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Organization of the Presentation 

}  Development of new buprenorphine dosage forms 
}  Buprenorphine pharmacodynamics and pharmacokinetics 
}  Probuphine (Implantable buprenorphine) 
}  SUBLOCADE™(buprenorphine extended-release) 
}  Cam 2038 ( Injectable buprenorphine) 
}  New naloxone formulations 
}  Abuse-deterrent opioid analgesic formulations 



FDA Requirements for New Dosage Forms of 
Already Approved Drugs  

}  FDA has a drug development pathway called 505 (b) 2 for 
new dosage forms of already approved drugs 

}  The streamlined pathway requires data on the chemistry 
and manufacturing controls data on the dosage form,  

}  minimal pre-clinical toxicology data,  
}  pharmacokinetics of the new dosage form,  
}  some other clinical pharmacology,  
}  and one or two efficacy studies 



Mean and standard deviation of plasma buprenorphine concentration (ng/ml) for 
8mg solution buprenorphine and 16 mg tablet buprenorphine on Day 10 
(Bioavailability for the tablet is 71% of the solution formulation). 

(Compton et al,  Drug and Alcohol Dependence, 82, 25-31, 2006),  
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Source:  Greenwald, MK et al, Neuropsychopharmacology 28, 2000-2009, 2003.	
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Effects of Buprenorphine Maintenance Dose on	



μ-Opioid Receptor Availability 	



27 to 47%	



85 to 92%	

94 to 98%	





Buprenorphine Plasma PK –PD Relationships 
 

}  A plasma level of 0.7 ng/ml is sufficient to block 
withdrawal symptoms ( Kuhlman et al, 1998) 

}  An acute 16 mg sublingual dose is associated with a 
plasma level of 3.9 ng/ml ( Greenwald et al, 2007) 

}  This is an opioid blocking concentration against  
hydromorphone 24 mg, im (Greenwald et al, 2007) 

}  A buprenorphine plasma concentration ≥ 3 ng/ml is 
considered sufficient to block opioid agonists and is 
associated with µ- receptor availability ≤ 20 % 
( Greenwald et al., 2014)  



Probuphine   
}  Probuphine is an implantable formulation of buprenorphine 

(80 mg per implant) developed for the maintenance 
treatment of opioid dependence, following brief induction 
with sublingual buprenorphine  

}  Inserted subdermally in the inner side of upper arm 

}  Provides sustained release of buprenorphine for up to 6 
months 

}  Dosage is 4 implants  

}  Must be inserted and removed only by clinicians who have 
completed the implant procedure training program 



Inert component 
of several  

approved products 

EVA polymer Buprenorphine 

26 mm long, 
2.5 mm diameter 

Approved for treatment 
of opioid addiction, and 
acute and chronic pain 

Solid Matrix Formulation Facilitates 
Long-Term Delivery  

Probuphine is not radio-opaque 

Probuphine provides sustained release of buprenorphine for 
up to 6 months 

+ Blended 
&  

Extruded 



Insertion Applicator 



Placement of Implants 



Insertion Location 

Implants should be inserted at the inner side of the upper arm (about 8-10cm) 
above the medial epicondyle of the humerus.  Implant should be inserted 

subdermally just under the skin to avoid large blood vessels and nerves (deeper 
in subcutaneous tissues) in the sulcus between the triceps and biceps muscles 
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Probuphine Delivered Continuous, Low-Level 
Buprenorphine Plasma Concentrations for 6 months 

Mean Buprenorphine Plasma Concentrations!
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Probuphine Initial Clinical Trials 
}  Compared opioid dependent participants randomized to 

Probuphine implants versus placebo implants under blinded 
conditions ( Ling et al, 2010; Rosenthal et al, 2013) 

}  Supplemental sublingual buprenorphine was allowed  
}  Second study added an open-label buprenorphine arm 
}  Study population: Newly inducted participants received 

induction to 12-16 mg of sublingual buprenorphine over 2-3 
days.   

}  Implantation occurred within the next 7-10 days 
}  Participants were followed for 24 weeks 
}  Urine samples were collected three times per week 
}  A cumulative distribution function of negative urines was the 

primary outcome measure 
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Study 805: Difference in Mean % 
Negative Urines 
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       Study 805: Other Secondary  
                   Efficacy Results 

Outcome Measures (24 weeks) Probuphine > Placebo 

Treatment Retention p < .0001 

Patient-Rated Opioid Withdrawal p = .0005 

Clinician-rated Opioid Withdrawal p = .0008 

Global Improvement of Opioid 
Addiction (Clinician-Rated)* p = .0003 

Global Severity of Opioid Addiction 
(Clinician-Rated)* p = .0086 

Opioid Craving Visual Analog 
Scale (VAS) p = .0006 

* Responder Analysis 
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Study 805: Patient Retention vs. Rescue SL BPN 
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Study Week 

