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What are adaptive treatment strategies (ATS)? Give examples o$.ATS

[

Discuss why ATSs are needed and how they inform clinical practic
e.

"1 Compare simple ATSs versus more deeply tailored ATSs.

Give examples of ADHD



Outline

What are Adaptive Treatment Strategies?
Why use Adaptive Treatment Strategies?
Adaptive Treatment Strategy Design Goals

What does an Adaptive Treatment Strateg
include?

Summary & Discussion
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Other names are dynamic treatment regimes, treatgarithms, stepped
care models, expert systems, adaptive interventionsyieeaprotocols.
Structured treatment interruptions in the treatmentlBfSAare a form of
adaptive txt strategy

Individualized interventions



Adaptive Treatment Strategies

* Are individually tailored time-varying treatments
composed of

» a sequence of critical treatment decisions
* tailoring variables

* decision rules, one per critical decision; decisio
rules input tailoring variables and output
individualized treatment recommendation(s).

*Operationalize clinical practice.

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

Tailoring is achieved by use of a decision rules. Take®ing info (past response,adherence,
burden,etc)

and outputs txt level type

Scientists develop ATSs first. They are then used by dinécio guide their thinking in actual clinical
practice.



Adaptive Aftercare for Alcohol Dependent
Individuals

14

 Overall goalprevent relapse to alcohol abuse

 Critical treatment decisionghich treatment tg
provide first?; which treatment to provide
second?

*Tailoring variable heavy drinking days

These individuals graduated from an Intensive Outpatientgomog



Decision Rules

Firstalcohol dependent individuals are provided
Naltrexone along with Medical Management.

IF an individual experiences 3 or more heavy drinking
days prior to 8 weeks

THEN the individual’'s Naltrexone treatment is
augmented with Combine Behavioral Intervention.

ELSE IFthe individual successfully completes 8 weeks
with fewer than 3 heavy drinking days

THEN the individual is provided a prescription {o
Naltrexone along with Telephone Disease Managen1ent.

Stepping up txt:

naltrexone medication (opiate antagonist—reduces the reindpor pleasurable effects of
alcohol ) + MM s standard treatment

CBIl is combine behavioral intervention this is naational enhancement and cognitive
behavioral therapy—incorporates pharmacotherapy

What doesdecison rule do?

When to start txt, when to stop txt, when to change txtf iwh#o change to



Adaptive Treatment Strategies

* From the individual/patient/client’s point of
view: a sequence of (individualized) treatments

« From the clinical scientist’s point of view:
seqguence of decision rules that recommend ohe
or more treatments at each critical decision.

Take a broad view of what constitutes therapies: changiegsity, switching medication, augmenting
medicaliion, behavioral contingencies, monitoring schedulesyational therapy, support
networks.

The design of the adaptive treatment strategy is a-staje decision problem.

Also how to combine therapies?

ISCTM/MJFF Satellite Meeting
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More examples of critical treatment
decisions and tailoring variables

« Critical treatment decisionsow long to try the
first treatment?; how should a treatment be dedid@r
how intensive should a treatment be? When to dtop/
treatment?

- Tailoring variablesseverity of illness, presence of
comorbid mental or physical conditions, family sugipq
adherence to present treatment, side effects irggult

UJ

from present treatment, symptoms while in treatmen

—

Other tailoring variables are genetics, family backgropnateomics
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Another Example of an Adaptive
Treatment Strategy

*Adaptive Drug Court Prografor drug
abusing offenders.

*Goal is to minimize recidivism and drug
use.

*Marlowe et al. (2008)

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 Interventionsin Drug Court: A Pilot Experiment

minimize recidivism and drug use is operationalized byugmtdg from the
drug court program.

High risk: ASPD or history of drug treatment otherwise task

Noncompliance: is(1) falls below threshold for attendan@ounseling
sessions or status hearings, (2) fails to provide sceéduine
specimensgr (3) commits a new crime or serious rule infraction

Nonresponsive = (1) is attending sessions and completigggm
requirementsand (2) is not committing new infractionbut (3)
continues to provide drug-positive urine specimens.

To graduate offender must attend 12 counseling sessiavil@il4
consecutive weekly negative drug urine specimens; resnagnt-free;
obey program rules and procedures; pay 200 dollar court fee

ISCTM/MJFF Satellite Meeting
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Criminal Justice Review 2008; 33; 343 Douglas B. Marlowe,
David S. Festinger, Patricia L. Arabia, Karen L. Dugd&ithleen

M.

Benasutti, Jason R. Croft and James R. McKay
Adaptive Interventionsin Drug Court: A Pilot Experiment

minimize recidivism and drug use is operationalized byugmtdg from the
drug court program.

