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Overview

What I will not cover …
 Cost-effectiveness analysis of BUP treatment 

(tomorrow afternoon)

What I will cover …
 Clinical studies of behavioral economic parameters 

that may influence BUP efficacy
 Pharmacological factors

 Unit price of self-administered (illegal) drug 
 Agonist drug supply

 
  Non-pharmacological factors

 Non-drug reinforcement 
 Individual differences

 
 



Medication Development: Some Rules of Thumb

Axiom 1
Behaviors – especially drug seeking/use – are complexly 
determined   

Axiom 2
No medication is a magic bullet

Axiom 3
Critical to focus on non-pharmacological factors that can 
enhance the efficacy of medications



Reducing drug choice/demand is primary target:
 Must consider multiple influences

Drug choice paradigms 
incorporate many useful features 
for medication development

 Dose-dependent effects (of medication 
and abused drug)

 Non-drug environmental alternatives 
(analog behavior therapy)

 Choice procedures can be integrated 
with progressive ratio schedules to vary 
drug ‘price’, which can be converted into 
behavioral economic analyses

 Incorporate the study of individual 
differences



Behavioral Economic Analysis Primer
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Elastic
Y= log(L) * exp(Ğa*X)
where:
L= 100% (normalized)
X= unit price
a= rate of change in
slope (acceleration)

a = 0.0002333
Pmax = 0.29 Ö a = 1243
r2 = 0.97

(UP = cost ÷ benefit = response requirement ÷ dose)
Unit Price



Buprenorphine Demand is Inelastic
Adapted from Petry and Bickel (1999)

Participants. 8 heroin-dependent outpatients were 
maintained on BUP 8 mg/day (n=3) or 16 mg/day 
(n=5), and required to be drug-abstinent.

Methods. On experimental days, the BUP dose was 
response-contingent in a closed economy (i.e. no 
other BUP beyond what they chose). Patients could 
choose 10x between BUP s.l. liquid dose units (each 
1/5th of the maintenance dose) and different money 
amounts ($0.30, $1, $3, $10 and $20). 

 

Results. At low BUP unit prices (money alternative 
amounts), patients chose BUP exclusively.  As BUP 
price increased, patients selected modestly lower 
daily BUP doses.  Demand for BUP was inelastic 
(point-to-point slope values > –1).

Conclusion. BUP-maintained patients did not readily 
forego their daily dose.
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Buprenorphine Demand: Open Questions

(1) Is an individual’s medication demand (e.g. measured with actual 
choice methods, or simulated procedures such as “willingness to  pay”) predict retention and/or illegal opioid use during treatment?

(2) Is BUP demand elasticity a function of between-subject differences 
in pharmacodynamics (e.g. opioid dependence severity, pain) or  pharmacokinetics (e.g. SNPs that alter metabolism)? 

 (3) Further studies would be useful re: the personal cost (unit price) of 
BUP and its deterrent effect on treatment retention and drug use.  However, personal cost is independent of provider cost.



Comparative Treatment Costs ($) Over 6 Months 
(Jones et al. 2009)

Methadone Clinic 
(n=23)

Methadone Office 
(n=21)

Buprenorphine Office 
(n=34)

Low UP High UP Low UP High UP Low UP High UP

Provider 
Cost

117 183 149 279 292 499

Patient 
Cost

84 133 55 105 34 65

No significant group differences in treatment benefit (83-91% treatment retention and
75-86% drug abstinence), thus costs shown in table are proportional

 

to unit price.



Non-Pharmacological Factors Significantly 
Moderate Buprenorphine’s

 
Efficacy



General Methods: Protocol TimelineGeneral Methods: Protocol Timeline



Choice Progressive Ratio
Schedule of Reinforcement
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$4 - 12mg supp

$4 - 24mg supp

Unit Price

Low-Magnitude Alternative High-Magnitude Alternative 
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During BUP 8-mg/day maintenance, 
money alternative amount (analog= CM voucher magnitude) and 

extra agonist supply (analog= free take-home dose) influence demand

> Without agonist supplement, opioid demand more elastic with high vs. low-magnitude alternative
(Pmax = 1650 vs. 2886; compare black dashed curves across panels). 

> With the less effective lower-magnitude alternative, extra agonist supply increases elasticity. 
> With the more effective higher-magnitude alternative, extra agonist supply has minimal effect.

Greenwald and Steinmiller 2009, 
Drug and Alcohol Dependence



During BUP 8-mg/day maintenance, opioid demand is 
more elastic with positive reinforcement than punishment

 (Greenwald, in press, Drug Alcohol Depend)
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Subjects earned daily 
wage of $40. During 
experimental sessions, 
could work for HYD unit 
doses under 3 different 
conditions:

– No money: only drug 
choice was available

 
– Money loss: only drug 
was available, plus lost 
$4 for   every drug 
choice

– Money alternative: 
both options available; 

 gained $4 when they 
chose money instead of 
drug



Optimizing non-drug reinforcement:
 Expected utility may mediate increased cocaine demand elasticity

 (Greenwald et al., study in progress)
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$1 (100%)
$3 (100%)
$6 (50%)
$12 (25%)
$24 (12.5%)

$0 (100%)

Money Alternative

Cocaine Unit Price

The data presented on this slide is from a study 
currently in progress and should not be cited 



Environmental Factors: Open Questions

(1)

 

Is BUP efficacy limited for individuals with extensive illegal drug 
supply (availability)?

