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Bayes’ Theorem

Thomas Bayes noticed that sometimes the probability
of a statistical hypothesis is given before event or
evidence is observed (Prior); he showed how to
compute the probability of the hypothesis after some

observations are make (Posterior).

--- Rev. Thomas Bayes
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KA A TR, KPR ANBIZATHY, OB THDH, AUBIZTABH DT
BThao. XA ALBMNRAKDOEZ DI &IiX72W=F AIZHE A mutually exclusive,
AUB=A+B,ANB=@ &£\5H = &,

Bayes’ Theorem

WICHERAZEZ 2 H . nEERZEVELTm BADAL X NRREAETLHERITLUT,
PiA m
(4)=—

ALWVIARUIPRBEIZERAELTEY, StV TB EWVWH A2 MY RET DHERITS
1) & 2% conditional probability & FEiXh, AT X o ickRBH I D,



P{B[A)

EFTIEXELEDOHT T A+TH HHEFE PA)VLIHY , A+ OH T B+ Th 5 5KM1THE3E P(BIA)
o TV, P(A)E PBIA)DREAZEIE T2 LI2LY, 2FE0H D P(ANB)TH
DIMERERDD I ENTE D,

P (AN B) = P(A) P(B|A)
IHITAEBAEANEXLTHLRL,
P(ANB) = P(B) P(A|B)

2 5O TIE P(ANB)A @72 0 T,

P(ANB)

F(A) P(BIA) = P{f?;ﬂflf?}

P(ANB) = P(A)P(E|A) B P(B|A) =
P(ANR) = P(B) P(A|B)

EWVWIHIRARXNTE D, Bl 21X A=test +, B=disease + I[ZE X2 D & BGME (ki)
baE b PA)IREBEOHKSR, PB)IMREZ THATORKOMSR (IR D DRERE
. prevalence), P(AIB)IZHER D AN FRA S BEIEIZ 72 5 i = = sensitivity, Z @ 3 D7
floTWno e, PBIA)., TROLMENGIELH ST2H L DR TH DHERNHD L
VW9 i 72, Bayes’ Theorem & i, fliHIZWV ) & P(B) = FHANKZHAIOHERB
DR (F R prior probability) 725 P(BJA) = HR AN E-HTHO, HLBO
e (FtheR, FM,FZ 3%, posterior probability, conditional probability) 733
EWHHIERTH D,



Pap smear

1970 FEX L 0 = SHEAILT: Pap smear NI U Eo7-, ZOREICEI Y +FEEHIA
FEIED 64%LL EMfI T D Z LR o=@, 7E S A B L CHI IR A BREL .
Papanicolaou Yt CHEMENIE S > TR WERT 2L DO Th 5, BRIEE DR\
A, WoOBmEICHET, D70, Pap smear NGHETH 72 b Lo ThEMAR LY T
KAk 2 BRI L BEAREE T CRERR L C b T E A At cervical cancer TIHEZRWZ L b H D,

1970 4, T AU 7 44 JN, 306 DMAEREDT — 2 2 DI ZAH, FEHEHNP LD
ZW B OWIZ AD 5 B pap smear BT > 72 AOEIE X 0.8375 Th - 7= P(test
positive | cancer)®, Z OE[A LR sensitivity L FEIZN S, & W) T LI TFESENA

DWW & 2 T 7= ANDOHIZ pap smear N[EM72 - 72 N P(test negative | cancer)??
1-0.8375=0.1625 \W\7= L\ H Z L 72, Z OEIGIXAFENE: false negative®t FEIEIL D,
—H T, FESEN A TIZR W DIZ pap smear N2> 72 ADOEA 1T 0.1864 72 - 7-:
P(test positive | no cancer), Z OFIG X% 1 false positive™ & FEIIN D, WD Z

UL TIE Ry 72 AT pap smear b a7 5 7 ADE A 1T 1-0.1864=0.8136 £\ )
Z & : P(test negative | no cancer), Z OEIE X FF 2L specificity” & MEIXN 5, BEET
LELLTOEITRD,

