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Review Article

High-quality evidence is what we use to guide medical practice. 
The standard approach to generating this evidence — a series of clinical 
trials, each investigating one or two interventions in a single disease — 

has become ever more expensive and challenging to execute. As a result, important 
clinical questions go unanswered. The conduct of “precision medicine” trials to evalu-
ate targeted therapies creates challenges in recruiting patients with rare genetic 
subtypes of a disease. There is also increasing interest in performing mechanism-
based trials in which eligibility is based on criteria other than traditional disease 
definitions. The common denominator is a need to answer more questions more ef-
ficiently and in less time.

A methodologic innovation responsive to this need involves coordinated efforts 
to evaluate more than one or two treatments in more than one patient type or disease 
within the same overall trial structure.1-4 Such efforts are referred to as master pro-
tocols, defined as one overarching protocol designed to answer multiple questions. 
Master protocols may involve one or more interventions in multiple diseases or a 
single disease, as defined by current disease classification, with multiple interventions, 
each targeting a particular biomarker-defined population or disease subtype. In-
cluded under this broad definition of a master protocol are three distinct entities: 
umbrella, basket, and platform trials (Table 1 and Figs. 1 and 2). All constitute a 
collection of trials or substudies that share key design components and operational 
aspects to achieve better coordination than can be achieved in single trials designed 
and conducted independently.

A master protocol may involve direct comparisons of competing therapies or be 
structured to evaluate, in parallel, different therapies relative to their respective 
controls. Some take advantage of existing infrastructure to capitalize on similarities 
among trials, whereas others involve setting up a new trial network specific to the 
master protocol. All require intensive pretrial discussion among sponsors contributing 
therapies for evaluation and parties involved in the conduct and governance of the tri-
als to ensure that issues surrounding data use, publication rights, and the timing 
of regulatory submissions are addressed and resolved before the start of the trial.

E x a mples

There have been more master protocols initiated for the study of cancer therapy than 
other therapeutic areas, owing to advances made in identifying tumor subtypes or 
mutations for targeting.5 Table 2 summarizes selected master protocols in cancer 
and illustrates the variety of research objectives and trial designs used. The advan-
tages of studying more than one therapy for a particular disease defined by both 
pathological and molecular criteria (an umbrella or platform trial) or studying more 
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Pla5orm	trial	design	
Key	features	of	a	pla.orm	trial	are:	
	

Ø  any	number	of	treatment	combina;ons	
Ø  treatments	can	be	added	or	removed	
Ø  any	number	of	subgroups	
Ø  no	maximum	sample	size	(perpetual)	
Ø  frequent	sequen;al	analyses	
Ø  predefined	decision	rules	for	adapta;on	
Ø  treatment	assignment	controlled	by	a	

central	sta;s;cal	model	&	accruing	data	



Pla5orm	trial	design	

JAMA	2006;296:1955-1957	

Pre-specified	
flexibility	
documented	
in	the	master	
protocol.	



When	to	use	a	pla5orm	trial	design	
Ø Outcomes	or	biomarkers	available	rapidly	

rela;ve	to	;me	required	for	en;re	trial	
Ø  Large	uncertainty	regarding	rela;ve	

efficacy,	adverse	event	rates,	variability,	
pa;ent	popula;on	in	trial,	etc.	

Ø Mul;ple	therapies	and/or	heterogeneity	of	
treatment	response	

Ø New	biomarkers	and	therapies	becoming	
available	

Ø  Able	to	secure	buy-in	of	stakeholders	



Stakeholders	&	expert	elicita,on	
1.  Iden;fy	the	stakeholders	and	start	listening.	

As	a	minimum	this	should	include	pa;ent	
advocates,	clinicians,	nurses,	sta;s;cians	and	
computer	scien;sts.	

	

ü  Partnership	–	these	co-inves;gators	will	be	
driving	the	recruitment,	treatment	
alloca;on,	trial	adherence,	data	collec;on	
&	repeat	sequen;al	analyses.	



Stakeholders	&	expert	elicita,on	
2.	Consider	ge`ng	help	from	a	group	with		
pla.orm	trial	experience.	 

