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40 min. SMART Study Designs for Developing Adaptive Interventions
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Other names are   dynamic treatment regimes, treatment algorithms, stepped care 

models, expert systems, adaptive treatment strategy, treatment protocols.  Structured 

treatment interruptions in the treatment of AIDS are a form of adaptive treatment 

strategy
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Provide a paradigm whereby we can seek to improve clinical practice which by its nature is adaptive.

Tailoring is achieved by use of a decision rules.  Takes info (genetics, past response,adherence, burden,etc)

and outputs txt level type

Most clinical scientists develop the decision rules using trial and error;

developmental and behavioral theories; clinical experience

Brooner uses a two component adaptive txt strategy, one component has to do with txt and the other with 
encouragement to adhere.

One steps up/down  intensity and type of counseling sessions  based on negative urines and adherence

One steps up/down behavioral contingencies based on adherence to counseling sessions.

Rules are explicit.

McKay has a book on this topic– see Treating Substance Use Disorders With Adaptive Continuing Care 

(Hardcover)

by James R. McKay

The  decision rules used by Brooner et all, Marlowe et al., and McKay are quite detailed, and based on explicit 
actions by patient, whereas in contrast the Rush et al study (Texas Medication Algorithm Project) appears 
to be more losely structured; the  clinician uses clinical judgment to decide if depression levels are 
clinically significant and thus an augmentation or switch in treatment intensity is needed.  The particular 
secondary treatment is chosen out of a set of specified alternatives and depends on clinical judgment/patient 
preference. 
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These are all reasons why we need to plan ahead because we are likely to need to use a sequence of treatments
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Criminal Justice Review 2008; 33; 343  Douglas B. Marlowe, David S. 
Festinger, Patricia L. Arabia, Karen L. Dugosh, Kathleen M.

Benasutti, Jason R. Croft and James R. McKay

Adaptive Interventions in Drug Court: A Pilot Experiment

Adaptive interventions may optimize outcomes in drug courts: a 

pilot study.

Marlowe DB, Festinger DS, Arabia PL, Dugosh KL, Benasutti KM, 

Croft JR.

Curr Psychiatry Rep. 2009 Oct;11(5):370-6.

Adaptive Programming Improves Outcomes in Drug Court : An 

Experimental Trial

Criminal Justice and Behavior  2012 39: 514 Douglas B. Marlowe, 

David S. Festinger, Karen L. Dugosh, 

Kathleen M. Benasutti, Gloria Fox and Jason R. Croft



minimize recidivism and drug use is operationalized by graduating from the drug court program.
To graduate offender must attend 12 counseling sessions; provide 14 consecutive weekly negative drug urine 
specimens;  remain arrest-free; obey program rules and procedures; pay 200 dollar court fee
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All movement between steps or stages is operationalized. 

High risk:  ASPD or history of formal drug abuse  treatment otherwise low risk

These are assessed monthly:::

Noncompliance: is(1) falls below threshold for attendance in counseling sessions or  

(2) fails to provide 2 or more scheduled urine specimens

Nonresponsive = (1) is attending sessions and completing program requirements, 

and (2) is not committing new infractions, but (3) provides 2 or more drug-positive 

urine specimens.

To graduate offender must attend 12 counseling sessions; provide 14 consecutive 

weekly negative drug urine specimens;  remain arrest-free; obey program rules and 

procedures; pay 200 dollar court fee
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This is related to clinical management of chronic disorders.

Take a broad view of what constitutes therapies: changing intensity, switching 

medication, augmenting medication, behavioral contingencies, monitoring 

schedules, motivational therapy, support networks. Also how to combine therapies?
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In statistics people may call these multistage trials (the randomization at each stage 

is assumed)
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Hypothetical trial:  Outcome is not shown but is on far right.  The second 

randomization can take place up front (if you do not want to stratify or block by 

stage 1 outcomes such as adherence).

Equal randomization

Usual reaction is (1) I’m worried about sample size and

(2) This looks awfully complicated.

In reality, both of these problems are less worrisome than one might think—see 

following slides.
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An adaptive intervention is indicated in blue
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Particularly attractive since potential initial treatment may have been evaluated in 

prior trials.  So you propose a responder study or you propose a nonresponder 

study.

Or, why choosing the best initial treatment on the basis of a randomized trial of 

initial treatments and choosing the best secondary treatment on the basis of a 

randomized trial of secondary treatments is not the best way to construct an 

adaptive intervention
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counseling and then if respond, monitoring with low level telephone counseling.  

A consequence is that comparing two initial therapies based on a proximal outcome 

may produce different results from the comparison of two initial therapies when  

followed by a maintenance therapy and comparing more distal outcomes.  