*sensitivity, specificity I3/RE A 72 £ @ golden standard (Z%f L THRA T ENZ T &
KZWIEST 50 %"T D ThD, HlZIEA 7 vz FoREZE O golden
standard /X PCR 2 WIEHEERICE D VAV ABMETH 5,

disease (+) disease (-)
test (+) a ¢
test (-) b d
atb ctd
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3 » » — C
27D specificity = ——

c+d
False negative = 1 — sensitivity False positive =1 — specificity

sensitivity =



fEffE D7 pap smear test BtE%E T(+), EtEE T(), =82 A(=disease) A Y %
D(+), L% D(-)& 3%, b Lb Papsmear BEHETHo5E, TH4E, RITTEH
DAIRDTET N2 EEPNDIEA D, THIZE X5 T-91E P(cancer | test positive) =
P(D+|TH)ZH D MENH DA, Z 1T sensitivity D RE, 5 7O BRI HER L TV 5
BRI ZHEEWEE &=V, Z 2T Bayes’ Theorem % fifi 5,

Plcancer] P(test pagitive|cancer)

P{cancer |test positive] = —
Pliest positive)

PLD4) P(T +|D +)

PID+|T+) = BITH)

P(cancer)=P(D+) % F7 i 7t & 38 prevalence T 0.000083 & 9%, P(test positive |
cancer)=P(T+|D+)!Z sensitivity T 0.8375, P(test positive) P(T+)IZ [XI® true positive
L false positive &5 bHE7HLDTh 5,

Tast (T) —~— Disease (D)

False Positive /' True Positiv False Na%
T(+)1 P (-) T+ 2 (,

TC-)0D (+) |

True Negative T(-)N1 D (=)

BEERHLADS TP woen M THLME: P Teste) = FYTH)
MBESHLADO T FRBRYLITHLAE P Dieaser ) v Bbs)

True positive/total= P(T+ N D+) = P(D+)P(T+|D+) = prevalence*sensitivity
False positive/total = P(T+ N D-) = P(D-)P(T+|D-) = prevalence*(1 - specificity)

prevalence * sensitivity
prevalence « sensivitly + (1 = prevalence)(1 = specificity)

P(D+|T+) =

#5513 0.000373, 100 7 Bl DR ARG HEE O TR FE N A7 01X 373 [BI721



ZhE PR R =R positive predictive value & W9, #iZ P(D-|T-) &g
negative predictive value LRI EXDBEH TX 5,

(1 = prevalence) = specificity
1 — {prevalence + sensivitiy + (1 — prevalence) (1 — specificity)}

P(D—|T—) =

FEHX 0999983 TH b, &WHZ Lt 100 FRIOKBE TCTFEEN A TROVDIX
999,983 [HI L WVWH L, ZDORI U —=r REBEIFHRAP TITORLTWAR, KE%E
HAHRY . HFEVRA LTV,

Likelihood ratio

FEENADAT ) == THRETHONDEOBEIT R ITIZ X » THEBD TEWY,
T, TOBRBEOFMEZEME CTETZ LITTERWEA 9 H) 2?2 LE L Likelihood ratio
(LR) 2"® 5,

sensitivit 1 — sensitivit
likelihood ratio (+) = > likelihood ratio (=) = ( —— Y)
specificity

1 — specificity

LR(+H)72Y 10 22X TWAITRF 2B EITEM L CAERR EDORKZH OO0 DMAEIC
#Ze, WIZ LR(-)2 0.1 % FEINIE, o TWVWAHHRKABETE D, Z ALl LK i
HETDHMLEN/2, Pap smear TRtk O L XD LRIZZENENL 45, 0.2 Th
B, E0H ZEITAER (BRENKKERE) ORMICBEZES D L1200 2 RREDS S
BEThHAD,

