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Introduction
• Similar to other challenging therapeutic areas, there are multiple 

challenges facing later-stage (phase II/III) development and 
evaluation of new treatments for TBI

• Complexity and heterogeneity of patient populations & injuries
• Likely complexity of effective treatment strategies

– Combination treatments
– Sequences of treatments, influences by prior individual response
– Matching of therapies to responding subsets defined by biomarkers, 

imaging patterns, clinical phenotypes (heterogeneity of treatment effect)

• Progress has likely been slowed by the disconnect between how 
we design trials (simple) and how we deliver care (complex)
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Learning Efficiently and Clinical Trials in TBI

• Across therapeutic areas, there has been marked 
progress in accelerating the evaluation of new 
treatments through innovative clinical trial design

• There is (almost) nothing unique about designing better 
trials of treatments for TBI
– The statistical process of learning is agnostic to disease

• However, diffusion of innovation across areas is slow:
– “But, has that type of trial been run in Disease X?”
– “Did the FDA approve the drug/biologic/device?”
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Some Example Goals of Innovative Trial Design
• Reduce risk of failure—failure to get a definitive answer to 

the motivating question—avoiding “anticipated regret”
• Fail efficiently at the level of the individual therapy
• Achieve greater efficiency, often through multiple “paths”

– Structural efficiency, e.g., shared control groups, factorial designs
– Operational efficiency, e.g., platform trials, master protocols
– Inferential efficiency, e.g., adaptive designs, response-adaptive 

randomization, hierarchical modeling of HTE, seamless phase II/III

• Mirror clinical care, e.g., sequences of treatments driven by 
patient response, personalized and combination therapies
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Example Trial Designs (1)

• Adaptive: Prespecified use of incoming data to modify 
trial characteristics, to improve treatment of patients, 
statistical efficiency, or mitigate risk of failure
– Frequent interim analyses, response-adaptive randomization, 

early stopping for predicted success or futility
– Time-to-information is critical

• Adaptive Enrichment: Modification of eligibility criteria 
to focus future enrollment on responding population(s)
– Examples: DAWN and ENRICH in ischemic and hemorrhagic 

stroke
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Example Trial Designs (2)

• Platform: Allows the dynamic modification of available 
treatment options
– Addition of promising therapies when available
– Dropping of therapies for success or futility/failure
– Avoid “rebuilding the stadium for each match”

• Multifactorial Platform: Allows treatment combinations
• Sequential Multiple Assignment Randomized Trial 

(SMART): Evaluates treatment sequences that depend on 
individual responses to prior therapies
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Potential Features of a Platform Trial
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Examples of Platform Trials

• REMAP-CAP (community acquired pneumonia and COVID)
• RECOVERY (COVID)
• GBM Agile (glioblastoma multiforme)
• Precision Promise (pancreatic cancer)
• Healey ALS Platform Trial (amyotrophic lateral sclerosis)
• STEP (acute ischemic stroke)
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Potential Efficiencies or Enhancements
• Structural

– Shared control group
– Informative endpoints (e.g., utility functions)
– Disease progression models

• Adaptations
– Response-adaptive randomization (RAR)
– Early stopping
– Enrichment

• Statistical Approaches
– Hierarchical Models with “borrowing”
– Subgroup- or disease-specific inferences and treatment 

assignments
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Multifactorial Platform Trial

• Patients may be eligible for more than one domain of 
treatment, and thus be randomized to multiple 
treatments, with one chosen from each domain
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Multifactorial Platform Trial

• Patients may be eligible for more than one domain of 
treatment, and thus be randomized to multiple 
treatments, with one chosen from each domain
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Potential Benefits of Example Trial Designs
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Trial
Design

Key Characteristic or Goal

Better 
Treatment 
of Patients

Reduced 
Risk of 
Failure*

Inferential 
Efficiency

Operational 
Efficiency

Comb. 
Therapies

Treatment 
Sequences 

Adaptive +++ +++ ++ +/- ++ +
Adaptive 

Enrichment +++ +++ ++ ++ + ?
Platform +++ ++/+++ +++ +++ ++ +

Multifactorial 
Platform +++ ++/+++ +++ +++ +++ +
SMART +++ ++/+++ + + + +++

* Depends on definition of failure



Common Pitfalls to Avoid

• Believing trial design in TBI is “special”
• Confusing careful thinking with information in trial design 

(e.g., dose selection, responding patient population) 
rather than designing a trial to address uncertainty

• Blaming prior failures on
– The trial design
– The primary outcome chosen

• Failure to conduct phase II with phase III in mind (e.g, to 
determine predictive probability of phase III success)
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Conclusions
• The design of clinical trials in TBI can be improved by 

incorporating progress in other therapeutic areas
• Adaptive, platform, and SMART trials can yield 

substantial operational and inferential efficiencies and 
improve patient-centeredness 

• The careful matching of the trial design strategy to the 
true threats to success is critical

• Success is a trial that efficiently and definitively answers 
the motivating question, whether positive or negative
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