Additionally, restricting comparisons to longer term outcomes, a comparison of 

two initial therapies followed by usual care or no therapy may yield different 

results from the comparison of two initial therapies when  followed by one of 

several maintenance therapies. 

We can expect that  in an optimized adaptive interventions, the best subsequent 

therapy will build on the gains achieved by prior therapies and thus these 

delayed effects should be common.

We want big positive delayed effects.  We want profound positive cross-over 

effects!!!
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treatment of psychosis:  a medication may result in many immediate responders but 

Some patients are not helped and/or experience abnormal movements of the 

voluntary muscles (TDs). The class of subsequent medications is greatly 

reduced.

Or the kind of response produced may not be sufficiently strong so that patients can 

take advantage of maintenance care.

A  negative delayed effect  would  occur if the initial treatment overburdens an 

individual, resulting decreased responsivity to future treatment; see Thall et al. 

(2007), Bembom and van der Laan (2007) for an example of the latter in cancer 

research. 
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Consider the issue of motivation as expressed via adherence;  if tx A has provides 

less adherence support than tx B, then patients who require the adherence 

support will exhibit adherence problems during tx with A but not during tx with 

B.  This is useful information as we then know that these patients, even if they 

respond will potentially need an enhancement of an adherence support during 

the maintenance or aftercare phase.
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Consider the issue of adherence; in many historical trials subjects were assigned a 

fixed treatment, that is, there were no options besides non-adherence for 

subjects who were not improving. This often leads to higher than expected drop-

out or non-adherence.  This is particularly the case in longer studies where 

continuing treatments that are ineffective is likely associated with high non-

adherence.  As a result the subjects who remained in the historical trial may be 

quite different from the subjects that remain in a SMART trial, which by design 

provides alternates for non-improving subjects. David Oslin made this point to 

me.

Consider the issue of motivation.   Nonresponder trials recruit individuals who are 

not responding to their present treatment, say Med A.  An important 

consideration is whether these nonresponders represent the population of 

individuals who do not respond to Med A or whether the nonresponders 

recruited into the trial are more motivated.  Such selection bias will prevent us 

from realizing that we might need a behavioral intervention to encourage 

nonresponders to start again with treatment.
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Just because an initial txt looks best when looking at intermediate outcomes 

does not mean that it is best in an adaptive txt strategy
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These are intervention development trials.  These trials are not confirmatory in the 

sense of confirming that one adaptive intervention is best.

Other trials in cancer.
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Hypothetical trial:  Outcome is not shown but is on far right.  The second 

randomization can take place up front (if you do not want to stratify or block by 

stage 1 outcomes such as adherence).

Equal randomization

Usual reaction is (1) I’m worried about sample size and

(2) This looks awfully complicated.

In reality, both of these problems are less worrisome than one might think—see 

following slides.
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Note we considered different txt’s for the responders as compared to the 

nonresponders.

In mental illness studies feasibility considerations may force us to use 

preference in this low dimensional summary.
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These are main effects a la’ ANOVA

The second would be appropriate if you initially wanted to run a trial for 

non-responders and are now considering SMART

Example 1:  Effects of secondary treatments are controlled by experimental 

design –not by statistical analysis
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A study of initial tx’s in which subsequent tx’s are controlled.

Here you can use a variety of analyses,  growth curve models, survival analysis, etc.  
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A study of nonresponders in which one controls the tx’s to which people don’t 

respond to.
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These are main effects a la’ ANOVA
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Sigma for example 1 is the std of primary outcome of patients initially 

assigned tx A   (or B) 

Sigma for example 2 is the std of primary outcome of non-responding 

patients who are assigned a switch   (or augment)

Throughout working assumptions are equal variances and normality

Sample sizes calculated on the website: 

http://hedwig.mgh.harvard.edu/sample_size/quan_measur/para_quant.ht

ml 



SA Murphy 28



29

The medication is Ritalin

Adaptive Pharmacological and Behavioral Treatments for Children with ADHD: Sequencing, Combining, and 

Escalating Doses

Nonresponse: Assessed monthly beginning at month 2: (1) Average performance on the teacher rated 

Individualized Target Behavior Evaluations – ITB-- is less than 75% AND

(2) Rating by teachers as impaired (i.e., greater than 3) on the (Impairment Rating Scale) IRS in at least one 

domain.