Sensitivity & Specificity

B RE IR L CRAET DUMERERNHZ TV D, ZOREMNMEMLT S &
T RE ORI R B b A ERICE AT D, TR RRpEE ALy FRIE



LIEA TN DAY, %:3m1uk®ﬂvykﬁﬁlﬁﬁﬁék\:@¢Csmmwmd
intestinal epithelium (SIM) R AET L5 Z LB H D, T ZHETIIXLN TREIC
BLEGS, TOORIE V\]’Fﬁfnf SIM % B3 R GIFRT 2 2 L R EEICR > TS
L, ZWIHEZ L5729 T B S 72 etk #8122 Narrow Band Imaging; NBI
Z SIM O3 Rl o THIZG), 246 2 & X512, NBI TR 258 2 KM O B 72 2%
f# 1% (fine mucosal pattern: FMP) & = #fl IfiL 4 (capillary pattern: CP) D /X% — > Dl £
HLETO0.00205 100 EFTRaT Y T HITol, TDH, R TOWHEZERH L T SIM
DHEWEHERLTND, ZOMRTHLAZLIZWAIZ, ARTIRERa2T70O8 v
FATHRA L MERODZETHD, ERITFENHBRE CREBEIZANRD 720
EHIRORV, Ko TALERREITBT 206, M, EO X5 RiExER
FTHUTBRAYIC SIM 2T 20 amMD 720,

FFTIERaTON Yy bAT7HRA L F%&0.000 7°5 1.000 (ZHTFTHLT2HIT T
STt &, ENEFNDOT » NATKRA v MTEIT 5 sensitivity & specificity 27§~ T
T
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x5, —J. specificity # i 2% L AERMBAET O SIM OFIEREE 2 528, AfMmE L
Mo lmBESAOHFICHERITAERZ LTS SIMPBERINDETFr— AR 2 TL 5,
B Ok | sensitivity & specificity D 8B 52 BEMRAT LT, By hATHRA
FNERDDHRETHDH, LL., sensitivity & specificity Z Mz 72ERZHRKDOH »v b
FITRAV FEREDOL 1ODEXE, ZOHITEAa2T 0.3 UETERTLDOM XK
WE 9, Specificity 28 100%TH 5D &, LRIZIER K E 720 . Z OBREDRME TRk
PWHCEATIWVWZ LR R LTS,

Receiver operator characteristic (ROC) curve

FLWEZEHENENR TW A 2T ROC curve TREHEIT 5 Z & BEL W, LD &l
sensitivity, f#illZ 1-specificity % & 2 L KNAERBO L 212725,

AUC= 0-9510
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EEROEEE 1 & L& RO T OHEE: area under curve (AUC) 13 0.95 LEHE T
X5 (KEFRONYy 7 7Z7 9 R), ZOMEDN LIZEWVIE E L EOMIZ#i#R oS3 50E
DE, LWVBEELE WS Z LD, WITIHERNEE D R ARICE S EEENEL
25, AUC IR T 22 LICL D  MEOKEEZFKFIFMICHET2L b TE5 (X
F)o SR, BBROENDEMNMCRAZ LD, MAFENICIAEEEDL V2,



EXAMPLE AND EXERCISE

Exercise 1. Colorectal cancer screening by DNA test ®

KIGE 52 A colorectal cancer (CRC)D A7V —= 7L L CIEMNOIER
B OBRAENS A S D, North Carolina D #FFEF — L 13 0# % ff > T KRAS #Efx 1
Z 5, NDRG4 3 L OV BMP3 O & 2 F /L (b & HIE T %5 DNAtest . Z L T~E/ 1
v D5 Y fecal immunochemical test (FIT)? CRC screening test ZBA% L
72. 9,989 AEXRICKGNEMAEZEIT L2 Z A, 65 A(0.7%)IZ CRC % ¥
. L 7=(golden standard), DNA test, FIT @ sensitivity (X% L4 92.3%, 73.8%.
specificity 1% 86.6%, 94.9% CT& - 7-, DNAtest |% FIT & tbi L TREEICENL T
LS, RREICHD . BEERZ o T,

Q1. DNAtest, FIT =1L ® PPV, NPV % & it X,

Q2. DNAtest, FIT ZhZh ? LR(+), LR()ZH HHiH X,

Q3. ROC curves 75 DNAtest & FIT EH L DOMEENENRL TNDH 0 ?

DNA test (0.94)

100
0.75 FIT (0.89)
>
2 0.50
D
c
A
0.25
0.00
0.00 0.25 0.50 0.75 100
1 - Specificity

Q4.Q2 L Q3 DEAICEVWAHNIE, ZTHILEZICERRSH D55 7?2




Al.

