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Since	1783	

Since	1909	



Your	body	contains	100	trillions	cells	
Each	cell	contains	a	copy	of	the	genome	



The genome (DNA) differs: 
•  Between species	

•  >1 nucleotide / 100	

•  Between individuals	
•  1 nucleotide / 1,000	

	
•  Between cells	

•  1 nucleotide / 100,000,000	
(~10 mutations per cell division)	



DNA	sequencing	



What	is	cancer(s)?	

hBp://rise.duke.edu/seek/pages/page.html?0205	



New view of cancer 



?	

Towards	precision	medicine	

«	strategy	»	

1) 	Human-designed	«	strategy	»,	or	
2) 	Computer-designed	«	strategy	»	?	



1)	Human-designed	strategy:	
Example	of	the	SHIVA	clinical	trial	

Limits	of	human-designed	strategies:	
-  Limited	to	what	we	know	(or	believe)	
-  Limited	to	a	few	altera?ons,	and	a	few	drugs	
-  No	combinatorial	rule	
-  No	weigh?ng	of	evidences	
-  No	combina?on	of	drugs	
-  …	and	did	not	succeed	in	the	clinical	trial	



2)	Computer-designed	strategy	

1.   Collect	molecular	
data	about	many	
individuals	

2.   Collect	the	response	
to	treatment	

3.   Let	the	computer	
figure	out	how	to	
predict	the	
response	from	the	
molecular	data	



Collecting data: ongoing 
•  http://aws.amazon.com/1000genomes/  



Let	the	computer	«	learn	»	the	rule	
(a.k.a.	machine	learning)	

n=15	samples				>>				p=2	descriptors						(easy)	



Machine	learning	is	hard	when	n	<<	p	

n	=	1e2	~	1e4	
(paZents)	
	
p	=	1e4	~	1e7	
(genes,	mutaZons,	
copy	numbers,	…)	



One	soluZon:	reduce	dimension	
(a.k.a.	«	feature	selec*on	»,	«	molecular	signature	»)	



Example:	Mammaprint,	the	70-gene		
Breast	cancer	prognosZc	signature	

(Van	de	Vijver	et	al	2002)	



But…	

70	genes	(Nature,	2002)	 76	genes	(Lancet,	2005)	

Only	3	genes	in	common	
	

…	and	not	really	be_er	than	choosing	70	genes	at	random!	
(Haury	et	al.,	PLoS	One	2011)	



Improving	feature	selecZon		
with	prior	knowledge	

Can	we	«	force	»	the	signature	to	be	«	coherent	»	
with	a	known	gene	network?	

Protein-Protein	interac*on	network	

Metabolic	pathway	



Example:	the	graph	lasso	
•  Step	1:	Using	the	network,	define	a	subset	of	
«	candidate	»	signatures	

•  Step	2:	Among	the	candidates,	find	the	best	
signature	to	explain	the	data	

(Jacob	et	al	2009)	

(a	convex	body	
	in	p	dimensions)	

(convex	op*miza*on)	



Classical signature (accuracy = 0.61) 



Graph	lasso	signature	(accuracy=0.64)	



Ongoing	project:	mulZple	drugs	

n	=	5e4	
	
p	=	1e10	

Collabora*on	S.	Dudoit	(UC	Berkeley),	R.	Bourgon	(Genentech)	



Our	approach	

cell line descriptors

drug descriptors

Kcell

kernelized
Kdrug

kernel
bilinear

regression
f̂
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Somehow	it	worked…	

But	the	best	performance	is	barely		
be_er	than	random	



Conclusion	

•  New	opportuniZes	
to	exploit	big	data	
in	precision	
medicine	

•  Challenging	
machine	learning	
problems	

•  SZll	a	long	way	to	
go	before	curing	
cancer…	
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1/!PROMOTION!DU!PROGRAMME!

!

• Rencontre!avec!les!directeurs,!directeurs!scientifiques!et!directeurs!

des!études!de!l’ENS,!Mines,!ENSCP,!ESPCI!pour!organiser!la!

promotion!du!programme!auprès!des!étudiants.!

• Ecole!des!Mines!:!présentation!d’ITI!devant!le!conseil!de!

l'enseignement!;!8!représentants!d’élèves!;!relance!

• ENSCP!:!mailing!de!présentation!d’ITI!aux!3A!via!la!direction!des!

études.!

• ENS!:!mailing;!présentation!directe!auprès!des!étudiants!(2!élèves!

présents)!;!diffusion!des!plaquettes!et!du!syllabus!;!relance!!

• ESPCI!:!mailing!aux!3A!+!présentation!d’ITI/rencontre!avec!les!

étudiants!en!présence!des!directrice!de!la!scolarité!et!directrice!des!

relations!entreprises!;!8!élèves!présents!

• Contacts!en!cours!avec!les!Ponts!et!l’ENS!Lyon!(en!attente!de!

réponse)!

• Rencontre!à!l’ANRT!avec!le!délégué!général!et!la!chef!du!service!

CIFRE:!accord&de&communication&sur&le&programme&ITI&via&le&site&

internet&de&l’ANRT!(rubrique!"zoom!sur")!

• Promotion!aux!Rencontres!Universités!Entreprises!(RUE)!

• Echange!avec!Stéphane!Mallat!et!réflexion!sur!la!pertinence!du!

programme!tronc!commun!

• Rencontre!avec!le!responsable!des!relations!internationales!de!la!

National!Taiwan!University!à!l’ESPCI:!présentation!d’ITI!

• Contact!en!cours!pour!visite!d‘entreprise!

• Article&les&Echos&

• Création&du&logo&PSL/ITI&et&du&Diplôme&Supérieur&de&Recherche&et&

d’Innovation&de&PSL/ITI&(DSRI),&dépôt&INPI&en&cours.&

!

!

2/!MISE!EN!ŒUVRE!OPERATIONNELLE!DU!PROGRAMME!