10 

	

Community	Acquired	Pneumonia	
(PREPARE	REMAP-CAP)	
Cys;c	fibrosis	(BEAT	CF)	
Hepa;;s	C	(PLATINUM	C)	
Influenza	(PREPARE	ALICE)	
Breast	Cancer	(I-Spy2)	
Brain	Cancer	(GBM-AGILE)	
Pancrea;c	Cancer		
An;bio;cs	
Alzheimer’s	(EPAD,	DIAN)	
Lung	Cancer	(LUNG-MAP)	
Ebola	
Several	rare	diseases…	and	others	
in	the	pipeline.	



Stakeholders	&	expert	elicita,on	
3.	Map	out	the	casual	network	for	the	disease	and	
agree	the	research	ques;ons.		

	
	Consider	using	a	structured	elicita;on	process	
(such	as	a	modified	Delphi	procedure:Inves;gate-Discuss-Es;mate-

Aggregate)	to	iden;fy	the	eligible	popula;on	and	
trial	outcomes.	This	improves	the	accuracy	and	
transparency	of	the	resul;ng	judgements	and	
defines	the	domains	&	subgroups.	



Stakeholders	&	expert	elicita,on	

4.	Define	the	underlying	distribu;ons	for:		
Ø  control	and	treatment	response;	
Ø  accrual,	drop-out	and	missing	data	rates;	
Iden;fy	plausible	trial	outcome	scenarios.	

Evidence	may	be	available	from	historical	data	
(such	as	previous	trials),	published	research	or	
hospital	audit	data.	Or	it	may	be	necessary	to	
implement	another	structured	elicita;on	process	
with	disease	area	experts.	



Stakeholders	&	expert	elicita,on	

4.	Define	the	underlying	distribu;ons	for:		
Ø  control	and	treatment	response;	
Ø  accrual,	drop-out	and	missing	data	rates;	
Iden;fy	plausible	trial	outcome	scenarios.	

Evidence	may	be	available	from	historical	data	
(such	as	previous	trials),	published	research	or	
hospital	audit	data.	Or	it	may	be	necessary	to	
implement	another	structured	elicita;on	process	
with	disease	area	experts.	

Beware:	Expert	judgements	can	be	
prone	to	contextual	and	recall	biases.	



Stakeholders	&	expert	elicita,on	

5.	Ideally	get	help	from	an	experienced	computer	
science	team	on	ways	to	efficiently	iden;fy	
pa;ents,	allocate	treatments	and	collect	data.		

	
	Efficient	pla.orm	trials	build	in	pa;ent	privacy	
when	integra;ng:	

	

-  disease-specific	or	healthcare-based	registries;	
-  clinician	and/or	healthcare	systems;		
-  pa;ent	and/or	carer	feedback;	
-  laboratory	or	‘omic	data.		



Clinical	Trial	Simulator	

Over	2	years	later,	you	are	almost	ready	for	a	
grant	applica;on.	However,	the	range	of	
sample	sizes,	decisions	rules	for	trial	success	
and	fu;lity	and	the	;ming	and	number	of	
interim	analyses	all	need	to	be	determined	by	
trial	simula;on.		
	



•  Simula;ons	are	used	to	see	the	trial	in	ac;on	
before	we	start	recruitment	into	the	trial	

•  Itera;ve	process	with	feedback	from	study	
inves;gators	
– Add	more	domains	or	subgroups?	
– Allow	new	therapies	to	enter	the	ongoing	trial?	
– More	frequent	analyses?	
– Calibrate	aggressiveness	of	adap;ve	
randomiza;on	

– Perpetual?	

16	

Clinical	Trial	Simulator	



Clinical	Trial	Simulator	

Factors	to	consider	when	designing	trial	simulator:	
	

Ø  Accrual	rate	
Ø  Distribu;on	for	the	control	response	
Ø  Distribu;on	for	prior	(omen	weakly	informa;ve)	
Ø  Number/;ming	of	sequen;al	analyses	
Ø  Thresholds	for	trial	success	&	fu;lity	
Ø  Minimum	number	of	pa;ents	with	endpoint	

before	declara;on	of	early	success/failure	



Example:	BEAT	Cys0c	Fibrosis	
•  Poor	consistency	in	management	of	pulmonary	
exacerba;ons	across	centers	

•  Uncertainty	in	backbone	an;bio;c,	adjunct	
an;bio;c,	airway	clearance	methods/regimens,	
muco-ac;ve	therapies,	an;-inflammatory	
(glucocor;costeroids),	etc.	