(2)

 

To what extent does prize CM, relative to standard escalating CM, 
enhance BUP efficacy? 

(3)

 

In individuals for whom BUP + non-pharmacological reinforcement 
does not

 

reduce drug demand, what are the next most effective 
environmental manipulations/therapies that can be tried to reduce 
demand?

(4)

 

Are punishment procedures generally less effective or can they be 
effective in sub-populations (e.g. criminal justice)? 



Medication x
 

Non-drug alternative interaction
 effects on drug demand



Buprenorphine + Contingency Management

-> Escalating CM can maintain abstinence once established, but subsequently 
increasing the price of abstinence erodes efficacy
“Upping the ante” can backfire: Escalating CM + BUP + desipramine maintained opioid 
and cocaine abstinence.  After eliminating 'escalating CM’, BUP+DMI maintained drug 

 abstinence.  However, increasing voucher contingency requirement  led to increased 
drug use (Kosten et al. 2003)

 
 -> Abstinent-contingent BUP (increasing BUP price) can be effective for increasing 

drug abstinence but not necessarily retention, and has potential to be more 
cost-effective than voucher reinforcement

 “Half and half” can work well: Patients earned 1/2 the thrice-weekly dose for clinic 
attendance and other 1/2 dose for opiate + cocaine abstinence over 12 weeks.  This 

 contingency produced twice the duration of continuous abstinence than a low-cost 
escalating voucher reinforcement group or standard treatment group (Gross et al. 2006)

 
Losing privileges (negative punishment) has mixed effects; “separates men from boys”: 
Patients dosed 3x weekly if opioid- and cocaine-abstinent, otherwise they had to attend 
clinic daily and received a one-day 50% dose reduction if drug positive.  Over 12 weeks 
this reduced drug – mostly opioid – u  se (had the same efficacy as abstinence voucher 
reinforcement group) compared to controls, but also increased attrition relative to the 
voucher group (C   hopra et al. 2009)  



Behavioral Treatment Helps Opioid Dependent Patients 
“Defend Abstinence”

 
During BUP Dose Tapering

 Adapted from Bickel et al. (1997)
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Behavioral (n=19)
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end of BUP
dose taper

Pmax = 15 vs. 24 days

Consecutive Days of BUP Dose Tapering
(Opportunity Cost of Illegal Drug Use)



Individual differences in drug demand



During BUP 8mg/day Maintenance, Opioid Demand is…

Significantly More Inelastic Among 
IV vs. Intranasal Heroin Users
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Pmax
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Unit Price
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During BUP Maintenance, 
Recent Cocaine Users Exhibit More Inelastic Opioid Demand: 

Prices and Conditional Probabilities
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Opioid/Cocaine Dual Agonist Pharmacotherapy Model: 
Sustained release d-amphetamine (SR-AMP) during BUP stabilization 

decreases cocaine but not ‘speedball’ breakpoints
in cocaine/heroin-dependent volunteers

Greenwald et al., manuscript in preparation

0 mg BID

15 mg BID

30 mg BID

BUP 8 mg/day maintenance (outpt. lead-in & inpt. wks 1-3)

SR-AMP dose
escalation (inpatient)

0 30 60
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Cocaine+HYD

Cocaine* *

HYD

SR-AMP Total Daily Dose (mg)

Within-subject, double-blind design
– Amphetamine dose (3 levels): Ascending, 
each dose for one week; capsules administered 

 at 7:00 AM and 12:30 PM each day
– Drug options (4): Randomized crossover, 
double dummy (intranasal and intramuscular)

 
Three full days stabilization (Sat-Mon) on each 
SR-AMP dose, followed by 4 consecutive days 
of sessions (Tue-Fri)

Morning (9 AM – noon):  Sample drug combo
– Cocaine (100 mg IN), HYD (24 mg), 
Cocaine+HYD (  ‘speedball’), and dual placebo

 
Afternoon (12:30 – 3 :30 PM):  Series of 12 PR 
choices between units of the drug combo and 
money ($2.00), with tota  l response-contingent 
amount delivered at the end of the 3-hr session
– Cocaine unit dose = 8mg IN (max = 100 mg)
– HYD unit dose = 2mg IM (max = 24 mg)

 

 

 



Lessons Learned. 1

BUP demand appears to be inelastic in BUP-maintained individuals, which 
may predict its adherence and ability to reduce drug use – at least for 
some patients.  

