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Tumor	markers	are	used	for	the	cancer	risk	estimation,	early	detection	of	the	disease,	screening,	diagnosis,	prognosis,	prediction	of	therapy	success	and	detecting	the	recurrence	or	monitoring	progression	of	the	disease.	However,	there	is	no	tumor	marker	sufficiently	specific	and	sensitive	for	healthy	population	screening.	Monoclonal	antibodies	are
used	for	determination	of	specific	serum	antigen,	produced	by	the	tumor	cells	or	cells	induced	by	host	tumor	cells	(1).	Carcinoembryonic	antigen	(CEA)	was	first	described	more	than	three	decades	ago,	when	its	presence	was	demonstrated	in	fetal	gut	tissue	and	in	tumors	from	gastrointestinal	tract.	Subsequently,	CEA	was	detected	in	the	circulation
of	patients	and	recognized	as	a	serum	marker	for	colorectal	cancer.	This	tumor	marker	has	not	been	advocated	as	a	screening	test	for	colorectal	cancer;	however	a	preoperative	CEA	serum	level	is	useful	for	diagnosis	and	prognosis	of	recurrence	and	survival	in	colorectal	cancer	patients.	The	levels	of	CEA	increased	with	increasing	tumor	stage	(2,3).
Carbohydrate	antigen	(CA)	19-9	is	most	valuable	as	a	serum	marker	for	pancreatic	and	biliary	cancer,	but	increased	concentrations	occur	in	several	other	GI	malignancies	(e.g.	gastric,	colorectal,	liver	cancer	and	also	in	breast,	lung,	and	gynaecological	cancers).	However,	elevated	levels	may	also	occur	in	benign	diseases.	Serum	CA	19-9
concentrations	are	elevated	in	70-90%	of	patients	with	pancreatic	cancer;	the	concentrations	reflect	tumor	burden	and	high	concentrations	are	associated	with	adverse	outcome.	Post-therapeutic	monitoring	of	marker	levels	provides	information	on	treatment	response	and	recurrence	(3-5).	Alfa-fetoptotein	(AFP)	is	a	hepatocellular	carcinoma	marker.
It	is	used	for	the	diagnosis,	prognosis,	detecting	recurrence	of	the	disease,	monitoring	of	therapy	as	well	as	for	high-risk	population	screening	for	development	of	hepatocellular	malignancy	(1,6).	The	concentration	of	tumor	markers	depends	on	the	biological	and	analytical	variation	(7,8).	Using	the	reagents	from	different	manufacturers	can	result	in	a
different	test	result	in	the	same	sample,	even	if	the	method	of	determination	is	the	same	(including	the	use	of	standardized	antibodies).	That	can	lead	to	the	wrong	interpretation	of	the	results.	Due	to	these	reasons,	when	determining	the	concentration	of	tumor	markers,	quality	requirements	must	be	fulfilled,	and	the	method	of	determination	must	be
reported	with	the	results.	If	the	method	of	determination	needs	to	be	changed,	it	is	recommended	to	perform	simultaneous	determination,	using	both	methods	(4,9,10).	The	aim	of	our	study	was	to	perform	the	analytical	evaluation	of	the	inter-assay	comparability	for	tumor	markers	CA19-9,	CEA	and	AFP	on	two	different	automated	chemistry
analyzers.	Results	were	obtained	on	the	analyzers	Vitros	ECi	(Ortho	Clinical	Diagnostics,	Johnson	and	Johnson,	Buckinghamshire,	UK)	and	the	Cobas	e	411	(Hitachi	High	Technologies	Corporation,	Tokyo,	Japan).	Methods	comparison	was	conducted	using	routine	patient	samples	analyzed	for	the	purpose	of	the	standard	diagnostic	work-up	in	our
hospital.	38	sera	samples	for	CA19-9	and	AFP,	and	39	sera	samples	for	CEA.	The	tested	samples	were	from	hospitalized	patients	with	clinical	suspicion	or	confirmed	diagnosis	of	gastrointestinal	carcinomas	admitted	to	the	Department	of	Nuclear	Medicine,	Dubrava	University	Hospital	in	the	period	of	March	21stto	March	31st2009.	Each	serum	was
