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Objectives

– Explain how the question being asked in 
addiction research greatly impacts 
design choices. 

– Describe the different Phases 
medication development and Stages of 
behavior therapy development and how 
these affect design choices.

– Recognize primary endpoints in 
addiction research and how that affects 
internal and external validity.



Design and implementation: 
What is the question?
First Things First: What is Addiction?

Inclusion/Exclusion Criteria

Causation/Lack of Causation



Definitions in a Spectrum Disorder: 
Stimulant Use to Stimulant Use Disorder,
Mild to Moderate to Severe

No use 
or use that 
does not 

cause 
problems

Occasional 
use causes 
problems 

occasionally 
to frequently

Mild to 
Moderate 

SUD

Severe 
SUD

(Addiction)

Fun Fun with Problems Problems



DSM-5 Definition: Stimulant Use Disorder
Maladaptive pattern of use, clinically significant impairment or 
distress and 2+ of the following in the same 12-month period:

1. Tolerance

2. Withdrawal

3. Used for longer periods than intended

4. Can’t cut down or quit

5. Time spent getting, using or recovering

6. Give up social, work or fun activities

7. Craving or a strong desire or urge to use a substance

8. Continued use despite knowledge of negative 
consequences

9. Failure to fulfill major role obligations 

10.Use in physically hazardous situations

11.Continued use despite social and interpersonal 
problems 

Mild = 2-3 criteria; Moderate = 4-5 criteria; Severe = 6+ criteria



Adam, D. Nature. 2013. 496:416-418 

Past year prevalence of common symptoms: ~20%
Steel et al., 2014. Int. J. Epi. 476-493

Mental Health Disorders: Comorbid Spectrum?



Design Considerations Regarding Addiction 
Trials
• Observational approaches 

• Counting density of addiction-related phenomena. E.g., alcohol retailers, cigarette 
ads, and discarded needles in neighborhoods

• Measuring drug or drug metabolite in wastewater

• Epidemiological approaches
• Representational sampling strategies – household samples, time/location samples
• Targeted sampling strategies – convenience/snowball sampling

• Efficacy/Effectiveness approaches
• Behavioral Pharmacology – Safety
• Small trials – Safety and Efficacy
• Large trials – Efficacy and Effectiveness
• Community trials - Effectiveness



External Validity:
Comments on Inclusion/Exclusion Criteria
• Most people who use drugs (person-forward language) are poly-drug users. 

Multiple combinations of drugs, especially with increase of cannabis use 
across the population.

• Define the level of drug use for your study
• Define level of poly-substance use acceptable for your study

• Mental health disorders frequently co-occur with drug use
• Define the type and level of mental health conditions acceptable

• Persons living with addiction face barriers to structural determinants to 
health

• Housing instability – lack of ability to store medications, maintain gains from 
interventions

• Lack of health care – medical instability
• Poverty – affects ability to remain in trial and provide follow-up visits.



It is the Question of the Data that is Important:
Getting the answer to the Question

• Differences between Groups
• T-test; ANOVA
• Repeated measures ANOVA and MANCOVA

• Correlations between Variables
• Multiple Regression
• Linear models

• Latent structure/underlying relationships
• Cluster/factor analysis
• Structural equation modeling



Question 1 – What design best answers your 
question?
You want to know if cigarette smokers who have a genetic polymorphism for 
rapid nicotine metabolism (expressed as a ratio – NMR) benefit from nicotine 
replacement therapy in the same way that persons who do not. What is the 
most efficient study design would you use to answer this question?
1. Design observing outcomes for nicotine replacement therapy in smoking 

cessation clinics
2. Design testing population prevalence of NMR and correlating smoking 

status
3. Behavioral pharmacology design testing nicotine (cotinine) blood levels 

of smokers with and without NMR exposed to cigarette smoke
4. Open label trial design of outcomes for subjects with and without NMR 

of nicotine replacement for smoking cessation



Design and addiction research:
Therapy development stages and 
why they matter
Medications

