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Background:

Evaluation of population-based Fecal immunochemical test (FIT) service
screening has turned from universal evidence-based medicine to patient-centered
personalized medicine. Therefore, a series of concerns and recommendations are raised
and suggested including those threats to validity (self-selection and confounding factors)
associated with the effectiveness of screening, N to 1 trial impasse, the individually-
tailored disease natural course of colorectal neoplasia, various screening policies such
inter-screening interval and risk-based screening strategy, and the logistics of long-term
follow-up. The conventional simulation models cannot be accommodated to satisfy
these complex situations because the use of this traditional approach requires numerous
virtual assumptions and fails to take into account the real world data (RWD) property

and inherent characteristics.

This thesis is therefore to develop a metaverse-based digital twin model for
evaluating the effectiveness of population-based FIT service screening with a series of
immersive screening policies with emphasis on inter-screening interval and risk-based

screening strategies.

Methods:

The metaverse-based infrastructure was framed by adopting the digital twin design
to spin out the avatar of the RWD, after synthetic bridging between the RWD and the
virtual world data (VWD), which was further randomized to immersive interventions
for evaluation. The VWD was generated by generative artificial intelligence engine
by leveraging two machine learning algorithms. The first was to learn the parameters
governing the site-(proximal and distal location)-based disease natural course of
colorectal cancer with Markov process from the RWD of Taiwan nationwide FIT
screening data between 2004 and 2022. The effectiveness of inter-screening interval by
site was then evaluated. To develop the personalized disease natural course of colorectal
adenoma and carcinoma, we leveraged the random forest of machine learning model to
identify important variables based on community-based integrated screening data. The

decile of personalized risk assessment model of colorectal adenoma and carcinoma was
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therefore constructed. The effectiveness of individually-tailored intervention and risk-

based screening policy was evaluated.

Result:

The results of transition rates and sensitivity of FIT test using three-state Markov
process show the proximal CRCs progressed faster from pre-clinical detectable phase
(PCDP) to clinical phase than the distal CRCs. The findings of five-state Markov
process also show the proximal CRCs had faster transition from early to late AJCC
stage during PCDP and further progressed to the late stage of clinical phase. The test
sensitivity of early AJCC stage was lower in the proximal site than the distal site. The
similar findings on faster transition rates from adenoma to carcinoma and lower
sensitivity were also noted. If effectiveness of CRC mortality reduction is set at least
25% annual screening is required for those who are potential of developing proximal
CRCs and biennial screening is sufficient for those who are potential of developing

distal CRCs.

Individual features were extracted to distinguish the proximal CRCs form the
distinguished CRCs by leveraging the random forest of machine learning algorithm.
Risk-based-screening strategy (annual for 75% or higher risk, biennial for 50-75%
moderate high risk four-yearly regime for 25%-50% lower risk and six-yearly regime
for the lowest risk of 0-25%) in the light of the incorporation of these distinguished
features into decile-based personalized risk model was demonstrated to reduce of

incidence of advanced-stage CRC 32%.

Conclusion:

This thesis demonstrates the clinical usefulness of leveraging a metaverse digital
twin model for evaluating and designing precision and patient-centered FIT screening

strategies for CRC.

Keywords: Colorectal cancer, FIT, Mass cancer screening, Metaverse, Digital Twin

doi:10.6342/NTU202401409



2.3 T8 = % g% (Proximal Colon) % i ] < % &% (Distal Colon)é #& »< & ....5
24 A EHFHRAFBD ARCIRE D E s 6
25 A B BRI RIS E B TE IER e, 9
Fo R SHEBE DI s 14
A T B B T P8 T2k 2 it ————— 14
2 B R FRE AT s 16

I R R I 16
I T < 18

3.3 A T et 19
331 SHFE AT E B RA LR e 19
332 IHEAHEIHHIE-AHEHFRAIFER 21
333 EAHRESF BN B E E B 4 e 22
334 BNPRWSNENIRIEEAGESRE- S D SRR G 23
335 AF G A B FRRBA D ATE IER e 23

B B v B s 25

R A 3 Y 25
411 R 3T F 25
412 A HEHHF BB IFEE R L oo 26
413 45 Ak (Random Forest) A #7585 % i 30

42 AwRFEN Gk

421 RuPAires

doi:10.6342/NTU202401409



£.2.2  ME B RS 12 B oo s ettt 37

423 =% “ﬁ"\’?ﬁi EREFBEBACREELSEAITE S 42
424 A nrER RRERE ARG A BRI G 43
£ - - SO 45
R G TR F IR A 2 I E 45
5.2 AFH B LA AR FIT SR PRI TR e 47
5.3 T T e 47
N N " OO 48

vii

doi:10.6342/NTU202401409



RIS S Rt e A e S =y e O 15
Emzxﬁﬁﬁiﬂﬁﬁ&?#%?_ FEB T A A A TR 18
B33 TFFEB T £ X BB B IS et 21
B34 N[FEFT 4 < vﬂw_--« @;-.zs»pxa 30 e 22
B35 prem 8 MRS T A X B R R B e 24
BA4l(@ T3 F 2 FBRZEERITER e, 30
AT~ FRAFETFBEZERRAES e, 30
Blal() TR ABEERASBEZERBETEE e, 30
Bl 41(d) T8 45BE0 F B ROCAITE S e, 31
I@4M®\§md”%EE#®4ROCAﬁA% .................................................... 32
Bl41(D~ZR A5 HBBEETHLTBEEZROCAFEF e, 32
Bld42() T 5a1 4B ﬁxii%ﬁﬁﬁ .................................................. 37
Bla42(b)~ZRABEr FBEZERFTES e, 38
Bl 420@) TR+ FERRAFBRZERFAEA e 39
Bl 42(d)~ T35 %21 F B % ROCAFTEF s 40
Bl 42@) BRIA BT FBEROCAITEE oo, 40
Bl 42D~ BRI xS HBBEEITHEBEROCAITEE e, 41
viii

doi:10.6342/NTU202401409



3 =%

241 2B KGR THE R R ﬂg-)gw;}g,n‘r/d k- . . Y 1 e ) 25

242 2B EH RRBITHE BRAREER %3%?%%??%?%%%
243 A5 IS RRERTRE BRAFLERITAINEPBELY 5355 %28
244 BT R BB RE A B R ;];3 EREBT A APFEBEEY 22t

R OO 29
£ A5 AT S N A T R e 33
£ 4.6 ~FIT % Bt 6546 B I B B2 FA2T 5 35 R oo esse s 44
747 ~FIT X % Bt G B IR e o B GFRRITR e 44

ix

doi:10.6342/NTU202401409



N

S E S RL AL R R AR RIS RER T R M T
BT F i wEF S RIRSE BATI Y LB R L A AH 2 L R
W IRFE > & 878 2004 & B hodk 8 KA E - K B B 0 R A HIRE
ftercy 770 o TRer & FlEL > ¢ BFPVERHRBRAG T RIGRE ARG
RBER2ZFPRERE> 2T IR > FREHEHPEIG* > 12 g2 F]

BATEHERIEL > 3 ol %oz @EEe o

W2 TR M AL S iR T R 2 > Ra i
ARBEHPRIL R ANMLBEF L R RN EF Y R T REARSNE
o it d o~ B4 F i BPURAER o £ FEBRILIRIA G RTR § 6 RER R
Afer B FF 2 AP 2 nE A g E R ol B AR L ICALE R
Bola 5 > A B3 UER R &7 B30 (T foi 20 )R o B B AT
AT R AR

