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generate	da	Avenio	Oncology	Analysis	Server	(OAS).	Ventidue	mutazioni	sono	state	identificate	a	~	Ã¢	â¬	â°	Frequenza	allele	del	50%	in	uno	dei	normali	campioni	di	plasma.	Questo	campione	Ã¨	stato	designato	come	campione	mutante.	Il	campione	Ã¨	stato	diluito	in	serie	sullo	sfondo	del	cfDNA	raggruppato	generato	da	normali	campioni	di	plasma
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Oncological	Institute	IOV	IRCCS,	I-35128	Padua,	Italy	Italy	of	surgery,	oncology	and	gastroenterology,	universities	of	the	studies	of	Padua,	I-35128	Padua,	Italy	author	to	whom	correspondence	must	be	addressed.	Academic	publisher:	Dario	De	Biase	Diagnostics	2021,	11	(8),	1468;	RECEPT:	29	June	2021/Revised:	6	August	2021/Accepted:	11	August
2021/published:	13	August	2021	The	genetic	screening	of	somatic	mutations	in	free	circulating	DNA	(CFDN)	opens	new	opportunities	for	personalized	medicine.	In	this	study,	we	propose	to	illustrate	the	implementation	of	liquid	biopsy	based	on	NGS	in	clinical	practice	for	the	detection	of	somatic	alterations	in	the	selected	genes.	Our	work	is
particularly	relevant	for	the	diagnosis	and	treatment	of	NSCLC.	Starting	from	2020,	we	have	implemented	the	use	of	the	expansion	panel	of	Roche	Avenio	CTDNA	in	our	diagnostic	routine.	In	this	study,	we	retrospectively	detect	the	clinical	genetic	tests	based	on	NGS	performed	in	our	laboratory,	focusing	on	the	key	analytical	parameters.	Avenio
CTDNA	kits	have	shown	100%	sensitivity	in	detecting	the	individual	variants	of	nucleotide	(SNV)	at>	0.5%	allele	frequency	(VAF),	and	a	high	consistency	in	reproducibility.	Since	2020,	we	have	performed	the	Genotyping	CFDNA	test	in	86	NSCLC	patients,	and	we	successfully	followed	96.5%	(83/86)	of	the	samples.	We	have	observed	the	consistency
in	the	sequencing	of	performance	based	on	the	deep	sequencing	and	the	su	-art	speed.	At	least	a	gene	variant	was	identified	in	52	samples	(63%),	and	one	or	more	variable	variants	were	detected	in	21	out	of	83	(25%)	of	analyzed	patients.	We	have	shown	the	feasibility	of	implementing	a	liquid	biopsy	test	based	on	NGS	for	the	genetic	characterization
of	routine	of	NSCLC	metastatic	patients.	Recent	progress	in	molecular	and	genomic	biology	of	alled	alled	enoizautta'L	.]1[	atazzilanosrep	anicidem	alled	e	etarim	eiparet	elled	are'l	odnecudortni	,olellarap	ni	,e		Ãtienegorete	aus	al	odnaiznedive	,orcnac	led	eralocelom	oiggaseap	led	aznecsonoc	al	otaroilgim	onnah	treatment	is	an	important	turning
point	in	cancer	management,	and	has	significantly	improved	the	patient's	clinical	result.	On	the	other	hand,	under	the	pressure	of	targeted	therapies,	cancer	cells	can	select	for	specific	somatic	mutations	that	give	resistance	to	drugs,	allowing	them	to	survive	and	lead	cancer	progression	[2].	In	this	context,	the	early	evaluation	of	somatic	mutations
acquired	during	the	progression	of	the	disease	has	become	crucial	to	offer	specific	therapeutic	options	for	newly	activated	signaling	paths	or	for	escape	mechanisms	requiring	alternative	specific	inhibitors.	The	need	for	repeated	analysis	in	patient	tissue	samples	is	challenging	and	very	often	not	feasible	for	clinical	reasons.	Liquid	biopsy	and,	in
particular,	the	genetic	characterization	of	circulating	free	DNA	(cfDNA)	emerged	as	a	non-invasive	method	for	the	detection	of	somatic	mutations	for	the	research,	diagnosis	and	prognosis	of	solid	tumors.	cfDNA	analysis	can	potentially	identify	the	impactable	alterations	in	the	DNA	derived	from	the	tumor	and	capture	intra-tumoral	heterogeneity	[3].
