
PSYCHOPHARMACOLOGY BULLETIN: Vol. 41 · No. 3 • 51

Developing and Testing Adaptive
Treatment Strategies Using

Substance-Induced Psychosis 
as an Example

By Ree Dawson, Alan I. Green, Robert E. Drake,
Thomas H. McGlashan, Bella Schanzer, Philip W. Lavori

Dawson, PhD, Frontier Science & Technology Research Foundation, Boston, MA. Green, MD, and
Drake, MD, PhD, Department of Psychiatry, Dartmouth Medical School, Hanover, NH. McGlashan,
MD, Department of Psychiatry, Yale University School of Medicine, New Haven, CT. Schanzer, MD,
New York State Psychiatric Institute, Columbia University, New York, NY. Lavori, PhD,  Department
of Health Research and Policy, Stanford University, Stanford, CA. 
To whom correspondence should be addressed: Dr. Ree Dawson, Frontier Science & Technology
Research Foundation, 900 Commonwealth Ave., Boston, MA 02215; Phone: 617-632-5720; 
Eamil: dawson@fstrf.dfci.harvard.edu

ABSTRACT ~ Decisions concerning treatment changes pervade the management of
chronic psychiatric disorders that resist definitive cure, yet empirical evidence for the
comparative clinical effectiveness of treatment strategies remains underdeveloped. In
this paper we exploit the example of psychosis following substance use to illustrate some
new developments in clinical trials design that can provide the most solid evidence base
for defining successful strategies. The intent is to explore the strengths and limitations of
the methodological approach through a meaningful clinical example, with an emphasis
on concepts and issues. Both methodology and clinical science are overviewed.
Psychopharmacology Bulletin. 2008;41(3):51–67.

INTRODUCTION

A patient is brought to the emergency department in a psychotic state, follow-
ing recent drug use, and is treated with an antipsychotic medication. Within a few
days of treatment, the psychosis has cleared, the patient is cooperative, and the
clinician must decide whether to continue the antipsychotic, and for how long.
The considerations that weigh in this decision include the desire to limit treat-
ment exposure to minimize side effects, and the need to prevent relapse into psy-
chosis. The treatment decision is binary for this individual patient (continue
treatment for a fixed course of some specific duration, or stop immediately), but
it follows from a strategy that the clinician brings to the management of all
such patients. There are three kinds of strategy: 1) always treat for a fixed
course, 2) always stop immediately, 3) assess the risk of psychotic relapse, and
continue treatment only in patients with high risk.
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What kinds of empirical evidence can be used to help clinicians form
strategies that lead to better outcomes on average, across the range of
patients they will see? In this paper we exploit the example of psychosis
following substance use to illustrate some new developments in clini-
cal trials design that can provide the most solid evidence base for
defining successful strategies. Similar decision making pervades the
management of other chronic psychiatric disorders that resist
definitive cure.

ADAPTIVE TREATMENT STRATEGY

The third strategy defined above, treatment continuation based on
risk, is an example of an “adaptive treatment strategy” (ATS), because it
tailors the decision to the specific circumstances of the individual
patient, while the other two strategies are fixed and invariant for all
patients, regardless of risk.1�3 The ATS requires that patients be strat-
ified according to their risk of psychosis, based on history up to the cur-
rent time; individuals identified as high risk are advised to continue the
antipsychotic. When treatment continuation is not warranted, it is pos-
sible to periodically reevaluate the patient’s risk (based on emergence of
subsyndromal symptoms and new instances of substance use) and rein-
troduce the antipsychotic if a chosen “threshold of risk” is reached. In
this way the ATS includes a “watchful waiting” stage that extends in
time (after medication discontinuation), providing additional potential
benefit.

It is tempting to presume that any method for adaptively deciding
treatment changes over time would be preferable to either version of
“one size fits all” fixed treatment, as in the first two options. But the
performance of the ATS depends on two features: first, the ability to
accurately assess risk, and second, the efficacy of the reintroduced treat-
ment to control psychosis in patients whose risk rises above the thresh-
old after medication discontinuation. If assessment at intake or during
follow-up under- or over-estimates risk, it will cause the ATS to sys-
tematically under- or over-treat patients, even if the cut point and
threshold are chosen to appropriately balance (true) overall risk and
benefit. If the antipsychotic treatments are not effective, then the
rationale for watchful waiting disappears. So the choice of strategy
demands conclusive evidence, in the specific context of psychosis fol-
lowing substance abuse.