divided	into	two	aliquots	immediately	after	centrifugation	one	to	determine	the	concentration	of	markers	on	the	Vitros	ECi	analyzer	at	the	Department	of	Nuclear	Medicine,	Dubrava	University	Hospital,	and	the	other	to	determine	the	concentration	of	the	markers	on	Cobas	e	411	analyzer	at	Clinical	Department	for	Laboratory	Diagnostics,	Dubrava
University	Hospital.	Sera	were	obtained	after	centrifuging	at	1006	x	g	for	10	minutes	in	Hettich	Rotina	35	R	(Hettich,	Tuttlingen,	Germany)	centrifuge.	In	addition	to	analyzing	the	samples	on	Vitros	ECi	analyzer,	values	of	BioRad,	Lypochek	Immunoassay	Plus	(Bio-Rad	Laboratories,	Marnes-la-Coquette,	France;	Control	lot	40200	-	Level	1,	2	and	3)
control	samples	were	obtained	for	CEA	and	AFP.	For	CA19-9,	Vitros	Immunodiagnostic	Product	Oncology	Controls	(Ortho	Clinical	Diagnostics,	High	Wycombe,	UK;	Control	lot	220)	were	obtained.	In	addition	to	analyzing	the	samples	on	Cobas	e	411	analyzer,	values	of	control	samples	PreciControl	Tumor	Marker	(Roche	Diagnostics	GmbH,	Mannheim,
Germany;	Level	1	and	2;	Control	lot	150568)	were	obtained.	Concentrations	of	tumor	markers	in	sera	and	control	samples	were	determined	on	the	Vitros	Eci	analyzer	with	chemiluminiscence	assay	(imunometric)	and	on	the	Cobas	e	411	analyzer	with	electrochemiluminiscence	assay	according	to	the	manufacturer	instructions.	Control	samples	were
tested	every	day	during	the	10	days	study	period.	Analytical	inaccuracy	was	shown	as	bias	(%)	and	day-to-day	imprecision	ascoefeicient	of	variation	CV	(%).	Quality	requirements	for	the	tests	were	stated	according	to	Westgard	rules	(derived	from	biological	variations).	Expected	ranges	provided	by	the	manufacturer	were	as	follows:	0-31.3	kIU/L	for
CA	19-9,	0-6.5	g/L	for	CEA	and	0-7	g/L	for	AFP	for	Cobas	e	411	analyzer	and	0-37	kIU/L	for	CA	19-9,	0-5	g/L	for	CEA	and	0-7.51	g/L	for	AFP	for	Vitros	ECi	analyzer.	Mean,	minimal	and	maximal	measured	values,	as	well	as	the	coefficient	of	variation	and	bias,	were	calculated	for	control	samples.	Median	value,	95%	CI,	minimal	and	maximal	value	were
calculated	for	tested	samples.	Correlation	of	CA19-9,	CEA	and	AFP	results	was	preformed	and	Spearman	correlation	coefficient	was	calculated.	The	level	of	significance	was	set	at	P	<	0.01.	Passing-Bablok	regression	was	used	for	method	comparison	for	each	tumor	marker,	including	the	Cusum	test	for	linearity.	Statistical	analysis	was	performed
using	MedCalc	10.1.2.0	software	(MedCalc,	Mariakerke,	Belgium).	The	measured	values	of	commercial	control	samples	were	within	the	range	recommended	by	the	manufacturer.	Results	of	the	day-to-day	imprecision	and	bias	were	in	the	range	of	desirable	specificiations	derived	from	biological	variations.	Declared	and	measured	values	of	control
samples,	as	well	as	their	bias	and	CV%	from	day-to-day	imprecison	are	presented	in	the	Tables	1	and	2.	Table	1.	Comparison	of	the	declared	values	of	commercial	control	samples	for	CEA	AFP	and	CA	19-9	on	Vitros	ECi	analyzer	with	the	obtained	values	Table	2.	Comparison	of	the	declared	values	of	commercial	control	samples	for	CEA,	AFP	and
CA19-9	on	Cobas	e411	analyzer	with	the	declared	values	The	highest	deviation	from	the	declared	control	values	was	found	for	CA19-9	on	Vitros	ECi	and	for	AFP	on	Cobas	e	411	analyzer.	Overall	descriptive	statistics	is	presented	in	Table	3.	Correlation	coefficients	of	tumor	markers	concentrations	obtained	in	the	tested	samples	on	Vitros	ECi	and