The	role	of	liquid	biopsy	for	the	selection	of	treatment	of	patients	with	advanced	non-small-cellulose	or	metastatic	(NSCLC)	cancer	is	increasing.	Due	to	intrinsic	limitations	of	tissue	genotyping,	liquid	biopsy	is	currently	recommended	for	NSCLC	patients	for	two	applications:	detection	of	EGFR	detection	mutation	to	diagnosis,	when	tissue	biopsy	is	not
informative	and	detection	of	EGFR	resistance	mutations	to	relapse	after	treatment	with	TKI	inhibitors	of	first	or	second	generation	EGFR	[3].	However,	the	increase	in	new	approved	therapies	aimed	at	specific	oncogene-addicted	pulmonary	tumors	is	rapidly	expanding	clinical	applicability	ofCFDNA	[4.5].	Even	if	the	detection	of	Somatic	General
Variants	in	CFDNA	represents	a	challenge	due	to	the	minimum	quantity	of	circulating	tumor	DNA	(CTDNA)	diluted	in	the	background	CFDNA	issued	by	untreated	cells,	several	studies	have	Sasaw	tnatanrepus	eht	dna	câ£	£	4	because	nimâ€â€â01	rof	g	â€—ãưnec	saw	eppmas	doolb	,ylfeirb	,Â1[	¢42	nihtiw	dessecorp	dna	)asu	,aatsiv	al	,taroproc	kcerts(
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Laicremmoc	sgn	lareves	,]	Dna	gnineercs	ylrae	eht	rof	snoitum	cited	tceted	ot	Hcaorppa	)sgn	(	Gnicneuqes	noititoreneg-txen	fo	ecnaveler	eht	Centrifugated	at	20,000ã—g	for	10	€	‰	min.	Plasma	samples	were	stored	at	âˆ’80	â	°	C	until	analysis.	Circular	free	DNA	(CFDNA)	was	extracted	from	2	to	5	ml	of	plasma	using	the	Avenio	CFDNA	insulation	kit
(Roche	Diagnostics,	Basel,	Switzerland),	according	to	the	manufacturerâ€TMs	instructions	and	eluted	in	60	î1⁄4l	of	tampons.	The	amount	of	cfDNA	has	been	evaluated	using	the	Qubit	dsDNA	HS	dosing	kit	with	Qubit	3.0	fluorometer	(Thermo	Fisher	Scientific,	Waltham,	MA,	USA).	The	quality	of	cfDNA	samples	has	been	determined	with	the	4200
Agilent	Tapestation	using	a	cell-free	DNA	screentape	test	(Agilent	Technologies,	Santa	Clara,	CA,	USA).	The	dosage	evaluates	cfDNA	samples	compared	to	a	preset	region	of	50	to	700	bp,	including	CFDNA	multimer	fragments	and	excluding	high	molecular	weight	DNA.	The	sequencing	libraries	were	prepared	from	10	to	50	ng	cfDNA,	using	the	Avenio
CTDNA	(77	genes;	Roche;	Diagnostica,	Basel,	CHE,	according	to	the	manufacturer's	instructions.	In	short,	cfDNA	samples	were	repaired	end,	tail	A	and	tied	with	barcode	adapters.	The	samples	related	to	the	adapter	were	amplified	by	12	PCR	cycles.	The	libraries	were	hybridized	for	16	"18	hours	and	the	enrichment	of	the	target	genes	was	performed
using	magnetic	pearls	conjugated	with	streptavidine	(Dynabeads	M-270	Streptavidin,	Thermofisher	Scientific,	Waltham,	MA,	USA)	at	47	Â	°	C.	Target	Libraries	were	amplified	with	15	PCR	cycles	and	were	selected	for	size	for	an	average	framment	size	300.	Individually	enriched	libraries	have	been	quantified	with	the	DSDNA	HS	Qubit	dosing	kit	and
their	profile	has	been	evaluated	using	Agilent	4200	Tapestation	US	Inn	screentape	test	D1000	Agilent	high	sensitivity.	Four	or	eight	purified	bookcases	per	ride	were	grouped	and	sequenced	on	an	Illumina500	(Illumina,	San	Diego,	CA,	USA),	using	the	V2	kit	V2	NextSeq	500/550	OR	2	NextSeq	300	cycle	high	output	kit,	respectively,	in	coupled	band
mode	(2	ã—	151	151	sequencing,	sequencing,	alignment	and	gene	variant	calling	were	performed	using	the	AVENIO	ctDNA	analysis	software	(Roche	Diagnostics),	with	default	parameter	settings	for	the	expanded	panel.	The	analysis	software	includes	three	default	reports	that	are	automatically	generated:	a	sample	metrics	report,	an	initial	variant
