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W hy shouldadoctorneedtoknow how tocalculatethechanceof
breastcancerinapatientw ithapositivem am m ogram ,given“ a
prevalenceof1% ,asensitivity of90% ,andafalsepositiverateof
9% ” ? … …

W hatthedoctorneedsisatestthatgivesastraightyesornoansw er,
orsom ethingclosetoit.

S huster,S .BM J2011,342:d2579:T herealproblem isthebiom edical
ignoranceofstatisticians
http://w w w .bm j.com /content/342/bm j.d2579/rapid-responses
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M otivation-res earc h

•D iagnos tic tes ts are importantand c os tly

•M ethod ologic alqu ality ofs tu d ies was and c an s till
be poor.

•N otgeneralis able

•B ad ly d es igned –bias ed

•S malls amples -u nc ertain res u lts



M otivation –pu ttinginto prac tic e

Res u lts c an be d iffic u ltto interpret

•N u merou s and c onfu s ingterminology

•Interpretingres u lts involves statistical thinking

•O ften notc learhow to balanc e trad e-offs

•Valu e often d epend s on c ontext–notju s tintrins ic
ac c u rac y .



B as ic s

•Intrins ic ac c u rac y ofan index tes tis d efined by how
often itagrees withthe reference test res u lt

•Two res u lts foreac hpatients tu d ied :

•Referenc e tes tres u lt-tru e s tatu s as d etermined
by a gold standard tes t!

•Ind ex tes tres u lt

Jargoncounter-5



T estR esult
T ruecondition/Diseasestatus

P resent Absent T otal

P ositive

N egative

T otal

B as ic 2 x 2 table



T estR esult
T ruecondition/Diseasestatus

P resent Absent T otal

P ositive

N egative

T otal

Topleftc orner



T estR esult
T ruecondition/Diseasestatus

P resent Absent T otal

P ositive T P

N egative

T otal

Tru e pos itives



T estR esult
T ruecondition/Diseasestatus

P resent Absent T otal

P ositive

N egative FN

T otal

Fals e N egatives



T estR esult
T ruecondition/Diseasestatus

P resent Absent T otal

P ositive T P

N egative FN

T otal T P + FN = N oD+

TP +FP =N u mberwith
d is eas e/c ond ition pres ent



T estR esult
T ruecondition/Diseasestatus

P resent A bsent T otal

P ositive

N egative T N

T otal

Tru e negatives



T estR esult
T ruecondition/Diseasestatus

P resent A bsent T otal

P ositive FP

N egative

T otal

Fals e pos itives



T estR esult
T ruecondition/Diseasestatus

P resent A bsent T otal

P ositive FP

N egative T N

T otal T N + FP = N oD-

TN +FP =N u mberwithou t
d is eas e/c ond ition abs ent



T estR esult
T ruecondition/Diseasestatus

P resent Absent T otal

P ositive T P FP

N egative FN T N

T otal N

The good d iagonal



T estR esult
T ruecondition/Diseasestatus

P resent Absent T otal

P ositive T P FP

N egative FN T N

T otal N

The bad d iagonal



Exerc is e 1 : B inary tes ts

•S c enario : A s tu d y looked atthe ac c u rac y ofM RI
to d etec tthorac ic aortic d is s ec tion. A ll114 patients
were as s es s ed u s ingan appropriate gold
s tand ard tes tand u s ingM RI. O ne read er
interpreted the M RI, withou tknowled ge ofthe tru e
s tatu s



•Referenc e s tatu s -45 patients had a d is s ec tion, 69
d id not.

•M RIres u lts were c ategoris ed as ;

1 . D efinitely not

2 . P robably not

3. P os s ible d is s ec tion

4. P robable d is s ec tion

5. D efinite d is s ec tion



Dissectionstatus
(R eferencetest)

M R Iresult

1 2 3 4 5

P resent 7 7 3 5 23

Absent 39 19 9 1 1

U singacutpointfortheindex testof
• M R I< 5-N egativeresult
• M R I>= 5 -P ositive result

Constructthe2x2 tableofcounts.