•  Heterogeneity	in	pa;ent	response	(age,	recent	
hospitaliza;on,	Pseudomonas	coloniza;on,	gene;c	biomarkers)	

•  Research	Ques;on:		
					What	is	the	op;mal	treatment	for	this	pa;ent?	

18	

Clinical	Trial	Simulator	



Domain	A:		
Primary	an;bio;cs	

1.	Cemriaxone	
2.	Cemazadime	
3.	Tazocin	
4.	Cefepime	

	

Domain	B:	
Adjunct	an;bio;cs	

1.	IV	Tobramycin	
2.	IV	Amikacin,		
3.	Inhaled	Tobramycin	
4.	Inhaled	Colis;n	
5.	None	
	Pa;ent	Subgroups:	

Pseudomonas	in	last	12	months	
						1.		No		
						2.		Yes	19	

Clinical	Trial	Simulator	Example	



Take	a	best	guess	on	the	trial	simulator	parameters	
		
Ø  an	accrual	rate	of	5	pa;ents	per	week	
Ø  sequen;al	analyses	every	250-100	pa;ents	
Ø  weakly	informa;ve	prior	
Ø  success	thresholds:	between	p(ϑd>0)>0.9999	for	

early	analyses	&	p(ϑd>ϑ)>0.975	for	final	analysis	
Ø  fu;lity	thresholds:	between	p(ϑd>0)<0.0001	for	

early	analyses	&	p(ϑd>0)<0.2	for	final	analysis	
Ø  response	adap;ve	randomiza;on	amer	15	

episodes	in	a	given	cell	

Clinical	Trial	Simulator	Example	
	



Clinical	Trial	Simulator	Example	
	

	

Ø  Plausible	trial	scenarios	(including	null	model)	



Interim	1,	N=250	
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Interim	2,	N=500	
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Interim	3,	N=750	
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Interim	4,	N=1000	
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Interim	5,	N=1250	
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Interim	6,	N=1500	
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Interim	7,	N=1750	
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Interim	8,	N=2000	
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Interim	12,	N=3000	
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Interim	16,	N=4000	
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Interim	20,	N=5000	
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We	need	to	run	many	simula;ons,	omen	around	
10,000	for	the	null	model	and	around	5,000	for	
other	scenarios.		These	can	be	summarised	to	
determine	the	trial	opera;ng	characteris;cs.			
			
Ø  False	posi;ve	(Type	1)	error	rate	
	
Ø  Power	(1-Type	II	error	rate)	
	
Ø  Average	sample	size	for	each	scenario	

Clinical	Trial	Simulator	



But	this	is	just	one	scenario	–	now	simulate	all	
possible	scenarios.		
	

And	factor	in	all	those	other	parameters:	
Ø  Accrual	rate	
Ø  Distribu;on	for	the	control	response	
Ø  Distribu;on	for	prior	(omen	weakly	informa;ve)	
Ø  Number	of	interims	
Ø  Thresholds	for	trial	success	&	fu;lity	
Ø  Minimum	number	of	pa;ents	with	endpoint	before	declara;on	of	

early	success/failure	

Clinical	Trial	Simulator	



It	is	easy	to	see	how	the	trial	simula;ons	are	
such	a	core	component	in	pla.orm	trials.	
	
The	FDA	chaired	a	seminar	on	20	March	2018	
to	discuss	innova;ve	designs,	predominantly	
complex	adap;ve	designs,	in	drug	
development.		What	came	across	clearly	was	
the	need	to	pre-specific	everything	in	the	trial	
simula;ons	and	in	the	protocol.		

Clinical	Trial	Simulator	



Next	step:	integrated	eHealth	pla5orm	trials	

Integrated	eHealth	records	&	clinical	trials	
	

AIMS	
(1)  assist	in	the	assessment	of	trial	feasibility,		
(2)  aid	pa,ent	recruitment,		
(3)  allow	automated	preloading	of	clinical	informa,on	from	

a	pa,ent’s	EHR	to	a	trial	data	collec,on	form,	and		
(4)  use	EHR	informa,on	in	the	repor,ng	of	Serious	Adverse	

Events	(SAE)	during	a	trial.	



Next	step:	integrated	eHealth	pla5orm	trials	

“…	belief	that	it	could	reduce	workloads	and	
improve	the	conduct	and	quality	of	trials.	
However,	data	security,	privacy	and	
informa0on	governance	issues	need	to	be	
carefully	managed	in	the	development	of	the	
plaHorm.”	
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