report	(unfiltered	or	all	variants),	and	a	second	variant	report	(Roche	default	filter).	The	percentage	of	aligned	reads	to	the	human	genome	that	are	within	the	targeted	region	(unique	depth)	according	to	the	manufacturer¢ÃÂÂs	instructions	should	be	>40%.	Similarly,	the	expected	median	unique	depth	across	bases	in	the	targeted	region	should	be	at
least	2500ÃÂ,	given	50	ng	input	cfDNA.All	variants	were	manually	inspected	and	gene	variants	present	in	population	databases	(EXAC,	dbSNP,	1000	genomes)	were	not	considered	as	relevant.	To	investigate	pathogenicity	value,	the	target	variants	were	submitted	to	the	disease-associated	databases	COSMIC,	VARSOME,	and	Onco	KB,	and	only
variants	annotated	as	pathogenic	or	likely	pathogenic	were	taken	into	account.The	level	of	actionability	of	specific	alterations	was	evaluated	with	the	ESMO	Scale	of	clinical	actionability	of	molecular	targets	(ESCAT)	[11].The	inter-run	assay	reproducibly	of	the	NGS	analysis	was	assessed	by	sequencing	of	cfDNA	from	different	plasma	samples	across
two	independent	multiplexing	sequencing	runs	to	compare	their	variant	allele	fraction.	In	this	set	of	experiments,	plasma	samples	collected	according	to	the	spontaneous	prospective	study	called	MAGIC-1	[10]	were	selected.	The	Ethics	Committee	of	our	Institution	evaluated	and	approved	the	MAGIC-1	study	design	and	informed	consent	(2016/82,	on
12	December	2016).	Written	informed	consent	was	obtained	from	all	patients	before	study	entry	and	the	study	was	performed	in	accordance	with	the	Declaration	of	Helsinki.Concordance	of	NGS	analyses	performed	in	plasma	and	tissue	was	evaluated	through	the	analysis	of	tumor	tissue	and	liquid	biopsy	samples	of	patients	enrolled	in	the	prospective
trial	MAGIC-1	[10].Formalin	fixed	paraffin	embedded	(FFPE)	tissue	samples	were	processed	and	analysed	using	the	AVENIO	Tumor	Tissue	Expanded	kit,	according	to	the	manufacturer¢ÃÂÂs	instructions,	which	contain	matched	panel	content	with	the	corresponding	Avenio	ctDNA	Expanded	assay.Briefly,	DNA	was	isolated	from	two	10-Ã¼Âm	FFPE
sections,	and	quality	of	the	DNA	and	optimal	input	for	sequencing	library	preparation	was	assessed	by	qPCR.	Extracted	DNA	was	then	polished	to	reduce	FFPE-introduced	sequencing	artefacts	and	fragmented	for	library	preparation.	The	libraries	were	pooled	and	sequenced	on	the	Illumina	NextSeq500	in	high	output	mode	using	paired-end
sequencing	(2	ÃÂ	151	cycles).A	de-identified	dataset	was	reviewed,	and	the	following	information	was	considered	for	this	study:	sequencing	performance,	number	of	gene	variants	identified	per	sample,	and	diagnostic	findings.	All	identified	variants	defined	as	pathogenic,	likely	pathogenic,	and	variants	of	undefined	significance	(VUS)	according	to
Varsome	were	considered,	whereas	likely	benign	or	benign	variants	and	synonymous	variants	were	not	included	for	statistic	analysis.	Only	somatic	alterations	with	variant	allele	fraction	(VAF)	¢ÃÂ¥Â	0.5%	were	considered	for	the	following	analysis.Statistical	analysis	between	groups	was	performed	using	the	Anova	Test.Since	2020,	we	implemented
in	our	clinical	diagnostic	practice	the	use	of	Roche¢ÃÂÂs	Avenio	ctDNA	Expanded	panel.The	Avenio	ctDNA	Expanded	kit	consists	in	a	77-panel	genes	containing	17	cancer	driver	genes	in	U.S.	National	Comprehensive	Cancer	Network	(NCCN)	guidelines	and	additional	60	frequently	mutated	genes	mainly	selected	for	NSCLC	and	colorectal	cancer.
