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Project	Summary	

•  Dura,on		
–  48	months	

•  Start	date:	April	2013	

•  Project	funding	
–  10.582.000,00	€		

•  from	the	European	Union’s	Seventh	Framework	Programme	for	research,	

technological	development	and	demonstra2on	under	grant	agreement	No	600841	

•  Full	,tle:	
–  Computa2onal	Horizons	In	Cancer	(CHIC):	Developing	Meta-	and	

Hyper-Mul2scale	Models	and	Repositories	for	In	Silico	Oncology	

•  Coordinator	
–  Professor	Dr.	Georgios	Stamatakos	

•  Ins2tute	of	Communica2on	and	Computer	Systems	

Na2onal	Technical	University	of	Athens	

In	Silico	Oncology	Group		
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Objec2ves	

•  Development	of	clinical	driven	tools	within	a	

secure	infrastructure	to	support	the	crea2on	

of	mul2scale	cancer	hyper-models	
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Hypermodel	based	Oncosimulator	

8	
9th	Interna,onal	Conference	on	Pediatric	

Renal	Tumor	Biology	
2nd	April	2016	
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Components	of	CHIC	
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Clinical	ques2ons	to	be	answered	

•  Nephroblastoma:	
– Will	a	WT	respond	to	preopera2ve	chemotherapy?	

•  Glioblastoma:	
– Will	a	specific	pa2ent	benefit	from	adding	Dendri2c	Cell	
vaccina2on	(DC	vaccina2on)	to	the	standard	treatment	for	
glioblastoma?		

•  NSCLC:	
– Will	gene2cs	facilitate	the	therapy-related	clinical	
decisions		

•  Prostate	Cancer:	
– Which	pa2ent	needs	what	kind	of	therapy	at	what	2me?	
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Nephroblastoma	
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§  Most	common	childhood	renal	tumour	

§  Excellent	prognosis	(>	90%	overall	survival)	
§  Rare	disease	

– Incidence:	7/1.000.000	children	<	15	y	
– 15%	metasta2c	disease	

– 5%	bilateral	disease	
– Different	histological	types	
– Heterogeneity	of	molecular	biology	
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Outcome	
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1915  10 %   25 % operative mortality 

1925  15 %   20 % operative mortality 

1935  30 %   <5 % operative mortality 

1945  45 %   postoperative irradiation 

1965  70 %   chemotherapy 

1985   80 %   risk adapted treatment and 
  prospective randomized trials 

2000  90 %   molecular/biological markers 

2000 2010 



SIOP	 	 	 			COG	
•  Preopera2ve	Chemotherapy	

–  Stage	

–  Histology	

–  Tumor	volume	(500	ml,	GPOH)	

–  Response	to	treatment	

–  Age	(<6m,	>16y)	

–  Blastemal	Subtype	

•  Primary	Surgery	

•  Stage	
•  Histology	
•  Tumor	weight	(550g)	

•  Response	to	treatment	(Stage	IV)	

•  Age	(2y)	

•  LOH	1p	&	16q	

Blastemal Subtype  
(5 - 10%) 
poor EFS 

LOH 1p and 16q  
(5%)  

poor EFS 

Both groups do need 
additional molecular 

markers for a better risk 
stratification 
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Number	of	relapses	by	prior	treatment	

group	(SIOP	WT	2001)	

Treatment	 No.	pa,ents		
(2yr	~EFS)	

No.	
relapse	

%	all	
relapse	

No.	
deaths	

%	all	
deaths	

VA	only		 1,785			(90%)	 127	 38%	 16	 14%	

VA+RT/AVD	 603						(88%)	 60	 18%	 13	 11%	

4	drug	arm	 225						(75%)	 47	 14%	 29	 25%	

Stage	IV	 474						(74%)	 103	 30%	 57	 50%	

	

Total	

	
3,087			(87%)	

	

337	

	

100%	

	

115	

	

100%	
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LOH	(COG	Data)	

Paul	Grundy	et	al.,	JCO	2015	

stage	I	&	II	
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Molecular	Biology	
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Specific	objec2ves	

•  Stakeholders		
–  Clinicians,	Pa2ents,	Basic	Scien2sts,	Bio-informa2cians,	solware	developers,	data	

managers...		

•  A	common	security	framework		
–  To	cater	for	users	Authen2ca2on,	Authoriza2on,	Access	control,	etc.	and	support	the	

(pseudo)	anonymisa2on	of	sensi2ve	pa2ent	data	

•  Common	ontology	and	seman,cs	mechanisms		
–  For	the	annota2on,	publica2on,	discovery	of	data	and	the	seman2c	based	

interoperability	and	integra2on),	

•  An	assortment	of	new	or	externally	available	tools		
–  For	visualiza2on,	predic2ve	modeling,	and	knowledge	discovery	integrated	or	linked	

with	an	IT-infrastructure	plamorm	

•  Services	for	pa,ent	empowerment		
–  e.g.	for	informed	consent	and	linking	to	biobanks	

5th	August	2016	 Big	Data	Applica,on	Symposium	

Clinical care domain         Research domain  Open Access data 
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Upload	Tool	

Data	cura2on	

Patient Empowerment 

Data	

Warehouse	

Upload	Tool	

Pubmed	

KEEG	

database	

etc.	

