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INTERVENTION DEVELOPMENT 

“The traditional approach to intervention development 
has involved constructing an intervention a priori and 
then evaluating it in a standard randomized controlled 
trial (RCT). After the RCT, post hoc analyses are done 
to help explain how the intervention worked, or why it 
did not work. The results of these analyses may be used 
to refine the intervention program and construct a 
second generation version of the program, which is 
then evaluated in a new RCT.” (Collins, Murphy, and 
Strecher, 2007). 



SHORTCOMINGS OF THIS APPROACH 

Post-hoc – not planned does 
not follow an RCT 
 
Reduced power 

 
Sometimes it can be useful 
 



POST-HOC ANALYSIS 

Svarstad, B. L., Kotchen, J. M., Shireman, Brown, R. L., T. I., Crawford, Mount, 
J. K., Palmer, P., Vivian, E., and Wilson, D. (2013). Improving refill adherence 
and hypertension control in black patients: Wisconsin TEAM trial. J. Am Pharm 
Assoc. 53:5, 30-39, doi: 10.1331/JAPhA.2013.12246. 



FIXED VS. ADAPTIVE INTERVENTIONS 
  Fixed Intervention strategies: “one size fits all” 

 
              Confirmatory 
 
  The same dose or type of services are offered to all subjects. 
 
  No adjustment over time – you leave it alone! 
 
  Adaptive interventions: sequential processes 
 
               Exploratory - developmental 
 
  The dose or type of services are individualized based on 
 subjects’ characteristics or clinical presentation. 
 
  Adjustment over time in response to ongoing performance. 



EXAMPLE OF REAL WORLD PROBLEM 
An investigator seeking an R01 
 
At 26 weeks, no statistically significant differences were noted 
between the groups in opioid dose (d=0.03, p=0.84). However, 
several participants in both groups were noted to change 
(reduce or increase) opioid use, as expressed by the morphine-
equivalent dose used in the ‘past 28 days’ (maximum decrease: 
6,743mg in a treatment participant; maximum increase: 
2,680mg in a control participant). Overall, this pilot confirmed 
methods feasibility and intervention acceptability, and the 
potential for treatment to improve outcomes in opioid-treated 
CLBP. This RCT also provided data for the estimates of effect 
sizes and sample size, advanced the conceptual model, 
supported the role of pain coping as a ‘mechanism of change’ 
and suggested dose-response phenomenon. It also supported 
our hypothesis that the between-group differences found in pain 
and function will eventually translate to decreased opioid use.  
  
 



DEFINITION OF AN ADAPTIVE TREATMENT STRATEGY 

 
ATSs are also known as: treatment algorithms, stepped care 
interventions, dynamic treatment regimes, discontinuation (DeMets) 
or augmentation strategies, structured treatment 
interruptions, tailored interventions, ... 
 
An adaptive treatment strategy (ATS) is a sequence of 
individually tailored decision rules that specify whether, how, 
and when to alter the intensity, type, dosage, or delivery of 
treatment at critical decision points in the medical care process. 
 
ATSs operationalize sequential decision making with the aim of 
improving clinical practice, in a sense ATS mimics clinical practice. 
 



WHY ADAPTIVE TREATMENT STRATEGIES? 

Can be used to inform how to best... 

• Adapt treatment to a subject’s chronic/changing 
course 

• Deliver appropriate treatment when needed most 
• React to non-adherence or side-effect profiles 
• Reduce treatment burden on the subject 
• Deliver early treatments with positive downstream 

effects 
• Have ability to sift through available treatment options 
• More personalized care, over time 
• Improving clinical practice 



WHEN TO USE ADAPTIVE TREATMENT STRATEGIES? 

Use if you expect that there will be  
significant variation in treatment 
effects across subjects in 
comparisons of fixed treatments. 



GOAL OF ADAPTIVE TREATMENT STRATEGIES 

Maximize strength of treatment  
By well chosen moderators, well measured moderators, & well 
conceived dosage assignment rules 
 

Maximize replicability in the future 
Fidelity and implementation and by clearly defining the treatment 



DEVELOPING AN ATS REQUIRES CAREFUL CONSIDERATION 

• For who are we developing the adaptive strategy? 
Population, or Context, question. 