Cobas	e	411	were	as	follows:	0.978	for	CA	19-9,	0.995	for	CEA	and	0,999	for	AFP	(P	<	0.001).	Table	3.	Descriptive	statistics	of	the	obtained	patients	values	for	all	tumor	markers	The	Cusum	linearity	test	performed	on	Passing-Bablok	regression	showed	that	there	was	no	significant	deviation	from	linearity	(P	>	0.01).	Passing-Bablok	regression	results
for	CEA,	AFP	and	CA	19-9	are	shown	in	Figures	1,	2	and	3	and	in	Table	4.	Figure	1.	Passing-Bablok	regression	plot	for	CA	19-9	determined	on	Vitros	ECi	and	Cobas	e	411	Figure	2.	Passing-Bablok	regression	plot	for	CEA	determined	on	Vitros	ECi	and	Cobas	e	411	Figure	3.	Passing-Bablok	regression	plot	for	AFP	determined	on	Vitros	ECi	and	Cobas	e
411	Table	4.	Passing-Bablok	regression	data	slope	and	intercept	with	95%	CI	The	aim	of	the	study	was	to	verify	our	daily	routine	experience	with	comparability	of	tumor	markers	concentrations	obtained	with	different	methods	on	different	analyzers.	Concentrations	of	all	three	markers	in	control	samples	obtained	on	both	analyzers	(Vitros	ECi	and
Cobas	e	411)	performed	well	in	terms	of	target	values	declared	by	the	manufacturer,	but	differed	between	each	other.	The	highest	deviation	from	the	declared	control	values	was	found	for	CA19-9	on	Vitros	ECi	and	for	AFP	on	Cobas	e	411	analyzer.	An	interesting	fact	is	that	the	largest	deviation	from	the	declared	values	for	Vitros	ECi	analyzer	was	in
the	normal	and	slightly	elevated	range	of	values	of	the	control	sera	(Level	1	and	2).	That	does	not	include	CEA	that	showed	the	largest	deviation	in	the	normal	and	high	range	of	the	control	sera	(Level	1	and	3).	It	is	important	to	emphasize	that	the	correlation	coefficients	for	all	three	markers	showed	a	high	correlation	of	their	specific	concentration
obtained	on	both	analyzers.	Data	obtained	using	Passing-Bablok	regression	showed	concentrations	of	CEA	and	CA	19-9	not	to	be	aligned	nor	to	follow	the	same	linearity	(slope	and	y-axis	intercept	did	not	include	1	or	0),	while	the	concentrations	of	AFP	obtained	on	two	analyzers	were	aligned	and	followed	the	same	linearity	(slope	and	y-axis	intercept
included	1	or	0).	From	these	data	we	can	conclude	that	there	is	no	proportional	difference	between	the	results	of	CEA	and	CA19-9.	Therefore,	comparability	of	the	concentration	of	tumor	markers	on	two	different	analyzers	is	not	satisfactory.	Concentrations	of	AFP	obtained	on	two	analyzers	met	the	preferences	of	Passing-Bablok	regression;	the	slope
was	very	close	to	1,	and	y-axis	intercept	was	very	small.	Regardless	of	high	correlations,	it	is	evident	that	there	are	differences	in	values	obtained	with	different	methods	on	different	analyzers,	and	that	cannot	be	ignored.	WHO	international	standards	for	CEA	and	AFP	are	available	(CEA-IRP	73/601;	AFP	IRP	72/225)	(4,9)	and	that	should	ensure
standardized	and	accurate	calibration,	but	nonetheless	there	are	clear	differences	in	the	results	obtained	on	two	studied	analyzers.	Previous	studies	in	this	field	indicate	that	CA	19-9	assay	shows	significant	differences	between	methods	and	that	results	cannot	be	extrapolated	from	one	analytical	tehnique	to	another	(4,11,12).	Differences	in	values	for
CEA	and	AFP	could	be	explained	with	the	usage	of	antibodies	with	different	specificities.	For	of	CA19-9,	both	methods	use	the	same	antibody	(1116-NS-19-9),	which	suggests	that	differences	in	CA19-9	results	obtained	on	two	different	analyzers	are	the	consequences	of	the	calibration	and	method	design	(e.g.	use	of	different	markers).	From	all	the
presented	results	we	can	conclude	that	there	are	significant	differences	in	the	results	of	tumor	markers	concentrations	for	individual	patients	tested	on	different	analyzers	and	with	different	methods.	Considering	the	number	of	studied	samples	is	very	small	to	make	any	strong	conclusions,	this	limitation	should	be	taken	into	consideration	when