There is some reason to expect that an accurate and reliable risk
assessment is available,4,5 and no strong reason to doubt the efficacy of
reintroduced treatments, but no direct experimental evidence to show
that these two features of the ATS work together to produce better
outcomes. So it appears possible to propose a specific ATS meriting
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rigorous test against other options. We describe how to perform a
full-strength experimental test in the next section.

EXPERIMENTAL TESTS OF ATS
Randomized controlled trials of adaptive strategies for cancer have

been conducted since the 1980’s.6–14 These studies are now called
sequential, multiple assignment, randomized (SMAR) trials15 because
successive courses of treatment are randomly and adaptively assigned at
a set of pre-defined decision points (e.g., switch treatment or not),
according to the individual subject’s treatment and response history.
Psychiatric trials to evaluate adaptive strategies have also been conduct-
ed or are underway for treatment of substance abuse,16,17 smoking ces-
sation,18 depression in late life,19 and childhood mania.20 Recent
large-scale effectiveness trials for treatment of schizophrenia,21 depres-
sion22 and Alzheimer’s disease23 have randomized subjects sequentially
according to their treatment and response history. However, the pri-
mary analyses for these studies were stage-specific comparisons of med-
ication alternatives, rather than contrasts of whole treatment sequences.

To date, most studies for evaluating whole adaptive strategies have
focused on comparing short sequences of decisions about first-line
options, second-line options, and so forth. The duration of each treat-
ment stage in such trials is fixed by the length of time thought necessary
for an “adequate” test of an individual’s responsiveness to that particular
treatment. Evidence from previous short-term clinical trials of those
treatments provides an estimate of the actuarial probability of future
response given the absence of response after 2, 4, 6 weeks, etc. and these
estimates are used to define the duration of each individual test.

The context we consider here (psychosis following substance use) poses
a different challenge: devising adaptive decision rules that specify under
what circumstances to change treatment (in particular, how to decide that it
is appropriate to stop, and, conversely, to restart). Uncertainty surrounding
such decisions warrants experimental investigation, particularly when the
risk of significant medication side effects is high. Recent studies in sub-
stance abuse treatment have explicitly pursued this line of research, by
incorporating decision rules that adaptively govern when to change treat-
ment.17,26–28 Their consideration of adaptive timing decisions reflects
the widening view that drug dependence is both chronic and relapsing
in nature, and that individualized care must address under what circum-
stances to change the intensity and type of treatment.27

In this article, we consider the methodological and scientific issues
arising in the attempt to test strategies for long-term management of
patients who present with psychosis following substance use that
responds to a short course of an antipsychotic. The intent is to explore
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the strengths and limitations of the ATS and SMAR approach through
a meaningful clinical example, with an emphasis on concepts and issues.
We also discuss reasons that this particular clinical problem may be
amenable to an approach based on SMAR trials of ATS.

CLINICAL BACKGROUND

Findings from a naturalistic longitudinal study of 319 psychiatric
emergency admissions recruited from the upper Manhattan section of
New York5 motivate and support a risk-based adaptive strategy for
deciding how to treat early phase psychosis and co-occurring substance
use. Among the 133 patients who were diagnosed with a DSM-IV
substance-induced psychosis (SIP) at baseline, 19% experienced psy-
chotic symptoms that persisted during follow-up despite cessation of
substance use. Almost a quarter of SIP patients had ongoing substance
use, which complicated prospective treatment of their comorbid psy-
chosis.4 In addition, (DSM-IV determined) episodes of SIP can occur
after an initial diagnosis of primary psychosis (PP), as observed in the
New York Study.5 Thus, a cross-sectional diagnosis of SIP does not rule
out the risk of future psychosis, even in the absence of continuing sub-
stance abuse. Other clinical studies of SIP provide similar findings,28

undercutting the viability of ‘one size fits all’ approaches to treatment of
psychosis and co-occurring substance use.