Behavioral Therapies

Phases



Targets for Addiction Medication 
Trials

• Pharmacological Targets
• Agonist approach (e.g., modafinil, d-amphetamine, bupropion) – a 

drug for a drug?
• Antagonist approach (e.g., naltrexone, naloxone)
• Relieve withdrawal (e.g., clonidine; lis-dex)
• Stabliize mood (e.g., naltrexone)
• Long Acting Formulations

• Consideration of ethical use of placebo
• Design implications for smoking studies; opioid medications

• No treatments can cure addiction; multiple treatments usually 
required before abstinence is achieved

1 Lee N, Rawson RA. 2008 Drug Alc Review, 27:309-317



• Behavior Therapy Targets1

• Instilling of abstinence
• Preventing of relapse
• Improve mood, craving, overall functioning
• Improve cognition and motivation

• Importance of the Placebo/Control Condition

1 Lee N, Rawson RA. 2008 Drug Alc Review, 27:309-317

Targets for Addiction Behavior Therapy Trials



A palette of medications are approved for use:
• Smoking 

• Nicotine Replacement Therapy
• Bupropion
• Varenicline

• Opioids 
• Full Agonist

• Methadone

• Partial Agonist
• Buprenorphine +/- Naloxone sublingual
• Long-acting injection (week, month)
• Long-acting implant (6 months)

• Antagonist
• Naltrexone (oral and injectable)

• Withdrawal
• Clonidine

• Alcohol (naltrexone, acamprosate, disulfiram, gabapentin)

Cocaine

Methamphetamine

Cannabis



Opioid Detoxification: 
A Prescription for Failure

• While detox sounds good, less than 2 in 100 successfully 
achieve drug free status (Day et al., 2005)

• Most don’t consider this treatment, but a necessity for 
convincing addicts to use agonist 

• Psychosocial strategies are less effective (Mayet et al., 2005)

• Newly detoxified individuals are extremely vulnerable to 
relapse. The vast majority fail to remain drug-free.

• Opioid maintenance should be the first-line treatment 
for heroin dependence.



Psychology of Addiction

• Disorder of impulse inhibition
• Cognitive and behavioral “brakes” are shot

• Key factor is ambivalence
• It’s never resolved

• Lots of comorbidities, but when do you treat? 
• Easiest when considering pharmacotherapies

• Many of the behavior therapies are similar and will 
have direct crossover

• Skills for managing historical “issues”

• How do you know when your patient is lying?
• Essential to use biomarkers



Behavior Therapies with Evidence of Efficacy

• Contingency Management
• Includes Community Reinforcement Approach

• Motivational Interviewing

• Cognitive Behavioral Therapy

• 12-Step Facilitation

Davis et al., 2016. Preventive Science, 92:36-46



Question 2. A new therapy?

A scientist from South Africa tells you a new plant-based medication 
(sceletium tortuosum) is a PDE4 inhibitor that causes stimulant effects in rats 
(conditioned place preference) and reduces anxiety in humans (Terburg D et 
al. Neuropsychopharmacology. 2013). You decide to evaluate sceletium for 
methamphetamine addiction. What target would best be thought of in 
developing the medication?

1. Antagonist medication – blocks effects

2. Agonist medication – substitution

3. Withdrawal medication – reduces withdrawal symptoms

4. Relapse prevention medication – prevents resumption of active 
methamphetamine use



Phases of Medication Development

SafetyPhase I
• Ia – First in humans. Few subjects. Biological measures

• Ib – First in pathology group.  Biological measures, few efficacy

• Communication with FDA and Industry for early efficacy testing

Safety and Early EfficacyPhase II
• Iia – First efficacy studies with safety; RCTs with placebo; n=50-200

• Iib – Continued efficacy; RCTs with placebo; n=200-500

• Communication with FDA and Industry for need for definitive/pivotal trial

EfficacyPhase III
• RCTs with large samples (>1,000), relaxed controls on inclusion/exclusion; real world studies in clinics

• Communication with FDA for Marketing

Post MarketingPhase IV
• RCTs with large samples (>1,000), relaxed controls on inclusion/exclusion; real world studies in clinics

• Communication with FDA and Industry for ongoing monitoring of unusual side effects



Preclinical Designs – Demonstrate the Effects
Non-Human Primates Rats



First in Humans – Safety and Early Efficacy; 
n=11

DeYoung DZ et al. J Clin Psychopharmacol. 
2016, 36:347-54.