Average Weekly SL BPN Dose (Active Subjects) Average Weekly SL BPN Dose (Placebo Subjects) 

Percentage of Probuphine Subjects On-Study Percentage of Placebo Subjects On-Study 

Placebo (Blue) 

Probuphine (Red) 

Retention: p< 0.0001 



PRO-806 Study: Cumulative Distribution 
Function of Opioid Negative Urines   



Third study  (Rosenthal et al., 2016) 
}  The FDA was concerned that individuals on Probuphine were 

still using illicit opioids… although less so than those 
randomized to placebo 

}  An FDA Advisory Committee felt that there was an efficacy 
signal but did not know what patient population that 
Probuphine could be used in 

}  The FDA was concerned that the plasma level of 
buprenorphine obtained from the implants was insufficient to 
block the effect of exogenous opioids  

}  The FDA then asked that a non-inferiority study be performed 
in buprenorphine patients who were stable and not using illicit 
opioids  

}  Inclusion criteria: ≥ 24 weeks of sublingual bup (≤ 8 mg), no 
withdrawal, no illicit opioid use in the past 90 days.  



87 Assigned to receive BUP implant  
87 Received intervention as assigned 

34 Excluded 
 23 Did not meet inclusion criteria 
 6 Withdrew consent 
 4 Did not return for randomization 
 1 Out of screening window 

81 Completed the trial 

90 Assigned to receive sublingual BUP  
89 Received intervention as assigned 
  1 Did not receive assigned intervention 

84 Completed the trial 

211 Individuals assessed for eligibility 

177 Randomized 

6 Did not complete the trial 
4 Lost to follow-up 
1 Adverse event (device expulsion) 
1 Other (Jail) 

5 Did not complete the trial 
3 Lost to follow-up 
2 Withdrew consent  

84 Included in the primary analysis 89 Included in the primary analysis 





Probuphine Approval 
}  FDA Label:  
}  PROBUPHINE is indicated for the maintenance treatment of 

opioid dependence in patients who have achieved and 
sustained prolonged clinical stability on low-to-moderate 
doses of a transmucosal buprenorphine-containing product 
(i.e., doses of no more than 8 mg per day of Subutex or 
Suboxone sublingual tablet or generic equivalent).  

}  PROBUPHINE should be used as part of a complete treatment 
program to include counseling and psychosocial support.  

}  PROBUPHINE is not appropriate for new entrants to 
treatment and patients who have not achieved and sustained 
prolonged clinical stability, while being maintained on 
buprenorphine 8 mg per day or less of a Subutex or Suboxone 
sublingual tablet equivalent or generic equivalent.  



Buprenorphine Injection ( SUBLOCADE) 
}  Monthly subcutaneous injection of Buprenorphine in 

patients who have been stabilized on ≥ 8 mg per day 
}  Clinical pharmacology blockade study was performed in 

study participants previously stabilized on 8-24 mg 
( Nasser et al, 2016) 

}  Two injections of  300 mg RBP-6000 ( SUBLOCADE) 
were given on days 1 and 29 achieving plasma levels ≥ 5 
ng/ml 

}  Participants were challenged with injections of 0, 6, or 18 
mg of im hydromorphone prior to and after RBP-6000 
injections on a weekly basis 



          VAS Scores Across Weeks 



RBP-6000  Outpatient Study Design 
}  24 week, randomized double-blind, placebo- controlled, 

multicenter trial in  504 individuals with opioid use disorder 
( DSM-5)  

}  Dosing regimens: 6 once-monthly, sc 300 mg doses, 2 once-
monthly 300 mg doses followed by 4 once-monthly 100 mg 
doses, 6 once-monthly doses of placebo 

}  All participants received manual-guided psychosocial support 
}  Primary outcome measure was illicit opioid use, measured by 

weekly urine samples and self-report.  This was reported as a 
cumulative distribution function. 

}  A treatment success metric, defined as ≥ 80% opioid free 
weeks, noted statistically significant differences between the 
RBP-6000 Groups ( 28.4 and 29.1%) versus 2% in the placebo 
group.  



RBP-6000 Outpatient Study 



SUBLOCADE Indication and Usage 
}  SUBLOCADE is indicated for the treatment of moderate 

to severe opioid use disorder in patients who have 
initiated treatment with a transmucosal buprenorphine-
containing product followed by a dose adjustment period 
for a minimum of seven days.  