P(CRC) 1- P(CRC) |sensitivity| specificity | P(CRC)*sens | {1-P(CRC) }*( 1-spec) PPV [NPV
DNA test 0.007 0.993 0.923 0.869 0.006461 0.130083 0.047 | 0.768
FIT 0.007 0.993 0.738 0.949 0.005166 0.050643 0.093 0.901
A2.
LR (+) | LR (-)
DNA test 7.05 0.09
FIT 14.47 0.28

LR (+)IX FIT ® 5525, LR(-)I% DNA test ® AN TV 5, DNA test 8 fatt ThHiiE
CRCITIZFIEHEETE D, —J. FIT BBEETHNIZ CRC O AREMENMRD THEW,

A3.DNAtest O 523 FIT KL @EALTWS, KPP O%{E 0.94,0.89 13— 7 FOHEME T
COEMRLIZIEWVIZEEENTZBREEEZHNSH,0.90 22 CTWHILE. 7D Luv,

A4. Specificity 23y & LR(+)23, sensitivity 8@ W & LR(-)2AE < 72 %, ROC @ AUC
21X sensitivity specificity O WGB3 5- 95, MARIICH S & DNAtest O 13T
WHEFRDLDN, W OBEZRRICERMT UL, BOZMBEZIZIHIIEEDLITH

%50

SUMMARY

1. Bayes Theorem %5 Z 2k VD PB)= HERANELXDZATOESL B DR (F
i fE 3R prior probability) 7> P(BJA) = FHR AN X725 TO, F4 B Ok (F
%R, SR & We=R, posterior probability, conditional probability) 72325,

P(B|A) =

P(B) P(A|B)

P(A)
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EDER
disease (+) disease (-) total
test (+) a b atb
test (-) c d c+d
total at+c b+d at+b+c+d
sensitivity = a/(a+c):
specificity = d/(b+d):

A ThHD] ZLEZMETIELSEWVYTLHiER
R TIE ] ZEERATELSFWVY TLHHER
false positive = b/(b+d)] (= 1-specificity):
XTHD) LHBLTLE MR
false negative = c/(a+c)] (= 1-sensitivity):
TIE72RW ) BT L TL % D MR

DRATIER V] DITHEAET

o T [
R TH D] OITHRETIES T IHK
positive predictive value (PPV) = a/(a+b): M 235 THEERA TH D MR
FHTHS,
4.

negative predictive value (NPV) = d/(c+d): FRA& DG CEBEIRT TH DR

likelihood ratio (LR) = sensitivity/(1 — specificity): & DA % M4 2 i <
REZBEBETHLIZLICL-oTHELNS, 10U ETHINITHRAEEE LTl T

fih (2 sensitivity, fi#f(Z 1-specificity % & - 72 ROC curve CTrEAfi9 5,
Area under curve (AUC): ROC curve ® FOHEME% T, <

Receiver operator characteristic (ROC) curve: #H L WZWiENENL TV D N id it
0.5, ERRFIETHNIXL L7 D,

ZWARAE 23 72 1 iR
MY THOUGHTS
TR DFE
FHTE2HMEIEFELNRD,
DIIXM D720,

NA ZHFH T FEAIHERP O FRERE RO L2 == R b D TH D, LinL, FHI

NI T7ThHED, WS BT EF U RACHESWTHEHELZIE LT,

HaxDSBETHZTEH., BEXHECIEFTY 2545
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ANSWER TO THE QUESTION

BEIANT L THOBED 5D 3~4 S VWA RYIZFEHNATT, TR—&
DETZNS B0, W) T eid, 1P 9,997 fRITREMEL WS Z L THnb, X
EAEDNTINATIED Y AL, OO _RREZZ T THATLIEIN, | it
5, LavL, AYITETIE RV (=false positive) R Z%Z 72 TiEAR b
BRWABRENTE T ZNE WS Z L, —RREND ZRREDOM., T2HEOLITIEE
ERHDHZ LA, OAZ ) —= 7 #& T, likelihood ratio 73 < TH A
IR & 2R ) false positive DABZEZ S TOREE LV, TDE, AL ZIT
LENCHHA L TEBMLERHDTEAS I,
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