interpreting	our	results.	Another	limitation	of	the	study	is	lack	of	background	information	for	the	patients.	It	is	important	to	monitor	the	values	of	tumor	markers	of	each	patient	with	the	same	reagents	on	the	same	analyzer	despite	their	comparability	and	high	correlations	(13-16).	The	biggest	problem	is	the	long-term	monitoring,	because	in	a	course
of	one	year	the	patient	can	change	hospital	or	the	laboratory	can	introduce	a	new	method	of	determination	of	tumor	markers.	Ideally,	the	results	obtained	by	different	methods	should	be	fully	comparable,	but	as	the	outcome	of	this	study	shows,	that	is	not	noted	in	practice.	In	cases	where	the	latter	is	not	possible,	when	changing	the	methods	and
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Since	the	introduction	of	luminescent	oxygen	channeling	immunoassays	(LOCI)-based	assays	in	the	daily	laboratory	routine	of	tumor	marker	measurements,	only	a	small	number	of	method	comparisons	with	established	immunoassays	have	been	published.	We	performed	a	method	comparison	between	LOCI-based	tumor	marker	assays	for	Dimension
VISTA	and	electrochemiluminiscent	immunoassays	(ECLIA)	for	Cobas	e411,	for	-fetoprotein	(AFP),	carcinoembryonic	antigen	(CEA),	CA	125,	CA	15-3,	CA	19-9,	prostate-specific	antigen	(PSA)	and	free	PSA	(fPSA).Tumor	markers	were	assessed	in	1088	sera	from	routine	diagnostics	on	the	Dimension	VISTA	1500	and	Cobas	e411	analyzers.Strong
correlations	were	achieved	for	PSA	(r=0.999),	AFP	(r=0.994)	and	CEA	(r=0.993).	Results	were	quite	comparable	as	only	minor	slopes	of	1.05	(PSA),	1.02	(AFP)	and	0.94	(CEA),	respectively,	were	found.	However,	correlations	for	CA	125	(r=0.976),	CA	19-9	(r=0.960),	fPSA	(r=0.950)	and	CA	15-3	(r=0.940)	were	only	moderate,	and	considerable	slopes
were	observed	for	these	markers	with	higher	values	for	CA	19-9	(slope	1.50)	and	lower	ones	for	CA	15-3	(0.76),	fPSA	(0.75)	and	CA	125	(0.64),	for	Dimension	VISTA	1500.We	found	excellent	correlations	and	comparable	values	for	AFP,	CEA	and	PSA,	but	only	moderate	correlations	for	fPSA,	CA	125,	CA	15-3	and	CA	19-9.	The	slopes	for	CA	19-9,	CA	15-
3,	fPSA	and	CA	125	have	to	be	considered	when	analysis	methods	for	tumor	markers	are	changed.Seit	der	Einfhrung	von	LOCI-assays	in	der	Routinediagnostik	wurden	nur	wenige	Methodenvergleiche	mit	etablierten	Immunoassays	publiziert.	Methodenvergleich	von	Tumormarkern	AFP,	CEA,	CA125,	CA	15-3,	CA	19-9,	PSA	und	freies	PSA	(fPSA)
mittels	LOCI-assays	fr	den	Dimension	VISTA	und	Cobas	e411.AFP,	CEA,	CA125,	CA	15-3,	CA	19-9,	PSA	und	freies	PSA	(fPSA)	wurden	in	1088	Seren	auf	dem	Dimension	Vista	1500	und	Cobas	e411	bestimmt.Gute	Korrelationen	zeigten	sich	fr	PSA	(r=0.999),	AFP	(r=0.994)	und	CEA	(r=0.993)	mit	einer	guten	Vergleichbarkeit	der	Ergebnisse	bei	nur
geringen	Abweichungen	von	1.05	(PSA),	1.02	(AFP)	and	0.94	(CEA).	Fr	CA125	(r=0.976),	CA	19-9	(r=0.960),	fPSA	(r=0.950)	und	CA	15-3	(r=0.940)	zeigten	sich	mige	Korrelationen	mit	erheblichen	Abweichungen	und	hheren	Werten	fr	den	Dimension	Vista	1500	fr	CA	19-9	(slope	1.50)	und	niedrigeren	Werten	fr	CA	15-3	(0.76),	fPSA	(0.75),	and	CA	125
(0.64).Fr	AFP,	CEA	und	PSA	zeigten	sich	hervorragende	Korrelationen	mit	vergleichbaren	Werten	fr	beide	Methoden,	wohingegen	fPSA,	CA125,	CA	15-3	und	CA	19-9	nur	mig	korrelierten.	Wenn	Methoden	zur	Tumormarkerbestimmung	umgestellt	werden,	mssen	demnach	die	Abweichungen	fr	CA	19-9,	CA	15-3,	fPSA	und	CA	125	beachtet	werden.