Dissectionstatus
(R eferencetest)

M R Iresult

N egative P ositive

P resent 7 7 3 5 23

Absent 39 19 9 1 1

T ask:U singacutpointfortheindex testof
• M R I< 5-N egativeresult
• M R I>= 5 -P ositive result

Constructthe2x2 tableofcounts.



Dissectionstatus
(R eferencetest)

M R Iresult

N egative P ositive

P resent 7 7 3 5 23

Absent 39 19 9 1 1

T ask:U singacutpointfortheindex testof
• M R I< 5-N egativeresult
• M R I>= 5 -P ositive result

Constructthe2x2 tableofcounts.



Dissectionstatus
(R eferencetest)

M R Iresult

N egative P ositive

P resent 7+ 7 + 3 + 5 23

Absent 39 + 19 + 9 + 1 1



M R IT estR esult
Dissectionstatus

P resent Absent T otal

P ositive

N egative

T otal

M RIforas s es s ingaortic d is s ec tion



M R IT estR esult
Dissectionstatus

P resent Absent T otal

P ositive T P = 23

N egative

T otal

M RIforas s es s ingaortic d is s ec tion



M R IT estR esult
Dissectionstatus

P resent Absent T otal

P ositive T P = 23

N egative FN = 22

T otal

M RIforas s es s ingaortic d is s ec tion



M R IT estR esult
Dissectionstatus

P resent Absent T otal

P ositive T P = 23

N egative FN = 22

T otal T P + FN = 45

M RIforas s es s ingaortic d is s ec tion



M R IT estR esult
Dissectionstatus

P resent Absent T otal

P ositive

N egative T N = 68

T otal

M RIforas s es s ingaortic d is s ec tion



M R IT estR esult
Dissectionstatus

P resent Absent T otal

P ositive FP = 1

N egative T N = 68

T otal FP + T N = 69

M RIforas s es s ingaortic d is s ec tion



M R IT estR esult
Dissectionstatus

P resent Absent T otal

P ositive T P = 23 FP = 1 T + = 24

N egative FN = 22 T N = 68 T -= 90

T otal T P + FN = 45 FP + T N = 69 T P + FN + FP +
T N = 114

M RIforas s es s ingaortic d is s ec tion



M eas u res ofd iagnos tic ac c u rac y

•S ens itivity

•Refers to the d is eas ed popu lation

•The ability ofthe ind ex tes tto d etec tthe
c ond ition/d is eas e.

•A ls o known as the tru e pos itive rate (TP R)

•S pec ific ity

•Refers to the u n-d is eas ed popu lation

•The ind ex tes ts ability to exc lu d e the c ond ition

•The s ame as the tru e negative rate (TN R) Jargoncounter-7



•Fals e pos itive rate (FP R) =1 –s pec ific ity

•Fals e negative rate (FN R)=1 –s ens itivity

•A c c u rac y –P robability ofa c orrec tres u lt

•You d en’ s ind ex –likelihood ofa pos itive res u ltamongpatients with
vers u s withou tthe c ond ition.

•D iagnos tic O d d s Ratio –ratio ofris kofa pos itive tes tamongs t
d is eas ed patients and the ris kofa pos itive tes tin the u n-d is eas ed
patients

Jargoncounter-10



Exerc is e:
C alc u late s ens itivity and s pec ific ity:

S ens itivity =Tru e pos itives /(Tru e pos itives +Fals e
negatives )

•TP /(TP +FN )orTP /D +

S pec ific ity =Tru e negatives /(Tru e negatives +Fals e
pos itives )

