
STUDY RATIONALE 
• The efficacy of antipsychotic drug therapies in treating individuals with schizophrenia is well  

established, yet prevention of relapses and hospitalizations remains a problem. Thus, the  
real-world effectiveness of these agents warrants further examination

• The most common consequence of relapse is hospitalization

 ◦ The cost and burden of hospitalization have been studied extensively

 ◦ Randomized controlled trials, observational studies, and various meta-analyses have yielded 
inconsistent findings regarding comparative effectiveness across different study designs

• This raises important practical questions about the effectiveness of various therapies in managing 
schizophrenia, how study designs should be viewed in regard to decision making, and the possible 
differences between the efficacy and effectiveness of medications

• With emphasis on value-based care and evidence-based decision making, stakeholders  
increasingly require data (eg, reduced hospitalization rates) for inclusion on formularies and 
that support the real-world use of innovative treatments

• This evidence must support the cost-effectiveness of new treatments relative to lower cost  
alternatives

Rationale  
• A point-of-care clinical trial (POC-CT) provides an alternative, valuable model for a clinical  

trial design 

 ◦ Shifts from settings with a specialized research culture (ie, explanatory or efficacy) to  
naturalist clinical care settings (ie, pragmatic or effectiveness) that have integrated  
real-time capabilities for research-connected care are considered here

Typical Registration Trials 
• Address: efficacy of a drug using tightly defined criteria for subject selection, setting expertise, 

and study procedures that strongly support medication adherence

• Value: excellent basis for determining whether a particular molecule is safe and effective 

• Limitations: because of their restrictions on patients, settings, adherence, visit structure, and 
outcomes, do not necessarily generalize to naturalistic clinical practice. Questions related to 
long-term outcomes, patient/caregiver/system burden, and cost are especially inadequately  
addressed

• Consequences: randomized controlled trials, observational studies, and various meta-analyses 
often yield inconsistent findings. This raises important practical questions about the effectiveness 
of innovative therapies for managing diseases like schizophrenia in everyday practice and remains 
a significant evidence gap

POC-CT (Comparative Effectiveness) Design 
• Advantages: models conditions that occur in a naturalistic environment 

 ◦ Broad inclusion/exclusion criteria result in a study population that replicates the real-world 
patients who are likely to receive the treatment

 ◦ Study investigators whose practice is representative of the real world

 ◦ Standard-of-care treatment regimens

 ◦ Outcome measures that are already being captured in an electronic medical record (EMR) 
system during routine visits

 ◦ Study conducted as part of the normal clinical work flow of the health care system once  
patients are randomized

 ◦ The principal goal is to allow decision makers (patients, clinicians, purchasers, and policy 
makers) to make informed decisions on treatment practices 

• Limitations: may be larger in terms of sample size and last longer in terms of duration than  
placebo-controlled phase III trials. Additionally, limited comparative information on which to 
base the decision end points, comparators, sample size, and study populations might be  
available at the time of protocol development

 ◦ If implemented poorly, these studies could undermine patient/provider decision making,  
create unintended patient access barriers to optimal care, and discourage the development  
of innovative medical technologies

INTRODUCTION
• The considerations outlined above highlight how a study’s design should be viewed with its impact 

on interpretation of its results and then the decision making based on its findings. To reconcile  
inconsistent findings among various types of studies (randomized controlled trials,  
observational studies, various meta-analyses), this presentation proposes a novel approach

• Adaptive designs apply naturally to phase IV trials due to robust prior experience with  
experimental treatments, including data points from early-phase trials. Here we will explore 
the use of multiple adaptations within a single phase IIIB/IV comparative effectiveness study in 
schizophrenia

Practical Example With Hypothetical Antipsychotic Drug

Research Question
• How does a new, novel treatment compare with a physician’s choice of oral antipsychotics in  

preventing psychiatric hospitalizations (or an alternative quality measure–related end point)  
in patients with schizophrenia?