Holdenrieder	S.Keywords:	AFP;	CA	15-3;	CA	125;	immunoassay;	tumor	markerSchlsselwrter::	AFP;	CA	15-3;	CA	125;	Immunoassay;	TumormarkerThe	great	global	burden	of	cancer	diseases	is	mirrored	by	the	2012	report	of	the	International	Agency	for	Research	on	Cancer	estimating	14	million	cases	of	cancer	diseases	worldwide	with	over	eight
million	cases	of	cancer-related	deaths	[1].	Much	effort	has	gone	into	improving	the	diagnosis	and	therapy	of	cancer	diseases,	e.g.	by	qualified	use	of	blood-based	biomarkers,	optimization	of	imaging	techniques	and	identification	of	new	targeted	cancer	treatments.	In	several	types	of	cancer	diseases,	determination	of	tumor	markers	is	recommended
for	diagnosis	and	therapy	monitoring,	for	example	[2,	3].	-Fetoprotein	(AFP)	can	be	used	in	pre-	and	postoperative	settings,	e.g.	in	the	prognosis	and	monitoring	of	liver	cancer	[4].	Hence,	it	can	be	applied	as	a	screening	marker	in	case	of	liver	cirrhosis	with	high	risk	of	developing	hepatocellular	carcinoma.	In	germ	cell	tumors,	AFP	is	useful	for
diagnosis	and	monitoring	[2].	Carcinoembryonic	antigen	(CEA)	can	be	elevated	in	the	serum	of	patients	suffering	from	different	solid	tumors,	such	as	colorectal,	breast	and	lung	cancers,	and	its	diagnostic	power	lies	in	therapy	monitoring,	follow-up	situations	and	early	detection	of	recurrent	disease	[2,	4,	5].	Prostate-specific	antigen	(PSA)	and	free
PSA	(fPSA)	play	an	important	role	in	diagnosis	and	therapy	monitoring	in	patients	suffering	from	prostate	cancer	[2].	Using	PSA	as	a	screening	marker	for	prostate	cancer	is	still	controversially	discussed	[6,	7].	While	CA	15-3	is	not	recommended	in	screening	situations,	it	is	of	prognostic	power	in	cases	of	breast	cancer	in	preoperative	situations,	in
early	detection	of	tumor	recurrence	and	for	therapy	monitoring	[2].	CA	19-9	is	a	hapten	of	the	Lewis-a	blood	group	determinant	and	therefore	not	expressed	in	Lewis-(a-b-)	phenotype	individuals	[8].	It	is	the	most	important	marker	in	follow-up	situations	of	pancreatic	cancer	and	can	be	elevated	in	other	gastrointestinal	malignancies,	such	as	gastric,
gall	bladder	or	colorectal	cancers	[9].	CA	125	is	of	fundamental	importance	in	ovarian	tumors	and	is	mainly	expressed	in	the	most	frequent	serous	histological	subtype	[10].	It	has	to	be	noted	that	elevated	levels	of	tumor	markers	can	also	be	found	in	a	series	of	benign	diseases	[11,	12].All	of	the	established	guidelines	recommend	comparative
measurements	when	changing	methods	for	measuring	tumor	markers.	Although	luminescent	oxygen	channeling	immunoassays	(LOCI)-	based	tumor	marker	assays	had	been	introduced	in	daily	laboratory	routine	several	years	ago,	only	limited	data	are	available	regarding	method	comparisons	with	immunoassays.	In	earlier	studies,	we	compared