FE RPN B A ERBANIRB A BFHTE BT RS A FE ERT
Férie IR ~ FiRAzie # #0E B A (VB RE] > o 3 H G4 I - k7 &k f e
BB FIM LR AL ERCE TGRS I ede® Ao B TRA A4 R
%%ﬁéﬁ?ﬁi&&%i?%o&&%%%ﬂ?%@iiﬁﬁﬁﬁ%?ﬁﬁ%

B B AR L T 2 R didy (Real World Data, RWD) e i 4522 7 dic
¥5 (Virtual World Data, VWD) » 5 2§ & J Sy bl migs £ 0 ~ 3 9 FHR=

BEEW AR mERA P - KPR B e

A B B RS RS AR i e 0] o A3 TR ES
BRI EE L AFH AR FIT G R 2 Fick » ¢ L HHRFE >~ G2

JeE L BB AR G2 B AT B o

doi:10.6342/NTU202401409



R RER
21+ B i TR g
SRR B RE IR R A R R W% R 23 (International Agency
for Research on Cancer , IARC) 2018 # % # GLOBOCAN T #1471 » 538 23
7 180 g A7 Iﬁif»’"lléi’ 8F G| =2+ BE;FLHBEY XSS RFLFY
e s = 2(109%) 0 AR ELEZ095%) B EH RS FAT Y

B Lr e (9.0%) * P 2% = (9.5%) ° (Chiu Han-Mo, 2021)

AHISRABLBERDRER RFG IR AFESRT L IR

=
o
|
4y
%
3
%
5
il
hi
=
=2
=2
S
m
Eal

Jk

PERABMCAEE KEMN R E
%11 % #f% & 45 8 (The Human Development Index , HDI)i& (73 > 3%45 #
M A A KT AR S A S T ERMEE R B FRA ISR

4 F2 HDIdp ki (7 4p b > HDI g e % H X 5 B R 2 54 B3 o

TR BRAGRATFREES BRI 2HEF P RGP A
BR AT AR RRE ] 2R R E LT E S R
R i 23 A % 5§ Bt F Ak E 85 50 KA B R
PAGAOEREL e Ny B JIL a4 8y R8T 74K 4 <5
Bl Ba 4 & A FRAR A BB R R B LRk R (FIT) (% 5
AERFOTPHERESSBELBEREDYTE L B EHK 4 o (Rabeneck

et al., 2020)

(S e EE + A 2020 #E3FE o i/‘? HDI i+ A IHF 2 Lo B EARRE }%*@
ARAFARE A FRERREE DR R 02> T 1l

SRR A AV AL kR a g B RERH LG5I SR

doi:10.6342/NTU202401409



EHEEAEEF 2023 EREFEERTH LA SIS RIMES
BECFLFEELF AT 4677 A (3R R T ES R &
AELE AT 5814 A (FRiER) AT EREY - oAkl ESERED
BFAKLAELEFAC K 3658 4 0 A PBREECS Lo X B SR RER
B FLELEAT G 1446 4 > FHEHSEEL = K55 L F A
A 1525 A ST MRS = Lo AR ESFERLS S KSR LR A Y

1121 A » A4 Mp % = & o (F2ARTIIVE R £ & %, 2023)

FWs T 2R ERAmEBEERRE TR SIS K22 58

2.2 % % R i F]F

ERABISHLEGFT ¢ RBAFIFEABTZ L 72HL 0 3

=

PSRN L G E RN Bffli"f%;;ﬁr‘??b%ﬂ"”%?_"% »}g 623 625« %E_Bg
s B2 FLFEFEFLREL > 97 1 5B B RR R i HE (e

HNPCC - FAP) -

L3 A ESRRFECRRIILEENRGFF L F - ERP LT
BERRE L FELR R EEE - SR FIEU  RRER A L
FRREH A I8 B P HESRBEE RS > LR L BR T
fer 23235 MY ER IR P& Vi”ﬁ‘\f‘%’i ¢ & (Familial adenomatous
polyposis , FAP) ~ if @ {4+ 2L & g % % J& (Hereditary nonpolyposis colorectal
cancer, HNPCC or Lynch syndrome ) -MUTYH £ F|% £ 4p & & ¢ & (MUTYH-
associated polyposis, MAP) % - (Ohetal.,2018) 1345 B 0 & Hk 45 5123k » 3¢
~AREE R EMER SO A B 0 - BN L FORY 2 Bk 40 AAci

X e o J4'E BLEP X %2 b 'k o (Henrikson et al., 2015)

it

R R AR 0§ R Y R
3

doi:10.6342/NTU202401409



B L AT S X SRR 0 2013 EALE AT B IR lfir,ﬁtc;,;;dﬁ
gt :a‘_fi&%?-‘ﬁ'f‘é:& BESRZAAERGEA GG S £91.06 B (95%

CI: 1.03-1.08)% 30 & &2 1.26 & (95%CI : 1.17-1.36) » (Johnson et al., 2013)

et RREE AP AR R E IS EEHE T FRRAE T
AL RS RE DRR G A F IR REFA LS BT kiR AR
Z_4(Microsatellite instability, MSI)% *» CpG & & & ? £ i* (CIMP) » #2 BRAF
AFNRREFFRBTH SR 7 A RES, € DNA B4 % 5 @k
fFh 7 48 T3 4 > Ap T MSI 1“&?{ » MSI 3 f'zlﬁ’ﬂk B4 1.94 2(95%

CI : 1.09-3.46) - (Murphy et al., 2019)

TR sk S R LA E SR G T 0 9T 11%F i F)
WIEE Bk e gy T4 &(BMI)‘ISrg AURIE STtz gk 0 2013 47
T#I > BMI & 34— H i+ +5§Es§;f§?ﬁ,g}x7fﬁ& R4 3% 0§ Mt A

o (Bardouetal.,2013) > ¥ ¢t - B E B HRETFFEE T > A 4 8

¥

F5 025K A2 R Bent s B Te BMI A3 185 3 229 P2 &
o Ap 5 i F (BMI 25.0-30)22 57 5(BMI =30) ek * A S5 4 137 &

(95% CI : 0.81-2.30)2 1.93 ©(95% CI : 1.15-3.25) » (Liu etal., 2019)

R LR VX SR S L R R

7";7‘;2"2‘0

-~

TR D LL A B R TS L - 0 FEEFRELNF DS 2T R
W% E S kh'as FETY 02016 AT T FERE < SR %5
% B % £ (Metabolic equivalent of task, MET)#r& i@ # 5% & > S % 4 R

MET 4% % » fefgh ‘G421 o (Keum et al., 2016)

T - gk BMI 2 jOEd FRAGERER S S D R G2
Y FIRTESTE RS YD S RERR G 0 L 48R BMI K 08

4

doi:10.6342/NTU202401409



LB BTN BMIFE’FT <% ® %%k % o (Shaw et al., 2018)
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(Hsu et al., 2021)
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95% CI:1.26-1.42) ~ 39% (RR=1.39, 95% CI:1.31-1.48) ; 5* = R *& & %3 4 26%
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95% CI:1.24-1.34) ~ 30% (RR=1.30, 95% CI:1.25-1.36) - (Jen et al., 2021)
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N N N B N I LN et SN
RSB E ABhE G GRIRIE B Y AR S0 &I 79k KR