BUP is an effective reinforcer – i.e. withholding its delivery, contingent on 
attendance or drug abstinence, can increase adherence.  Because BUP is 

  intrinsic to treatment, it can be used cost-effectively (in combination with 
other therapies).

Caveats: 
1.  Administering BUP contingently (based on abstinence) increases its unit 
price and potentially its elasticity, leading to reduction in self-administration 
(increased attrition).
2.  Not clear whether BUP demand is similarly inelastic across a wide range 
of individuals, e.g. those who are severely dependent, or new to treatment.

 3.  Must be careful in these experimental analyses to distinguish impact of  individuals’ vs. providers’ BUP unit price on its ability to promote adherence 
and abstinence

  



Lessons Learned. 2
Non-pharmacological reinforcement, in combination with BUP, is critical for 

reducing drug demand, and deserves to be used more creatively.

1.  Positive reinforcement has magnitude-dependent effects on opioid demand 
elasticity.  This is consistent with the efficacy of escalating voucher-based 
reinforcement, but also other techniques that enhance non-drug activities.

2.  Positive reinforcement may increase opioid demand elasticity more than 
punishment in most contexts.  But more studies are needed, particularly in 

 settings where punishment holds sway (criminal justice).  Punishment is not 
incompatible with positive reinforcement (think: reset contingency during CM), 
but may erode retention.

3.  Expected utility may underlie ability of non-pharmacological reinforcement 
to increase drug demand elasticity.  

> Could constructing individual-patient utility curves form a basis for 
tailoring treatment?  Could behavioral economic counseling be incorporated 
into standard psycho-educational approaches?



Lessons Learned. 3

Buprenorphine is generally less effective among opioid-dependent 
cocaine abusers than non-cocaine users.

This problem is not unique to BUP (also presents a challenge with MMT)

Opioid dependent, BUP-maintained individuals who also use cocaine 
exhibit:

1. greater opioid demand inelasticity in the laboratory (cross-
sensitization)

 2. have lower drug abstinence rates during clinical trials involving opioid 
maintenance

3. appear to relapse more quickly during BUP dose tapering

Non-pharmacological reinforcement (e.g. CM) and dual-agonist medication (e.g. 
BUP + d-amphetamine) may decrease cocaine demand, which otherwise 
complicates opioid dependence treatment with BUP



Gracious Thanks to …

•
 

Colleagues
–

 

Wayne State University
•

 

Charles Schuster, Chris-Ellyn Johanson, Leslie Lundahl, 
David Ledgerwood, Carl Christensen

•

 

Caren

 

Steinmiller, Ken Bates, Lark Cederlind, Debra Kish, 
Joi

 

Moore, Lisa Sulkowski, and Shami

 

Entenman
–

 

Non-WSU collaborators
•

 

Steve Hursh, Margit Burmeister

•
 

Funding
–

 

Joe Young, Sr. Funds (State of Michigan)
–

 

NIH/NIDA
•

 

R01 DA015462, R01 DA022243, R01 DA026861


	Buprenorphine’s Efficacy:�Lessons from �Behavioral Economic Studies
	Overview
	Medication Development: Some Rules of Thumb
	Reducing drug choice/demand is primary target:�Must consider multiple influences
	Behavioral Economic Analysis Primer
	Buprenorphine Demand is Inelastic�Adapted from Petry and Bickel (1999)
	Buprenorphine Demand: Open Questions
	Comparative Treatment Costs ($) Over 6 Months �(Jones et al. 2009)
	Non-Pharmacological Factors Significantly Moderate Buprenorphine’s Efficacy
	General Methods: Protocol Timeline
	Slide Number 11
	Slide Number 12
	During BUP 8-mg/day maintenance, opioid demand is �more elastic with positive reinforcement than punishment�(Greenwald, in press, Drug Alcohol Depend)
	Optimizing non-drug reinforcement:�Expected utility may mediate increased cocaine demand elasticity�(Greenwald et al., study in progress)
	Environmental Factors: Open Questions
	Medication x Non-drug alternative interaction�effects on drug demand
	Buprenorphine + Contingency Management
	Behavioral Treatment Helps Opioid Dependent Patients �“Defend Abstinence” During BUP Dose Tapering�Adapted from Bickel et al. (1997)
	Individual differences in drug demand
	During BUP 8mg/day Maintenance, Opioid Demand is…
	During BUP Maintenance, �Recent Cocaine Users Exhibit More Inelastic Opioid Demand: �Prices and Conditional Probabilities
	Opioid/Cocaine Dual Agonist Pharmacotherapy Model: �Sustained release d-amphetamine (SR-AMP) during BUP stabilization decreases cocaine but not ‘speedball’ breakpoints�in cocaine/heroin-dependent volunteers
	Lessons Learned. 1
	Lessons Learned. 2
	Lessons Learned. 3
	Gracious Thanks to …


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Short Report Proof'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