chemiluminescence	immunometric	assays	with	LOCI-based	tumor	marker	assays	for	tumor	markers	AFP,	CEA,	CA	125,	CA	15-3,	CA	19-9,	PSA	and	fPSA.	Higher	variations	were	detected	for	CA	19-9,	CA	15-3,	AFP,	CEA	and	fPSA,	and	data	for	PSA	and	CA	125	showed	good	general	correlations	[13,	14].	Further	studies	reported	on	the	analytical
performance	of	CEA,	AFP,	CA	19-9,	CA	125	and	CA	15-3	using	LOCI	technology	and	compared	single	tumor	marker	methods	with	Abbott	AxSym	(AFP),	Beckman	Access	(CEA)	and	ADVIA	Centaur	(CA	15-3,	CA	19-9	and	CA	125).	High	concordances	were	detected	between	these	tumor	marker	assays	[15].	To	our	knowledge,	no	comparison	data	have
yet	been	published	regarding	method	comparisons	between	homogenous	LOCI-based	tumor	marker	assays	for	Dimension	VISTA	and	the	widely	distributed	heterogeneous	tumor	marker	immunoassays	for	Cobas	e411.Parallel	tumor	marker	measurements	were	performed	in	a	total	of	1088	sera	comprising	n=171	AFP,	n=156	CEA,	n=154	CA	125,
n=154	CA	15-3,	n=151	CA	19-9,	n=171	PSA	and	n=128	fPSA	measurements.	All	samples	were	serum	samples	measured	during	routine	diagnostics	at	the	central	laboratory	of	the	University	Clinics	Bonn,	Germany,	as	a	part	of	clinical	examinations.	Internal	and	external	quality	control	accuracy	specifications	were	followed	according	to	the	guidelines
of	the	German	Federal	Medical	Society	(RiliBK).Measurements	for	AFP,	CEA,	CA125,	CA	15-3,	CA	19-9,	PSA	and	fPSA	were	performed	under	routine	conditions	with	the	LOCI-based	tumor	marker	assays	for	Dimension	VISTA	1500	(Siemens	Healthcare	Diagnostics,	Eschborn,	Germany)	and	with	the	electrochemiluminescence	immunoassays	(ECLIA)
for	Cobas	e411	(Roche	Diagnostics	GmbH,	Mannheim,	Germany).LOCI	technology	is	based	on	a	chemiluminescence	immunoassay.	It	uses	chemibeads	and	sensibeads	which	contain	a	chemiluminescent	and	a	photosensitizer	dye.	Together	with	the	biotinylated	antibody,	sandwiches	are	generated	and	then	the	sensibeads	are	added.	Next,
immunocomplexes	are	formed	and	a	chemiluminescent	reaction	is	triggered	at	680	nm.	Final	detection	takes	place	at	612	nm.AFP:	Limit	of	detection	(LoD)	0.5	ng/mL,	cut-off	value	8.0	ng/mL,	analytical	measurement	range	0.51000	ng/mL	(without	dilution).	Intra-assay	coefficients	of	variation:	1.9%,	interassay	coefficients	of	variation:	1.75%.CEA:	LoD
0.12	ng/mL,	cut-off	value	3.0	ng/mL	and	5.0	ng/mL	for	non-smokers	and	smokers,	analytical	measurement	range	0.21000	ng/mL	(without	dilution).	Intra-assay	coefficients	of	variation:	2.1%,	interassay	coefficients	of	variation:	1.42%.CA	125:	LoD	1.5	U/mL,	cut-off	value	35.0	ng/mL,	analytical	measurement	range	1.51000	U/mL	(without	dilution).	Intra-
assay	coefficients	of	variation:	2.5%,	interassay	coefficients	of	variation:	2.81%.CA	15-3:	LoD	1.0	U/mL,	cut-off	value	35.0	ng/mL,	analytical	measurement	range:	1.0300	U/mL	(without	dilution).	Intra-assay	coefficients	of	variation:	2.4%,	interassay	coefficients	of	variation:	2.73%.CA	19-9:	LoD	2.0	U/mL,	cut-off	value	37.0	ng/mL,	analytical