Our outcome will be a teacher rated classroom performance recorded at 8 months.   N=149I. Nahum-Shani, M. Qian, D. Almiral, W.. Pelham, B. Gnagy, G. Fabiano, J. Waxmonsky, J. Yu and S.A. Murphy (2012). Experimental Design and Primary Data Analysis Methods for Comparing Adaptive Interventions.  Psychological Methods 17(4), 457-477. II. I. Nahum-Shani, M. Qian, D. Almiral, W.. Pelham, B. Gnagy, G. Fabiano, J. Waxmonsky, J. Yu and S.A. Murphy (2012). Q-Learning: A Data Analysis Method for Constructing Adaptive Interventions. Psychological Methods 17(4):478-94.
William E. Pelham, Jr. (PI) , Lisa Burrows-MacLean, James Waxmonsky, Greta Massetti, Daniel Waschbusch, 

Gregory Fabiano, Martin Hoffman, Susan Murphy, E. Michael Foster, Randy Carter, Elizabeth Gnagy, Jihnhee

Yu

(IES 2006-2010)
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A1=1 if BMOD, -1 if MED

A2=1 if intensify,  -1 if augment
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A1=1 if BMOD, -1 if MED

A2=1 if intensify,  -1 if augment
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A1=1 if BMOD, -1 if MED

A2=1 if intensify,  -1 if augment
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A1=1 if BMOD, -1 if MED

A2=1 if intensify,  -1 if augment
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A1=1 if BMOD, -1 if MED

S2=1 if adherent to initial txt.

A2=1 if intensify,  -1 if augment
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A1=1 if BMOD, -1 if MED

S2=1 if adherent to initial txt.

A2=1 if intensify,  -1 if augment
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A1=1 if BMOD, -1 if MED

A2=1 if enhance,  -1 if augment
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S1=1 if on med in prior year,  =0 otherwise
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S1= 1 if prior meds, =0 if not.

A1=1 if BMOD, -1 if MED
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Adherence is not a statistical nuisance; adherence indicates need to tailor treatment.
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Pop’n:  children who are nonverbal (not

using spoken language) by 5 years of age despite involvement in traditional intervention programs

N=90  6 month trial

cutoff for nonresponse at 12 weeks (three measures of communication to yield our response/non-response 

indicator: number of words used spontaneously during parent-child interaction, number of communicative

functions used for each word during parent-child interactions, and generalization of spontaneous

words to express multiple communication functions.) 

Responder status—increase of 25% over baseline in at least half of 14 assessment measures 

JAE Joint attention and joint engagement

Enhanced Milieu Teaching (EMT) is a

naturalistic language intervention that promotes functional use of new language forms in the context of every

day interactions with parents and teachers. EMT uses environmental arrangement, responsive interaction,

language modeling, and systematic prompting procedures to teach functional language.

augmentative and alternative communication interventions (AAC)

See H. Lei, I. Nahum-Shani, K. Lynch, D. Oslin and S.A. Murphy (2012). A SMART Design for Building 

Individualized Treatment Sequences, The Annual Review of Clinical Psychology, Review in Advance first posted 

online on December 12, 2011 Vol. 8: 21-48.

for a description of this study
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Alcohol dependent subjects begin on Naltrexone, an opioid receptor antagonist  

then in ensuing two months are monitored for heavy drinking

Trigger for nonresponse is heavy drinking days

Early trigger  2 or more hdd

Late trigger  5 or more hdd

N=302

See H. Lei, I. Nahum-Shani, K. Lynch, D. Oslin and S.A. Murphy (2012). A 

SMART Design for Building Individualized Treatment Sequences, The Annual 

Review of Clinical Psychology, Review in Advance first posted online on December 

12, 2011 Vol. 8: 21-48.

for a description of this study
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This study is in the field  n=300  primary hypothesis compared always traditional 

RBT vs always reduce RBT  

Primary outcome is “in treatment when child born”

Nonresponse ==missed unexcused tx day or positive urine for opioid or cocaine 

use or self report of opioid/cocaine use

RBT==reinforcement based tx

These differ in intensity and scope (in increasing order below)

aRBT is abbreviated RBT

rRBT is reduced RBT

tRBT is traditional

eRBT is enhanced

This trial is designed to provide data regarding how the intensity and scope of 

reinforcement based treatment (RBT) might be adapted to

a pregnant woman’s progress in treatment.  Components of RBT are:

1. Functional assessment of drug/alcohol



use

2. Use of behavioral contracts

3. Motivational interviewing style of

therapy

4. Graphing and monitoring of critical identified

behaviors to sustain abstinence

5. Abstinent-contingent access to elements

8–11 below as well as other tangible

reinforcers

6. Outreach upon first noncompliant event

7. Individual therapy

8. Recreation paid for by the program

9. Job club

10. Social club including free lunch

11. Skills-building modules
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