• What is the goal of the adaptive treatment strategy? 
Objectives question. 

• What is the optimal sequencing of treatments? 
Sequencing question. 

• When do we switch, augment, or maintain 
treatment? Timing question. 

• Based on what information do we make decisions? 
Tailoring question. 



TAILORING VARIABLES AND DECISION ALGORITHMS 

  Tailoring variables: subjects characteristics and intermediate outcomes (e.g., 
response or adherence to past treatment). 
 

  Link subjects’ values on the tailoring variables with specific levels and types of 
intervention components 
 

  Example (intervention for improving perceived social support): 
 

 First stage intervention = {social skill} 
  IF evaluation = {non-response} 
   THEN at Step t+1 apply decision {intensify 
   first stage intervention} 
  ELSE IF evaluation = {response} 
   THEN at Step t+1 continue on present 
   intervention 



SOME CRITICAL QUESTIONS IN ATS DEVELOPMENT 

• What is the best sequencing of treatments? 
• What is the best timings of alternations in 

treatments? 
• What information do we use to make these 

decisions? 

The purpose of SMART designs is to 
provide high quality data for addressing 
these questions. 



WHAT ARE SMART STUDIES? 

SMART studies = sequential multiple 
assignment randomized trial 

These are multi-stage trials; each stage 
corresponding to a critical treatment 
decision with a new randomization taking 
place at each critical decision, with the 
goal to inform the construction of adaptive 
treatment strategies. 



Using example of simulated data on ADHA project by (Almirall and Murphy) 

-----------|---------------------------------|----------------------------------|--------------------------------------------|------------- 
   O1                 A1                             O2                                        A2                             Y 



There are two “stage 1” treatments 

-----------|---------------------------------|----------------------------------|--------------------------------------------|------------- 
   O1                 A1                             O2                                        A2                             Y 



Tailoring variables – response/non-response 

-----------|---------------------------------|----------------------------------|--------------------------------------------|------------- 
   O1                 A1                             O2                                        A2                             Y 



There are 6 “stage 2” treatments 

-----------|---------------------------------|----------------------------------|--------------------------------------------|------------- 
   O1                 A1                             O2                                        A2                             Y 



There are 2 “stage 2” treatments assessed for non-responders 

-----------|---------------------------------|----------------------------------|--------------------------------------------|------------- 
   O1                 A1                             O2                                        A2                             Y 



EXAMPLE How is the tailored variable assessed? 



ANALYSIS APPROACH FOR TAILORED VARIABLES 

Open for creativity 

One possible approach – individual Area Under the 
Curve (AUC) assessment – (Brown) 
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Where Ti is the ith time value, Ci is the ith measure, n is 
the number of time values, and B is the baseline 
value. 



SEQUENTIAL AUC ASSESSMENT OF TAILORED VARIABLES  

First stage intervention = {CESD} 
    IF AUC >= Stable AUC (0) 
       THEN at Step t + 1 {intensify 
          first stage intervention} OR 
          {add other intervention} 
    ELSE IF AUC < Stable AUC (0) 
       THEN at Step t + 1 {continue     
          present intervention} 

AUC Algorithm for depression 



OVERALL ANALYSIS OF THE SMART TRIAL 

 Simple regression based 
approach 
 

 Q-learning regression 
approach 

NOTE: Usually these studies are based on longitudinal 
data, but to keep things manageable, we will just look 
at single time point analysis. 



-----------|---------------------------------|----------------------------------|--------------------------------------------|------------- 
   O1                 A1                             O2                                        A2                             Y 

Using example of simulated data on ADHA project by Almirall and Murphy 



SIMULATED DATA 
Variables 



TECHNICAL DETOUR - CENTERING DATA 

1. Centering offers a convenient means of achieving readily 
interpretable parameter estimates. 
2. Centering offers better numerical stability during estimation. 
3. Centering will not affect the statistical inference. 

We can also center dichotomous variables (0,1) without any 
impact on parameter estimation, other than intercept. 



CENTERING 

Raw Data Grand mean centered Constant deviation (1) 



Don’t believe me? 



