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Two Pathways of  Evolution



Frieden,	T.	R.	et	al.	JAMA	2010;0:jama.2010.1554v1-2.

Evolution	of	Human	Subjects	Research	and	Guidelines



HELSINKI	





JAMES LIND (1716-1794) 

1740	
Commodore	George	Anson	led	a	
squadron	of	eight	ships	on	a	
mission	for	Spain's	Pacific	
possessions.	

Returned	to	Britain	in	1744

1,854 188	
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1537 - An unintended clinical trial by surgeon 
Ambroise Pare 

Battlefield 
wounded 
soldiers

Boiling Oil
yolks of  eggs, 

oil of  roses 
turpentine



1863 - First controlled clinical study by Austin 
Flint 

Rheumatism
(13	pts)

Herbal	Remedy
(placeboic remedy)

Established	
Treatment



1943 - The First Double blind Controlled Trial  
Patulin for Common Cold

COMMON	COLD
The	Medical	Research	
Council	(MRC)	UK

Patulin (extract	of	Penicillium
patulinum)

Control	Group

DOUBLE	BLIND

NO	RANDOMIZATION



The	Medical	Department	of	the	United	States	Army	in	the	World	War.	Communicable	 and	Other	Diseases.	
Washington:	 U.	S.	Government	Printing	Office,	1928,	 vol.	IX,	pp.	171-202.

II. WORLD WAR

Incidence	of	Tuberculosis

1948 - First Randomized Clinical Trial



• The	first	randomized	trial	was	published	in	BMJ	in	1948.

• The	trial	was	about	the	use	of	Streptomycin	in	soldiers	with	TB.

• The	aim	of	the	randomization	was	not	scientific.	Very	few	Streptomycin,	
but	a	lot	of	TB	cases.

MRC	Streptomycin	in	Tuberculosis	 Trials	Committee.	Streptomycin	treatment	of	pulmonary	tuberculosis.	BMJ.	1948;2:769–83.
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FDA	Based	terminology

https://www.pinterest.com/pin/466474473878366162/
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WHY?
WHY	DO	WE	NEED	TO	MODIFY	THIS?



• TIME & COST

• EMERGING DISEASES

• ORPHAN DISEASES

• PERSONALIZED MEDICINE

TIME & COST

PERSONALIZED 
MEDICINE

EMERGING 
DISEASES

ORPHAN 
DISEASES



The cost of a new drug approval in USA
500.000.000 – 1.000.000.000 USD. 

COST



• 12

>12	YEARS







HOW?



METHODOLOGY

AUTHORITY	REVIEW



FDA EXPEDITED REVIEW

•Accelerated Approval 

• Priority Review

• Fast Track

•Breakthrough Therapy 

A	drug	candidate	that	addresses	a	serious	condition	and	which	may	
offer	a	meaningful	advantage	over	available	therapies.	Uses	a	surrogate	
endpoint.

Designed	for	a	very	serious	condition,	the	trials	have	been	completed	
with	an	significant	improvement.	Review	time	is	reduced	from	10	
months	down	to	6	months.

For	drug	candidates	intended	to	treat	a	serious	condition	and	that	
demonstrated	in	non-clinical	studies	the	potential	to	address	an	unmet	
medical	need.

A	drug	candidate	that	is	intended	to	treat	a	serious	condition	and,	also	
has	preliminary	clinical	evidence	to	suggest	it	may	be	a	substantial	
improvement	over	available	therapies.

All	of	these	programs	are	aimed	at	serious	and															
life-threatening	diseases.



AUTHORITY	REVIEW

METHODOLOGY

HOW?

