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Background:	
	 Effec9ve	 screening	 for	 colorectal	 cancer	 can	 reduce	 mortality	 by	 early	 detec9on	 of	 tumours	 and	 colonic	 polyps.	 An	
altered	paAern	of	vola9le	organic	compounds	 (VOCs)	 in	exhaled	breath	has	been	proposed	as	a	poten9al	non-invasive	
diagnos9c	tool	for	detec9on	of	cancer.	The	aim	of	this	study	was	to	evaluate	the	reliability	of	breath-tes9ng	for	colorectal	
cancer	screening	and	early	diagnosis	using	an	advanced	breath	sampler.	

Methods:	
Exhaled	 breath	 of	 pa9ents	 with	 colorectal	 cancer	
and	non-cancer	controls	with	nega9ve	colonoscopy	
was	 collected	 using	 the	 ReCIVA®	 Breath	 Sampler.	
This	portable	device	 is	able	 to	capture	the	alveolar	
b rea th	 f r a c9on	 w i thou t	 env i ronmenta l	
contamina9on.	VOCs	were	desorbed	thermally	and	
ana l y sed	 by	 ga s	 ch romatog raphy–mass	
spectrometry.	The	discriminatory	ability	of	VOCs	 in	
detec9ng	 colorectal	 cancer	 was	 evaluated	 by	
receiver	 opera9ng	 characteris9c	 (ROC)	 curve	
analysis	 for	each	VOC,	 followed	by	 cross-valida9on	
by	 the	 leave-one-out	 method,	 and	 by	 applying	
stepwise	logis9c	regression	analysis.	
Results:	
The	study	 included	83	pa9ents	with	colorectal	 cancer	and	90	non-cancer	 controls.	 Fourteen	VOCs	were	 found	 to	have	
significant	 discriminatory	 ability	 in	 detec9ng	 pa9ents	 with	 colorectal	 cancer.	 The	 model	 with	 the	 diagnosis	 of	 cancer	
versus	no	cancer	resulted	in	a	sta9s9cally	significant	likelihood	of	discrimina9on	of	173⋅45	(P	<0⋅001),	with	an	area	under	
the	ROC	curve	of	0⋅979.	Cross-valida9on	of	the	model	resulted	in	a	true	predic9ve	value	for	colorectal	cancer	of	93	per	
cent	overall.	Reliability	of	the	breath	analysis	was	maintained	irrespec9vely	of	cancer	stage.	
	
	

Conclusion:	
This	 study	 demonstrated	 that	 analysis	 of	 exhaled	 VOCs	 can	 discriminate	 colorectal	 cancer	 pa9ents	 	 from	 non	 cancer	
subjects.	This	finding	may	eventually	 lead	to	the	crea9on	of	a	smart	online	sensory	device,	capable	of	providing	a	binary	
answer	(cancer/no	cancer)	and	direc9ng	to	further	screening.	
	

Mul=variable	models:	a	with	no	adjustment	for	age	(likelihood	=	151⋅03,	P	<0⋅001,	area	under	the	
ROC	 curve	 (AUC)	 =	 0⋅963);	 b	 with	 adjustment	 for	 age	 class	 (model	 A)	 (likelihood	 =	 173⋅45,	 P	
<0⋅001,	 AUC	 =	 0⋅979);	 c	 for	 detec9on	 of	 early-stage	 cancer	 (model	 B)	 (likelihood	 =	 113⋅63,	 P	
<0⋅001,	AUC	=	0⋅985);	d	for	detec9on	of	advanced	cancer	(model	C)	(likelihood	=	88⋅51,	P<0⋅001,	
AUC	=	0⋅933).	

Values	in	parentheses	are	percentages	unless	indicated	otherwise;	*values	are	mean(s.d.).	†χ2	test,	except	‡Student’s	t	test.	
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