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15.482Unit	Outline
§ Overview	of	the	Drug	Development	Process
§ Randomized	Clinical	Trial	Design
§ Size,	Power,	and	Cost
§ Formal	Statistical	Analysis
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Overview	of	the	
Drug	Development	

Process



15.482The	Patient	Perspective
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Source:	fda.gov
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Source:	FDA.gov

“Maximum	
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Activity”

“Clinical	
Effectiveness	”
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15.482Clinical	Trials	By	The	Numbers
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March	2015
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15.482Clinical	Trials	By	The	Numbers
Typical	Costs	in	a	Clinical	Study:
§ Investigator	and	site:	Institutional	overhead,	investigator	honoraria	and	fees,	ethics	review,	

Institutional	Review	Board	,	investigator	meetings	(travel)
§ Patient	enrollment:	Recruitment	costs	(advertising,	travel	stipend,	etc.),	screening,	office	visits	

(equipment,	diagnostics,	etc.)
§ General	trial	procedures:	Initial	exam,	physical	exam,	vital	signs,	detailed	medical	history
§ Materials:	Drug	supply,	comparator	drug,	other	equipment,	shipping,	etc.
§ Efficacy	assessments:	MRIs,	CT	scans,	other	diagnostic	tests
§ Laboratory:	Local	lab	fees,	storage,	shipping	of	samples,	etc.
§ Site-based	IT/data	management:	Trial	master	file,	electronic	data	capture,	Interactive	Voice/Web	

Response	System
§ Site-specific	CRO	expenses:	Monitoring,	randomization,	biostatistics,	travel,	meetings,	etc.
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<	100	patients
100	– 500	patients

1,000	– 5,000	patients
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Source:	raps.org

FDA	User	Fee	Schedule
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Source:	Scannell et	al.	(NRDD	2012)

Recall	Eroom’s Law:

Source:	Phrma Battelle	(2015)



Randomized
Clinical	Trial	Design
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15.482Randomized	Clinical	Trials
§ Prospective study	for	determining	whether	a	therapy	is	
safe	and	effective	(“gold	standard”)

§ For	example,	balanced	two-arm	RCT
– In	a	sample	of	2n patients,	treat	n random	patients	and	give	
placebo/standard	of	care	to	the	remaining n	patients

§ Compare	the	outcomes	after	a	certain	period	of	time
§ If	treated	group	is	significantly	improved,	therapy	is	
approved;	if	not,	therapy	is	rejected
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15.482Overfitting,	Data-Snooping,	Pre-Test	Bias,	etc.
§ Important	objective	of	RCTs	and	regulations	is	to	
reduce	chances	of	“false	positives”

§ Human	tendency	to	detect	patterns,	even	when	they	
don’t	exist

© 2017 by Andrew W. Lo 
All Rights ReservedUnit 6 - Part 1 Slide 17



15.482Overfitting,	Data-Snooping,	Pre-Test	Bias,	etc.
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15.482Endpoints
§ Primary	endpoint:	main	effect	of	the	therapy	that	is	to	
be	tested,	e.g.,	mortality,	tumor	size,	BP,	viral	load,	etc.	

§ Secondary	endpoint:	other	features,	e.g.,	rate	of	tumor	
growth,	

§ Subgroup	analyses	are	common,	e.g.,	men/women,	
young/old,	risk-factor	stratifications

§ Endpoints	are	specified	in	advance	(why??)
– Ethical	and	scientific	reasons	(avoid	“fishing	expeditions”)
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15.482Patient	Selection	and	Accrual
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15.482Patient	Selection	and	Accrual
§ Sample	should	be	representative	of	target	population
§ Biomarkers	now	play	a	bigger	role	(patient	
stratification,	e.g.,	Herceptin and	HER2	gene)

§ Clinical	trials	often	conducted	by	third-party	contract	
research	organizations	(CROs),	e.g.,	QuintilesIMS

§ Cost	varies	depending	on	the	trial	(oncology	is	highest)
§ Quality	control	is	important
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15.482Trial	Design
Motivation:	Compare	patient	outcomes	with	and	
without	intervention	(therapy)

§ Parallel	design:	Two-arm	trial	with	treatment	vs.	
control	group	(either	placebo	or	standard-of-care)

§ Cross-over:	all	patients	will	receive	treatment	but	at	
different	times	(patients	“cross	over”	at	some	point)

§ Historical	control:	treatment	group	is	compared	to	
historical	outcomes	(not	very	compelling)
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15.482Trial	Design
Randomization
§ Balanced	trial:	50/50	chance	of	being	assigned	to	
treatment	group

§ Ethical	issues	in	this	process	(who	wants	to	be	in	the	
placebo	group??)

§ “Clinical	equipoise”:	genuine	doubt	about	which	arm	
is	better	for	the	patient

§ Be	careful	that	your	sample	is	“representative”
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15.482Trial	Design
Blinding
§ Single-blinded	trial:	patients	do	not	know	which	group	
they’re	in,	but	investigators	do

§ Double-blinded	trial:	neither	patients	nor	
investigators	know

§ Purpose	is	to	reduce	bias,	which	can	be	quite	subtle	
but	large	(Lincoln	vs.	Kennedy)
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15.482Trial	Design
Reporting:
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