CAM2038 Buprenorphine injection 
}  Once-weekly injectable of buprenorphine at 24 or 32 mg 

dosage strengths 
}  Sc Injection is given in the buttocks, thigh, abdomen, or 

upper arm  
}  Tested in a clinical pharmacology study against 0, 6, and 18 

mg im hydromorphone doses on days 1-3, 4-6, 8-10, and 
11-13 

}  The primary outcome measure was drug liking as 
measured on a  bipolar VAS scale 

}  Blood samples were taken for pharmacokinetic analysis  



CAM2038 Injection Challenge Study 

VAS Liking Scores Plasma Levels  



CAM2038 Efficacy Study Design 
}  Randomized, double-blind, active-controlled, double-

dummy comparison of CAM 2038 ( Varying doses for one 
week or one month) versus sublingual buprenorphine 
( range of 8 to 32 mg) for 24 weeks in 428 participants 
with DSM-5 moderate-to-severe OUD  

}  Responder defined as an individual having at least 1/3 of 
urines  negative for opioids in the first 12 weeks ( weekly 
visits) and 2/3 of urines negative for opioids in the 
following 12 weeks ( monthly visits) 

}  A 10 % non-inferiority margin was selected 
}  CAM doses: 8,16, 24, and 32 mg for weekly injections and 

64, 96, 128, 160 for monthly injections  



CAM 2038 Pharmacokinetics 



Non-Inferiority Results   



Results Expressed as a CDF 



Proposed Dosing Transfer 



FDA Decision January 21, 2018 
}  Sent  a Complete Response Letter requesting additional 

information 
}  Braeburn website states that no new studies are being 

requested 



Naloxone for Opioid Overdose Reversal 



Naloxone-Current 
and Developing  
    Dosage Forms 

 Fifty percent receptor 
occupancy by naloxone is 
needed to reverse an opioid 
overdose ) Melichar et al, 
2003) 

A 1 mg dose of naloxone iv 
(~ 13 µg/kg) is needed to 
produce 50 percent 
receptor occupancy 

A 2 mg dose of naloxone iv  
produces ~ 80 percent 
opioid receptor occupancy 



Naloxone Current Routes of Administration 

Nasal Spray Nasal Injection  
Spray Kit 

Auto Injector Intramuscular Injection 
 



IN Naloxone  







New Standard for Naloxone Levels 



IN Cmax at 2 mg may become the new FDA 
Standard for Approval 
Variable            Intranasal   2mg    Intramuscular  0.4 mg 

T max               0.33                0.38 

C max ( ng/ml)               2.92                0.877 

AUC ( h x ng/ml)               4.51                1.72 

Relative BA (%)              51              100 



Evzio Auto-injector 
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Abuse Deterrent Opioids 
}  FDA has a 4 part process for determining the effect of 

abuse-deterrent opioids 
}  Laboratory manipulation and extraction studies 
}  Pharmacokinetic studies 
}  Clinical abuse liability studies 
}  Post-marketing studies 





Currently Marketed and Investigational 
Abuse-deterrent Formulations  







Intranasal  Abuse Liability Comparisons  



Abuse Liability Studies of Oral Products 



Changes in Abuse Patterns 



Cost Benefit and Potential Impact of ADFs 

}  What are the potential costs and outcomes of using ADFs 
versus non-ADFs? 

}  What level of effectiveness in abuse reduction and in 
price difference would be needed for ADF opioids to 
achieve cost neutrality or net savings relative to non-ADF 
opioids? 



Cost-Benefit Model 
}  A weighted average of daily opioid cost for ADF and non-

ADF opioids was calculated using market share data 
combined with opioid cost  in the Federal Supply 
Schedule 

}  Daily cost was estimated to be $11.60 for ADFs and 
$5.82 for non-ADFs 

}  Health care costs were obtained from the Mass Health 
Policy Commission for commercially insured patients; no 
data available for Medicare or Medicaid patients  

}  $19,285 per year for therapeutic users 
}  $31,005 for those abusing opioids 
  



Outcomes and Costs of Treating 100,000 
Chronic Pain Patients  



Costs per Incremental Outcome 



Costs of Converting 173,000 Non-Cancer 
Pain Patients to ADFs for One Year 



Summary 
}  FDA is relying on PK-PD relationships, opioid blockade studies, 

and non-inferiority studies for evaluation and approval of new, 
long-acting buprenorphine dosage forms 

}  Labeling will be dependent on whether a blocking dose of 
buprenorphine is being administered 

}  Several new naloxone formulations have been introduced into 
the market  

}  Newer naloxone formulations may need to have a Cmax 
approaching 3 ng/ml 

}  ADF opioids can reduce cases of abuse but at a very high cost 
per case, thus limiting the applicability of this strategy  

}  Cost Neutrality could only be achieved if the cost of  ADF 
opioids were reduced at least 41 % 



         Thanks for your Attention 



Intranasal Naloxone Pharmacokinetics 



Buprenorphine Implant 