Psychosis in response to drug use may be a marker of neurobiological
vulnerability, a premise that is supported empirically by the New York
study4 and other research. In 1996, Boutros and Bowers concluded from
a review of the literature that drug abuse can cause PP in patients who
might not otherwise develop psychosis independent of substance
abuse.29 Boutros et al. further found that increased drug use in the late
1960s was associated with a rapid increase in first admissions to
Connecticut hospitals of patients with schizophrenia.30 Prospective fol-
low-up of a Danish cohort of 535 patients treated for a first episode of
short-lived psychotic symptoms following cannabis use showed that
almost half went on to develop a schizophrenia-spectrum disorder,
underscoring the important prognostic value of cannabis-induced
SIP.31 Studies of non-clinical samples suggest an interaction between
cannabis use and vulnerability to psychosis regarding the risk of PP;32

more recently, Caspi et al.33 have provided evidence for this specific
gene-environment interaction.

EXAMPLE ATS FOR THE TIMING OF ANTIPSYCHOTIC MEDICATION

We develop a whole ATS for managing the treatment of psychosis
following substance use, which potentially includes long-term use of
antipsychotic medication. We consider the simplest algorithm for a
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sequence of timing decisions to illustrate the conceptually distinct
approaches to constructing rules for starting and stopping treatment.
The ideas apply generally to the context of psychiatric illness that may
be emergent or episodic.

A natural way to formulate adaptive decisions that determine under
what circumstances to start (or restart) treatment is through the use of
“threshold” rules, which are used to track the patient’s risk over time
and initiate treatment once it exceeds some a priori risk threshold spec-
ified by the clinician.20 This approach has appeal when it provides a rea-
sonable model for the latent neurobiological process, and can also serve
as a useful metaphor for the emerging clinical course of illness, even
when there is limited etiological understanding. Operationally, the
threshold rule is carried out sequentially at a pre-defined set of decision
points during watchful waiting, using a data-based summary of history
to date to calculate if the selected risk criterion for initiating treatment
has been met. The adaptive tailoring of the rule occurs prospectively at
each decision point, which in turn determines how long the patient is
treated with watchful waiting (which ceases if active treatment is started).
By contrast, we conceptualize stopping rules as “ballistic”, to be carried
out at a single decision point to specify a particular duration of active
treatment. Elapsed time since the start of remission (the decision point)
is a natural metric for formulating medication discontinuation, given
the absence of further prospective information about the patient’s risk.
(We assume that any patient who becomes symptomatic would remain
on medication.)

As described in Table 1, the example ATS specifies adaptive rules for
three stages of decision making, under the assumption that the patient’s
SIP noted at intake has cleared after a few days of treatment with an
antipsychotic. The first two stages adaptively begin long-term use of
antipsychotic medication; the third determines when to stop such use if
initiated.

Stage 1 is a single decision point that determines whether or not the
antipsychotic medication administered at intake should be continued
after psychotic symptoms have cleared. Using a cross-sectional risk
assessment at this time permits the clinician to extend medication usage
beyond emergency treatment, given sufficiently high risk. The intent is to
identify the most vulnerable patients with the cross-sectional assessment,
thereby providing a decision rule that helps to minimize unnecessary
exposure to antipsychotic drugs for less vulnerable patients. Although the
decision rule could be criterion-based, later stages of decision making can
more easily incorporate the initial risk assessment if it uses a data-based
summary. In this case, it operates like a cross-sectional threshold rule.
Either type of strategy will stratify patients according to intake history
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(including response to initial antipsychotic) in order to tailor continua-
tion to individual risk.

Stage 2 is a threshold rule that gives rise to a sequence of decision
points for prospectively monitoring the risk of a patient who discontin-
ues the antipsychotic drug after psychotic symptoms have cleared. The
intent is to adaptively begin the patient on a long-term course of the
antipsychotic medication during follow-up, according to the evolving
course of symptoms and substance use, as well as other patient history,
including risk of psychosis at intake. In this context, each follow-up
visit constitutes a decision point and a potential time to reintroduce the
drug. The clinical intuition underlying this stage is that a true signal
about psychosis vulnerability emerges with continued follow-up, there-
by effecting a better result (i.e., minimal duration of psychosis and
treatment risk) on average across patients.