The	panel	exploits	unique	molecular	indexes	(UMIs)	to	tag	individual	fragments	in	order	to	provide	a	better	quantification	of	copy	number	and	in	silico	error	suppression,	and	it	is	to	detect	four	mutation	classes:	SNV,	Fusions,	CNV	and	Indels.	The	panel	kit	also	includes	a	CFDNA	extraction	kit,	with	columns	of	similar.	To	ascertain	the	detection	limit
(lod)	of	the	method	of	detecting	somatic	mutations	frequently	at	low	frequency,	we	previously	evaluated	its	technical	performance	using	the	CFDNA	multiplex	standard	reference	set	and	the	structural	multiplex	CFDNA	reference	standard	(Horizon	Discovery,	Waterbeach,	UK),	consisting	of	genetic	alterations	of	all	the	main	classes	(SNV,	Indels,	CNV
and	mergers)	tested	with	the	dosage.	Specifically,	the	CFDNA	multiplex	reference	standard	includes	three	CFDNA	reference	standards,	which	include	eight	well	-known	DNA	variants	within	the	targeted	regions	of	the	Avenio	expanded	panel,	with	an	allele	frequency	expected	variants	(VAF)	1%and	5%In	addition,	the	set	includes	a	100%100%wild
cfdna	reference	standard.	The	reference	standard	of	0.1%	CFDNA	has	been	sequenced	twice,	to	evaluate	the	intra-run	repetability.	The	reference	standard	of	CFDNA	1%	was	diluted	1:	1	with	the	100%	multiplex	cfdna	reference	standard	to	obtain	a	sample	with	an	expected	VAF	of	0.5%.	This	sample	was	included	to	evaluate	the	sensitivity	of	this
analysis	to	a	vaf	centered	at	0.5%,	which	is	the	limit	set	by	the	manufacturer.	Finally,	in	order	to	evaluate	the	detection	of	merger	and	CNV	genes,	we	also	include	sequencing	of	the	reference	CFDNA	structural	reference	standard,	which	consists	of	seven	well	-characterized	mutations,	with	most	of	them	centered	on	the	VAF,	Ret	and	Ross1	merger
merger	variants	and	a	Met	focal	amplification.	All	bookstores	were	prepared	with	50	NG	of	reference	standards	CFDNA	and	sequenced	using	the	V2	V2	Nextseq	500/550	kit	300	bedrooms.	The	results	are	presented	in	Table	1.	dNA	variants	with	an	expected	vaf	¥	0.5%	were	correctly	detected	with	a	high	accuracy	of	vaf	estimate.	dna	variants	with	an
expected	vaf	40	ng	input	cfDNA,	the	unique	depth	increased	significantly	compared	with	lower	quantities	input	(p	<	0.05	and	p	<	0.001	respectively).	In	fact,	mean	depth	of	unique	coverage	was	similar	for	10¢ÃÂÂ20	and	21¢ÃÂÂ30	ng	of	input	cfDNA	(3463	and	3883,	respectively)	and	progressively	increased	for	31¢ÃÂÂ40	and	>40	ng	of	input	cfDNA
used	(5102	and	5884,	respectively)	(Figure	2b).At	least	one	somatic	alteration	was	identified	in	63%	(52/83)	plasma	samples,	with	an	average	of	1.56	variants	per	sample	(range	1¢ÃÂÂ6).	The	most	frequent	altered	genes	were	TP53	(31.5%),	EGFR	(13%),	KRAS	(10%),	STK11	(4.6%),	KEAP1	(3%),	PIK3CA,	CTNNB1,	and	MET	(2.3%).Interestingly,	the
number	of	alterations	detected	in	plasma	samples	was	not	influenced	by	the	amout	of	cfDNA	input	used	for	library	generation	or	by	the	amount	of	cfDNA	isolated	from	each	plasma	sample	(Figure	3).Among	all	alterations	found	(n	=	131),	including	SNVs	with	VAF	>	0.5%,	actionable	variants	represented	20%	of	the	total	(26/131).	Actionable
alterations	were	defined	according	to	the	tiers	proposed	by	the	European	Society	for	Medical	Oncology	(ESMO).	The	ESMO	scale	for	clinical	actionability	of	molecular	targets	(ESCAT)	proposed	four	levels	of	actionability	(I-IV),	where	I	represents	the	maximum	level	and	IV	the	minimal	level	of	actionability.	Actionable	alterations	clustered	in	eight