B ¥ { %o & A& (Fecal occultbloodtest, FOBT)» ¢ &4 2% 5 B2 B XL &
FRARERE > B3 FRLE o PRI 3 W USPSTF (U.S. Preventive service

task force) 4 3138 {7 if B o

FEFRASHBHEREEFINE 6% BHEBEEANZIFTY67.1% £
FRIB AR BR Q- HFER HRgphEp o kR AR B R

EEIAES LUSE EEE TS S F AL L IR

A R ED - BAAR SR ARG RECD BRI T g ook E

BEES RSB HAREL N RTE NS S BRGTS R SR
PR M 2 c 2 A n GRS TR AR SRR
Gt R E o P AL N GRT RS F o 0 g £ R

BF g FAFEM R R RE o

AVAFEEENGREHR > FAAATIIRAEEF P 2004 & AR hnde
At T I B & # PR 7% (Out-reach screening service) » 2 o 48 B4 50 & 69 fk & %
A E- LK EZ L Fr &% & (Fecal immunochemical test, FIT) »
R B S AE AR > ¢ 35 OC-Sensor (Eiken Chemical Co. Ltd, Tokyo,
Japan) ¥ HM-JACK (Kyowa Medex Co. Ltd, Tokyo, Japan) » & 3t 2015 & 4=
Kyowa =~ & ¥ » = ¥ 5% 74 HM-JACKarc 1 B~ % i A& e HM-JACK &3 o
LE WA TEAe L 52013 EidctER AT T4k e P 2SR
G EFH 0T AR LB ER S TERABEBHREN SRS IR

S0 D) PR GER . R YAR, drek o
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Gl ERGARD > 3 RE LB FE BB RTA T A2 Gk
FTHRIRA e AR B3N EEREIBEBEIBEBRE LY
Apeim e L gE 2 TR ST i B Pt 2002 £4a T ALY R IEE 2 %
PR I wA p s L AL L BRTHEE KA AR 2004 & B4R
Bapwy F2 v g R FHEEHFRTEL AR URELRE G
HrEl s THRESFER S 28 FF L BT T REIAEEEY

wE LR

S RN ¢ 5 AT PR TR CFIT AR« p GRS
B SRIRA L B RSEE Y L TR 58 4 R E e T AR

RPFFTHT @ S S HRELEE S 0 PR TR E TG T

ERE A 2015 £ X F Rtk E 4B %% (Chiuetal,2015) > &7 3
W 2004 E 3 2009 £ 2B HRE A LT R A SRS F o YR E
7 1,160,895 % 50 kI 69 Bk 58 i te > T B 3.09 £ 0 Bk HLO6
EoREXN214% 0 EAFERT S 283%  FHEMF L 4% S ERE
B i38% FRSB R EFiBRLBE NG 0% 2ELHKE
He 855%M < Bate s flF e KA HEEEREF R ESE B 35
REFEL A 102%E 43% c SEAL R A P 19,398 bR
(Adenoma) > 5,500 & {7+ ’JY]UE‘” (Advance adenoma)'? % 2805 ]~ % &
(Colorectal cancer) B % » B {2 3g R EA W & 39.5% ~ 11.7% ~ 6.1% » 7 = & &
8 7R] 5 9B 5 16.0%0 ~ & (7B 5 11.7%0 ~ % %l 6.1%0 o * 75 R 2,805 b
? 3 TT%E G B R TR B P 133%286 H))E R iR LH I IV H A Y
& 35.5%(755 %) ~ 20.9%(450 &) ~ 23.7%(510 ) ~ 7.2%(154 #]) o 23 B

o ARG R G 18,639 bl % F R B K - B Y 9 5%((928 b)

7% 2o
B C

“«‘“&&

SRR THE IVE A S S 16.1%(3,009 5]) 17.8%(5,188 #)~31.8%(5,935
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B) ~ 19.2%(3,579 ) e BB FA A T 0 A Lo Rg P B A B & @3
3 .

R EE ARG e FRAF~- b 5 038(95%CI:0.35-0.42)°
BT A S b C02%; ™ it B p AViE 3% I £ (self-selection bias) s
LR = F R R 5 0.90 (95% CI: 0.84-0.95) 0 % 7 B 21.4%;& F F T &
R F R 10% e

Py #F 7 FIT 4p #t gFOBT (Guaiac-based Faecal Occult Blood Test)
2 %> 22 gFOBT Apv »FIT £ 7 e HAatg R HF R A P £ F

S R
Pt AERRESFEA NI ALTT TR I0% S F R/ T RLES VR
2 60% PlFE ¥

BT T 36% R e

R

%4 2021 #4547 EHiEBS % (H-M. Chiu et al,, 2021) » 4%t
2004 & 3 2009 # %81 X Bkt Bk o B 2014 # R AR G

Y T TR PR LK

AEFTER N 5417,699 £ Bk HP 3,067,853 &3

Iy ) I
AR N R 2

Bt tho 93 2,349,846 £ B R ARE @R < R ki

L F ¥ 5 56.6%:°
SR BEY G 523% %40 AR A SRR RS R
ERE

S 7.0% EAT R IS 5 64%: F iR e 4 R

X a 70% >
RE B ER RS W4
BEX A% EKL F‘]’k ik e

¥ w3118 &) » 1B 5 1.94%

H ¥ 89.9%%

FH 625% B 94.1%

FEL 6,756 bl 0 RIS 5 2.20%0 0 £ 4F &

AR EE T 30,295 GlBE BRI H 08 A 6.7%(2,019 )18 3 IV

B w5 15.1%(4,587 61)~24.2%(7,317 51)~29.1%(8,812 51)~25%(7,560 i)

Gt 15933 Gl 0 Rom P B 0 8 5 22.3%(4,832 &) T #p 3 IV H &

| % 26.6%(5,753 1)) ~ 16.5%(3,585 &) ~ 22.9%(4,962 ) ~ 11.7%(2,533 ) o
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FrlEaFCAFGRIES BRI 2 A 5ERLSTE o
% ok (I Hp 12 b )8 4 5B % '8 14 34% (aRR=0.66, 95% CI 0.63-0.70) » 5+
= & "% 1% 40% (aRR=0.60, 95% CI 0.57-0.64) > 138 & % &7 2015 £ 3212 & % 4p
it e

-~
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=R oHEE R

AT &

ﬂ\\-

AFT AT HEEERIAAHL FRT IR Ry 0 8- H
2 A ESRGRTHEFH B AFAITER I BN S E SRR RN A
¥5 0 P18 0 gt 5 AR (T 0k 4 Kk G ek (Risk-based Screening)rt F 3B o 7
PEM IR AP SHEBFASESRGRIF SRR REEAN L
B AR B S RAHERE FIT GHILAR  Z17 EHY 2 e p

Fole R R 4 i A B B R 2 B R AT R B AT .
31~z H ekt
W31 A AFTHY 2 A3 Gl Ee Ry FlEE  eFhHG -
1. 29+ % F# (Real World Data, RWD)

AR AR U EE L A AH 2 <5 E SR FIT Gt %97k
FLEFERAFTH RWD) - B30 =1 447 4 mXdE 47
NE RIS P REFHERBE (XREF DGR

e e
5 (ERF D TIABS (L3240 cies i B 5 (%Y 4
2. A1 EB ¥ % 4 231 & (Al Markov Machine Learning Engine)

l\)‘

#-1 it RWD {1 * Markov 8 B F ¥ 3% ¥ 218+ % 2 508

follp i o B p AR mAZAR B S dc o

3.4 X mEe K F# (Virtual world data, VWD )

AL ARRE REIY HAHRTEL FHALF BB R
3BTRS S Y B Y R ORI L B AR 0 £ B

B #ihx (VWD) -
4. ;}%ﬁ} = B FH R #iciz~ £ (Digital Twin)

% RWD e VWD i& it » 412 5 & < % 3 % b fomi
E] ?k}%fimﬁ’rl’ g 7 RWD ;a;:,\—- %ngw o
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5. 4 » SRR R

&%t RWD fieiz 4 B 32 7 "Rk R TRk A AT T 0 4
HA Dl 505 0 F BRI IR A 8o 6 A K o
6 W FTLE (TR VB TR 4 %7 7 (Immersive Randomized
Controlled Trial) > 4= 3.1 #751 > 1% F &t B Ig 5 6] 0 AP #
BRWD B AL A | & 2 & 3EHZ K NE77 F