…	

Query	Tool	

Authentication 

Bio-

banking		

data	
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Value	conflicts	

conflict	

between		

Privacy Access 

Balance?  

Individual	

interest	
Collec2ve	

interests	
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Data	

Model	

execu2on	

and	

visualiza2on	

Clinical	perspec2ve		

•  Two	important	areas:	

– Data	management	(pre-	and	post-processing,	
upload,	pseudo/anonymiza2on,	storage,	…)		

– Execu,on	of	the	hypermodel(s)	
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Data	 Warehouse	

Data,	

Models	
Hypermodel	

execu2on	

and	

visualiza2on	Valida2on	

Decision	Support	

	

	

Is	the	WT	of	this	pa2ent	shrinking	aler		

pre-opera2ve	chemotherapy?	
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Cell	density	(DC) 	Blood	perfusion	(BP) 	Pathology	+	Molecular	gene2cs	

Ques,on	 	 	Specific	Tumor															Pa,ent		

Clinical	data 	 	 	 		

DC	and	BP	pairs	for	tumor-free	&	tumor	 				Molecular	analysis	

(GeneTrail)	

	 	 	 	 	 	 	 	 			Blood	Samples	

Normal	organ		

specific	2ssue	

hybrid	discrete/con,nuous	mul,scale	modeling	of	biological	,ssues	

Va
lid

a,
on

	

Generic	models:	cell	division,	,ssue	architecture,	blood	vessel	development,	…	

Pharmacokine2cs,	-dynamics	

Two	Hypermodels	are	developed	

•  Phenomenological	Hypermodel	

•  Mul2modeler	Hypermodel	
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WT	Phenomenological	Hypermodel	

The Phenomenological Universalities (PUN) approach 
describes growth of a tumour with the following equation: 

- 

-  k(t) N(t) 

Time , modality and drug –dependent  kill rate  
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WT	Phenomenological	Hypermodel	
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WT	Mul2modeler	Hypermodel	

Gene/Protein/miRNA	Network	or	

Pathway	Based	Average	CKR,	

Sta2s2cal	Correla2on	of	miRNA	

Expressions	with		Average	CKR	

by	UPENN	

Average	cell	death		

probability	

Tumor	growth	and	

response	to	

chemotherapy		

by	ICCS	

Macroscopic	

con2nuum	model	

for	simula2ng	tumor	

biomechanics	

by	UBERN	

Direc2on	of	least	

pressure	(polar	and	

azimuthal	angles)	map	

Total	tumor	cell	

concentra2on	map	

Vascular	growth	and	

nutrient	transport	

based	on	spa2al	

descrip2on	of	the	

tumour	

by	UOXF	

Prolifera2on	

rate	map	
Glucose	

concentra2on	

map	

Prolifera2ng,	quiescent,		

differen2ated	and	dead	tumor	cell	

Popula2ons	maps	

Genome-scale	

generic	

metabolic	model	

applying	flux	

constraints	on	

specific	reac2ons	

by	FORTH	

Molecular	model	

Wilms	
Oncosimulator	

Biomechanical	
model	

Metabolic	model	
Vasculature	model	

Pre-processing	Tool	

by	FORTH	

Tumor	Domain	
Tumor	Domain	 Tumor	Domain	
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Hypomodels’	Coupling	

21-23	October	2015	

Coupled	Hypomodels	 Communica,on	
Molecular	Model	->	Oncosimulator	

Parameter	Exchanged:	Cell	kill	probability	of	

chemotherapeu2c	drugs	(ACT+VCR)	

Type:	Sequen2al	coupling	

Oncosimulator	->	Biomechanics	

Parameter	Exchanged:	Tumor	Cell	Concentra2on	Maps	

Biomechanics->Oncosimulator	

Parameter	Exchanged:	Direc2on	of	least	pressure	maps	

Type:	Itera2ve		coupling	(step:	10	sim	days)	

Vasculature->Metabolic	

Parameter	Exchanged:	Glucose	Concentra2on	Map	

Metabolic->Oncosimulator	

Parameter	Exchanged:	Prolifera2on	Rate	Map	

Oncosimulator->Vasculature	

Parameter	Exchanged:	Tumor		Cell	Popula2ons	Map	

TypeItera2ve		coupling	(step	10	sim	days)	

Preprocessing	Tool->Oncosimulator			

																																		->Vasculature	

																																		->Metabolic	

																																		->Biomechanics	

Parameter	Exchanged	:	Metaimages	of	tumor	area	(mhd,	

raw)		Type:	:	Sequen2al	coupling	

WT	Mul2modeler	Hypermodel	
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CT-response	in	WT	by	DWI	
•  Diffusivity of water molecules (ADC) is a biomarker of cellular density 
•  ADC histograms measured in 22 Wilms’ lesions, before and after chemotherapy 
•  Chemotherapy-induced response varies across the cohort… 

Volume ↓, ADC ↑ 

Volume ↓, ADC — 

Volume ↑, ADC ↑ 

Chemo. induced response 

Multiple regression analysis model shows ADC histogram properties pre-chemo. may predict change in cellularity and volume of 
lesions post-chemotherapy.  

