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Screening	test

• Systematic exam,	conducted with	clinical,	
instrumental tecnique or	laboratory test	
designed to	detect cases of	disease in	
pre-clinical stage	in	a	population

• Secondary prevention
• Means:	early detection
• Goal:	reducing mortality by	reducing
incurable forms
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Two	by	two	table

D+ D-

Positive

Negative

80 40

20 60

TP + FN FP + TN

TP + FP

FN + TN

N

Disease

Screening	
test	
results
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Two	by	two	table

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results
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Two	by	two	table

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

P P



SC
H
O
O
L
O
F
M
ED

IC
IN

E

H
YG

IE
N
E
CO

U
R
SE
Two	by	two	table

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

P P

N N
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Two	by	two	table

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

TP P

N N
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Two	by	two	table

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

TP FP

FN TN
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Screening	test	formula	rule

“Trues”	on	top	and	divide	
by	everything

• Sensitivity,	Specificity,	Positive	predictive	value,	
Negative	predictive	value	and	accuracy
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Sensitivity

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

TP FP

FN TN
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Sensitivity

Negative 
Positive

Healthy people

Disease
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Screening	test:	reality

Negative 
Positive

Healthy people

Disease
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Sensitivity

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

TP FP

FN TN
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Screening	test	parameters

• Sensitivity:	identifying	cases	of	disease
Formula	=	TP	/	(TP+FN)
Sens:	80	/	(80+20)	=	80%
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Specificity

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

TP FP

FN TN
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Screening	test	parameters

• Sensitivity:	identifying	cases	of	disease
Formula	=	TP	/	(TP+FN)
Sens:	80	/	(80+20)	=	80%

• Specificity:	identifying	disease	–free	
people,	healthy	people

Formula	=	TN	/	(TN+FP)
Spec:	60	/	(60+40)	=	60%
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The	ideal test

healthy

diseased

cut-off
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The	real test...

cut-off

TP

TN

FPFN
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Positive	Predictive	Value

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

TP FP

FN TN
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Positive	Predictive	Value

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

TP FP

FN TN
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Screening	test	parameters

• Positive	predictive	value:	likelihood	that	
a	positive	test	result	indicates	real	
disease

Formula	=	TP	/	(TP+FP)
PPV:	80	/	(80+40)	=	66.7%
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Negative	Predictive	Value

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

TP FP

FN TN
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Screening	test	parameters

• Positive	predictive	value:	likelihood	that	a	
positive	test	result	indicates	real	disease

Formula	=	TP	/	(TP+FP)
PPV:	80	/	(80+40)	=	66.7%

• Negative	predictive	value:	likelihood	that	a	
negative	test	result	indicates	no	real	
disease

Formula	=	TN	/	(TN+FN)
NPV:	60	/	(60+20)	=	75%
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Screening	test	parameters

• Two	sets	of	screening	test	values
1) Sensitivity	and	specificity	
2) PPV	and	NPV

• Sensitivity	and	specificity:	pre-test	
probabilities

• PPV	and	NPV:	post-test	probabilities
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Understanding	screening	tests

Sens	=	80%	 Spec	=		60%

PPV:	66.7% NPV:	75%

A	good	test?
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Understanding	screening	tests

Sens	=	80%	 Spec	=		60%

PPV:	66.7% NPV:	75%

A	good	test?
Only	so-so
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Accuracy	or	efficiency	of	the	test

D+ D-

Positive

Negative

80 40

20 60

TP + FN
100 

FP + TN
100

TP + FP
120

FN + TN
80

N = 200

Disease

Screening	
test	
results

TP FP

FN TN
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Accuracy	or	efficiency	of	the	test

• Percentage	correct	OVERALL
• Formula:	TP+TN	/	(TP+TN+FP+FN)

TP+TN/	N,	sample	size
• Acc:	80+60/	200	=	70%
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Increasing specificity

cut-off

VP

VN

FPFN
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Increasing sensitivity

valore di cut-off

VP

VN

FPFN
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Necessary conditions

for	the	feasibility of	screening	programs

1. Disease to	screen	is an	important public	health
issue

2. Epidemiologyand	natural history should be	
well known

3. Exists an	indicatorof	the	disease in	pre-
symptomaticphase

4. History of	the	disease can	be	modifiedwith	
early detection
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Necessary conditions
for	the	feasibility of	screening

5. Effective screening	test:
§ simple,	harmless,	reliable,	validated
§ reproducible and	accurate
§ consensus on	the	definition of	positive	test
§ agreement on	the	diagnostic study protocol and	the	
options available for	the	positive	test	subjects'

6. Effective treatment	for	the	screeneddisease
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3. Exists an	indicatorof	the	disease in	pre-
symptomaticphase
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3. Exists an	indicatorof	the	disease in	pre-
symptomaticphase

Lead	time	=
interval of	time	between the	moment	in	
which the	diagnosis is performed for	the	
screening	effect and	the	time	when the	
diagnosis would have been made	for	the	
appearance of	clinical signs of	disease
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Goal	of	an	cancer screening	
programme

• Reduce	mortality from	cancer by	
reducing the	incidence of	incurable
forms

• It’s secondary prevention (keep it in	
mind always !!!)