Stage 3 is a single decision point to determine the timing of medication
discontinuation for patients who have been placed on an antipsychotic for
the long term, either once initial symptoms have cleared (via Stage 1) or
during follow-up (via Stage 2). Although the rule could simply specify
a fixed duration of treatment for all patients, it is possible to build in
some adaptation here, as was done in the decision rule for Stage 1. In par-
ticular, it may be sensible to stratify duration of time on medication
according to patient characteristics and history at the time psychotic
symptoms remit, including response to the (possibly reintroduced)
antipsychotic. Lower-risk patients would continue on medication for a
shorter period of time, with the intent of making an informed tradeoff
between the risk of relapse and the burden of treatment with an
antipsychotic.

Because of the novelty of sequential threshold rules, we take up Stage
2 of the ATS in more detail. To be concrete, suppose at each visit dur-
ing the second decision stage, the clinician re-evaluates the patient’s
substance abuse and symptom history to date using the Time Line
Follow Back (TLFB)34 and the Scale of Prodromal Symptoms
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WHOLE ATS FOR THE TIMING OF LONG-TERM ANTIPSYCHOTIC MEDICATION (AP)

TYPE OF NUMBER OF
STAGE DECISION DECISIONRULE DECISION POINTS

1 Whether to continue initial AP Cross-sectional, 1
Threshold

2 When (if ever) to reintroduce AP Sequential, Adaptively
Threshold determined

3 How long to maintain AP Cross-sectional, 1
Ballistic

TABLE 1
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(SOPS).35 A simple strategy would be to require a certain threshold
(quantity and severity) of substance use to forestall initiation of long-term
antipsychotic treatment even when risk of psychosis exceeded the risk
threshold.36 Given a judicious choice of thresholds, the strategy might
be clinically described as “Start watchful waiting (WW), continue
WW for two months after psychotic symptoms clear, and then if the
patient has had a SOPS rating of 4 or more for at least 6 out of the
eight preceding weeks on either suspiciousness or delusional thinking
items, start the patient on an antipsychotic unless use of non-alcoholic
drugs during the past 2 months exceeded 4 times weekly for at least 5
weeks. If the patient does not meet these criteria, continue WW. If the
SOPS ever reaches 6 on any positive symptom rating for more than
half the days over one month, start the patient on active treatment; if
non-alcohol drug use during the same month exceeds 4 times a week,
discontinue medication after clearing of the SOPS exacerbation and
resume WW.” Additional criteria could be specified to cover alcohol
use.37 The strategy could also be elaborated to include the initial risk
assessment or supplemental stepped care algorithms to adaptively
intensify substance abuse services,38 but the simple version suffices for
purposes of illustration.

To translate the clinical description to canonic form, we use 1) a
cumulative score and 2) threshold for each part of the dual threshold
rule. The score, which summarizes the patient’s history to date, is cal-
culated on a regular basis as a simple summation. For example, at time
t, S � �t-7 � t́ � t xt́ , defines a score S that summarizes risk for the past
2 months, where xt � 1 if the patient is “ill” at week t, or else xt � –1.
An increasing S reflects continuing illness, while a decreasing one
reflects continuing wellness; treatment is changed the first time S
reaches (or exceeds) the chosen risk threshold, say �. Defining illness as
“SOPS rating of 4 or more on suspiciousness or delusional thinking
items” and setting � � 4 specifies the example threshold rule for psy-
chotic risk, described above in words. (Requiring at least 6 “risky” weeks
during the past two months implies that S must be at least 6 * 1 � 2 *
(–1) � 4 once the 2 symptom-free weeks are taken into account.) The
rule for substance use is analogously specified, with its own cumulative
score D and threshold 	, so that Stage 2 of the strategy is concisely
expressed in terms of specific choices for (S, �, D, 	). In this formula-
tion, it is useful to think of the scores S and D as being more or less
fixed, and the thresholds � and 	 as being the parameters that are
“dialed in” by the clinician to create a specific strategy, with higher
threshold values keeping patients on watchful waiting for a longer time.
The cumulative method of scoring the patient’s history is clinically suit-
able for the context of emergent or episodic psychiatric illness because it is
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sensitive to risk heterogeneity (between patients) and fluctuating course
(within patient). See Dawson et al.20 for a demonstration of these prop-
erties for an ATS of this type for treating childhood mania.