measurement	range	0.21000	U/mL	(without	dilution).	Intra-assay	coefficients	of	variation:	5.1%,	interassay	coefficients	of	variation:	2.08%.PSA:	LoD	0.010	ng/mL,	cut-off	value	4.0	ng/mL,	analytical	measurement	range	0.01100	ng/mL	(without	dilution).	Intra-assay	coefficients	of	variation:	2.0%,	interassay	coefficients	of	variation:	1.52%.fPSA:	LoD
0.015	ng/mL,	cut-off	value	19%	PSA,	analytical	measurement	range	0.01520	ng/mL	(without	dilution).	Intra-assay	coefficients	of	variation:	1.7	%,	interassay	coefficients	of	variation:	2.15%.Tumor	marker	assays	on	Cobas	e411	use	electrochemiluminescence	technology,	which	is	based	on	a	sandwich	principle.	Biotinylated	antibodies	and	antigen-
specific	antibodies	(marked	with	a	ruthenium	complex)	build	a	sandwich	complex.	Streptavidin	microparticles	are	added	and	finally,	after	specific	reactions,	a	photomultiplier	measures	the	chemiluminescent	emission.AFP:	LoD	0.61	ng/mL,	cut-off	value	7.0	ng/mL,	analytical	measurement	range	0.51000	ng/mL	(without	dilution).	Intra-assay
coefficients	of	variation:	2.8%,	interassay	coefficients	of	variation:	3.4%.CEA:	LoD	0.20	ng/mL,	cut-off	value	5.0	ng/mL	and	6.5	ng/mL	for	non-smokers	and	smokers,	analytical	measurement	range	0.21000	ng/mL	(without	dilution).	Intra-assay	coefficients	of	variation:	2.5%,	interassay	coefficients	of	variation:	3.6%.CA	125:	LoD	1.2	U/mL,	cut-off	value
35.0	U/mL,	analytical	measurement	range	0.65000	U/mL	(without	dilution).	Intra-assay	coefficients	of	variation:	1.0%,	interassay	coefficients	of	variation:	2.5%.CA	15-3:	LoD	1.0	U/mL,	cut-off	value	26.4	U/mL,	analytical	measurement	range	1.0300	U/mL	(without	dilution).	Intra-assay	coefficients	of	variation:	2.5%,	interassay	coefficients	of	variation:
3.6%.CA	19-9:	LoD	0.6	U/mL,	cut-off	value	27.0	U/mL,	analytical	measurement	range	0.61000	U/mL	(without	dilution).	Intra-assay	coefficients	of	variation:	4.4%,	interassay	coefficients	of	variation:	4.8%.PSA:	LoD	0.011	ng/mL,	cut-off	value	4.0	ng/mL,	analytical	measurement	range	0.002100	ng/mL	(without	dilution).	Intra-assay	coefficients	of
variation:	2.5	%,	interassay	coefficients	of	variation:	2.7%.fPSA:	LoD	0.01	ng/mL,	a	cut-off	of	19%	fPSA	results	in	the	detection	of	90.2	%	prostate	cancers	and	avoids	unnecessary	biopsy	in	17.6%	of	men	without	prostate	cancer	(fPSA/tPSA	ratio	in	men	with	tPSA	between	4	and	10	ng/mL	tPSA),	analytical	measurement	range	0.0150	ng/mL	(without
dilution).	Intra-assay	coefficients	of	variation:	1.1%,	interassay	coefficients	of	variation:	3.5%.Descriptive	statistics	for	the	data	are	presented	in	Table	1.	The	DAgostino-Pearsontest	fornormaldistribution	showed	that	data	are	not	normally	distributed.	For	method	comparison,	Spearmans	correlation	coefficients	were	calculated.	Bland-Altman	plots	were
calculated	and	Passing-Bablok	regressions	analyses	were	performed	(Medcalc,	Version	11.0.0.0).Value	distribution	for	AFP,	CEA,	CA	125,	CA	15-3,	CA	19-9,	PSA,	PSA
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