IR T A A G ra B R e o
6. 3 5 2T

%%Zkﬁ%%ﬁ@@’%%ﬁﬁﬁk%ﬁgﬁﬁiﬁ%%
IR R B S

EHER (RWD) EHRER (VWD)

=n =D N

Mz TG

ik
Ist nd 3rd
: ' it
Coel & - Al : —
Case2 ‘ R Markov Mach!ne Learning
Engine l - .
Case3 : o, | —-
Case 4 .¢ } —9
I

A 5o KT iR
® & E KB HW

=S

B 3.1~ B fEre ARk % 0 A3 5 T i3
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3.2

LR R TR R
321 £ 4~ % E YKk

LS E R h14e B 2004 £ 42 0 A48 50 3 69 E R R (B
2012 £z > Gt EdbE £ T T4R) BiEE S - X [ LA H 2 E%
(Fecal Immunochemical Test, FIT) » # 3% 2012 & 42 » #-dF g £ & "B 4 T
TAdf)e 4 it B R E FIT HieE% s B Plie- ARBHENT &1
Flilestie - Hmy > L REJRAL S F 5+ G4k A(Chiuetal,
2015; H. M. Chiu et al., 2021)

Bt it e 455 da F 4R P D~ FIT @A FCH ~ FIT 2 8 i) ~ B
ZEARLEB(CHRENP HLF R B S mL R R )iad
FANEEFREFTRERY &F FREFTRAE - mT Sl hBi
wE Ry RSN RAREF TN EHRSFEFRBERT Y
R 3 W 2 B R AP 2 RS R A0 A B R
B E e 7S el is L o

5T R IR =& B IR % (Interval cancer, IC)ens 3 £ £ > =30
Bed v b ek IR AR S 373 < % (Proximal Colon) » H 4RI 4 fr B %Ak
AR % 3% ]~ % (Distal Colon) » 4~ #3824 ¢ * AJCC » 8 s be#-T1 #p & { Bk
ARl A - N CCA VSR I -

Sh B AT R RS R A L
A & T % % (Disease-free) : FIT [& & B ¥ X 4 % AT R
TRFED KA R
B. & & dip <% QJ]‘U%? ® % (Screen-detected Adenoma) : FIT [5 4+ ¥
BIEATELEL Y “ﬁi*’:ﬁ.fﬁ;?’ﬁ

C. & WP~ %% % (Screen-detected CRC) : FIT 5+ ¥ 3 < &
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Y )

RIS T R 3 RS
D. FIT @I % B % (Interval Cancer) : FIT F& {4 ie & F =t &% FIT &
W2 WAL & B R
E. *%4&#% <% %B%x (Post-colonoscopy CRC, PCCRC) : FIT H
M RIEANDESEE A RIS REZ IS RBSR
F. BEAEA S HBBE CFITHEEAZEIE A DS FHmD 5
R
G. FEF&HH¥~%%F%x (Refuser CRC) : & %4¢ FIT &k 12 {5 Fak
AR T
+taE B & C 5 &R B % (Screen-detected) > o »% & 2t & PRI
BOTEL N AR AT TR SIS RDEY L HE 0 £ A
A 4503} = B# 47 (Left Truncation)IR % » FJpt AP 7 i - I &4 & e
BIBEAE I EBRIAEY - XL FIT G4 R i7H %
(Prevalence screening detection, PSD) » % {8 3§ % &g (S48 0 plenis § B
% (Subsequence screening detection, SSD) ©
3 D,EF 5 &tk & M 2 T BB % (Clinically detected) » &
BEF AR RFMDFITKEE S E: *BEAGRN S F: AR E M)A
B R ERARA TR A BTN R R F RS L S
% o
B 32 Kom A7 7 3 b GRIB < Sk B AT LR o ICs(1) ™ & 70
Ay- ihELEsIF () LAa¥- ke DRSS BEk(A);
ICs2)k £ 78 & 5 - it ((NE B G Q)R *mit ¥ » i
2014 £ 7 - Zétew NREH (M) L LHRERLEY S BFABE
B A AR ABAR L A 7 B P IES &G4 (Refuser)i B %k o
B R TR S 2004-2022 # St G k0 B B & B TR
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R HER 2020 # E K o

ARk Mo AP BT R 2 #R
2004 2006 2008 2010 2012 20
m - 5 2 eS| AA A X, AJCC B %)
1R R
s W EREMES  PCDP i
sspr ] ) 24 PCDP LA
ssb2 [ O O ) 25 PCDP i
1C1 [l A 20044 A& TSLN CP W HA
ic2 ] O O A 2012 4-& TSN CP %40
Refuser O A= CP o, B

PSD © #4748 38 % (Prevalence Screening-detected)

SSD ¢ 7% & 83018 £ (Subsequence Screening-detected)

1C : FIf&# (Interval cancer)

Refuser © 35 & & bl £

TSLN : $E L=k # 4 6% 1 (Time since last negative screen)

REXRARBAB ARG

W32 wpE e R ERY T FES T XA 18R

322 A ®E L N Eitk

FOREAGIGRERTRL AE LG LR AT

2005 & FFE T2 AT L N EH TR 0 HRAE S0~ B A S

HHELDF PSR BN FENGRTELERT £

\\\

% (T. H.

H.Chenetal, 2004) » B &R % &1 7 < Bk (X %2 5K 1

B F R TR R 2T E R B (R oL )

37 M4 R MenT gt I F o R PR 5 g B R

ﬁ,%%ﬁﬁ&% BRF- 357 FREESFS: TR EDZEREIR

%0 I APRIFIE e 2 AT e BRE R AR 1#»,%,1#%5}%‘% ¥

A PRI o

Sovdife A g PHRIE (&F WL RRFZ R R

o2 A2 RRBE T UEBHESAREARBALEYR
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FESGUF R G HI E Y ) KT AR SV GEFE A

A N A S T FORE RN T4

i%‘f#ﬂa&]“}jﬁa = \.@;/\]];3,2,,%% IF’EQE&O

3.3 it er

331 SME<A%E ”%Eﬁ%)’q‘.]ﬁ;gfg

e 3K B i AR~ B TRA 8P (Preclinical Detectable

m"\:'v

Phase, PCDP) » & % 3| %k F§ £ (Clinical Phase, CP)er 5 p 2% € #4

Foo2 W Ak YRR Y R B RS T AR R~

PCDP m’s}\}zﬁa.’% e _PCDP ¥] CP =& # & (Chen et al., 1999; T. H. H.

Chen et al., 2004) -

EFLLAE S BEFLRZERBE FIFAHH I~ 515

E % PCDP ® 424G RITPF > PlaZBREFESB S - ZED

oA B o

A Ay
Disease free - PCDP —» CP

FZHoK AR T A2 Q= {1:Disease — free, 2: PCDP,3: CP}> . 5 ¥

% 2 (Markov Process)smn 35 2. T » F it N d B B ES G F 4

B Ehy A F o B AR A RKRE T PCDP 24 2 F > 2

PCDP & CP 2 #&#:# 5 > ' 2 $dcv U M #HE FELL 7407 >

1 2 3
1 -4 A, 0
2 [ 0 -1, 12]
3 lo o o

B BEERFFRZFAES I T TSP EL LT
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1 2 3
p=1 P ()  Pia(t) Pi3(t)
2 0 Py (t)  Pp3(t)
3 0 0 1

Nud
ArS

P (t) = e™ht

/ll(e—llt _ e—/lzt)
(A2 — 1)