SMAR DESIGN TO TEST THE EXAMPLE ATS
Randomized studies of adaptive strategies, such as SMAR trials, pre-

serve the fundamental principles of clinical trial methodology, includ-
ing the principle of clinical equipoise that dictates ethical choices of
treatment alternatives. When uncertainty centers on how to decide that
it is appropriate to start (or restart) treatment, the threshold parameter-
ization of an ATS provides a natural structure for specifying timing
alternatives. The ordered continuum of possible threshold values allows
equipoise to be expressed in terms of an upper and lower bound for the
range of thresholds thought to be clinically competitive. The first two
strategies in the Introduction (always treat for a fixed course, always
stop immediately) correspond to the extreme thresholds “start immedi-
ately” and “never start”, where treatment in this case is long-term med-
ication with an antipsychotic. The rationale for bracketing equipoise
with these extremes derives from presumptions about risk heterogene-
ity for patients with co-occurring psychosis and substance use.
Specifically, we assume that a person’s predisposition to psychosis is not
binary or categorical. Rather, there is a continuum of vulnerability to
psychosis that is bracketed by patients whose risk factors are weighted
substantially toward either PP or SIP. The “start immediately” option
represents what might be appropriate for a patient diagnosed with PP,
whereas “never start” might be appropriate for a patient diagnosed with
SIP. Because risk or response heterogeneity often necessitates adaptive
approaches to managing psychiatric disorders, (presumed) population
heterogeneity provides a general rationale for structuring treatment
alternatives for ATS evaluation.

Figure 1 shows a SMAR trial design for the example ATS and alterna-
tives, in which patients are sequentially randomized at decision points.
Notice that the number of randomizations any given patient undergoes
depends on treatment assignment and outcome because randomization
itself is adaptive. Subjects assigned initially to an adaptive check at base-
line will never be randomized again if their risk is low enough through-
out the study. In contrast, more vulnerable subjects may be randomized
up to three times during the trial. Of particular note is that all subjects
are randomized prior to a definitive DSM-IV diagnosis of PP, to account
for sequential equipoise due to diagnostic uncertainty at intake and
during prospective follow-up (see Clinical Background). The SMAR
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alternatives may be more conventionally evaluated by randomizing subjects
at baseline to one of the multistage strategies represented in the deci-
sion tree underlying Figure 1.39,40 Either design approach provides an
alternative to the classic design that requires eligible subjects to have a
diagnosed disorder, which implicitly presumes that the optimal risk
threshold for starting treatment is meeting full-criterion diagnosis. As
such, the classic design may fail to fully address clinical equipoise when
it centers on appropriate timing of medication.

The SMAR alternatives in Figure 1 can be expanded to include other
choices for � or 	 if there is no clear consensus for intermediate threshold
values. Introducing more threshold options splits the sample multiplica-
tively because SMAR operates like a decision tree, with each stage of ran-
domization nested within previous stages. One way to obviate the
potential for successively dwindling sample sizes is to “coarsen” adaptive
randomization by redefining how subjects are grouped for the next stage
of treatment assignment. For example, rather than having assignment to
“stop” options nested within Stage 2 threshold alternatives (for restarting
antipsychotic medication), as in Figure 2A, randomization could be nest-
ed within strata that cut across those alternatives, as in Figure 2B. In this
case, the stratification must preserve the properties of randomization
needed for valid causal inference. This implies that the potential con-
founding effects on future outcomes (after Stage 3) due to differences in
prior patient risk are controlled via the stratification, as they would be con-
trolled by SMAR randomization. (Technically, the stratification must act
as a statistical surrogate for priori patient history.) A natural choice for
coarsening SMAR randomization is the stratification driving the “next”
adaptive decision; for the example set up, this would be the strata in Stage
3 of the ATS, which might be based on average SOPS ratings during the
past month coupled with known baseline predictors of remission.41–42

Figure 2B indicates that coarsened randomization is blocked on the prior
outcome-treatment paths that map into the strata, in order to balance
important heterogeneity. The overall effect is to increase statistical power
for ATS evaluation.