•TN /(TN +FP )orTN /D -

A c c u rac y =(Tru e negatives +Tru e P os itives )/alltes ts

• (TN +TP )/N

You d en’ s ind ex =S ens itivity +S pec ific ity -1



M R IT estR esult
Dissectionstatus

P resent Absent T otal

P ositive T P = 23 FP = 1 T + = 24

N egative FN = 22 T N = 68 T -= 90

T otal D+= 45 D-= 69 N = 114

S ensitivity: 23/45 = 0.51
S pecificity:68/69 = 0.99
FP R :1 – 0.99 = 0.01
FN R = 1 – 0.51 = 0.49
Accuracy = (23 + 68)/114 = 0.80
Youden’sindex = 0.51 + 0.99 – 1 = 0.5



D is c u s s ion

•B as ed on intrins ic ac c u rac y (the s ens itivity,
s pec ific ity, FP R and FN R)d o you thinkM RIfor
d etec tion ofaortic d is s ec tion have any valu e as
d iagnos tic tes t?

•Ifwere moved the M RIthres hold from 5 to 4, what
d o you thinkwou ld have happened ?



The Rec eiverO peratingC harac teris tic c u rve

•M any d iagnos tic res u lts yield a nu meric
meas u rement(orord inals c ale)ratherthan +/-

•In the aortic d is s ec tion example we arbitrarily
c hoos e a d ec is ion thres hold to d efine +/-.

•S ens itivity and s pec ific ity was affec ted by ou rc hoic e
ofd ec is ion thres hold .

•A s s pec ific ity d ec reas ed the s ens itivity inc reas ed –
they are inherently linked . Jargoncounter-11



The RO C c u rve

•RO C c u rve method overc omes the limitations ofa
s ingle s ens itivity and s pec ific ity pairors u mmary
meas u re.

•The c u rve is a plotofs ens itivity (y axis )vers u s FP R
(x axis )

•Eac hpointon the graphrepres ents a d ifferent
d ec is ion thres hold .



P ros tate-s pec ific antigen

(P S A )(wid ely u s ed )

N on-Rad iologis tperformed
u ltras ou nd forA A A (notu s ed to
s c reen women)



Exerc is e 2 : RO C c u rve

•S c enario : C ons id era d igital-imaging algorithm to
id entify patients whos e implanted artific ialheart
valves have frac tu red .

•O ne meas u re to d is tingu is h frac tu red valves is to
d etermine the wid thofthe gapbetween the valve
s tru tlegs u s ingd igitalimaging. L argergaps are
as s oc iated withhigherc hanc e offrac tu ring.



Exerc is e 2 : RO C c u rve

•Twenty patients u nd erwentelec tive s u rgery for
valve replac ement. 1 0 patients were fou nd to have
frac tu red valves , 1 0 d id not.



Fractured Intact

0.58 0.13

0.41 0.13

0.18 0.07

0.15 0.05

0.15 0.03

0.10 0.03

0.07 0.03

0.07 0.00

0.05 0.00

0.03 0.00

Gapm easurem ents10 patientsw ithfracturedheart
valvesand10 patientsw ithoutfracturedvalves.



Exerc is e 2 : C alc u late the

empiric alRO C c u rve

1 . C ons tru c ta 2x2 table foreac h u niqu e valu e in
the d ata.

2 . D rive the s ens itivity and FP R ateac hpoint

3. P lotthes e pairs on the graph.



S tartwithlowes tpos s ible thres hold
(Tes tis pos itive ifgap>=0 . 0 0 )