CHANGING	THE	METHODOLOGY



1. USING DIFFERENT/SURROGATE END POINT/S

2. DEVELOPING NEW BIOMARKERS

3. BASKET/UMBRELLA TRIALS

4. ADAPTIVE DESIGN 

5. REAL LIFE DATA (BIG DATA)



SURROGATE END POINT 
VERSUS

CLINICAL END POINT 



Surrogate end-point:

indicators of a change in the disease that are likely to predict a clinical benefit

• provide an estimate of how well a drug will treat a disease or condition
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7-10	YEARS

CLINICAL	
ENDPOINT



Results	from	prospective	trials	suggest	that	 imatinib therapy	can	be	successfully	discontinued	in	CML	patients	with	
deep	and	sustained	molecular	responses	(Lancet	Oncology	2010;11:1029,	Blood	2013;122:515)	 	

bcr-abl

SURROGATE
ENDPOINT



VALIDATION of SURROGATE ENDPOINTS

TREATMENT SURROGATE	
ENDPOINT

CLINICAL	
ENDPOINT

Effects	of	treatment	on	surrogate	and	clinical	endpoint	
must	be	correlated	

Surrogate	and	clinical	endpoints	
must	be	correlated



• One-third of cancer drugs approved in the recent years 
come to market one the basis of improvement in overall 
survival,  while two-thirds are approved based on a a 
surrogate endpoint.

• Not only targeted therapies but also traditional diseases 
benefit form surrogate endpoints:

Diabetes Mellitus and HbA1c  

Mailankody S,	Prasad	V.	Overall	Survival	 in	Cancer	Drug	Trials	as	a	New	Surrogate	End	Point	for	Overall	Survival	 in	the	Real	World.	
JAMA	Oncol.	2017;3(7):889-890.



NEW BIOMARKERS



NEW	
BIOMARKER

Targeted	
Therapy/Personalized	

Medicine
predict	the	population	 that	will	be	
most	likely	to	benefit	from	a	drug

Surrogate	endpoint	

show	activity	or	causality	in	
a	disease	



FINDING THE APPROPRIATE BIOMARKER

• Consequtive testing strategy: First find the drug, then the
biomarker

Drug Clinical Trial	

“Marker”
?

Result



Biomarkers in Clinical Research - 1

• Biomarker as a stratification parameter

Drug Clinical Trial	
Result

“Marker”?
Marker	+

Marker	-



• Biomarker as a randomization strategy

Clinical Trial Result
“Marker”?

Marker	+

Marker	-

Control	

Drug

Control	

Drug

Biomarkers in Clinical Research - 2



• Biomarker as a target

Clinical Trial Result
“Marker”?

Marker	+

Marker	-

Control	

Drug

Biomarkers in Clinical Research - 3



www.clinicaltrials.gov



EVENT DRIVEN TRIALS

• The endpoint is not the DURATION of  the study but an EVENT

• The power of  the study depends on the observed EVENTS

• Early termination or prolongation of  a study is possible

NOT 

“This study will terminate on February 2019” 

BUT 

“This study will terminate after the observation of  120 EVENTS”



UMBRELLA TRIALS

BASKET TRIALS



ONE	DISEASE
One or	more	
common	
mutations

Small	
number	of	
patients	for	

every	
mutation

All	patients	
with	the	

diagnosis	in	
the	trial

Check	for	the	
mutations

Give	
targeted	
therapy	

appropriate	
for	each	
mutation

UMBRELLA TRIAL/MASTER TRIAL

Any	success	in	Phase	II	directly	proceeds	to	Phase	III	in	the	same	patients





ALL IN A BASKET



DIFFERENT	DIAGNOSES
SAME	MUTATION/S

DIFFERENT	
TREATMENT	
FOR	EVERY	
SINGLE	

MUTATION





Non-small	cell	Lung	ca
Small-cell	 Lung	ca

Thymic malignancies

Treatment	for	one	of	the	5	
different	biomarkers

Erlotinib – EGFR
Selumetinib – KRAS,	NRAS..
MK2206 - PIK3CA,	AKT..
Lapatinic – ERBb2
Sunitinib – KIT,	PRGFRA

Standart care	therapy

NCI-MPACT



ADAPTIVE DESIGN 

or

learning while walking



Modification of  one or more specified aspects 
of  the study design and hypotheses based on 

analysis of  data during the study

Revisions Based on Information From a Study External Source is not an adaptive design 