All movement between steps or stages is operatiomwlalize
High risk: ASPD or history of drug treatment otherwise task

These are assessed monthly:::

Noncompliance: is(1) falls below threshold for attendan@ounseling
sessions or (2) fails to provide 2 or more scheduleggpecimens

Nonresponsive = (1) is attending sessions and completigggm
requirementsand (2) is not committing new infractionbut (3)
provides 2 or more drug-positive urine specimens.

To graduate offender must attend 12 counseling sessiavil@i4
consecutive weekly negative drug urine specimens; resndgnt-free;
obey program rules and procedures; pay 200 dollar court fee

B OTMAS&te Ba dlitetMgeting
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Other Examples of Adaptive Treatmé
Strategies

*Brooner et al. (2002, 2007) Treatment of Opioid
Addiction

*McKay (2009) Treatment of Substance Use
Disorders

*Marlowe et al. (2008) Drug Court

*Rush et al. (2003) Treatment of Depression

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

One steps up/down intensity and type of counseling sessiord trasiegative urines and adherence
One steps up/down behavioral contingencies based on adhereogadeling sessions.
Rules are explicit.

McKay has a book on this topic— sEeeating Substance Use Disor ders With Adaptive Continuing
Care (Hardcover)

by

Criminal Justice Review 2008; 33; 343 Douglas B. Marlowe, David S.
Festinger, Patricia L. Arabia, Karen L. Dugosh, Kathlse

Benasutti, Jason R. Croft and James R. McKay
Adaptive Interventionsin Drug Court: A Pilot Experiment

The decision rules used by Brooner et all, Marlowe gaatl McKay are quite detailed, and based on
explicit actions by patient, whereas in contrast the Ruahs¢tidy (Texas Medication Algorithm
Project) appears to be more losely structured; thecidmuses clinical judgment to decide if
depression levels are clinically significant and thus an aagation or switch in treatment intensity
is needed. The particular secondary treatment is chosehasébof specified alternatives and
depends on clinical judgment/patient preference.
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Why Adaptive Treatment Strategieq~

1) High heterogeneity in need for or response
to any one treatment

What works for one person may not work foi
another, thus often need a sequence of
treatments just to obtain an acute response

12

This is really “why do we need to consider a sequence afhtents?”
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2) Chronic or Waxing and Waning Course

Improvement often marred by relapse

Intervals during which more intense treatment |
required alternate with intervals in which les
treatment is sufficient

13

Why Adaptive Treatment Strategied?

IS
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Why not combine all possible efficacious
therapies and provide all of these to patient npv
and in the future?

*Treatment incurs side effects and substantialdmrd
particularly over longer time periods.
*Problems with adherence:
*Variations of treatment or different delivery
mechanisms may increase adherence
*Excessive treatment may lead to non-adherence
*Treatment is costly (Would like to devote addiabn
resources to patients with more severe problems)

More is not always better!

14

Why not give a universal intervention to all for a suiéfintly long time??

More is not always better.

These are all reasons why you should not provide MOREtient than is
needed. Only provide MI to people who need motivation toradhe

That is a multi-component fixed treatment is not pcator is too costly or
would not result in good adherence

A principle of adaptive tx strategies is to provide no erthian needed to
accomplish desired result!

ISCTM/MJFF Satellite Meeting
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Treatment Design Goals

*Maximize the strength of the adaptive treatment
strategy

* by well chosen tailoring variables, well
measured tailoring variables, & well
conceived decision rules

CLARIFICATION NOTE: Here we are discussing the desifthe adaptive
treatment strategy (hence “treatment design”). Véenat discussing the
design of a trial to inform the development of an ATiBat's the next
module on “trial design”.

ISCTM/MJFF Satellite Meeting
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Treatment Design Goals

*Maximize replicability in future experimental
and real-world implementation conditions

* by fidelity of implementation & by
operationalizing the treatment strategy

To achieve this goal, ATS should be explicit.

ISCTM/MJFF Satellite Meeting
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Design Considerations

*Choice of the Tailoring Variable
*Measurement of the Tailoring Variable

*Decision Rules linking Tailoring Variables to
Treatment Decisions

sImplementation of the Decision Rules

In order to understand how to achieve our design goalgnipisrtant to
understand what constitutes the treatment.

aspects of the intervention such as individual stafipaishtreatment sites,
etc. are not part of the intervention. Rather, threysaurces of extraneous
variance

Measurement is particularly an issue if you have artheased adaptive txt
strategy.

This bundle denotes one txt. Condition

ISCTM/MJFF Satellite Meeting
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Tailoring Variables

«Significant differences in effect sizes in a
comparison of fixed treatments as a function @
characteristics.

should indicate a particular treatment decisi
IS best while other values of the tailoring
variable should indicate that a different
treatment decision is best.

*That is, some values of the tailoring variable

—h

olf

Actually it is the optimal txt varies by individual chateristics.

ISCTM/MJFF Satellite Meeting
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Adaptive Aftercare for Alcohol
Dependent Individuals

Individuals who return to heavy drinking while
on Naltrexone need additional help to maintain a
non-drinking lifestyle.