Grazzini	G.,	et	al.	Ministero	della	Salute.	Roma,	2006.
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Organized screening	programs vs.	
spontaneous screening

• Free	and	active	offer	(personal	
invitation)	to	the	population	at-risk
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Organized cancer screening	programs

• Public	health interventions includedin	the	LEA

• Possibility to	anticipate	a	cancer diagnosis
shouldbe	universally guaranteed

DPCM	29	novembre	2001
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Recall to	next
screening	round

Invitation to	2°level
=

Diagnostic level

Invitation from	the	screening	centre

1° level test	=	Screening	Test

3° levele =	terapeutic
Intervention (surgery and/or	

chemiotherapy)

+

Pathway

+
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Screening	test	is NOT	diagnostic

Test	di	screening

NEGATIVO

Nessun	altro	
esame

Veri	negativi Falsi	negativi

NON	NEGATIVO

Esame	di	
approfondimento

Veri	positivi Falsi	positivi



• Breast Cancer
• Cervical Cancer
• Colorectal (Colon)	Cancer

Cancer screening

www.ccm-network.it
www.epicentro.iss.it
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Necessary conditions

for	the	feasibility of	screening	programs
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Incidence and	Mortality worldwide:
women

Ferlay	et	al,	GLOBOCAN	2008:	Cancer	Incidence	and	Mortality	Worldwide,	IARC	2010	
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Incidence and	Mortality worldwide:
men

Ferlay	et	al,	GLOBOCAN	2008:	Cancer	Incidence	and	Mortality	Worldwide,	IARC	2010	
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Breast Cancer Screening
• Womenaged 50	– 69	years
• Screening	test:
Mammography (bilateral in	a	double	
projection)

• Every 2	years
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II	level

� Clinical breast exam,	mammography
� Fine	needle aspiration
� Core	biopsy
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III	level

� Surgical treatment:
§ Quadrantectomy

§ Mastectomy

� and/or	chemioteraphy
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Benefits

Mortality reduction:	38%

Womennot
included

in	a	screening	
program

Screened
women

Euroscreen working group.	Lancet	2013

vs
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Benefits
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Risks

• Overdiagnosis
• Psycological harm	(anxiety	in	advance	of	
the	test,	distress	if	abnormalities	are	
detected)
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Breast cancer incidence
Italy,	2006	- 2009

AIRTUM – AIOM. I numeri del cancro 2013.
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Cervical cancer screening

�Women25	– 64	years
� Screening	(I	level):
Pap smear

� Every 3	years
� Bethesda	Classification,	2001
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Bethesda	Classification 2001
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II	level

Different according to	Pap smear results:	

� HPV	test	(all positive	tests)
� Repeat Pap smear (ASC	– US,	LSIL,	inadeguati)
� Colposcopywith	or	wothout endometrial biopsy
(HSIL,	ASC	– H,	AGC,	Cr)
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III	level

• Treatment	for	CIN	2	and		CIN	3:
– laser	vaporization
– cryotherapy
– radical	diathermy
– conization
– ….

• 6	months follow up	for	CIN	1
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New	guidelines

• Pap test	every 3	years:	women 24	to	30	
years

• HPV	test	every 5	years:	Women>	30	
years

Ronco G.	et	al.,	The	Lancet,	February	2014
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Colorectal cancer screening
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Colorectal cancer screening

� Men	and	women between 50	and	70	
years

� Screening	test	(Level	I):	Fecal Occult
Blood	Test

� Every 2	years
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Colorectal cancer screening

• Some	Italian programs (Piedmont and	
Veneto)	use	the	sigmoidoscopy as a	
screening	test	(level I)
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II	level

• Colonoscopy
• Biopsy
• If colonoscopy is not executable or	is
rejected:	Rx colon	with	double	contrast or	
TAC	colonography
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III	level

• Surgery
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Familiarity for	bowel cancer

• management	is not the	same in	Italy
• Each program implements different
protocols

• In	Puglia:
– First-degree relatives of	patientswith	
cancer:	colonoscopy
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Monitoring of	screening	programs

• It’s necessary to	track every action:	from	
the	identification of	the	target	population
to	the	possible treatment	

• Data	allow us to		compare	the	
performance	of	the	program with	
indicators contained in	the	guidelines
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Performance	indicators

• The	same for	all of	Italian screening	
programs

• Published annually on	the	website
www.osservatorionazionalescreening.it

• For	each screening	program and	each
screening	is needed to	fill out	a	pre-formed
sheet:
– GISMA	form
– GISCI	form
– GISCOR	form
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Informative	flow

Responsabile	del	
programma	di	

screening	territoriale	
compila	e	invia	la	

SCHEDA
Raccolta	delle	 schede	

ed	elaborazione	
Gruppo	Italiano	

Screening
(Gisci,	Gisma,	Giscor) Pubblicazione	sul	sito	e	

presentazione	in	
occasione	del	

congresso	annualeEntro	il	30	
settembre	
dell’anno	

successivo	a	
quello	in	esame

Ministero	della	Salute
Tra	Gennaio	e	

Febbraio	dell’anno	
successivo	alla	
raccolta	dei	dati	
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To	improve you knowledge…

• http://www.cdc.gov/cancer/dcpc/preven
tion/screening.htm

• http://www.cancer.org/healthy/findcanc
erearly/cancerscreeningguidelines/