• Define	the	
timepoints

• Fully	blinded	or	
unblindedanalysis

• Plan	revisions	and	
adaptations	after	
the	analysis	

INTERIM 
ANALYSIS

ADAPTIVE DESIGN

STUDY	ENDPOINT/S
DISCONTINUATION	RATES

Study	eligibility
Randomization	procedure
Treatment		regimens
Sample	size	(early	
termination)
Data	collection	timepoints
Primary	endpoint
Secondary	endpoints
Analytic	methodology



PROBLEMS

• Adaptation leading to a false conclusion that the treatment 
is effective – Type I error

ANALYTICAL	
BLINDING

INVESTIGATOR	
SHIELDING





ENRICHEMENT STRATEGIES



Prospective use of  any patient characteristic to select a study population 
in which detection of  a drug effect) is more likely than it would be in an 
unselected population.

Selection:

• demographic, 

• pathophysiologic, 

• historical, 

• genetic or proteomic, 

• clinical, 

• psychological characteristics 



CARDIOVASCULAR DISEASE

Severe cardiovascular 
disease (2 or more 
coronary artery occlusion)

Severity of  the illness + other factors that 
can indicate increased risk:

• history of  recent myocardial 
infarction or stroke; 

• the presence of  concomitant illness 
such as diabetes, hypertension, or 
hyperlipidemia; 

• very high LDL cholesterol, low HDL 
cholesterol and high C-reactive 
protein (CRP)

considerably reduces the sample size (the enalapril and statin trials) 

- Large	study	population
- Moderate	or	slight	effect

- Small	study	population
- Distinctive	effect





1. USING DIFFERENT/SURROGATE END POINT/S

2. DEVELOPING NEW BIOMARKERS

3. PUTTING ALL IN A BASKET

4. ADAPTIVE DESIGN 

5. ENRICHEMENT STRATEGIES

6. REAL LIFE DATA (BIG DATA)



REFLECTING REAL LIFE

Mega	–Trials:	Clinical	Research	conducted	on	more	than	10.000	
participants

• HIGH	BUDGET
• LONG	TERM
• NEEDS	DETAILED	ORGANISATION
• NEW	APPROACHES	SUCH	AS	VIRTUAL	or	RISK	BASED										

MONITORIZATION
Really	reflects	real	life?



REAL LIFE DATA – BIG DATA

• Data	Base:	Cross-sectional	and	horizontal	data	
• Surveys	of	patients	and	society:	Data	for	epidemiologic	studies
• Patient	monitorisation records:	For	studies	involving	patient	care
• Observations	from	cohort	studies: The	main	data	for	real	life	studies
• Pragmatic	clinical	research: Clinical	research	mimicking	real	life:	
debatable
• Disease	registries:	Continuous	recording	and	evaluation	of	specific	
indications	in	specific	center/centers



PROBLEMS

• Lack	of	resources/data	(countries	and	data)	

• Low	sensitivity– Ambigious diagnosis	and	outcome

•Missing	data

• Confounding	and	Bias



TECHNOLOGICAL EVOLUTION
1980 1990 2000

ISOLATED	SYSTEMS

Clinical Trial	Management	Systems
(CTMS),	
Electronic	Clinical Outcomes
Assessments (eCOA)

INTEGRATED	SYSTEMS

Interactive	Response Technology (IRT)

Single sign-on	(SSO)
Risk-basedmonitoring (RBM)
Patient Engagement
eSource
Wearable devices
Electronic	drug accountability







INTERNET OF THINGS



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981575/



Applications	of	wearables in	the	fitness	and	clinical	research	context	(Source: Biotaware)



https://knect365.com/clinical-trials-innovation/article/f3ebedd3-1d69-4d42-bf70-d0f8d44f7c24/internet-of-things-clinical-trials-challenges-opportunities



THANKS FOR LISTENING