*Tailoring variable is heavy drinking

*Providing CBI to individuals who are
maintaining a non-drinking lifestyle is costly.

tailoring variable: heavy drinking proximal outcome!

CBl is a cognitive behavioral therapgembine behavioral intervention
this is motivational enhancement and cognitive behavioral
therapy—incorporates pharmacotherapy

This is one of those cases where a cost might legpocated into the
response, Y.

Suppose we took people on naltrexone and randomized someatadabiihers
to no chi. Then we expect that the effect of cbi wallgmsitive for
individuals who have returned to heavy drinking and will beematent or
negative for individuals who are maintaining a non-drigKifestyle.

ISCTM/MJFF Satellite Meeting
22 February/S Murphy 20



Technical Interlude!

s=tailoring variable
t=treatment type (0 or 1)
Y=primary outcome (high is preferred)

Y=L+ pis+ Pt + Byst+error
= Pot B1S+ (B + BeS)t +error

If (B,+ B55) is zero or negative for sons&and

positive for others thesis a tailoring variable.

ISCTM/MJFF Satellite Meeting
22 February/S Murphy
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S is a moderator variable because

§ Tx=0 the magnitude of the effect of Tx=1
A g Tx=1 versus Tx=0 differs by levels of S.
= °
= S is not a tailoring variable: Offer
T Tx=0 to all subjects to maximize Y.
=0 S=1
S is a weak tailoring variable because the
5 Tx=0 direction of the effect of Tx=1 versus Tx=0
o £ - differs by levels of S but magnitude is small.
- S Tx=1
L = S is somewhat prescriptive: Offer Tx=0 to
%’ S=0 subjects; offer Tx=1 to S=1 subjects,
but the difference in effects is not
=0 S=1 substantial.
S is a strong tailoring variable because the
3 Tx=0 direction of the effect of Tx=1versus Tx=0
5 3 Tx=1 differs by levels of S.
hii Ee]
Y ©
< S is very prescriptive: Offer Tx=0 to S=0
T subjects; offer Tx=1 to S=1 subjects. Large
-0 =] magnitudes of clinical significance.




Measurement of Tailoring Variables

*Reliability -- high signal to noise ratio

Validity -- unbiased

Unreliability means that you are making unsystematigassent of dose —
getting close to random assignment.

Invalid measure will weaken intervention effect (assgnyour theory is
correct) as you will be systematically assigning thengrdose.

Alcohol aftercare study included weekly self report, batdgical and from
collaterals is not weekly —oh nol.

Self-report:Time-Line Follow-BacKTLFB).
Biological: Carbohydrate Deficient Transferrin (CDT).

ISCTM/MJFF Satellite Meeting
22 February/S Murphy
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Derivation of Decision Rules

eArticulate a theoretical model for how treatmeffit et
on key outcomes should differ across values of the
moderator.

*Use prior clinical experience.
*Use prior experimental and observational studies.

*Discuss with research team and clinical staff, ‘atvh
dosage would be best for people with this valughen
tailoring variable?”

In order to achieve a particular desired treatment effifferent amounts or
types of treatment may be needed by different individuals

In alcohol aftercare study they know from prior studieg people who
relapse to heavy drinking while on naltexone within first twanths rarely
recover.

ISCTM/MJFF Satellite Meeting
22 February/S Murphy
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Derivation of Decision Rules

*Good decision rules are objective, are
operationalized.

«Strive for comprehensive rules (this is hard!) -
cover situations that can occur in practice,
including when the tailoring variable is missing
or unavailable.

Use staff to help brainstorm about operationalizing thesrule

Greater than 1 heavy drinking day within a two month period.

In weeks 3-8 can be declared a nonresponder and switched to
NTX+MM+CBI

ISCTM/MJFF Satellite Meeting
22 February/S Murphy

25



Implementation

*Try to implement rules universally, applying
them consistently across subjects, time, site &
staff members.

*Document values of tailoring variable!

If rules are not implemented universally, some person$raated differently
from others, because the dosage assignment is bagad on factors that
do not figure in the decision rules and may be unique totaicer
individual, time, or situation. The non systematimponent of these
factors introduces random error into the treatmentethyelessening its
effectiveness. The systematic component of theteriaharms
replicability by introducing confounders into the experitaénomparison
of the preventive intervention with other conditioridhat is we have
alternate explanations for txt effect.

Staff perceive dosage rules are inappropriate in a paticake

missing needed tailoring variables, measure of tailoringviar lacks
validity, the way the tailoring variable weighs diffateriteria may be
guestioned.

Rules are stated ambiguously or staff person is inseiffityi trained.

To the extent that individuals with the same tailonagable values are
assigned dosages by relying on ad hoc procedures ratheh¢han t
established dosage assignment rules, there will be prokléms
replicability.