Aye=Mt ) e=hat
I R T

Pi,(t) =

Pi3(t) =1—

Py (t) = e~ %t
PIZ(t) == 1 - e_lzt
o bd #A S e 2 4] Kolmogorov equation (Cox, 1965) » if

s P(0) =1 2 7 g

d
—P(t) = Q,P(t) t>0
dt
[P S fﬁﬂﬁ;}% Feéite MRl BN EH HR 2 PEi Slic > ¥
fr R RET A HREF AL S EHA G o

AP R- B R RS T A BRI E T RFE 0 & i PCDP
2 CPik AICC A 5% 1 HEs 280t TR ITHIVEIoR
RIFE = < 23w 5 ) PCDP 8L PCDP £ 3| CP g jpit B > 14

R RN ESA R p R BN A A T AT
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A12 Aas
Disease-free ——p PCDP » PCDP
stage 1 stage 2+

)‘24 135

CP CcP
stage 1 stage 2+

=
(98]
(98]
-4
oF
T
m

]
M-
A=

w3 F

ERECY R
IIFEET AT AR (3R o d R R s
P)fe 3 Gy (i€ 7 Duke’s A#)SwF ¢ i@ % i o & B forsip 4

B E

-~

%o FIT cndh B R SR R4 Ao~ 4 o 57 RPH AT -
FioAcR Rhdlio F & i ik B R (5 % Bt enE i B
FHE S A b SRR k)~ RIHCSY (PCDP ~ CP)fe AJCC 4 3
(F8 ~sed)p ~ 3] - FERI32 RIS R BRI HEL T PR

B 7 A PA Y R R e
3&2?%&%%@%%@rkgﬁgﬁﬁ%@%

A Y S E L AR L S ’?%H,T\Hﬁitj%:};‘igjg\;i £4 0 hpy

TP ARERE T LA R B AT
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Non-progressive
Small adenoma

a'1&!
P Az3 Ags A4s
Disease-free =—p = Small adenoma =» = AA = = PCDP =—p PCDP
stage 1 stage 2+
lﬂ% As7 l
CpP CpP
stage 1 stage 2+

B34~ NFEES T 4 & AR R R S
333 MW AHHRIFEN T BN E SR 2

A E AU 4 frti(Random Fores) 8 BE ¥ > 2 ~ @ B 3
B3 RS P RGE M) A PR TR A $ T0%;
R & (Train Dataset)®r 30%RI:# T & (Test Dataset) & 4 5 #t
(Decision Tree) » & B & K A4 4 P R %37 - JUEPHly 27 THA
Ko ks Fi g (Information Gain) iF % 238 % 58 (Root Variable) >

T RS AL REFT - BER IR EEZ S8 DA RH

~

EMFALS L0 AFT R AR #1000 9?@-
% 1000 =% > (B 3] 1000 $f 4 KA = S Atk 0 BB 0 FE AT AR

REEATERIE % > 0 5 B B R R AN A o

d & Jfgt;;a—;wzkl« DRFA B ER T B A S F R
ARl g e B RER DB RS (Overfitting) sk "% o i LA 47
&% 1) S #cE & 12 (Variable Importance Plot, VIMP):® iz & 1 % 38 4

BRSO & T ik AR G RTHTG £ R VIMP 1 &
22
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MR AR BTN T ARV R LRI £ R M o TAREH R
—‘F*{ T 4 T ey R (Receiver Operating Characteristic Curve, ROC

Curve)% # & T & f# (Area Under the Curve, AUC) o
334 B S RSB E T R A S PR S SR

A A BOA R (Bayesian Network) B8 7 2 P FF L~ %
RS X 2 g B AR RCAEE T v & AR FICD] (Directed
Acyclic Graphic Model, DAG)# 48 4+ #ic 2 P % 78 2 B i B 9%
oo B A B A o i (Bdge)d 7 W OT 2 B AiE ki
(Conditional Dependency) B % o #i-3] crifid 42 & Form TR L B0 R

THIE R PR A oo

1 7 11 Tree Augmented Naive Bayesian Network (TAN) = 2 i& {7 >
& TAN 7 > ",% 7 Naive Bayesian Network 2. T i £ £ 78 o p £ %
W oF ez TAREE R 2k s Tk R A B2 PR i
]":}' ’ l,{ig'écf J}! 5&]"} o

AT 1 F1* 70%7"; ﬁip FLE B FHRCADVR 0 Bt E BRI g it

*ﬂ‘i_“;& Ao ;‘)nliﬁ{ﬁ—rﬁg = "]l’-"%.’}‘ J_ﬁ‘ 30%:p] Fé;l L .g:w‘_f‘r,é,\ FI T %‘J-

FremzriELE gy~ (Posterior Distribution) » 5 ¢t 7 5| B

S
s

A G- L A R S
335 A F B A GG L Ly T

#&fﬁl/k*}ﬁﬂ??ﬂﬁg, HI A R ’Ng_g;]‘l\nﬁ‘_"g%:}%'
SRR S W T LR RIE Y SRS N WY K
B ANFRERS A AARN S AF D EHEL G T GETEER

FEF oML GLIESEFZAAHEES (AR {4 S aEE R
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TR E RS SR R D AR HEE 4 R

B i et B e A RS B g

Sub-state
Risk Risk Risk
1 1 1
M, 2 2 Axgm-ans {2
Risk - : -
1 1—u:: ) )
? tox A2z n/2 n/2 Azs Agsl n/2
< Aoz ! ) '
- Az 1 & . .
Disease-free.=—» =»Small adenoma =» ->”I;?AA —f-b P*@DP";} —p PCDP
g R stage 1 stage 2+
Risk
" 1
2
1’146 n}2 As7 l
n:l
CP " CP
stage 1 stage 2+

B 3.5 oAk B r AR T 4 & O R B R

B AR e 25% B ket 1 & G TR ~ 25-50% 1 R4S 2 &
G B FE ~ 50-75%RR 7 3 EHHR IR 0 B MR "G en25% B R4 6 &
R vt R L TR A G IR R SRR

(7L fi o

ST S TR SAS 94 K A e f7 o
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3
=
Sy
4
¥

41 + B G RGK
411 5 AT %
RAILHAO K SR 2AGRTE Y LS PRV R F BTl
IRz g it T % c TR A ESRBEI( TR A DR

B BB RS RR AR RS AJCC ~ 2 Bk -

41 R EE S RERITHE BRI G RE TS TS

R e

e

LR e
BRI
(Distal Colon)

AT PN SN

(Proximal Colon)

12,318,580 30,264 64,413
N % n % n %
e
74 5,189,497 42.13 14,557 48.10 38,106 59.16
4 7,129,083 57.87 15,707  51.90 26,307 40.84
K E 8
50-54 3,263,975 26.50 4,820 1593 12,492  19.39
55-59 3,360,142 27.28 7,285  24.07 16,818 26.11
60-64 3,140,421 25.49 9,328  30.82 19,063 29.59
65-69 2,554,042 20.73 8,831 29.18 16,040 24.90
KT AERE
£ 660,616 9.60 1,017 1047 2,366  10.90
4 1,145,106 16.64 2,064 2125 4320 19.90
P 1,288,377 18.73 1,908 19.64 4,421  20.37
B 1,819,214 26.44 2,322 2391 5401 2488
<% 1,180,673 17.16 1,511 1556 3,195 14.72
et 206,245 3.00 222 2.29 435 2.00
% 580,227 8.43 669 689 1,566  7.22
& ¥ SRR
Eiken 8,099,582 65.75 19,592 64.74 41,183 63.94
Kyowa 3,359,552 27.27 9,714  32.10 21,025 32.64
Kyowa2 858,209 6.97 955 3.16 2,195 341
25
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YRR E SRR K