Worley MJ et al., Drug Alcohol Depend. 2016, 162:245-50.



Efficacy Trial Design n=125

Heinzerling KG et al., J Neuroimmune Pharmacol. 
2020, 15:238-248.



Phase 3

Primary Outcomes

• Number of Participants with a First Occurrence of COVID-19 Starting 14 Days after Second Dose of mRNA-
1273 [ Time Frame: Day 29 (second dose) up to Day 759 (2 years after second dose) ]

• Number of Participants with Adverse Events (AEs) or Medically Attended AEs (MAAEs) Leading to Withdrawal 
[ Time Frame: Up to Day 759 (2 years after second dose) ]

• Number of Participants with Solicited Local and Systemic Adverse Reactions (ARs) [ Time Frame: Up to Day 8 
(7 days after first dose) and up to Day 36 (7 days after second dose) ]

• Number of Participants with Unsolicited AEs [ Time Frame: Up to Day 57 (28 days after each dose) ]

Experimental: 
mRNA-1273 Participants will receive 1 
IM injection of 100 microgram (ug) 
mRNA-1273 on Day 1 and on Day 29.

Placebo Comparator: 
Placebo Participants will receive 1 IM 
injection of mRNA-1273-matching 
placebo on Day 1 and on Day 29.

30,000 
Participants



Stages of Behavioral Therapy Development

Therapy DevelopmentStage I
• Stage I allows investigators to develop entirely new therapies or to adapt or improve existing therapies.

• Uses qualitative methods to gather information on acceptability, feasibility, cultural appropriateness

EfficacyStage II
• Efficacy testing, including dose-response and dismantling studies

EffectivenessStage III
• Assesses whether therapy is effective when implemented by community-based clinicians in clinical settings

• Addresses, at the therapy and therapist level, issues involved in ensuring that a treatment can work in a 
community setting

Carroll KM, Onken LS. Behavioral therapies for drug abuse. Am J Psychiatry. 2005;162(8):1452-1460. 
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Informational Support

“Did he give you a bug?  Here’s where to go.”

“Take care of your body, get vaccinated for hep A and B.”

Emotional Support
“Screw your partner, not your life.”

“You’re worth a new needle.”

Instrumental Support
“Meth brings you down, meds bring you up.”

“Pack your socks with condoms and lube.”
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Health Threat
“Is that precum or do you have a STD drip?”

“Meth can take your teeth.”

Health Behaviors to Reduce 
Risk

“Dip it, don’t stick it.”

“Inject clean, an abscess is a hot mess.”

Awareness of Health Risks
“50% of men with Chlamydia have no symptoms.”

“Using meth in public can be risky.”
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Self-regulation Skills
“Weekends getting longer and longer?”

“Don’t have an open sores relationship.”

Self-Efficacy
“Say 1st thing your poz, like you did last time. You can do it.”

“You can take your meds, even when you party.”

Reback et al., (2010). Open AIDS Journal. 4: 116-122. 

Theory-based Text Msgs for Stimulant Use



Stage 1 Behavioral Therapy Development

Reback CJ  AIDS Behav. 2015 Jun;19 Suppl 2:130-41



Stage 2 Behavior Therapy Design



Question #3
You develop a new treatment for alcohol use disorder. You are 
including only people with severe alcohol use disorder to see if it’s 
safe (Stage 1). Your participants must drink on average more than 15 
standard drinks per day. Which of the following treatments is ill 
advised for you to incorporate into your new treatment?