The rule is like the manual in a manualized therapy.

ISCTM/MJFF Satellite Meeting
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Implementation

*Exceptions to the rules should be made only
after group discussions and with group
agreement.

oIf it IS necessary to make an exception,
document this so you can describe the
implemented treatment.

If it is a big deal to make an exception then staff nooste up with a cogent
argument that you can use to help plan future implemengat

This helps you
1) Future revision of rule
2) Indicates if there is a need for further staff tirzgn

3) May indicate that you need to be clearer in articoggthe purpose of a txt
component.

ISCTM/MJFF Satellite Meeting
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Summary & Discussion

*Research is needed to build a theoretical
literature that can provide guidance:

* in identifying tailoring variables,

* in the development of reliable and valid
indices of the tailoring variables that can Qe
used in the course of repeated clinical
assessments

Txt bundle effect should be robust to context, famiigividual characteristics

Do this by making txt rules sensitive to context, famlgividual
characteristics.

In clinical judgment—how can local knowledge be usedrnepdicable way?
Should local knowledge be used to choose between equivalsft

ISCTM/MJFF Satellite Meeting
22 February/S Murphy
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Summary & Discussion

*Given a structural model of the causal chain
relating the tailoring variables, decisions and
outcome, statistical methods can help constru
the decision rules

\J

sInfluence diagrams and graphical models (}
way to efficiently encode expert knowledge-
R. Shachter, S. Lauritzen)

A Dynamic Bayesian Network to evaluate the performance of Intensive
Care Units.

Davide Luciani, MD

John Rust has a good bit of work in econometrics tlsatnass expert
knowledge and then finds best decision rules.

ISCTM/MJFF Satellite Meeting
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Questions?

More information

L.M Collins, S.A. Murphy and K.A. Bierman (2004), A Conceptua
Framework for Adaptive Preventive InterventioRsgvention Science 5:185-
196.

S.A. Murphy & J.R. McKay (2004), Adaptive Treatment Strategie
Emerging Approach for Improving Treatment Effectivenedmical Science
(Newsletter of the American Psychological Associafibvision 12, section
lll: The Society for the Science of Clinical Psychmpfp Winter 2003/Spring
2004

L.M. Collins, S.A. Murphy, V. Nair & V. Strecher (2005}, Strategy for
Optimizing and Evaluating Behavioral Interventiomsnals of Behavioral
Medicine. 30:65-73.

S.A. Murphy, L.M. Collins, A.J. Rush (2007). Customizingatreent to the
Patient: Adaptive Treatment Strategidsug and Alcohol Dependence,.
88(2):S1-S72.
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Discussion & Practice Exercise

Exercise: Write down 2-3 simple ATSs to
address a chronic disorder in your field!

Next up!: Experimental Study designs for use
finding good tailoring variables and rules.

r

ISCTM/MJFF Satellite Meeting
22 February/S Murphy
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Sequential, Multiple Assignment,
Randomized Trials

Getting SMART About Developing Individualized
Sequences of Adaptive Health Interventions

University of Minnesota, June 8

Susan A. Murphy & Daniel Almirall

Institute for Social Research THE/_\ MICHIGAN
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Sequential Multiple Assignment Randomized Trials (SMART
Why do we need SMARTS?

Give ADHD example SMART.

What are typical primary and secondary questions?

Discuss standard SMART design principles.

Briefly discuss sample size issues in this contegtbunk misconception
that SMARTS necessarily require large sample sizes.

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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The Big Questions in Adaptive
Treatment Strategy Development
*What is the best sequencing of treatments?
*What is the best timings of alterations in treatis@

*What information do we use to make these decigionp
(how do weindividualize the sequence of treatments?)

The purpose of the SVIART study isto provide high
quality data for addressing these questions.

Take a broad view of what constitutes therapies: changtiagsity, switching
medication, augmenting medication, behavioral contiogsn monitoring
schedules, motivational therapy, support networks, fafrtreatment delivery.

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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What are Sequential Multiple Assignment
Trials (SMARTS)?

Why SMART experimental designs?
Trial Design Principles

Examples of SMART Studies
Summary & Discussion
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What is a SMART Study?

What is a sequential multiple assignment randomized
trial (SMART)?

These are multi-stage trials; each stage correspional
critical decision and a randomization takes plac=aah
critical decision.

Goal isto inform the construction of adaptive
treatment strategies.

In stat. people may call these multistage trials {dmelomization at each stage is
assumed)

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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Sequential Multiple Assignment Randomization

Initial T xt Intermediate Outcome Secondary Txtj

/ Relapse

Early Prevention
Responder

Low-level
Monitoring

Switch to
/ Tx C
Nonresponder
Augment with
T D

T A
/ -
R
Early ... ——— Relapse
Responde\ Prevention
™ B

Low-level
Monitoring

Switch to

/TXC

Nonresponde R
\ Augment with
T D

Hypothetical trial: Outcome is not shown but is onrfght. 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 worristime one might think—see
following slides.