Data Collection
• Data collected via an EMR system

• Advantages of EMR in this setting:

 ◦ Retrospective analysis using data from the EMR system to inform design parameters,  
including answering questions about feasibility (eg, availability of patient population)

 ◦ Clinical research performed within normal clinical work flow of the health care system

 ◦ Implementation of randomization to create comparable groups with similar patient  
characteristics

 ◦ Data captured passively

 ◦ Results directly relevant to health care system

 ◦ Lower cost

 ◦ Facilitation of economic analysis

METHODS
Study Design Parameters

• Up to 1000 subjects (per initial sample size computations) 

 ◦ Prospective, open-label, randomized  

• Treatment groups

 ◦ New, novel treatment: as in normal practice, using prescribing information as guide

 ◦ Oral antipsychotic (physician’s choice): as in normal practice, using label as guide

• Primary outcome measure

 ◦ Frequency of psychiatric hospitalization rates (HRs) 

 ◦ However, response may differ depending on population enrichment factors. Expected  
proportion of subjects in each subgroup is listed in Table 1:

 ∙ Subjects younger or older in the disease (duration of illness) 

 ∙ Those who are or are not substance users 

 ◦ Differences in HRs may not be present because the normal objective of clinical practice is to 
minimize hospitalizations. Primary end point might require modification

 ∙ Possible primary end point: treatment failure rate (TFR)

 ▫ Includes hospitalization, but also treatment withdrawal

 ▫ TFR is not as valuable as HR from an economic analysis perspective

• Inpatients or outpatients with unstable schizophrenia

 ◦ Identify and utilize clinical risk factor(s) for psychiatric hospitalization while preserving  
generalizability

• 12-month recruitment period plus a 12-month follow-up

• Responses may vary by subgroups (Table 2)

Table 1. Expected Sample Proportions by Subgroups 

Young In Disease (Y) Old In Disease (O)

12% 88%

Substance user (U) 40% 4.8% 35.2%

Substance nonuser (N) 60% 7.2% 52.8%

These proportions are part of the design characteristics that can be modified.

Table 2. Expected Response Rates by Subgroups

Group 
(%) Arm HR TFR

YU AC 40% 70%

(4.8%) TRT 25% 50%

YN AC 25% 35%

(7.2%) TRT 18% 24%

OU AC 25% 40%

(35.2%) TRT 15% 25%

ON AC 10% 25%

(52.8%) TRT 25% 15%

AC, active control; TRT, treatment. These proportions are part of the design characteristics that can be modified.

• Five scenarios are considered for simulations:

1. Null: response on TRT is the same as AC for all groups and both end points

2. All good: treatment responses as expected

3. Y good and O poor: treatment difference in OU and ON groups only half of that expected

4. N good and U poor: treatment difference in YU and OU groups only half of that expected

5. YN good; YU, OU, and ON poor: treatment differences in YU, OU, and ON groups only half of 
that expected

FIXED DESIGNS
• Alternative analyses

 ◦ Analyze HR (α = 0.1)

 ◦ Analyze TFR (α = 0.1)

 ◦ Analyze HR (α = 0.066) and fall back to analyzing TFR (α = 0.033) if HR is not successful

Simulation Results
• Key metric estimated from the simulation results: the probability of the trial declaring success 

for each scenario. This allows us to estimate Type I error from the null scenario and the power 
in the other scenarios

• Interim analyses: simulate the first interim occurring after one-third of the subjects (330) are 
recruited, and subsequent interims every month until full accrual

• For each simulated trial:

 ◦ Simulate 1000 subjects

 ◦ Randomly sampled into the 4 subgroups (Table 1) by expected proportion

 ◦ Fixed assignment within each group to control and treatment 1:1 

 ◦ Randomly sample outcome for each subject given the subject’s group, arm, and probabilities 
in the current scenario

 ◦ For compatibility with adaptive design, a time-to-event analysis is used. Events are simulated 
assuming a constant hazard rate over the year, with the rate calculated to give the proportion 
of subjects having events as defined in the scenario

Probability of Success: Fixed Designs 

Figure 1. Proportion of success: fixed designs.
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Primary end points:

• Hospitalization rate (HR)

• Treatment failure rate (TFR)

Table 3. Success Rates for Each Design in Each Scenario

Design Null Good Poor O Poor U Poor O and U

Fixed: test HR 10% 91% 54% 76% 37%

Fixed: test TFR 9% 100% 81% 99% 67%

Fixed: test HR + 
otherwise TFR 6% + 2% 85% + 14% 45% + 27% 70% + 27% 30% + 24%

ADAPTIVE DESIGNS
The adaptive design used:

