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MoIvaIon	for	AdapIve	Trials	

•  When	designing	a	trial	there	is	substanIal	
uncertainty	(e.g.,	how	best	to	treat	subjects,	what	is	
the	best	measure	of	benefit,	event	rates,	opImal	
dose,	best	duraIon,	target	populaIon)	

•  This	creates	uncertainty	in	the	opImal	trial	design	
•  TradiIonally,	all	key	trial	parameters	are	defined	and	
held	constant	during	execuIon	

•  This	can	lead	to	increased	risk	of	negaIve	or	failed	
trials,	even	if	a	treatment	is	inherently	effecIve	
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Key	Advantage	of	an	AdapIve	Trial	

•  Once	paIents	are	enrolled	and	their	outcomes	
known,	informaIon	accumulates	that	reduces	this	
uncertainty	

•  AdapIve	clinical	trials	are	designed	to	take	
advantage	of	this	accumulaIng	informaIon,	by	
allowing	modificaIon	to	key	trial	parameters	in	
response	to	accumulaIng	informaIon	and	according	
to	prespecified	rules	

•  This	can,	in	some	circumstances,	increase	the	
probability	of	ge\ng	the	right	answer	at	the	end	of	
the	trial	
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The	AdapIve	Process	

Analyze	
Available	Data	

Con0nue	Data	
Collec0on	

Begin	Data	Collec0on	with	Ini0al	
Alloca0on	and	Sampling	Rules	

Stopping	
Rule	Met?	

Stop	Trial	

Revise	Alloca0on	
and	Sampling	Rules	

per	Adap0ve	Algorithm	

No						Yes	
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•  Frequent	interim	analyses	
•  Explicit	longitudinal	modeling	of	the	relaIonship	
between	proximate	and	primary	outcomes	

•  Hierarchical	modelling	(sharing/borrowing	of	
informaIon)	

•  Response-adapIve	randomizaIon	
–  Includes	adding	or	dropping	of	arms	

•  Explicit	decision	rules	based	on	Bayesian	predicIve	
probabiliIes	at	each	interim	analysis	

•  Dose-response	modeling	
•  Enrichment	designs		

AdapIve	Strategies	
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•  Response-adapIve	randomizaIon	may	be	used:	
–  To	improve	subject	outcomes	by	preferenIally	
randomizing	paIents	to	the	beier	performing	
arm	

–  To	improve	the	efficiency	of	esImaIon	by	
preferenIally	assigning	paIents	to	doses	in	a	
manner	that	increases	staIsIcal	efficiency	

–  To	improve	the	efficiency	in	addressing	mulIple	
hypotheses	by	randomizing	paIents	in	a	way	
that	emphasizes	sequenIal	goals	

–  Includes	arm	dropping	

Response-adapIve	RandomizaIon	
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Learning	Strategy:	Example	

Standard 
Low Dose TXA 
Med Dose TXA 
High Dose TXA 

300 500 700 900 400 600 800 1100 Start 1000 

“Burn in” RAR: “Dose 
Finding” 

RAR: 
Confirmation 

Treatment 
Rec. 

Time 
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Trial	SimulaIon	
Assumed	“reality”	including	populaIon,	

accrual,	efficacy,	safety	

1000s	of	Virtual	Trials	

Single	Example	
Trials	

OperaIng	
CharacterisIcs	
(e.g.,	error	rates,	
sample	size)	
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Planorm	Trial	
•  An	experimental	infrastructure	to	evaluate	
mulIple	treatments,	ooen	for	a	group	of	
diseases,	and	intended	to	funcIon	conInually	
and	be	producIve	beyond	the	evaluaIon	of	
any	individual	treatment	
– Designed	around	a	group	of	related	diseases	and	
treatments	(e.g.,	traumaIc	injury	paierns)	

– Dynamic	list	of	available	treatments,	potenIally	
assigned	with	response-adapIve	randomizaIon	

–  Preferred	treatments	may	depend	on	health	
system,	paIent,	or	disease-level	characterisIcs	
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Terminology	

• Master	Protocol	versus	Planorm	Trial	
•  Other	Terms	

– Umbrella	trial	
–  Basket	trial	
–  Perpetual	trial	

•  Randomized,	embedded,	mulIfactorial,	
adapIve	planorm	(REMAP)	trial*	

*	Derek	Angus	
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Guiding	Principles	
•  All	clinical	trial	approaches	can	yield	the	
wrong	answer	

•  Goal	is	to	design	a	trial	that	minimizes	that	
risk	by	assessing		
–  Likelihood	of	the	risk	(e.g.,	type	II	error	&	low	
power,	discordant	treatment	effects,	drio	in	
treatment	effect	over	Ime)	

–  Severity	of	the	risk	(e.g.,	bias	versus	an	incorrect	
conclusion)	

– Ability	of	different	approaches	to	miIgate	risk	
– Ability	to	implement	the	trial	as	designed	
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Available	
IntervenIons	
	
RandomizaIon	
	
Assigned	
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EvoluIon	of	a	Planorm	Trial	over	Time	
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Key	QuesIon	and	Challenges	

•  Can	we	study	strategies	for	remote	damage	
control	resuscitaIon	(RDCR)	in	a	single	trial	
and	integrate	informaIon	in	an	efficient	way?	

• MulIpliciIes	
–  Injury	severity	and	paierns	
–  LocaIon	of	treatment	(field,	EMS,	ED,	OR,	ICU)	
–  Blood	product,	plasma,	and	related	treatments	
– Other	damage	control	strategies	(e.g.,	low	Idal	
volume	venIlaIon,	immunological	strategies)	
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OpportuniIes	

•  Outcomes	are	known	relaIvely	quickly	
relaIve	to	the	length	of	the	trial	

• Modern	imaging	allows	accurate	
characterizaIon	of	many	injury	paierns	
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BP	Tgt	 Hgb	Tgt		Lactate	

Adaptive Trial Schematic 

25 



Data Data 
Base 

Adaptive Trial Schematic 
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Data Data 
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Statistical 
Model IVRS 
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Adaptive Trial Schematic 
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IVRS 

BP	Tgt	

Addressing Location of Intervention 
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Data Data 
Base 

BP	Tgt1	BP	Tgt2		BP	Tgt3	

Addressing Location of Intervention 
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Trial Simulation 

Virtual 
Patients 

Assumed 
“Reality” 

Execution 
Variables 

Operating 
Characteristics 

(error rates & power) 

“Observe” 
Single Trials 
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Platform Trial Schematic 

Penetrating 
vs blunt, with 

or without 
head injury 
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Conclusions	

•  AdapIve	trial	designs	can	be	used	to	create	a	
seamless	process	in	which	new	evidence	is	
immediately	used	to	improve	trial	efficiency	

•  A	planorm	trial	can	extend	this	process	
beyond	a	single	treatment	or	few	treatments	
and	beyond	a	homogeneous	populaIon	

•  A	well-designed	planorm	trial	is	prespecified	
and	carefully	tailored	to	address	the	real	
threats	to	success	in	the	clinical	se\ng,	while	
achieving	greater	staIsIcal	efficiency	
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