
Computa(onal	 Methods,	 based	 on	 human	
biology,	 are	 now	 reaching	 maturity	 in	 the	
biomedical	 domain,	 rendering	 predic6ve	
models	 of	 health	 and	 disease	 increasingly	
relevant	 to	 clinical	 prac6ce	 by	 providing	 a	
personalized	 aspect	 to	 treatment.	 Computer	
based	 modelling	 and	 simula6on	 is	 well	
established	 in	 the	 physical	 sciences	 and	
engineering,	 where	 the	 use	 of	 high	
performance	compu6ng	(HPC)	is	now	rou6ne.	
	
CompBioMed	 is	 a	 user-driven	 Centre	 of	
Excellence	 in	 Computa6onal	 Biomedicine,	 to	
nurture	 and	 promote	 the	 uptake	 and	
exploita6on	 of	 high	 performance	 compu6ng	
within	 the	 biomedical	 modelling	 community.	
Our	 user	 communi6es	 come	 from	 academia,	
industry	and	clinical	prac6ce.	

The Healthcare Value Chain 
		
Entrepreneurial	 Opportuni(es:	 Our	 Centre	 of	 Excellence	 has	 innova6on	 at	 the	 forefront	 of	 its	 aims,	
promo6ng	 interdisciplinary	 entrepreneurial	 opportuni6es	 driven	 by	 our	 users’	 needs.	 Our	 industrial	
partners	par6cipate	fully	 in	the	Centre’s	ac6vi6es	from	the	outset,	with	the	number	of	associate	partners	
expected	to	grow	con6nuously	over	the	life6me	of	the	Centre.	
		
Ac(vi(es:	We	will	 support	 and	 facilitate	modelling	 and	 simula6on	 ac6vi6es,	 and	 provide	 educa6on	 and	
training	 for	 a	diverse	 set	of	 communi6es.	We	will	 target	 research	 scien6sts	 from	physical,	 computer	 and	
biomedical	 sciences,	 soHware	 and	 infrastructure	 developers,	 from	 industry,	 and	 medical	 end	 users,	
including	clinicians.	 	We	will	 therefore	 invest	 in	community	building	 to	spread	knowledge,	 tools	and	best	
prac6ce	to	students	and	researchers	across	this	domain.	
		
So<ware:	 Our	 Centre	 of	 Excellence	 will	 provide	 a	 focal	 point	 for	 the	 development	 and	 sustainability	 of	
soHware	 tools	 and	 services	 which	 are	 capable	 of	 delivering	 high	 fidelity	 three	 and	 four	 dimensional	
(including	6me)	modelling	and	simula6on	of	all	aspects	of	the	human	body,	from	the	genomic	level	to	the	
whole	human	and	beyond,	in	health	and	disease.	
		
Transforming	 Industry:	 HPC	 has	 the	 poten6al	 to	 enhance	 industries	 in	 the	 healthcare	 sector	 including	
pharmaceu6cals	and	medical	device	manufacturers,	and	underpinning	a	range	of	emerging	sectors,	such	as	
those	 concerned	 with	 e-health	 and	 personalised	 medicine.	 The	 innova6ve	 modelling	 and	 simula6on	
techniques	we	develop	and	promote	within	this	Centre	will	be	of	great	interest	and	relevance	to	industrial	
researchers,	HPC	manufacturers	and	independent	soHware	vendors.	



Research 
		
Cardiovascular medicine 	
Cardiovascular	disease	accounts	for	half	of	sudden	deaths	in	
Europe;	 improvements	 in	 pa6ent	 risk	 stra6fica6on	 and	
predic6on	 of	 clinical	 interven6on	 are	 both	 urgent	 and	
challenging.	 In	 this	 area	 we	 study	 two	 cri6cally	 important	
disease	areas:	firstly,	cardiovascular	diseases	having	a	direct	
effect	 on	 the	 func6on	 of	 the	 heart	 itself,	 be	 it	 on	 the	
electrophysiology,	mechanics	or	blood	flow	(and,	ul6mately,	
the	 combina6on	 of	 all	 three);	 and	 secondly,	 arterial	
disorders	 ,	be	 they	aneurysms	 in	 the	abdominal	aorta	or	 in	
intracranial	 arteries,	 or	 stenosis	 in	 caro6d	 or	 coronary	
arteries.	
		
Molecularly-based medicine 	
Computa6onal	 models	 are	 becoming	 very	 powerful	 at	
different	 stages	 in	 drug	 discovery	 and	 development	 from	
molecule	 design	 to	 assessment	 of	 toxicity.	 Computa6onal	
models	 can	 also	 be	 used	 for	 reposi6oning	 and	 targe6ng	
therapies	for	precision	medicine,	through	rapid	and	accurate	
assessment	 of	 drug	 efficacy	 in	 specific	 disease	 cases.	 They	
can	 also	 provide	 added	 value	 to	 medical	 device	
measurement	 data,	 for	 example	 as	 acquired	 by	 various	
imaging	modali6es.	
	
Neuro-musculoskeletal medicine	
Despite	 a	 common	 percep6on	 that	 most	 neuro-
musculoskeletal	 diseases	 are	 not	 life	 threatening,	 around	
30%	of	 the	elders	who	 face	an	osteoporo6c	 fracture	of	 the	
hip	joint	will	die	of	related	complica6ons	within	12	months.	
We	 will	 inves6gate	 applica6ons	 such	 as	 skeletal	 muscle,	
car6lage,	connec6ve	6ssue	modelling	of	the	deforma6on	of	
6ssues	under	biomechanical	loads.	

The Clinic 
	
To	and	from	the	clinic:	We	will	manage	and	provision	access	to	personal	(pa6ent	specific)	derived	medical	
data	 in	a	research	environment.	We	also	need	to	perform	high	fidelity	3D	and	4D	HPC	based	simula6ons	
and,	at	the	sharp	end,	provide	clinical	decision	support	within	very	short	6meframes	(oHen	minutes,	hours	
or	a	few	days).		
	
Medical	 data:	 The	 rapid	 rise	 of	 detailed	 medical	 imaging,	 genomic	 data,	 abundant	 proteomic,	
metabolomic,	 biological,	 and	 physiological	 data	 on	 all	 levels	 of	 biological	 organisa6on	 (macromolecules,	
cells,	6ssues,	organs,	organ	systems,	the	whole	body	and,	indeed,	epidemiology),	permits	the	development	
of	mathema6cally	based,	mechanis6c	and	predic6ve	mul6scale	models	of	human	health	and	disease.	The	
soHware	tools	and	techniques	that	we	develop	within	CompBioMed	will	help	healthcare	providers	to	make	
sense	of	the	vast	array	of	data	now	available,	and	will	have	a	major	impact	on	the	clinical	decision	making	
process.		
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