

μORO, μ-opioid receptor occupancy; Cavg, time-average concentration; Cmax, maximum concentration; Cmin, minimum concentration.

Haight BR et al. Presented at the 56th Annual Meeting of the American College of Neuropsychopharmacology, 3–7 December 2017, Palm Springs, CA, USA. 

Results

Adapted from: Haight BR et al. 2017.
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Phase 3 study: treatment success in patients treated with 
RBP-6000

CI, confidence interval.

Haight BR et al. Lancet 2019;393:778–790.

Results
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Phase 3 study: RBP-6000 displayed an acceptable tolerability 
profile

Incidence, n (%)

RBP-6000 

300/100 mg + 

IDC (n=203)

RBP-6000 

300/300 mg + 

IDC (n=201)

Placebo + IDC 

(n=100)

Any TEAE 155 (76) 134 (67) 56 (56)

Any serious TEAE 4 (2) 7 (3) 5 (5)

Any severe TEAE 15 (7) 13 (6) 4 (4)

Any TEAE leading 

to discontinuation
7 (3) 10 (5) 2 (2)

Any TEAE leading 

to death
0 1 (<1) 0

• RBP-6000 was well tolerated, displaying

a similar safety profile to SL buprenorphine 

with the exception of injection site 

reactions1,2

− None of the injection site reactions were serious1

− Only one patient discontinued treatment due 

to an injection site reaction1

IDC, individual drug counselling; SL, sublingual; TEAE, treatment-emergent adverse event.
1. Haight BR et al. Lancet 2019;393:778–790; 2. Ling W et al. Addiction 1998;93:475–486.

Results

Adapted from: Haight BR et al. 2019.



Phase 3 study: course of opioid use for individual injectors

• Mean (SD) risk-adjusted abstinence during 

Weeks 10–25:

− RBP-6000 300/100mg: 44.3% (40.3%)

− RBP-6000 300/300mg: 59.7% (37.3%)

• Risk-adjusted difference (95% CI):

− 15.3% (0.6–30.0%), P=0.042

BUP-XR, extended-release buprenorphine; CI, confidence interval; SD, standard deviation.
Andorn A et al. Ann Emerg Med 2018;72(Supplement):S22–S23.

Results



RBP-6000 achieves and maintains target plasma buprenorphine 
levels, addressing all three drivers of OUD1,2

aDefined as COWS scores ≤12 on a 48-point scale).

COWS, Clinical Opiate Withdrawal Scale; OUD, opioid use disorder.

1. US Food & Drug Administration. FDA advisory committee meeting briefing document: RBP-6000 (extended-release buprenorphine). Available at: 

www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/psychopharmacologicdrugsadvisorycommittee/ucm582449.pdf (accessed September 2019); 2. US Department of Health and Human Services. 

Facing addiction in America: The Surgeon General’s report on alcohol, drugs, and health. Washington, DC: HHS, 2016. Available at: www.ncbi.nlm.nih.gov/books/NBK424857/pdf/Bookshelf_NBK424857.pdf (accessed September 2019).

Drug-liking 

Patients reported no 

significant drug liking 

following the first dose of 

RBP-6000 and over the entire 

treatment period 

Withdrawal

RBP-6000 clinically controlled 

withdrawal symptoms in 

>99% of patients over

24 weeks of treatmenta

Craving

Craving with RBP-6000 was 

significantly lower vs placebo 

over 24 weeks of treatment