CENTERING 

Interpretation 

So we can say that the outcome (Y) for the average value of o12 is 2.95 

10 1 iY x eβ β= + +
0 iY eβ= += X 



CENTERING 
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Grand mean centering dichotomous variables 



-----------|---------------------------------|----------------------------------|--------------------------------------------|------------- 
   O1                 A1                             O2                                        A2                             Y 

Primary Question is simple two group comparison 

MEDY

BMODY



WE WILL USE GLM TO ASSESS QUESTION 1 

1 11 12 13 140 1 2 2 2 2c c c cY a o o o oβ β β β β β= + + + + +



USING SAS PROC GENMOD 

  proc genmod data = one; 
        model y = a1 o11c o12c o13c o14c; 
        estimate 'Mean Y under BMOD' intercept 1 a1 1 o11c 0 o12c 0 o13c 0 o14c 0; 
        estimate 'Mean Y under MED'  intercept 1 a1 -1 o11c 0 o12c 0 o13c 0 o14c 0; 
        estimate 'Between groups diff          ' a1 2 o11c 0 o12c 0 o13c 0 o14c 0; 
  run; 

Centered variables zero’d 



RESULTS – QUESTION 1 

Overall, the BMOD treatment is better than the MED treatment, 
but not statistically significant (p = 0.3269) 



QUESTION 2 – WHAT IS THE BEST SECOND-STAGE TREATMENT 
TACTIC? 

-----------|---------------------------------|----------------------------------|--------------------------------------------|------------- 
   O1                 A1                             O2                                        A2                             Y 

IncreaseY

ADDY

IncreaseY

ADDY

Of the children who do not respond to either of the first stage treatments, is 
it better to enhance/increase the treatment or add a different treatment? 



SUB-SET R=0 FOR NON-RESPONDERS  

 data two;set one;                                                                                                                       
  if r = 0;                                                                                                                              
 proc genmod data = two;                                                                                                                 
      model y = a2     o11c o12c o13c o14c o21c o22c;                                                                                    
      estimate 'Mean Y w/INTENSIFY tactic' intercept 1 a2  1;                                                                            
      estimate 'Mean Y w/ADD TXT tactic'   intercept 1 a2 -1;                                                                            
      estimate 'Between groups difference'             a2  2;                                                                            
run;  

Centered variables zero’d – 
blank is the same as zero. 

Non-responsive 



RESULTS 

On average, the tactic of ADDING is better and it is statistically significant, p=0.0077. 



THERE ARE 4 ATS’S IN THIS SMART 



TESTING THE ATS 

We may then proceed by testing the various ATS’s, for example: 

ATS Red: 
       First treat with medication, then 
             if responds, continue with medication treatment 
             if doesn’t respond, then ADD BMOD treatment 

Versus 

ATS Blue: 
       First treat with BMOD, then 
             if responds, continue with BMOD treatment 
             if doesn’t respond, then ADD mediation treatment 



Contrasting ATS’s (Red versus Blue) 

0.50 

1.00 

0.50 

Responders have 0.5 chance of continuing in the ATS 
Non-responders have a 0.25 chance of continuing in the ATS (0.5 x 0.5 = 0.25), so 
responders are over-represented in this design. 

0.50 

1.00 
0.50 



RESULTS OF RED AND BLUE ATS 

Following the blue ATS leads to better performance than following the red, and 
is statistically significant (p‐value = 0.0093), after controlling for various 
covariates. 



TESTING THE ATS 

We may then proceed by testing 
the various ATS’s combinations. 



Q-LEARNING (WATKINS, 1989; MURPHY, 2005) 

 Popular method from computer science. 
  Regression-based: one regression for each 

stage. 
  Backwards induction: moving backwards in 

time from the last stage to the first stage. 
 



ADVANTAGES OF Q-LEARNING APPROACH 
 

Reduces potential bias resulting from mediators of 
the relationship between the first stage 
intervention and the primary outcome. 

 
Reduces potential bias resulting from unmeasured 

causes (U) of both the tailoring variables and the 
primary outcome. 
 

PROC QLEARN (SAS) will model the Q-learning 
approach. 



WHERE BEST TO USE SMART DESIGN? 

 R21 – pilot/feasibility studies 
 

 Small developmental grants 
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