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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Initial Txt Intermediate Outcome

Nonresponderx R

One Adaptive Treatment Strategy

Secondary Txt

/ Relapse

Early Prevention
Responder

Tx A /
D Nonresponder
Augment with
T D

R
\ Early . ——— Relapse

Low-level
Monitoring

Switch to
Tx C

Responder\\ e

Low-level
Monitoring

Switch to

\ / T™>C
\ Augment with

An adaptive treatment strategy is indicated in blue

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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Why SMART experimental designs?
Trial Design Principles
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Summary & Discussion
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Challenges in constructing Adaptive
Treatment Strategies

*Delayed , Prescriptive & Sample Selection Effects

---sequential multiple assignment
randomized trials (SVIART)

*Dynamic Treatment Regimes are Multi-component
Treatments

---series of screening/refining randomized
trialsprior to confirmatory trial (MOST).

8

L.M. Collins, S.A. Murphy, V. Strecher (2007). The Multiph&3gtimization
Strategy (MOST) and the Sequential Multiple AssignmemtdRanized Trial
(SMART): New Methods for More Potent e-Health Interwems. American
Journal of Preventive Medicine, 32(5S):S112-118
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Alternate Approach | to Constructing
an Adaptive Treatment Strategy

* Why not use data from multiple trials to
construct the adaptive treatment strategy?

» Choose the best initial treatment on the basis
of a randomized trial of initial treatments and
choose the best secondary treatment on the
basis of a randomized trial of secondary
treatments.

Particularly attractive since potential initial treatthenay have been evaluated in

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

Or, why choosing the best initial treatment on thesdbaka randomized trial of
initial treatments and choosing the best secondarintezd on the basis of a
randomized trial of secondary treatments is not #st Wway to construct an
adaptive treatment strategy

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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Delayed Therapeutic Effects

Why not use data from multiple trials to
construct the adaptive treatment strategy?

Positive synergiesTreatment A may not appear
best initially but may have enhanced long term
effectiveness when followed by a particular
maintenance treatment. Treatment A may lay|the
foundation for an enhanced effect of particulalr
subsequent treatments.

counseling and then if respond, monitoring with low leed&phone counseling.

A consequence is that comparing two initial therapies baseadoooximal outcome
may produce different results from the comparison ofihi@l therapies when
followed by one of several maintenance therapies basézhger term
outcomes. Additionally, restricting comparisons taglenterm outcomes, a
comparison of two initial therapies followed by usual careo therapy may
yield different results from the comparison of twdialitherapies when
followed by one of several maintenance therapies.

We can expect that in an optimized adaptive treatsteategies, the best
subsequent therapy will build on the gains achieved by prévapies and thus
these delayed effects should be common.

We want big positive delayed effects. We want profound ipesitoss-over
effects!!!

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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Delayed Therapeutic Effects

Why not use data from multiple trials to
construct the adaptive treatment strategy?

Negative synergiedreatment A may produce &
higher proportion of responders but also resuit in
side effects that reduce the variety of subsequent
treatments for those that do not respond. Or the
burden imposed by treatment A may be
sufficiently high so that nonresponders are legs
likely to adhere to subsequent treatments.

treatment of psychosis: a medication may resuttamy immediate responders but
Some patients are not helped and/or experience abnomwnaiments of the

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

Or the kind of response produced may not be sufficiestittyng so that patients can
take advantage of maintenance care.

A negative delayed effect would occur if the initigrment overburdens an
individual, resulting decreased responsivity to future treatnsee Thall et al.

(2007), Bembom and van der Laan (2007) for an example of tiee iatcancer
research.

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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Prescriptive Effects

Why not use data from multiple trials to constryct
the adaptive treatment strategy?

Treatment A may not produce as high a

proportion of responders as treatment B but
treatment A may elicit symptoms that allow yol
to better match the subsequent treatment to the
patient and thus achieve improved response t
the sequence of treatments as compared to injtial
treatment B.

Consider the issue of motivation as expressed via adleréia A has provides
less adherence support than tx B, then patients who refaisdherence
support will exhibit adherence problems during tx with A butdwring tx with
B. This is useful information as we then know tlm#tse patients, even if they
respond will potentially need an enhancement of an adbersupport during
the maintenance or aftercare phase.

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
BRbBbbbiahyShvhitgstbbbbbbb
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Sample Selection Effects

Why not use data from multiple trials to
construct the adaptive treatment strategy?

Subjects whavill enroll in, whoremain in or
who are adherent in the trial of the initial
treatments may be quite different from the
subjects in SMART.