S Sl N e R B RIFRE A
(Proximal Colon) (Distal Colon)
12,318,580 30,264 64,413
N % n % n %
Others 1,169 0.01 3 0.01 10 0.02
A R
& 10,571,439 87.17 25227 8336 54,575 84.73
3 764,316 6.30 2,734 9.03 4,827 7.49
7 FE T 791,639 6.53 1,483 4.90 3,269 5.08
3 g R ¢
= 6,257,193 69.43 10,957 68.59 24,321 69.41
3 1,692,431 18.78 2,770 17.34 5,862 16.73
7 FE T 1,062,029 11.79 2,247 14.07 4,856 13.86
FIT JE& (ng/ml)
1-19 11,103,836 90.14 17,061 56.37 31,605 49.07
20-49 667,647 5.42 3,137 10.37 6,397 9.93
50-99 203,827 1.65 2,060 6.81 4,699 7.30
100-149 102,326 0.83 1,220 4.03 2,941 4.57
150-249 110,539 0.90 2,804 9.27 7,370 11.44
250-449 49,738 0.40 1,296 4.28 3,653 5.67
>450 80,599 0.65 2,686 8.88 7,748 12.03
i RS
& & 15 R B % (PSD) 3,798 23.94 12,172 32.21
ts 4 6 ¥ 1 ) % (SSD) 1,946 1227 4970 13.15
BoE PN IR 2,625 16.55 6,030 15.96
GRC R FA 7,496  47.25 14,612 38.67
AJCC 4~ 3y
Stage | 2,656  22.25 7,727 27.74
Stage Il 2,431 2037 4,539 16.29
Stage Il 3,893 3262 9,552 34.29
Stage IV 2,421 20.28 4,484 16.10
Not known 534 4.47 1,557 5.59

412 * % B H KA IR R R R ¢

2428243 LY RIIRE R ERIEASE SR Z IFEC
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THEARRD R - BFDEEHT > BRAFESRFLS L
A BRI B AT S SR _PCDP F| CP ¢t E i A
WAR R B E SR o TR AR RS BRI A i
B oo BRI G RAR 0 SRS F 2 Y & PCDP ) B CH

HpFlaLdp 2 2 j$ 8L PCDP 3| CP ehit B g 5 P o

- H RSB E ”%Eﬁl”ﬁl‘bﬁx AR R R D - B R
’9:]1% (Adenoma):g & I & {7 ]tt%@; (Advance Adenoma, AA)Z. i#
F oo (% 44)

A S o BRI GHURE 2 FF 0TS 38R hB R
R N AT IR wgr]wv#f@ 3 Viﬂrﬁmﬁiﬁ%iﬁzﬁaﬂ v
WiTH < 5 E Yo e PCDP #) BF &S 8 3latdp v 2 j€atd) PCDP 1
CP e B v g~ R {t BIEARD XL 3H

S APk o
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242~ A BB ERFBITHEERAHERE VA CHEAPETY RS

- RAILE

(Proximal Colon)

BRI
(Distal Colon)

watiE 95% R 2 95% % if W R
4 4 2 (per 100,000) 29.8 (29.5, 30.2) 74.2 (73.7,74.7)
e
PCDP — CP 0.47 (0.45, 0.49) 0.34 (0.33, 0.35)
Sensitivity PCDP (%) 0.87 (0.93, 0.87) 0.83 (0.81, 0.85)

243 AT YRR RESE B HAGLRS T A IRBESY B3R

- RN

(Proximal Colon)

FRRFR A

(Distal Colon)

IS I

RatiE 95% EHRR HE 95% iR
4 4 2 (per 100,000) 29.9 (29.5, 30.2) 74.4 (73.9, 74.9)
E A
Early PCDP — Late PCDP 1.10 (0.96, 1.27) 0.77 (0.71, 0.83)
Early PCDP — Early CP 0.14 (0.12, 0.16) 0.14 (0.12, 0.15)
Late PCDP — Late CP 0.53 (0.50, 0.56) 0.41 (0.39, 0.42)
Sensitivity of Early PCDP (%) 5049  (51.4,69.11) 65.1 (60.1,70.09)
Sensitivity of Late PCDP (%) 8227  (78.73,8555)  79.1  (77.17,81.02)
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1440 AR R AT SNAHLEST L RAPETY R

PN i X A

(Proximal Colon)

BRI
(Distal Colon)

By 95% RHERA Ry e 95% R EM
% 4 % (per 100,000)
< B Hfﬁ’»’ﬁ 48.33 (48.13, 48.54) 145.00 (144.40, 145.61)
PR 1A R 6.59 (6.50, 6.67) 19.76  (19.51, 20.00)
E R F
Adenoma — AA 0.33 (0.33, 0.34) 0.33 (0.33, 0.34)
AA — Early PCDP 0.23 (0.23, 0.24) 0.19 (0.19, 0.20)
Sensitivity of AA 0.23 (0.18, 0.28) 0.32 (0.27,0.37)
Early PCDP — Late PCDP 1.10 (0.96, 1.27) 0.77 (0.71, 0.83)
Early PCDP — Early CP 0.14 (0.12, 0.16) 0.14 (0.12, 0.15)
Late PCDP — Late CP 0.53 (0.50, 0.56) 0.41 (0.39, 0.42)
Sensitivity of Early PCDP (%) 59.49  (51.4, 69.11) 65.1  (60.19, 70.09)
Sensitivity of Late PCDP (%) 8227  (78.73,8555)  79.1  (77.17,81.02)
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4.1.3 S # 1+ (Random Forest) 4 47.% %

B4 (@ * "EWHEHEWTEAFESRBEEL F BRI RATED
2% RERHAEEE L FIT kA -~ FH A8 ~FIT W -~k 28 - 3
BRI TR~ A SR FIE S o B 42 (b)-(c) SRR F LG BR

g BRI R R TR O B R T e

EAT |
~HkrEnp e [l
#emrEpd R
w7z
FITx# 5%
R |
FIT % A (ng/mi) |

0 0.000005 0.00001 0.000015 0.00002 0.000025 0.00003 0.000035 0.00004 0.000045 0.00005
Gini

<~y kiEpe M
furtEmd M
w742
Bo

FIT## g% R

G ey

FIT 2% & (ng/ml) |
0 0.00005 0.0001 0.00015 0.0002 0.00025 0.0003 0.00035

Gini

Bl41(M) R <~B2r¥Biz £EHARLAE
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FIT& A I
=% & ¢ I
# w6 72x I
w7k I
FIT k& (ng/ml) I
e |
it = o |

0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004
Gini
Bal(c) TR~ SHRRASBELELQIELR

B 4.1(d)-(D) Pl 5 1B ROC A AUCHE S = ¥ B I i 5 0.68

FPIR A BTN L Bl S 0.6] o

1.00 -
075 -
[
=
=
7 050 ~
=)
)
w
0.25 -

0.00 -| AUC:0.68

0.00 0.5 050 075 1.00
1-Specifity
B 41(d)~ T2 ¥ Bk ROCAH7% %
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07s

050

Sensitive

0.25

000 AUC:0.68

0.00 025 050 075 100

1-Specifity

B4l BRI *%er¥B3iROCAHTES

Sensitive
o
3

000 AUC:0.61

0.00 0.25 050 0.75 1.00
1-Specifity
Bl41(D 2R <~SHBBEIETH-S B3 ROCHITES
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42 ATEL N
421 J5 it A5 %