We note that the SMAR design is to be carried out as a single clinical
trial to test the whole ATS, despite there being distinct stages of decision
making. This requirement derives from mathematical theory, which states
that optimization of a sequence of decisions over time requires simultane-
ous evaluation of the entire sequence of decisions and outcomes.43 In gen-
eral, this precludes the “myopic” approach that considers each decision stage
in a separate study and then sequentially pieces together the stage-specific
optimal rules.3,15,20
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HANDLING NON-COMPLIANCE AND DROP-OUT

As in classic experiments, SMAR trials will have subjects who devi-
ate from randomized protocol, or drop out from the study entirely.
We distinguish these two issues, and consider them explicitly for the
design in the previous section.

Non-compliance with assigned ‘treatment’ may occur once a patient
is placed on a long-term course of an antipsychotic. The Intent to Treat
Principle (ITT) applies here, but may be more interpretable when treat-
ments are determined adaptively (at least for some of the alternatives).
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Consider specifically subjects who are placed on active treatment
adaptively either at baseline or during follow-up, but fail to remain on
medication. In this case, sequential determination of treatment effec-
tively limits non-compliance to a “riskier” subset of the study popula-
tion. Reducing heterogeneity in this way removes some of the variance
from ITT comparisons, which average over randomized assignment,
independent of adherence to protocol. This may not only improve effi-
ciency, but also help to clarify the meaning of ITT causal effects.
Sequential randomization also serves to experimentally control treat-
ment variation in ITT effects for general SMAR designs, nesting non-
compliance within successive decision stages.3 If concerns about
non-compliance are paramount, it is even possible to make “non-adherence
to current regime” part of the decision algorithm, in which case the ATS
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FIGURE 2A

SMAR RANDOMIZATION FOR STAGES 2 AND 3 OF EXAMPLE ATS
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is self-regulating with respect to ITT side effects.39 The stepped-care
algorithms for substance abuse are examples of tailoring the patient’s
intensity of services to adherence.38

Drop-out, in the sense of not adhering to measurement, rather than
treatment protocol, may occur during any prospective stage of a SMAR
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FIGURE 2B

COARSENED RANDOMIZATION AFTER STAGE 2 OF EXAMPLE ATS
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design. Like classical longitudinal studies, clinical investigators who
evaluate adaptive strategies need to address the challenge of retaining
patients with chronic psychiatric disorders. The example ATS incorpo-
rates a rescue algorithm for break-through psychosis as part of the strat-
egy, which precludes the need to “terminate” subjects who require
rescue treatment. Even so, recent large scale multi-stage studies, such as
STAR*D,22 suggest that incorporating patient preferences and adaptive
treatments into the design is not sufficient to overcome the propensity
for more severely ill subjects to drop out of experimental monitoring.
Two methodological advances for SMAR trials help to address the
resulting loss of statistical power due to reduced sample sizes. One is a
new way of analyzing the data sequentially so as to capitalize on their
nested structure to improve efficiency.44,45 The other draws upon meth-
ods for statistical selection and screening, in which the goal is to select
the best among a number of competing alternatives. These methods
have been well developed for the field of computer simulation for sys-
tem evaluation, and more recently applied to the design of SMAR can-
cer trials.10 Converting ATS evaluation from a hypothesis testing
problem to one of statistical selection may reduce sample size require-
ments considerably; see Dawson et al.20 for a detailed worked example.