Presented at the annual meeting of the British Chapter of the ISMRM, September 2012, provided by Prof. Kathy Pritchard-Jones 
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Segmenta2on	of	the	Complete	Tumor	

boundary	
•  The	graph	cut	algorithm,	which	includes	a	kernel	induced	

segmenta2on	func2onal	is	used	to	extract	the	complete	

boundary	of	the	tumor	in	a	3D	image	data.		

29	

Input	image	with	user	selected		

ROI	in	red			

Segmented	tumor	boundaries			Manually	Segmented	tumor		

boundaries			
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SOMs:	miRNA	landscape	in	WT	

Self	Organizing	Maps:		
•  expression	data	of	1204	miRNAs	merged	to	400	„meta“-

miRNAs	

•  visualiza2on	of	different	expression	profiles	in	WT	

subtypes	

•  in	silico	pathway	analysis	to	iden2fy	underlying	cancer	
pathways	
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20	most	significant	miRNA	in	blood	of	WT	

before	treatment	
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Nephroblastoma	Demonstrator	Specifics	

32	

Spa,al	Distribu,on	of	Cells	
From	Growth	Hypomodel	

Glucose	Consump,on	Rate	
Modifiable	by	User/	

Default	Literature	Value	[1]:	

vs_nutrient_consump2on_rate	

Glucose	Diffusivity	
Literature	[1]	

First	Time	Point	 Last	Time	Point	

Hypermodel	output:	3d	slice	through	the	

tumour	region	(red)	

First	Time	Point	 Last	Time	Point	

Model	Inputs:	

Vascular	Delivery	Efficiency	

Glucose	Concentra,on	in	Well	
Perfused	Tissue	

Value	Used	In	Metabolic	Model	

	

User	Chosen/Fit	to	Data	

[1]	T.	Roose	et	al.	(2007),	SIAM	Review,	49.	
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Applica2on	to	Nephroblastoma	

33	

Kidney	–	mechanical	proper2es	

E	[kPa]	 ν	

Renal	Cortex	 4.7	 0.45	

Renal	medulla	 7.7	 0.45	

Renal	Hilum	 3.4	 0.45	

E	[kPa]	 ν	

Healthy	kidney	(avg)	 5.3	 0.45	

Nephroblastoma	 20.0	 0.45	

Spine	 10000.0	 0.3	

Other	2ssue	 5.0	 0.45	

Simula,on	assump,ons	
	

•  Mechanical	Tissue	Proper2es:	

•  Boundary	Condi2ons:	
•  Nodal	posi2ons	of	domain	boundary	fixed	
[domain	boundary	=	margin	of	‘other	2ssue’	surrounding	

	kidney	&	tumour]	
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Data	Upload	Tool	
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hups://cdr.chic-vph.eu/	
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Clinical	Research	Applica2on	

Framework	(CRAF)	

•  The	Clinical	Research	Applica2on	
Framework	(“CRAF”)	is	the	
central	component	to	support	
the	clinicians	to	perform	CHIC-
enabled	clinical	research	in	their	
premises	

•  CRAF	coordinates	the	
func2onality	of	other	CHIC	
components,	such	as	the	Data	
Upload	tool	for	uploading	pa2ent	
data	to	the	CHIC	cloud,	and	the	
Visualiza2on	and	image	
processing	tools		
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CRAF	
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CRAF	
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CRAF	
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WT Phenomenological hypermodel 
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WT	Mul2modeller	Hypermodel	
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Perspec2ves	

•  Retrospec2ve	Evalua2on		
– 100	Pa2ents	from	GPOH	with	WT	to	compare	

predic2on	with	the	reality	and	refine	the	

hypermodels	using	machine	learning		

•  Prospec2ve	Evalua2on	
– New	pa2ents	entered	in	UMBRELLA	to	compare	

predic2on	with	reality	and	fine	tune	the	

hypermodels	
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CRAF	

5th	August	2016	 Big	Data	Applica,on	Symposium	

Designing	a	randomized	clinical	trial		

with	ethical	approval	
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standard	

Treatment	according	to	

hypermodel	predic2on	

Preopera2ve	Chemotherapy	

Primary	surgery	

Comparison	

predic2on	-	reality	

Endpoints:	

	
1.  Outcome	(EFS,	OS)	

2.  Stage	distribu2on	

3.  Histology	

4.  Intensity	of	treatment	

5.  Side	effects	

6.  Late	effects	
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Tools	and	Evalua2on	

Evalua

2on	
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