2045 LABAREL NG EEArRE AP A0 B g
SHEEIF- R BH B RIS 6T SR B R L BT RE
RIS B 5 o @ SR AE otk PRI T R RIRETE S .

A5 AT L NGl A RS

* G e A i R A B
i e 4 i TN B RIR
(Proximal Colon) (Distal Colon)
39,015 183 401
N % n % n %
el
74 10,111 25.92 49 26.78 163 40.65
£ 28,904 74.08 134 73.22 238 59.35
i 15 & &
50-54 18,328 46.98 46 25.14 130 32.42
55-59 8,193 21.00 28 15.30 84 20.95
60-64 6,092 15.61 43 23.50 73 18.20
65-69 5,954 15.26 63 34.43 109 27.18
71-75 448 1.15 3 1.63 5) 1.25
W ALK
F T 5,870 15.05 38 20.77 80 19.95
&5 15,753 40.38 85 46.45 184 45.89
i 6,289 16.12 26 14.21 54 13.47
% v 7,413 19.00 20 10.93 53 13.22
~Frmtr 3521 9.02 13 7.10 30 7.48
LR R
# 37,718 96.68 167 91.26 385 96.01
3 1,297 3.32 16 8.74 16 3.99
FIT k& (ng/ml)
Undetected 20,757 53.20 70 38.25 186 46.38
1-19 15,105 38.72 69 37.70 115 28.68
20-49 1,592 4.08 13 7.10 23 5.74
50-99 647 1.66 9 4.92 19 4.74
33
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R e R

(R TR BRI
(Proximal Colon) (Distal Colon)
39,015 183 401
N % n % n %
100-149 257 0.66 2 1.09 8 2.00
150-249 206 0.53 1 0.55 8 2.00
250-449 156 0.40 4 2.19 9 2.24
>450 295 0.76 15 8.20 33 8.23
* v 143 0.37 1 0.55 2 0.50
g (U2-283) 33,678 86.46 153 83.61 350 87.28
~ ¢ (428 3m2) 5132 13.17 29 15.85 49 12.22
oA
* v 14,598 37.51 79 43.41 156 38.90
g (1/2-285) 18,286 46.99 79 43.41 185 46.13
~ ¥ (#&#H3p) 6,031 15.50 24 13.19 60 14.96
BB
hrg 7,782 19.98 45 24.59 94 23.44
g (U2-2m5) 24,872 63.87 111 60.66 245 61.10
~ E (424 3m2) 6,288 16.15 27 14.75 62 15.46
K &
*rv, 2510 6.45 17 9.29 25 6.23
v §(12-282) 13,575 34.86 64 34.97 164 40.90
< ¥ (4218 3m2) 22,854 58.69 102 55.74 212 52.87
vhrezt
b & A vg 28,902 74.22 150 81.97 312 77.81
Z% 1-4=x 6,744 17.32 24 13.11 62 15.46
ZB4ZHESX 3,297 8.47 9 4.92 27 6.73
A
b & A 10,287 26.41 42 22.95 112 27.93
% 1-4= 13,729 35.25 59 32.24 138 34.41
Z % A47HS5 = 14,935 38.34 82 44.81 151 37.66
3873
& 33,158 85.08 159 86.89 307 76.56
© & 2053 5.27 11 6.01 34 8.48
#3761 9.65 13 7.10 60 14.96
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R e R

(R 'S TN {8
(Proximal Colon) (Distal Colon)
39,015 183 401
N % n % n %
A IF)
& 30,124 77.30 149 81.42 280 69.83
SR 579 1.49 4 2.18 12 2.99
#F3  8,267 21.21 30 16.39 109 27.18
¥
# 35942 92.23 171 93.44 345 86.03
¢ & 1,808 4.64 8 4.37 32 7.98
¥ 1219 3.13 4 2.19 24 5.99
8
& 16,114 41.35 73 39.89 176 43.89
% 22,852 58.65 110 60.11 225 56.11
- ER SRRk D
# 35,024 89.87 164 89.62 341 85.04
7 3,946 10.13 19 10.38 60 14.96
£33
T ¥ 23103 59.26 101 55.19 199 49.63
241 15,886 40.74 82 44.81 202 50.37
= fa e fig
¥ 29,469 76.15 129 71.67 289 72.07
2¥ 2 9230 23.85 51 28.33 112 27.93
® %R EFR
¥ 23430 60.21 107 58.47 260 64.84
2§ 3 15485 39.79 76 41.53 141 35.16
RS
¥ 16,952 43.48 52 28.42 154 38.40
2¥ 4 22036 56.52 131 71.58 247 61.60
=
¥ 25707 66.28 105 57.38 243 60.60
2% ° 13,080 33.72 76 41.53 158 39.40
i
¥ 34402 88.76 160 88.4 337 84.04
B2¥° 4355 11.24 21 11.6 64 15.96

35

doi:10.6342/NTU202401409



DAL A S D AR S

& e 4 dic s R TR
(Proximal Colon) (Distal Colon)
39,015 183 401
N % n % n %
B’bﬁ,‘ﬁi]‘ﬁi—
* ¥ 37,758 97.42 170 93.92 384 95.76
247 999 2.58 11 6.08 17 4.24
%@%%%iﬁ*
# 780 21.22 7 22.58 11 19.30
3 2,895 78.78 24 77.42 46 80.70
B BRERE AW
# 5,262 45.13 33 40.24 65 47.79
3 6,398 54.87 49 59.76 71 52.21

IR EBF 0§ E>00 24 > L >80 o A

=@y B ¢ Z = feY 9 A3>150 mg/dL

SE R AT R ¥ ¢ ¥ <40 mg/dL > % <50 mg/dL

Y ER O feiE/E2130 mmHg o iE/E>85 mmHg

Sk R Y 7 Es #>100mg/dL

SR E ¥ 1 9 1>13mg/dL - -~ 14>10 mg/dL

Toupg iR F 1 >1.3 mg/dL

BB AR B LG L R Y 126 m/dL B A E i B AR

TR BEELH TR 2130 mmHg T jcsE/R>85 mmHg ¥ p i e & % 5 R K
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4.2.2 SEHS B 45 2 %

m

it

i

\13.77!*";/

- EPN G R SR
R

.t}_g.]

FoE (015 45§ b
o B

=

P[]

=

pat g e R

vhres

% %R E R

47

FITE & (ng/ml)
3

Bl 4.(a)-(c) = "L &1k VIMP & 47 bt & 4.4 4p B #5055 % o
B 43(d)-(H% ROC ~ 7% % » 2 AUC & F B H vy 823 90% »

I A RN S R S 89% o

o

0.00001 0.00002 0.00003 0.00004 0.00005 0.00006 0.00007 0.00008 0.00009

Gini

Fla2() T3 o0 ¥ I £ RRAHA
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B L(A S5 4 4)

o

S EN RN
e

, ;Jlﬁﬁ

IR
iR

2853

vhr

i

]

P’ AR
= g
] ARRE

B TR EF AR
i

k%

2 dm

e

FITk & (ng/ml)

o

0.00005 0.0001

0.00015
Gini

0.0002 0.00025 0.0003

B42(0b)~ 2RI ~HEr ¥ BR2ELRAEAE

doi:10.6342/NTU202401409



s

- EPNG &SR
Bt R

vhr P

ik

2853

T ARR
TR L (K25 L)% F b k)
FITE & (ng/ml)
= b

= #

28

3 %R
7]

i

EER 2

o]

k%

A Jn

7]

=& B

e

o

0.002 0.004

0.006 0.008 0.01 0.012 0.014
Gini

Fl42(c)~ TRA B2 Rp S BIL £ FTEA
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Sensitive

Sensitive

1.00

075

0.5

0.00

0.00

0.25

AUC:0.97

050 075 1.00
1-Specifity

B 4.2(d)~ T8+ 2n ¥ B % ROC & 47 & %

07s

050

0.00

S

s

0.5

—

—

AUC:0.94

050 075 1.00

1-Specifity

B 4.2(e)~ iR+ B2 ¥ % ROC 4478 %
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Sensitive