Consider the issue of adherence; in many historicds Sigbjects were assigned a
fixed treatment, that is, there were no options besidasadherence for
subjects who were not improving. This often leads to higherdkpected drop-
out or non-adherence. This is particularly the casengdr studies where
continuing treatments that are ineffective is likedg@ciated with high non-
adherence especially if the subject doesn’t know if Hreyeceiving treatment
such as in a double bind study. As a result the subjectsemmined in the
historical trial may be quite different from the sulbbgehat remain in a SMART
trial, which by design provides alternates for non-improviungjects. David
Oslin made this point to me.

Consider the issue of motivation. Nonresponder tredsuit individuals who are
not responding to their present treatment, say Med Ain#portant
consideration is whether these nonresponders représepopulation of
individuals who do not respond to Med A or whether the espwnders
recruited into the trial are more motivated. Suchcsiele bias will prevent us
from realizing that we might need a behavioral inteneernto encourage
nonresponders to start again with treatment.

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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Summary:

*\When evaluating and comparing initial
treatmentsin a sequence of treatments, we need
to take into account, e.g. control, the effects o
the secondary treatments thus SMART

«Standard one-stage randomized trials may vi
information about different populations from
SMART trials.

eld

does not mean that it is best in an adaptive txt strateg

Just because an initial txt looks best when lookingtatmediate outcomeg

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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Alternate Approach Il to Constructinp
an Adaptive Treatment Strategy

Loun o

Why not use theory, clinical experience and exper
opinion to construct the adaptive treatment strateg
and then compare this strategy against an apptepfia

alternative in a confirmatory randomized two grou
trial?

O

15

Don’'t know why your treatment regime worked or did not woltkd not open

black box. Should we wait until patient has had 5 heavy hgnttays before

giving up on this medication or should we give up on this na¢ic after only
2 heavy drinking days?

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
bbbbbbbbbbbbbbbbbbbbbbbbbb
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Why constructing a dynamic treatment regimge

standard alternative is not always the answer.

Don’t know why your adaptive treatment strategy
worked or did not work. Did not open black box.

Adaptive treatment strategies are high dimensiornal
multi-component treatments

and then comparing the regime against a

We need to address: when to start treatment?,
when to alter treatment?, which treatment

alteration?, what information to use to make each
of the above decisions?

16
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Meeting the Challenges

V)

Delayed/Prescriptive/Sample Selection Effects:
SMART

High Dimensionality Screening/refining
randomized trials prior to a confirmatory trial
(MOST).

The SMART design is one of the
screening/refining randomized trials in MOST

confirmatory trial is to compare the developed adaptieatment strategy
versus an appropriate alternative—this is the standaddnaimed two
group trial.

MOST multistage optimization strategy

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
bbbbbbbbbbbbbbbbbbbbbbbbbb
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Sequential Multiple Assignment Randomization

Initial Txt Intermediate Outcome Secondary Txtf

/ Relapse

Early Prevention
Responder

Low-level
Monitoring

Switch to
Tx C
T A
T Nonresponder
Augment with
T D

R

Early ... ———— Relapse

Responder\\ e
Low-level
Monitoring

T™>< B
Switch to

\ /TXC

Nonresponde R
\ Augment with
T D

Hypothetical trial: Outcome is not shown but is onrfght. 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 worristime one might think—see
following slides.
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Examples of “SMART” designs:

*CATIE (2001) Treatment of Psychosis in
Schizophrenia

*Pelham (primary analysis) Treatment of ADHD

*Oslin (primary analysis) Treatment of Alcohol
Dependence

«Jones (in field) Treatment for Pregnant Womeim wh
are Drug Dependent

*Kasatri (in field) Treatment of Children with Autism

*McKay (in field) Treatment of Alcohol and Cocaine
Dependence

The primary analyses are being conducted with the second two

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
BRbBbbbiahyShvhitgstbbbbbbb



Outline

What are Sequential Multiple Assignment
Trials (SMARTS)?

Why SMART experimental designs?
Trial Design Principles

Examples of SMART Studies
Summary & Discussion

KpedYHMD Skl BBHWissihbbbbbbbbbbbb
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SMART Design Principles

*KEEP IT SIMPLE At each stage (critical decision
point), restrict class of treatments only by ethica
feasibility or strong scientific considerationssdJa low
dimension summary (responder status) instead of al
intermediate outcomes (adherence, etc.) to restass
of next treatments.

*Collect intermediate outcomes that might be useful
ascertaining for whom each treatment works best;
information that might enter into the adaptive tneant
strategy.

Note we considered different txt’s for the respondersoaspared to
the nonresponders.

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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SMART Design Principles

*Choose primary hypotheses that are both sciealific
iImportant and aids in developing the adaptive tneat
strategy.

*Power trial to address these hypotheses.

*Choose secondary hypotheses that further devieéop
adaptive treatment strategy and use the randomizati
to eliminate confounding.
*Trial is not necessarily powered to address these
hypotheses.