• Bayesian “across groups” analysis: treatment difference estimated within each group and then 
overall treatment differences estimated (weighted by group sizes)

• Limits on the sample size in the larger subpopulations: allows smaller groups to recruit more 
subjects

• Stopping groups or the study early due to futility or success. If any group stops due to futility, 
then the study is futile (desire is to prove effect in the whole population). If a group stops early 
due to success, this allows other groups to recruit more subjects

Table 4. Recruitment Caps for Each Subgroup

Group Group Proportion Cap

YU 0.048  96

YN 0.072 144

OU 0.352 350

ON 0.528 500

Probability of Success: Adaptive Designs
• Set success criteria to ensure probability of success <10% for null case and as high as  

possible for all other cases

Figure 2. Proportion of success: adaptive designs.
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Early Stopping 
• Allows for early termination due to either futility or success

• Calculate Bayesian posterior probability: T = P(HR < 1)

Figure 3. Early stopping: satisfying various conditions.
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Cumulative Proportion of Simulations
Satisfying Group Success Criteria by Interim

Recruitment: “Accrual 1” Dropouts: “Dropout 1,” 
Control Hazard Rates: “Control Hazard 1,” 

Group Response: “Null,” Version 4.0.5; Simulations: 1000

Posterior probability >0.5
Posterior probability >0.55
Posterior probability >0.6
Posterior probability >0.65
Posterior probability >0.7
Posterior probability >0.75
Posterior probability >0.8
Posterior probability >0.85
Posterior probability >0.9
Posterior probability >0.95
Posterior probability >0.98
Posterior probability >0.99
No early stopping
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Cumulative Proportion of Simulations
Satisfying Group Futility Criteria by Interim

Recruitment: “Accrual 1” Dropouts: “Dropout 1,” 
Control Hazard Rates: “Control Hazard 1,” 

Group Response: “All Good,” Version 4.0.5; Simulations: 1000

Posterior probability <0.01
Posterior probability <0.02
Posterior probability <0.05
Posterior probability <0.01
Posterior probability <0.15
Posterior probability <0.2
Posterior probability <0.25
Posterior probability <0.3
Posterior probability <0.35
Posterior probability <0.4
Posterior probability <0.45
Posterior probability <0.5
No early stopping

• If T < 0.1 across groups, then the study will stop 
  due to futility

• If T < 0.1 for YU or OU or T < 0.05 for YN or ON,
  then the group will stop due to futility

• If T > 0.99 across groups, then the study will stop
  due to success

• If T > 0.99 for OU or ON, or T > 0.98 for YU or YN,
   then the groups will stop due to success

Futility Success

Constants optimized via simulation

FINDINGS 
• Adaptive design determines HR success as well as, or better than, fixed designs in all scenarios 

with significant probability of stopping early, therefore saving time and money

• Type I error rate is less than 10%, the prespecified nominal Type I error rate

• All simulations were performed in FACTS™

• The adaptive design showed increased power to detect the HR treatment effect and significant  
potential savings in time and money

Table 5. Mean Duration and Sample Size: Adaptive Designs

Scenario Mean Duration (weeks) Mean Sample Size

Null 121 893

Good  80 785

Poor O 120 904

Poor U 120 901

Poor OU 125 920

CONCLUSIONS
• The simulations permit evaluation of a number of options in a complex setting:

 ◦ Two possible end points

 ◦ Four subgroups with different response rates

• The simulations provide examples of how designs behave and the metrics of  
trial performance

• Extending the simulation to more scenarios is straightforward
 ◦ What-if analyses

• Simulations also allow for modifications of study designs to enhance their  
performance
 ◦ They answer the question, “I don’t like that design—can we change it?”

• Many metrics can be collected 
• With increasing emphasis on value-based care and evidence-based decision  

making, stakeholders increasingly require data (eg, reduced HRs) that support the 
real-world use of innovative treatments. This evidence is valuable for supporting 
the cost-effectiveness of new treatments relative to lower cost alternatives
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