DISCUSSION

In 1991, Greenhouse argued in favor of trials that randomized sub-
jects to treatment strategies to avoid selection bias in maintenance ther-
apy studies,46 but psychiatric research has just begun to embrace this
line of thinking more generally. A recent overview of measurement-
based approaches to treating depression highlights the need for innova-
tive study designs to evaluate sequential adaptive algorithms.47 To
encourage broader use of clinical trial methodology for testing ATS, we
have considered the treatment of patients who present with apparent
substance-induced psychosis, as way of illustrating concepts and issues.
The (untested) hypotheses underlying the example is that the presumed
overt manifestation of the patient’s predisposition to PP allows adaptive
approaches to managing long-term antipsychotic treatment, and that an
adaptive strategy will provide better overall outcomes than fixed ‘one
size fits all’ rules used for extending acute treatment of SIP symptoms.

We consider SMAR designs to be appropriate for effectiveness stud-
ies, given that the intent is to provide clinicians with decision rules that
will be replicable and feasible in real world practice settings. The exam-
ple ATS will be more effective than the alternative non-adaptive treat-
ments if 1) the decision rules produce superior outcomes (e.g., reduce
duration of psychosis and treatment risk); and 2) it is possible to
prospectively monitor patients in the target study population. The first
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condition simply requires that the ATS be more efficacious than the
treatment alternatives, while the second requires that patients who seek
treatment for apparent SIP be available for regular follow-up. A pure
efficacy analysis of trial data, which would censor a patient’s data at the
point of non-adherence to randomized treatment, could help pinpoint
whether differences in effectiveness were due to difficulties in following
patients over time. If this were the case, non-adaptive approaches that
placed all patients on long-term antipsychotic treatment once psychotic
symptoms cleared might prove superior, thereby reframing decisional
uncertainty in terms of how long to continue the antipsychotic after
psychosis clears with medication. Alternatively, the strategy that dis-
continued the initial antipsychotic immediately after symptoms cleared
(i.e., the control option), while providing rescue treatment for recurrent
psychosis, could prove to be most effective when taking into account the
adverse effects due to long-term use of an antipsychotic. Such a result
would largely endorse the current de facto standard, which relies on
patients to seek treatment once psychosis, with or without concurrent
substance use, recurs. Either scenario shifts interest to evaluation of
cross-sectional (baseline) adaptive decision rules, such as Stage 1 in the
example ATS that keeps high risk patients on an antipsychotic after
psychosis clears.

The use of adaptive threshold rules to formalize individualized tim-
ing decisions during watchful waiting applies to the prodrome and
relapse phases of psychiatric disorders, in addition to putative conver-
sion from SIP to PP. In particular, the non-adaptive treatment alterna-
tives in the example SMAR design closely resemble the experimental
(start antipsychotic medication immediately) and control (no antipsy-
chotic medication) options used in clinical trials to assess the efficacy of
antipsychotics in preventing or delaying the progression to PP in “ultra-
high risk” patients.48–49 The inclusion of adaptive strategies in such tri-
als serves two purposes. First, an ATS directly addresses the challenges
posed by risk and response heterogeneity, providing an intermediate
alternative to options of fixed time duration, through longitudinal indi-
vidualized risk assessment.47 Second, randomized assignment to adap-
tive initiation of an antipsychotic should also lessen ethical concerns
over falsely identified cases raised by prevention research. We note that
patients with co-occurring substance use and psychosis differ in impor-
tant ways from the “ultra-high risk” population; as characterized here,
they are treatment seeking and highly symptomatic, with clear markers
of vulnerability.

Our exposition of the ATS and SMAR approach has been rooted in
clinical markers of disease, but the ideas are flexible enough to respond to
advances in genomics and neuroscience. Not only can scientific evidence
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be incorporated in the algorithmic details, we maintain that chronic,
episodic disorders intrinsically require treatment adaptation over time.
Even with the advent of genetic testing for schizophrenia and related psy-
chotic disorders, there would still be a great deal of uncertainty about
when onset would occur, if at all. Given the side effect burden of
antipsychotic medication, the decision to begin active treatment would
likely remain an adaptive one carried out over time, rather than at some
pre-determined time after genetic testing. This supposition supports
the belief that advances in health information technology will play a
complementary role to science in improving patient’s outcomes, by
integrating adaptive strategies into routine clinical practice.47 Clinical
trial methodology of the type we describe here is needed to develop an
evidence base for optimizing psychiatric care via electronic systems for
medical records and decision support. ✤
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