~t

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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SMART Designing Principles:
Primary Hypothesis

*EXAMPLE 1: (samplesizeis highly constrained):
Hypothesize that controlling for the secondary
treatments, the initial treatment A results in lower
symptoms than the initial treatment B.

*EXAMPLE 2: (sample sizeis less constrained):
Hypothesize that among non-responders a switch|to
treatment C results in lower symptoms than an
augment with treatment D.

These are main effects a la’ ANOVA

The second would be appropriate if you initially wantedutoa trial for
non-responders and are now considering SMART

Example 1: Effects of secondary treatments are altedirby experimental
design —not by statistical analysis

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
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EXAMPLE 1

Initial Txt InNntermediate Outcome Secondary Txt

Relapse

Early - Prevention

Responder
Low-level

Monitoring

Switch to

T C
TX>x A
\ Nonresponder

\ Augment with

T D

Early Relapse

Responder Prevention
Low-level
Monitoring

T™>< B
Switch to

\ / T™>C
Nonresponder
\ Augment with

T D

A study of initial tx’s in which subsequent tx’s are amtfied.
Here you can use a variety of analyses, growth cungelsosurvival analysis, etc.
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EXAMPLE 2

Initial Txt Intermediate Outcome Secondary Txt

/ Relapse

Early Prevention
Responder

Low-level
Monitoring

Switch to
T C
TX A
T Nonresponder
\Augment with
T D

Early ... —— Relapse

Low-level
Monitoring

Switch to

\ /TXC

Nonresponder

\ Augment with
T D

A study of nonresponders in which one controls the txisha@h people don't
respond to.
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SMART Designing Principles:
Sample Size Formula

*EXAMPLE 1: (sample size is highly constrained):
Hypothesize that given the secondary treatmentaged
the initial treatment A results in lower symptorhart the
initial treatment B.Sample size formula is same asfor a
two group comparison.

*EXAMPLE 2: (sample size is less constrained):
Hypothesize that among non-responders a switch to
treatment C results in lower symptoms than an aagmg
with treatment DSample size formula is same as a two
group comparison of non-responders.

\V

These are main effects a la’ ANOVA
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Sample Sizes

N=trial size
Example 1 Example 2
Awle =3 | N=402 nl\(l):rggpz(/)irrlﬂst;a:ate
Aplo =5 N'=146 rl:lojlrti?)/(i)rr]]igs Irate
a = .05, power =1 B=.85

Sigma for example 1 is the std of primary outcome aépts initially
assigned tx A (or B)

Sigma for example 2 is the std of primary outcome ofresponding
patients who are assigned a switch (or augment)

Throughout working assumptions are equal variances and ntyrmali

Sample sizes calculated on the website:
http://hedwig.mgh.harvard.edu/sample_size/quan_measur/pard.hfjuan
ml
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An analysis that is less useful in the
development of adaptive treatment
strategies:

Decide whether treatment A is better than
treatment B by comparing intermediate
outcomes (proportion of early responders).

28
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SMART Designing Principles

*Choose secondary hypotheses that further devieéop |
adaptive treatment strategy and use the randadonizat
to eliminate confounding.

*EXAMPLE: Hypothesize thaton-adhering non-
responders will exhibit lower symptoms if their
treatment is augmented with D as compared to an
switch to treatment C (e.g. augment D includes
motivational interviewing).

Confounding::: alternative explanations other than txdatffor the
observed comparisons

Use analysis of covariance or regression.
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EXAMPLE 2

Initial Txt Intermediate Outcome Secondary Txt

/ Relapse

Early Prevention
Responder

Low-level
Monitoring

Switch to
T C
TX A
T Nonresponder
\Augment with
T D

Early ... —— Relapse

Low-level
Monitoring

Switch to

\ /TXC

Nonresponder

\ Augment with
T D

Just use nonresponders’ data. For example with a consrauicome we might
use a regression that includes an interaction term betses®nd stage
treatment and adherence.
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Outline

What are Sequential Multiple Assignment
Trials (SMARTS)?

Why SMART experimental designs?
Trial Design Principles

Examples of SMART Studies
Summary & Discussion
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Kasari Autism Study

JAE+EMT

Yes
12 weeks /
A. JAE+ EMT

Assess- JAE+EMT+++
Adequate responsel
Random
No assignment:

JAE+AAC

Random
assignment:

Yes

1. JA
12 weeks B!. JAE+AAC
B. JAE + AAC

Assess-

Adequate response?
No
B2. JAE +AAC ++

32

Pop’n: children who are nonverbal (not

using spoken language) by 5 years of age despite involvemigatitional
intervention programs

N=90

cutoff for nonresponse at 12 weeks is under developmene (theasures of
communication to yield outesponse/non-response indicator: number of words
used spontaneoudly during parent-child interaction, number of communicative

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

wordsto express multiple communication functions.) Responder status—increase
of 25% over baseline in half of 12 assessment measures

