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Outline	

•  The	Need?	What’s	Next?	
– Modeling	
– Adap.ve	Designs	

• What	Are	Simula.ons	
•  Role	of	Simula.ons	
•  Regulatory	Role	
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ICECAP 

•  ICECAP	–	Hypothermia	aUer	post	cardiac	arrest	coma	
–  Background	

•  Two	small	surface	cooling	trials	demonstrated	efficacy	(different	
dura.ons	and	endovascular	cooling	more	frequently	used)		

•  Medically	accepted	that	this	works	
•  No	FDA	approval	

–  Goals		
•  To	iden.fy	op.mum	cooling	dura.on	
•  What	types	of	subject	(rhythm	types)	vs.	dura.on	

–  Fixed	Design:	
•  400	On	12,	24,	48	hours	cooling	
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The	Dura.on-Response	
•  The	biology	is	that	certain	shapes	are	“not	
possible/believable”	

•  The	model:	

Cooling	Time	à	

Effi
ca
cy
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•  A	Bayesian	parametric	model	that	restricts	the	
shape	to	be	“Inverted-U”	

•  Allows	10	dura.ons	instead	of	3	
•  Demonstra.on	of	a	significant	increase	by	
cooling	

5	

6 18 30 42 60

Rhythm 1: Look #32
Sa

m
pl

e 
Si

ze

0
10

0
20

0
30

0
40

0
50

0

●

●

●

● ● ● ● ● ●
●

●

●

●

● ● ●
●

● ●

●

0
2

4
6

8
10

W
ei

gh
te

d 
Sc

or
e

6 18 30 42 60

Rhythm 2: Look #32
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Disease	Progression	Modeling	
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•  GNE	Myopathy	
•  Muscle-was.ng	
disease	

•  Progresses	from	
bo=om	up	

•  Joint	model	of	
muscle	decline		
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Disease	Progression	Modeling	
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•  A	joint	model	for	6-muscle	progression	
•  Single	parameter	captures	treatment	effect	
•  Small	sample	sizes,	asympto.cs	troubling	
•  Full	Bayesian	model	available	

µi =
logit(−1)[θm(i ) +βm(i )(ti −αs(i ))]*Ms(i ),m(i ) t < I

logit(−1)[θm(i ) +exp γ( )βm(i )(ti −αs(i ))]*Ms(i ),m(i ) t ≥ I

⎧

⎨
⎪
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Personalized	Medicine	
•  A	“basket”	trial	on	mul.ple	subgroups,	say	6	disease	
subclassifica.ons	

•  A	Bayesian	hierarchical	(cluster	model)	is	a	very	
natural	and	powerful	way	to	analyze	the	results	of	
each	basket	–	can	be	type	I	error	very	protec.ve	
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Example	1:	

Example	2:	

Example	3:	



Innova.ve	Designs	
•  An	EBOLA	trial	that	uses	4	treatments	and	all	2-
way	combina.ons	vs.	SOC	

•  Response	adap.ve	randomiza.on	to	all	possible	
regimens	–	weekly	

•  Possibly	drop/add	new	treatments	
•  Very	effec.ve	trial:	treats	pa.ents	be=er,	much	
faster	to	effec.ve	therapies	

•  Plalorm	trials	in	oncology,	infec.ous	disease,	
alzheimers,	ICU	treatments,	auto	immune	
diseases,	and	more!	
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What	are	Simula.ons?	

We	are	inundated	with	“simula.ons”	being	used	as	predic'ons	
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Role	of	Simula.ons	

•  This	is	common	for	PK/PD	scien.sts	–	predict	
what	will	happen	in	humans	

•  This	is	not	how	simula.ons	are	used	in	
crea.ng	in	silico	designs	

•  The	“simula.on”	evalua.on	is	nothing	more	
than	numerical	integra.on		

•  Can	it	be	the	source	of	evalua.on	of	a	design/
Bayesian	analysis?	
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Accrual	
Clinical	Trial	Simula.on	
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Frequen.st	Approach	
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T x( ) ~

The	“theore.cal”	distribu.on		
of	T(x)	from	repeated	

experiments		

•  The	“model”	must	be	simple	enough	to	get	theore.cal	result	
•  The	design	must	be	simple	to	get	closed	form	long-run	

distribu.on	
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Bayesian	Approach	
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f θ | x( )
Pr(Superiority)=Y	

•  Model	can	be	appropriately	complex	
•  Design	can	be	appropriately	flexible	
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Simula.on	of	Bayesian	Approach	
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•  Repeated	to	measure	the	exact	long-term	
behavior	of	any	quan.ty	of	interest	

•  Numerical	Integra.on	

Bayes	 Result	
Accrual/Lost	

Therapy	Truth	

Design	Rules	
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Regulatory	Role	

•  A	flexible	design	and/or	Bayesian	analysis	is	
submi=ed	
– Completely	prespecified	(design	+	success)	
– Model	fully	defined	

• What	if	procedures	

•  Simula.ons	conducted;	submi=ed	
•  Null	space	fully	explored/covered	
•  Post-simula.on	plan	

16	ACDRS,	4/21/2016	



Conclusions	
•  The	ability	to	demonstrate	long-run	
characteris.cs	by	numerical	integra.on:	
– Opens	up	the	analysis	to	innova.ve,	needed,	
Bayesian	analyses	

– Opens	up	to	innova.ve,	needed,	flexible	trial	
designs	

•  Improves	trial	designs,	analyses,	informa.on,	
and	drug	development	–	which	of	course	
improves	regulatory	decision	making	
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