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60 minutes

Sequential Multiple Assignment Randomized Trials (SMARTs)?

What are SMARTs?   

Why do we need SMARTs?

Discuss the role of critical decisions and treatment options to plan and provide the 
rational for a SMART

Utilizing theory to plan a SMART

Compare SMARTs to using a multiple-RCT approach

Discuss SMART design principles

What are typical primary and secondary aims in a SMART? 

Sample size considerations

De-bunk misconception that SMARTs necessarily require large sample sizes.
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Take a broad view of what constitutes therapies: changing intensity, switching 
medication, augmenting medication, behavioral contingencies, monitoring 
schedules, motivational therapy, support networks, form of treatment delivery.
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In stat. people may call these multistage trials (the randomization at each stage is 
assumed)

The randomizations at each stage allow us to learn what the best treatment is for 
that stage.
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Hypothetical trial:  Outcome is not shown but is on far right.  The randomizations 
can take place up front.

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.



6

An embedded adaptive treatment strategy



7

Another embedded adaptive treatment strategy!
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L.M. Collins, S.A. Murphy, V. Strecher (2007). The Multiphase Optimization 
Strategy (MOST) and the Sequential Multiple Assignment Randomized Trial 
(SMART): New Methods for More Potent e-Health Interventions. American 
Journal of Preventive Medicine , 32(5S):S112-118
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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 treatment strategy
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counseling and then if respond, monitoring with low level telephone counseling.  
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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) 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 enhanced adherence support during the 
maintenance or aftercare phase.



17

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.
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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 initially in an adaptive txt strategy
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confirmatory trial is to compare the  developed adaptive treatment strategy 
versus an appropriate alternative—this is the standard randomized two 
group trial.

MOST multistage optimization strategy
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After lunch we will discuss some of these designs in some detail!
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In the use of naltrexone for alcohol dependence different researchers and 
clinicians use different criteria for non-response ranging from at least 5 
heavy drinking days to at least 2 heavy drinking days.   Yet 8 weeks of 
little to no heavy drinking is a common criterion for response.

So one of the critical decisions to investigate was the heavy drinking days 
trigger for nonresponse.   We decided that it was less important to 
investigate the best duration of little to no heavy drinking before 
declaring response.
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See H. Lei, I. Nahum-Shani, K. Lynch, D. Oslin and S.A. Murphy A 
SMART Design for Building Individualized Treatment Sequences, The 
Annual Review of Clinical Psychology (2012), Review in Advance first 
posted online on December 12, 2011   for greater detail.
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What are the critical decisions in this hypothetical trial?  What are the stages?
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Note we considered different txt’s for the responders as compared to the 
nonresponders.  A SMART does not need to restrict the class of treatments by 
responder status.

Collect information on adherence, symptoms, side effects, problems with co-
occurring disorders, etc.



31



32

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.  



34

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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Sample size formula for this SMART to compare the red versus blue embedded 
adaptive treatment strategies is given in S.A. Murphy (2005), An Experimental 
Design for the Development of Adaptive Treatment Strategies., Statistics in 
Medicine. 24:1455-1481

Requires a weighted analysis Murphy et al (2001)
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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.html 

In the case of example 3, multiply N by 2.  Sigma for example 3 is the std of the 
primary outcome of patients assigned the blue adaptive treatment strategy (or red 
adaptive treatment strategy).
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It is interesting but not as useful in the development of adaptive treatment strategies
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Confounding::: alternative explanations other than txt effect for the observed 
comparisons 
Use analysis of covariance or regression.
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Just use nonresponders’ data.  For example with a continuous outcome we might use 
a regression that includes an interaction term between second stage treatment 
and adherence.
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Very technical:

S.A. Murphy and D. Bingham (2009). Screening Experiments for Developing 
Dynamic Treatment Regimes. JASA. 184:391-408.


