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Bladder	cancer	

•  9th	most	common	cancer	worldwide	
•  2	dis'nct	disease	en''es	

– Non-muscle	invasive	disease	(70%)	
•  Transurethral	resec'on	of	bladder	tumour	(TURBT)	
•  Intravesical	chemotherapy	or	BCG	



Management	of	NMIBC	
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– Muscle	invasive	disease	(MIBC)	(30%)	
•  Radical	cystectomy	
•  Adjuvant	chemotherapy	or	chemoradiotherapy	



Management	of	MIBC	



The	burden	of	care	
•  Bladder	cancer	is	the	6th	leading	cause	of	cancer	in	the	EU	

•  Bladder	cancer	is	among	the	most	costly	for	healthcare	
–  In	2012,	expenditure	in	EU	totaled	4.9	billion	Euros	

	
•  Life	long	monitoring	of	pa'ents	with	NMIBC	

•  For	high	grade	tumours	
–  Cystoscopy	3	monthly	for	2	years	
–  Cystoscopy	6	monthly	for	5	years	
–  Annually	thereaYer	
–  High	rate	of	recurrence	(up	to	70%	within	5	years)	

	
•  Impacts	nega'vely	on	the	access	to	diagnos'c	cystoscopy	



Access	to	cystoscopy	(Nov	2018)	

Diagnostic 
Cystoscopy NHS Scotland Surveillance 

Cystoscopy NHS Scotland 

Number on List 3073 Number on List 5845 

Number waiting >4 
weeks 1255 Beyond due date 1371 

Number waiting >6 
weeks 860 >3 months overdue 788 

% waiting <6 weeks 72% >5 months overdue 341 



The	problem	with	urine	cytology	



The	role	of	urine	cytology	in	surveillance	

•  Rou'ne	use	has	been	abandoned	in	many	units	
•  The	sensi'vity	of	cytology	for	even	high	grade	
disease	has	diminished	1	

•  Poten'al	explana'ons:	
–  Repor'ng	is	highly	subjec've	and	dependent	upon	
experience	of	cytopathologist	

– No	consensus	on	op'mal	urine	collec'on	or	
prepara'on	

1.	Halling	KC,	King	W,	Sokolova	IA,	Meyer	RG,	Burkhardt	HM,	Halling	AC,	et	al.	A	comparison	of	cytology	and	fluorescence	in	situ	hybridiza'on	for	the	detec'on	of	urothelial	
carcinoma.	J	Urol.	2000	Nov.	164(5):1768-75.		



Re-inven'ng	urine	cytology	

•  Central	project	to	my	NRS	Fellowship	award	
–  Commercial		partner	Cytosystems	Ltd	
–  Academic	partners	in	St	Andrews	University	
–  Funded	by	Innovate	UK	and	Horizon	2020	grants	

•  Clinical	cohort	
–  970	pa'ents	recruited	via	urology	one	stop	clinic	

•  Op'mising	specimen	handling	
–  All	samples	centrifuged	and	fixed	within	1hr	voiding	

•  Op'mising	cytology	repor'ng	
–  A	small	panel	of	experienced	uro-pathologists	repor'ng	fixed	samples	
	
–  Automated	image	analysis	of	prepared	slide	

•  Morphometric	cellular	characteris'cs	captured	
•  Immunocytochemical	staining	with	a	biomarker	of	cell	prolifera'on	(MCM-2)	

		



Development	of	automated	image	analysis	cytology	
plaeorm	

•  Cyto-histology	repor'ng	

Benign	

Malignant	



Development	of	automated	image	analysis	cytology	
plaeorm	

•  Image	analysis	of	IF	labelled	biomarker	(MCM-2)	

Nuclear	and	cell	segmenta/on	 Biomarker	based	cell	classifica/on	

Captured	Data:	
Morphometric	

parameters	of	every	
individual	nucleus	and	cell	
e.g.	size,	shape,	texture	

	
Co-registered	with	IF	

labelled	biomarker	of	cell	
prolifera/on	



Development	of	automated	image	analysis	cytology	
plaeorm	

•  SoYware	algorithm	for	image	analysis	

Raw	clinical	
and	image	
capture	
data	

Machine	Learning	
Using	Decision	Tree	

analysis	and	
Ar'ficial	neural	

networks	

Predic'on	made	on	
the	risk	of	cancer	

recurrence	



Development	of	automated	image	analysis	cytology	
plaeorm	

•  Itera've	process	to	train	the	system	to	iden'fy	
malignant	cell	types	

•  Sensi'vity	and	specificity	of	the	test	approached	95%	



Development	of	a	single	use	cell	collec'on	device	

•  Aims		
–  Cell	recovery	equivalent	to	centrifuga'on	
–  Filtra'on	process	did	not	compromise	cellular	integrity	
–  Process	completed	with	cells	suspended	in	preserva've	

•  Methodology	
–  Urine	from	healthy	volunteers	spiked	with	bladder	cancer	cell	line,	

RT112	
–  Membranes	of	op'mal	pore	size	iden'fied	
–  Filtra'on	pressures	calculated	for	op'mal	flow	of	urine	through	

membrane	



Development	of	a	single	use	cell	collec'on	device	

•  Device	“powered”	with	readily	available	vacutainers	
•  Patented	filter	holder	to	allow	filtra'on	of	urine	sample	
•  Flow	channels	then	allow	cells	to	be	suspended	in	preserva've	



Development	of	a	single	use	cell	collec'on	device	

•  Cellular	capture	of	the	device	comparable	to	centrifuga'on	
•  Filtrate	contains	immune	and	blood	cells	
•  Results	in	a	“cleaner”	sample	for	analysis	

Centrifuge	 Cell	collec'on	device	 Filtrate	





Clinical	valida'on	trial	of	the	BladderlightTM	system	

•  Assessment	of	Bladderlight	SurvEILance	(ABSEIL)	

•  Mul'-centre	clinical	trial	examining	the	accuracy	of	the	
Bladderlight	test	in	the	detec'on	of	bladder	cancer	

•  3	clinical	ques'ons:	
–  Can	the	test	detect	bladder	cancer	recurrence	in	the	
surveillance	group?	

–  Can	the	test	predict	progression	to	overt	disease?	
–  Can	the	test	detect	the	presence	of	bladder	cancer	at	first	
presenta'on?	



The	poten'al	posi've	impact	of	Bladderlight	

•  The	poten'al	to	reduce	the	number	of	
surveillance	cystoscopies	

•  The	poten'al	to	detect	occult	disease	recurrence	
•  Single	use	device	allows	for	point	of	care	tes'ng	
at	GP	surgery,	at	home	

•  Ul'mately,	this	may	lower	the	cost	of	managing	
bladder	cancer	–	to	the	NHS	as	well	as	to	the	
pa'ent	