genes:	(Figure	4a)	including	EGFR	(12/26,	46.1%	of	all	somatic	mutation	identified),	KRAS	(4/26,	15.3%),	ERBB2(2/26,	7.6%),	(2/26,	7.6%),	BRCA1	(2/26,	7.6%),	Alk	(2/26,	7.6%),	Met	and	Ret	(1/26,	3.85).	For	most	patients,	the	impossible	mutations	have	been	classified	as	SNV.	For	the	Erbb2	Gene	we	found	both	a	amplification	and	a	pathogenic
mutation	(S310F).	Only	Met	amplification	and	a	Ret-Kift5	amplification	were	found	in	two	different	patients,	while	two	Alk	(Alk-EML4)	mergers	were	detected	(Figure	4a).	Finally,	all	the	alterations	were	classified	according	to	the	NSCLC	output	levels	showing	that	the	majority	belongs	to	level	I	(14	out	of	26)	and	the	remaining	were	divided	between
level	II	(7	out	of	26)	and	level	III	(	5	out	of	26)	(Figure	4b).	The	Vaf	of	an	impossible	somatic	alteration	varied	from	0.5%	to	the	â	€	â	€	‹18.9%.	Further	alterations	impossible	to	VAF	varied	from	0.1%	and	0.5%	were	identified	in	nine	patients.	One	of	the	most	promising	clinical	applications	of	the	CFDNA	analysis	is	non	-invasive	tumor	genotyping.	The
possibility	of	identifying	the	mutations	of	the	oncogenic	driver	in	the	CFDNA	opens	new	opportunities	to	guide	the	decision	of	the	treatment	with	the	final	goal	of	improving	the	outcome	of	patients	with	advanced	tumors.	In	particular,	the	application	of	NGS	for	CFDNA	molecular	screening	has	the	potential	to	improve	the	molecular	stratification	of
patients,	bypassing	of	safety	and	feasibility	aspects	associated	with	the	traditional	biopsy	of	tumor	tissue	and	potentially	reflects	the	heterogeneity	of	cancer	over	time	And	in	space.	Buyly,	several	recommendations	for	the	application	of	NGS	the	sequencing	in	the	clinical	field	is	available	[13].	However,	the	consent	guidelines	on	the	technical
validation	of	NGS	tests	for	routine	diagnostics	are	missing.	In	this	study,	we	present	data	from	the	real	world	on	the	implementation	of	the	liquid	biopsy	approach	based	on	NGS	for	the	clinical	molecular	diagnostic	routine	of	patients	with	The	panel	used	is	the	Avenio	ctDNA	foam	kit	from	Roche.	This	commercial	multiple	gene	panel	is	optimized	for
CFDNA	application	and	focuses	on	activable	hotspotswhich	have	therapeutic	and	prognostic	values	for	different	solid	tumors.	The	panel	employs	a	targeted	enrichment	technology	that	allows	to	question	in	a	single	workflow	all	four	changing	classes:	SNV,	indel,	and	key	rearrangements	and	copy	numerical	change.	In	addition,	the	Expanded	Avenio
ctDNA	panel	offers	an	end-to-end	solution	from	cfDNA	extraction	to	bioinformatics	analysis,	increasing	its	application	in	small	laboratories	without	the	need	for	a	bioinformatic	team.	We	first	evaluated	the	test	through	several	validation	parameters,	including	detection	limit,	reproducibility	and	sequencing	performance,	with	the	main	objective	of
determining	its	applicability	for	routine	clinical	tests.	The	panel	is	commercially	claimed	to	be	applicable	to	the	identification	of	gene	variants	in	cfDNA	that	often	have	very	low	VAF.	Our	technical	evaluation	using	the	Multiplex	I	cfDNA	Reference	Standard	set	has	confirmed	the	sensitivity	of	100%	in	the	SNV	detection	with	VAF	predicted	>	0.5%.