A. Reduce alcohol intake by 100% - complete abstinence

B. Start participants on a benzodiazepine

C. Begin medically supervised outpatient detoxification

D. Begin inpatient hospitalization



Question 2 - revisited

• As you start developing sceletium for methamphetamine use 
disorder, you learn that sceletium has been used for centuries by 
shamen, healers in communities in South Africa due to its mild 
psychoactive properties. Since this compound has been around for a 
long time, you decide to skip preclinical and safety in humans work 
with the compound given its history?

• Do you need to conduct the early safety work with this compound?
1. Yes

2. No

3. It depends



Addiction trials: targets and 
outcomes dictate design

Primary Outcomes

Design Issues: Secondary/Exploratory Outcomes



Tired, but true

Treatment Works…for who it works for



Primary Outcomes - Opioids

• FDA outcomes for opioid trials:
• Adverse Outcomes of OUD (overdose, ED visits, HCV)

• Change in Disease Status Using Diagnostic Criteria for OUD

• Change in Drug Use Pattern

• Patient-Reported Outcomes (sleep, mood)

(https://www.fda.gov/media/114948/download) 



Primary Outcomes - Stimulants

Outcomes for stimulant treatments
• FDA prefers relevant period of abstinence at the end of the trial

• Tough outcome as attrition is high – missing data is hard to impute

• NIDA is favoring outcomes that are outside sustained abstinence, including 
reductions in use, improvements in health, etc. 

• Introduces noise into the measurement of outcomes – both in concept measuring 
outcomes and in linking correlated outcomes to concept of stimulant addiction (Kiluk et 
al., 2016, Drug and Alcohol Dep. 158:1-7).

• “Softer abstinence measures” – 3 consecutive weeks abstinence, number of drug-free 
urine samples provided



Primary Outcomes - Alcohol 

FDA recommends intention to treat analysis, but will accept responder 
analysis

• Alcohol abstinence as a primary outcome

• Other acceptable primary outcomes are reductions in heavy drinking 
days

• Longer duration trials – more than 12 weeks, preferably 1 year
• Several medications for alcohol use disorder, so need to measure long-term 

success

• Less dependent populations benefit from behavioral therapies

https://www.fda.gov/media/91222/download



Decisions made upfront – or regretted later…
• Stratification – variables known to correspond with outcomes should 

be stratified, especially in small samples
• Urn randomization procedures

• Variables known to correspond with outcomes in addiction trials:
• Level of substance use at baseline

• Sex – both from a behavioral/cultural issue for females and for biological 
differences 

• DEI – Considerations about how to conduct trials in communities that 
are different than the investigator/team

• Bringing on an investigator who is a member of the community

• Bringing the voice of the community in to advise the trial - CAB

• Publication considerations



Days Used Before Trial Predicts Outcomes

Cook R et al., Addiction. 2017 112:1077-1085.



Significance and Impact
• A broadly efficacious treatment would have great public health 

significance though subgroups may have more health benefit than 
general groups (e.g., MSM and stimulants)

• Efforts to date have shown only partially effective medication approaches
• More is known about early treatment of addiction;

• Less is known about mid-stage or sustained recovery

• Controversy in developing pure agonist medications for stimulant 
treatment that have limited clinical utility or enhanced risks for adverse 
effects

• Novel approaches exist (e.g., sequestering molecules, monoclonal 
antibodies) and merit evaluation



Behavioral Considerations

• Issues of Placebo/comparator groups
• Issue of medical mistrust, especially where ethical use of placebo condition is 

murky

• Addiction is a condition that is comorbid with others – considerations 
of intervening on a singular condition when multiple drugs/conditions 
are common

• Several addiction therapies are mature (esp smoking and opioid 
treatments); raises significance concerns on new therapy 
development

• Design issues and considerations directly related



Summary

• Addiction is a spectrum disorder that is frequently comorbid with 
other spectrum disorders and with lack of consistent access to 
structural determinants of health

• This definitional factor greatly affects how you want to ask questions 
about addiction – which in turn affects how you will determine the 
answers

• From differences between groups, to correlations between variables, to 
studying latent/underlying relationships in the data

• The Phases of medication development and the Stages of behavioral 
therapy development also greatly impact design choice and the types 
of questions asked and the ways questions are answered



Q&A
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