JAE Joint attention and joint engagement
Enhanced Milieu Teaching (EMT) is a

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

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

BIPTGiIN R IRB RYBRRRRC prompting procedures to temtiofal
J1ie]208 bbbbbb 32



A. Begin low-intensity
behavior modification

Random
assignment:

8 weeks
B. Begin low dose
medication

8 weeks

Assess-

bemod remains stable but
Adequate response medication dose may vary
/ No assignment:

A

Yes

No

Pelham ADHD Study

Al. Continue, reassess monthly;
randomize if deteriorate

A2. Add medication;

A3. Increase intensity of bemod
with adaptive modifi-
cations based on impairment

B1. Continue, reassess monthly;
randomize if deteriorate

B2. Increase dose of medication
with monthly changes

as needed
Adequate response? Rgndom
assignment: -
B3. Add behavioral

treatment; medication dose
remains stable but intensity
of bemod may increase
with adaptive modifications
based on impairment

We are analyzing this data
The medication is Ritalin

Adaptive Pharmacological and Behavioral Treatments fold&n with ADHD:
Sequencing, Combining, and Escalating Doses

75% AND

(2) Rating by teachers as impaired (i.e., greater than 8)e (Impairment Rating

Scale) IRS in at least one domain.

(1) Average performance on
the teacher rated Individualized Target Behavior Evalnatiol TB-- is less than

Primary outcome is measur of child behavior at 8 montNs.153
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Jones’ Study for Drug-Addicted

Pregnant Women

(RBT assignment:
- B
assignment:
Nonresponse

eRBT

‘ tRBT

Random
assignment:

B

2 wks Response
assignment: \
rRBT

[
assignment: tRBT

rRBT

Nonresponse

rRBT

This study is in the field n=300 primary hypothesis compaways traditional
RBT vs always reduce RBT

Primary outcome is “in treatment when child born”

Nonresponse ==missed unexcused tx day or positive urine feidaypicocaine use
or self report of opioid/cocaine use

RBT==reinforcement based tx
aRBT is abbreviated RBT
rRBT is reduced RBT

tRBT is traditional

eRBT is enhanced
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Oslin EXTENd

8 wks Response _—
Random
Early Trigger for - ‘ TDM + Naltrexone

Nonresponse

/ assignment:
Random
assignment:

Nonresponse \

CBI +Naltrexone

_—— Naltrexone

8 wks Response
assignment: \
TDM + Naltrexone

Random —

assignment: CBI

Late Trigger for
Nonresponse

Nonresponse

CBI +Naltrexone

Alcohol dependent subjects begin on Naltrexone, an@pazeptor antagonist then
in ensuing two months are monitored for heavy drinking

N=302 sized to detect the contrast between two alteesafor non-responders
primary outcome (drinking behavior from the TLFB)

Trigger for nonresponse is heavy drinking days
Early trigger 2 or more hdd
Late trigger 5 or more hdd

bedivhvhtib Skl EBuissibbbbbbbbbbbbb
BRbBbbbiahyShvhitgstbbbbbbb

35



Summary & Discussion

sample size necessary to detect an adaptive
with 90% probability.

sample size for time-to-event studies.

See
http://methodology.psu.edu/downloads

* We have a sample size formula that specifies the

treatment strategy that results in a mean outdbme
standard deviations better than the other stragegi¢

» We also have sample size formula that specify th

36
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Questions?

More information

S.A. Murphy (2005), An Experimental Design for the Development of
Adaptive Treatment StrategieStatisticsin Medicine. 24:1455-1481.

S.A. Murphy, K.G. Lynch, J.R. McKay, D. Oslin, T. TenHave (2007).
Developing Adaptive Treatment Strategies in Substanceé\Research.
Drug and Alcohol Dependence, 88(2):S24-S30

L.M. Collins, S.A. Murphy, V. Strecher (2007). The Multiphase Optimizatio
Strategy (MOST) and the Sequential Multiple Assignment Rarmkahirial
(SMART): New Methods for More Potent e-Health Interventidmserican
Journal of Preventive Medicine, 32(5S):S112-118

Nahum-Shani, M. Qian, D. Almiral, W.. Pelham, B. Gnagy, G. Fabiano, J.
Waxmonsky, J. Yu and S.A. Murphy (2010). Experimental Design and
Primary Data Analysis Methods for Comparing Adaptive Irdations.
Technical Report, 10-108, The Methodology Center, The Pennsylvania Stat¢
University

=

Very technical:

S.A. Murphy and D. Bingham (2009). Screening Experiments feebping
Dynamic Treatment Regime3ASA. 184:391-408.
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Practice Exercise

Exercise: Using your 2-3 simple ATSSs,
(a) construct a draft SMART design and
(b) identify your primary scientific aim!

Next up!: Preparing for a SMART: preliminary,
Studies and Pilots.
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