Instead,	the	sensitivity	of	SNV	with	VAF	<	0.5%	predicted	has	no	rank	100%,	and	therefore,	the	LOD	for	SNV	detection	was	set	to	0.5%	VAF.	It	is	important	to	note	that	for	clinical	SNVs	relevant	to	the	VAF	range	from	0.1%	to	0.5%	sensitivity	was	62.5%.	These	results	are	consistent	with	a	recent	study	using	the	same	panel,	in	which	a	50%	sensitivity
was	observed	in	detecting	SNVs	at	0.1%	VAF	[14].	Although	under	the	LOD,	these	relevant	clinical	variations	can	be	important	to	monitor	and	evaluate	logitudinally	over	time.	In	this	context,	recent	reports	including	a	substantial	percentage	of	patients	with	an	initial	negative	test	for	EGFR	exon	20	p.T790M	detection	will	become	positive	at	the	next
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icitirc	ittepsa	Ingress,	an	attractive	feature	of	the	Avenio	ctDNA	expanded	kit	is	the	requirement	of	a	small	mass	of	DNA	of	fixed	input.	Among	all	plasma	samples	received,	only	two	did	not	result	in	the	preparation	of	the	NGS	library,	with	a	success	rate	of	97.7%.	The	small	panel	size	(192	kb),	compared	to	other	commercial	panels,	has	allowed	to
follow	to	a	greater	depth.	We	have	observed	a	very	high	on-target	rate	(~70%)	and	a	unique	median	depth	(~6000)	using	>40	ng	input,	similar	to	what	described	by	Verma	and	colleagues	[14].	Interesting,	although	the	depth	of	coverage	with	the	single	sequence	readings	caused	negatively	influenced	by	the	cfDNA	input,	a	single	high	median	depth	of
~3500×	was	observed	using	also	the	minimum	allowed	cfDNA	input	(10	ng).	We	have	successfully	selected	samples	of	96.5%	(83/86).	At	least	one	gene	variant	has	been	identified	in	52	tests	based	on	83	NGS	(63%),	and	30	of	them	have	presented	pathogenic	or	possibly	pathogenic	variants.	It	is	interesting	to	note	that	we	have	identified	gene	variants
activable	in	25%	of	patients	analyzed.	Our	results	are	in	line	with	a	study	recently	reported	by	E.	Papadopoulou.	et	al.	[17],	in	which	the	analysis	of	liquid	biopsy	NGS	was	performed	in	121	NSCLC	patients,	using	the	total	research	test	of	nucleic	acid	free	of	oncomine	Thermo	Fisher	Scientific	lung	cells.	At	least	one	mutation	was	identified	in	49%	of
the	samples	analyzed,	and	in	14,88%	of	patients	a	mutation	related	to	an	approved	treatment	for	NSCLC	[17]	was	detected.	A	possible	cfDNA	analysis	caviar	consists	in	detecting	false	positive	mutations	as	described	above	[18].	Several	studies	that	have	analyzed	healthy	individuals	have	found	alterations	in	specific	genes,	mainly	associated
withClonal	[19,20,21].	This	problem	is	particularly	important	in	the	context	of	early	cancer	detection	in	which	these	mutations	can	influence	the	final	analysis,	in	a	different	way	from	our	study,	in	which	patients	have	high	tumor	loads	due	to	advanced	lung	cancer	dilute	any	possible	Related	hot	spots	mutations.	By	including	the	limits	of	the	NGS	test
employed	in	our	study,	we	underline	the	long	(three	days)	turning	time	compared	to	other	enrichment	panels	based	on	hybridization	[22]	or	based	on	Amplicon.	or	amplicon	-based	enrichment	panels.	On	the	other	hand,	the	CFDNA	genetic	test	flow	can	be	easily	integrated	into	the	laboratory	routine	and	the	sequencing	performance	results	have	been
advantageous	in	the	detection	of	somatic	mutations	in	the	relevant	cancer	genes	with	high	sensitivity	and	reproducibility.	In	addition,	the	variants	reported	by	Avenio	CFDNA	analysis	software	must	be	controlled	by	an	expert	molecular	biologist,	in	order	to	include	clinically	relevant	gene	variations	that	are	not	occasionally	noted	in	the	database
questioned	by	the	software.	In	addition,	the	call	of	the	CNV	must	be	supported	by	the	manual	supervision	of	raw	data	and	is	currently	limited	to	three	genes	(Egfr,	Met,	Erbb2).	An	important	feature	not	addressed	by	our	study	is	represented	by	the	lack	of	clinical	correlates,	which	can	be	useful	in	the	interpretation	of	non	-informative	cases.	This	is	a
critical	aspect	to	be	studied	in	order	to	reduce	the	percentage	of	non	-informative	samples.	Our	validation	strategy	indicates	the	reproducibility	and	sensitivity	of	the	selected	NGS	test.	This	study	underlines	the	clinical	utility	of	the	implementation	of	the	NGS	liquid-based	biopsy	for	the	screening	of	the	CFDNA	of	the	Somatic	Maps	of	tumor.
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