T est= N egative T est= P ositive

. 0.13 0.58

0.13 0.41

0.07 0.18

0.05 0.15

0.03 0.15

0.03 0.10

0.03 0.07

0.00 0.07

0.00 0.05

0.00 0.03

Greenindicatesnotfractured,red-fractured



Gap
S tatusofheartvalve

Fractured Intact T otal

P ositive(>0.00) T P = 10 FN = 10 20

N egative(<0.00) FN = 0 T N = 0 0

T otal 10 10 N = 20

S ensitivity: 10/10 = 1
FP R :10/10 = 1

Decisionthresholdtestispositiveifgap>=
0.00



Thres hold =0 . 0 3



T est= N egative T est= P ositive

0.00 0.13 0.58

0.00 0.13 0.41

0.00 0.07 0.18

0.05 0.15

0.03 0.15

0.03 0.10

0.03 0.07

0.07

0.05

0.03

T hreshold of0.03



Gap
S tatusofheartvalve

Fractured Intact T otal

>= 0.03 T P = 10 FP = 7 17

< 0.03 FN = 0 T N = 3 3

T otal 10 10 N = 20

S ensitivity: 10/10 = 1
FP R :7/10 = 0.7

Decisionthresholdtestispositiveifgap>=
0.03



0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

Em piricalR O C



Thres hold =0 . 0 5



T est= N egative T est= P ositive

0.00 0.13 0.58

0.00 0.13 0.41

0.00 0.07 0.18

0.03 0.05 0.15

0.03 0.15

0.03 0.10

0.03 0.07

0.07

0.05

T hreshold of0.05



Gap
S tatusofheartvalve

Fractured Intact T otal

>= 0.05

< 0.05

T otal 10 10 N = 20

Decisionthresholdtestispositiveifgap>=
0.05



Gap
S tatusofheartvalve

Fractured Intact T otal

>= 0.05 T P = 9

< 0.05

T otal 10 10 N = 20

Decisionthresholdtestispositiveifgap>=
0.05



Gap
S tatusofheartvalve

Fractured Intact T otal

>= 0.05 T P = 9

< 0.05 FN = 1

T otal 10 10 N = 20

Decisionthresholdtestispositiveifgap>=
0.05



Gap
S tatusofheartvalve

Fractured Intact T otal

>= 0.05 T P = 9

< 0.05 FN = 1 T N = 6 7

T otal 10 10 N = 20

Decisionthresholdtestispositiveifgap>=
0.05



Gap
S tatusofheartvalve

Fractured Intact T otal

>= 0.05 T P = 9 FP = 4 13

< 0.05 FN = 1 T N = 6 7

T otal 10 10 N = 20

Decisionthresholdtestispositiveifgap>=
0.05



Gap
S tatusofheartvalve

Fractured Intact T otal

>= 0.05 T P = 9 FP = 4 13

< 0.05 FN = 1 T N = 6 7

T otal 10 10 N = 20

S ensitivity: 9/10 = 0.9
FP R :4/10 = 0.4

Decisionthresholdtestispositiveifgap>=
0.05



Gap
S tatusofheartvalve

Fractured Intact T otal

>= 0.05 T P = 9 FP = 4 13

< 0.05 FN = 1 T N = 6 7

T otal 10 10 N = 20

S ensitivity: 9/10 = 0.9
FP R :4/10 = 0.4

Decisionthresholdtestispositiveifgap>=
0.05



0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

Em piricalR O C



T est= N egative T est= P ositive

0.00 0.13 0.58

0.00 0.13 0.41

0.00 0.07 0.18

0.03 0.15

0.03 0.15

0.03 0.10

0.03 0.07

0.05 0.07

0.05

T hreshold of0.07



Gap
S tatusofheartvalve

Fractured Intact T otal

>= 0.07 T P = 8 FP = 3 11

< 0.07 FN = 2 T N = 7 9

T otal 10 10 N = 20

S ensitivity: 8/10 = 0.8
FP R :3/10 = 0.3

Decisionthresholdtestispositiveifgap>=
0.07



0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

Em piricalR O C



0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

Em piricalR O C



W hy u s e a RO C c u rve
• A RO C c u rve is a vis u alrepres entation ofthe

d ata

• D oes notreq u ire s elec tion ofa partic u lar
d ec is ion thres hold

• D oes notd epend on the s c ale ofthe
meas u rement, orthe prevalenc e

• Very u s efu lforc omparingtwo ormore s imilar
tes ts



A rea u nd erthe RO C c u rve

The A UC is a s ingle s u mmary meas u re ofthe RO C C u rve:

• Takes valu es between 0 and 1 , bu tu s u ally >0 . 5

• C an be interpreted as ;

• A verage S e forallpos s ible valu es ofS p

• A verage S pforallpos s ible valu es ofS e

• The probability thata patientwiththe c ond ition has a
tes tres u ltind ic atinggreaters u s pic ion than a patient
withou tthe c ond ition

Jargoncounter-12



L ikelihood ratios (pos itive and
negative)
P os itive likelihood ratio (L R +)

• H ow mu c hmore likely is a pos itive tes tres u ltto be
fou nd in a pers on withthe d is eas e than in a pers on
withou tit?

N egative likelihood ratio (L R –)

• H ow mu c hmore likely is a negative tes tres u ltto be
fou nd in a pers on withou tthe d is eas e than in a pers on
withit?

Jargoncounter-13



C alc u lation

P os itive likelihood ration (L R +)

• TP R /FP R

N egative likelihood ratio (L R -)

• FN R /TN R



Decision
threshold

T P R FP R L R +

0.00 1.00 1.00 1

0.03 1.00 0.7 1.43

0.05 0.9 0.4 2.25

0.07 0.8 0.3 2.67

0.1 0.6 0.2 3

0.13 0.5 0.2 2.5

0.15 0.5 0 U ndefined



Interpretation

Q uestion: IftheL R + forfilm -screenm am m ography is
1.53.Doesthisim ply thatgivenapositive
m am m ogram ,aw om enism ore1.53 tim esm ore
likely tohavebreastcancer?

A:N o(notnecessarily)



M am m ography
result

Cancerstatus(biopsy)

P resent Absent T otal

P ositive T P = 29 FP = 19 48

N egative FN = 1 T N = 11 12

T otal 30 30 N = 60

L R + = (29/30)/(19/30)= 1.53
O fthosew ithpositivetests29/19 havecancer(1.53)

M am m ography



M am m ography
result

Cancerstatus(biopsy)

P resent Absent T otal

P ositive T P = 29 FP = 1881 1910

N egative FN = 1 T N = 1089 1090

T otal 30 2970 N = 60

L R + = (29/30)/(1881/2970)= 1.53
O fthosew ithpositivetests29/1881 havecancer
(0.02)

M am m ography



M is interpretation

P eopleoftenm akethem istakeofthinkingthatifa
testis90% sensitive,thenapositivetestm eansthat
thereisa90% chanceofhavingthedisease.

T hisisknow nasthe“ P rosecutorsfallacy” ortheerror
ofthetransposedconditional



P os itive pred ic tive valu e (P P V)

T estR esult
T ruecondition/Diseasestatus

P resent Absent T otal

P ositive T P FP T P + FP

N egative

T otal



N egative pred ic tive valu e (N P V)

T estR esult
T ruecondition/Diseasestatus

P resent Absent T otal

P ositive

N egative FN T N T N + FN

T otal



M am m ography
result

Cancerstatus(biopsy)

P resent Absent T otal

P ositive T P = 29 FP = 19 48

N egative FN = 1 T N = 11 12

T otal 30 30 60

P P V:29/48= 0.60
N P V:11/12 = 0.92

M am m ography (population1)



M am m ography
result

Cancerstatus(biopsy)

P resent Absent T otal

P ositive T P = 29 FP = 1881 1910

N egative FN = 1 T N = 1089 1090

T otal 30 2970 N = 60

P P V:29/1910 = 0.02
N P V:1089/1090 = 0.99

M am m ography (population2)



B eyond B as ic S tatis tic s forD A .

• P arametric mod els and s moothRO C c u rves

• O ptimalthres hold s

• S u mmary RO C c u rves (S RO C )–meta analys is
ofD A s tu d ies

• M u c hmore… … … … … .
Jargoncounter-14



The examples in this talk
are taken from this book.
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