075

050

0.5

0.00

000

N
—
T
AUC:0.89
015 050 075 1.00
1-Specifity

B 42(f)~ E R~ 5 HKBSETH4 5B % ROC A48 %
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423*%%@3%%&%A@ﬁ%9@9ﬁ@%

Fr b EES Ak LT A B T Ul B SRR BN
ey e RN ”ﬁl’«’?‘l_i RRBERFRT APHMIL > 27 B A RERT A S ”ﬁ‘\
"% 4 # i (Initiator for Advanced Adenoma Features, IAF) ~ & |4 8 58 3 fic
(Malignant Transformation Features, MTF) % &/ & B 4 #c (Progressive
Promotor Features, PPF) » & | # P N\ epL o789 4 2. B A L L o2 p

Kﬁév\gto

VR L B P ES PN KT RR A RTIEL CEBAF L
LR MRS R A A S SLAE S e LT A 1
Faik B~ FIT SR A ~ s~ i B~ RFI% = o i fia ¥ 40 L0 8 7 1%
AL BREREAY R e @ 3L B FITEAR &Y 1
L340 itb ks 3L P Per PRl ® s make CP 2 ik 5
A2 CP I3 k2 CP ekt B AR ¢ 3 &8 i f—FIT kA& -
GOFE R SRS Y R Hak

ﬂ"%z’ PR BRI FARERIFR R VAL SRR AL

AR RSB T HBRBD R RE

42

doi:10.6342/NTU202401409



424 + %% H;"F’?_ﬁ_& BERERFBRH ARG LSBT EEAN TR

F% P E R R AT AL 2 B AL A A Bl <
EHRABLACEL > TTAHBEA R RAG R G AR Tt

- HEBRE R ELE IR A %}Jﬁ'%’gfg » 2T H A ML E o

Bojl- =64 pmd b MRTRE 8FFR  LEVRY 3 &
TV AREEFZ EAo gL TIEHGIYREL L RERT
AL o = HARPIB A A A FE o BlAo R A E YR SRR
Bo BREKE  FZEBA VRS BEEEIAITEEH A N1 3 T

oG o F AERA KT B EI0ERDBES LR G 14%

s

FAIT B AT R A Bl B AR B X 1 10 £ B
FAR R A% B4 A SR R S R 2k E it
66% °
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3 4.6 7)1 e GHREIE RB R R ITHECERIAIERECE 0 BIEAR
CEHRITEARB > FUEKRCE D M 5% R A F AR E o
A B ISR GRBZBPEEZRIEFI EHKR- X BRI ~FE5 K

bR GRBNBER S 0 BT ERRANF S E G-

2 047 Ko B B Gl X T 2 )% M 32% (RR:0.68,
95% CI1:0.67-0.68) 5. Hp ~ 5 g2 4 2 22 F o

4.6 ~ FIT * % et i 4 15 M B 9% 250k 5 356

W 1 LitE HhE RR 95% 12 iF T ¥
1#- =%
i IR 72,766 45,014 0.62 (0.61, 0.63)
TR 27,612 18,716 0.68 (0.67, 0.69)
K RY 100,378 63,730 0.63 (0.63, 0.64)
2# - =%
& e e 72,766 53,225 0.73 (0.72, 0.74)
AT R 1 27,612 21,834 0.79 (0.78, 0.80)
ERY 100,378 75,059 0.75 (0.73, 0.75)
3E- =%
RN i 72,766 57,396 0.79 (0.78, 0.80)
it S 27,612 23,145 0.84 (0.82, 0.85)
ERY 100,378 80,541 0.80 (0.80, 0.81)

F 4.7 ~ FIT = % otk &k B 15 Bic i re "o 3 G e ro K

i R NS i e RR 95% 1 iF % B
Risk-based” 100,394 68,052 0.68 (0.67, 0.68)

RGABA L TEA AR FHRTE o B e (b %A T5%)RE ]
El- P e (RGABANS50-T5%) 5 2 E6HKk- = Mhhe (b%A
B i 25-50%) e 3 E ErHe - = o0 B R ke (bR A BiE 0%-25%)F 6 E bk -

=N ©
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5.1

LES R

jxg,%v‘—‘g—" DAl A3 h B e AR FIT fde B A o3k 6 2
e o R BAFRR A FENERIOET T L
T A BRI E SRR R Y
AT ZTRAFEZFIY BT ABEETY B A THEER S E SR

g%@q’wﬁuk%&iﬁ%@%ﬁ&&Fniﬂﬁw%%i%%ﬁﬁ
BRAE 0 AR 5 PiTEpRn it % 4 B IR R (Interval cancer)h ' » ¥ bt

BRI EH L F R R R o

ﬁi&@@mwﬁi2mo&@&§%§ufﬁ?wﬂwi;%%%
G 2 o FIT Aeg A 0 5 & 3 3 FIT G| 2R (542008 ~ 2 (7420

s R 2 AR B A W) 5 10.6% (95% CI: 10.2% - 12.3%) ~ 28.0% (95%
CI : 24.6% - 31.7%)4r 78.6% (95% CI : 58.5% - 91.0%) » * $F3+iTz430 i~
2B LU B 2R PR B A R PR IR Y R R
A 1Smm 2 R R 2R B A URPE BB LS RE o 1 B % KT FIT §

R R A

@

AR RRE > ¥ B INi=Z B4 o (Chiuetal,

2013)

R P BRI A SR A F T A ez B i R
5 a2 PCDP 35 sk 2o CP e B g B ve iT 5330 i< % »
PEET S ARRRINE A MR HR F AR > FL R RN A
e B i o g FIT Stk GBI B R 70 b F i@y RERTH
Bl o AFEE B LRI AT AT A % { B 4 2B 5 oL Bk (Blanks et

al., 2019) 4p+ fis

WP B AT AN 2 R A S R T e B T

iﬂo%$@m%ﬁ$ﬁi—{§@%&%%%(&m%hm@%@ﬁ
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IS B UB AR SRR Rk L (Serrated polyps) » R I < B stk b
SSAs (Sessile Serrated Adenoma)» g1 A B > KA FR T IR o & &0
PEfLAT T AL o FIT %t SSAs chigl & & ¥ 120 i Josus - (Chang et al,
2017) #3m~ % Mo TN S IR BL ) o R E BB R R B
P ZEATR R L 2 % L 4F SSAs iTsgIti < 5 { F E B Rk

% 5 012 SSAs KB H 4 PG iR Rl o # ® FOBT + % &
WY s BEINRTH S GApRARS > AT %Y o BB T A R
ko 2L A AYR B o e SR ik SR A+ o) i A

12 o (Blanks et al., 2019)

FRHERFEASHRABD AL 0 ARk F RSP PCDP 3w
PCDP (0.77)fci¢ 8.8 PCDP 3|9t CP (0.41)enE 4 & » 22 H 0 X % 3 2%
Ty & W 5 % 4P 17 o ERE X 4-4F Nottingham fr Funen 5§18 & i%GfBk 2. 5L & &
17F 1 » Bt 0 2%k Dukes’ Stage A/B 4p+t > j€_PCDP Dukes’ Stage A/B
7| PCDP Dukes’ Stage C/D ¢gp %]+ 2 5 g » ¢ 7 3 # * FOBT

@ 2£ FIT o (Chiu et al., 2011)

Vo RERY ZRBEET AR RN BB SR

¥ (Mean Sojourm Time, MST) » & % 3 ik PIIR = % 5 T 357% 7 117
IR A RN B PEFESH A TN L TR AGEE
BB e TN L R P T IE T 0 AR N ARG BB
PEEARGE SRR e ARV R R NEFAT U FAER
FEE R R A E R R B R TR B > 20T FOBT ¢ > s i@ % 2 jk 4
BEN L S EAER AL B L o st T TR B RS S

R % o 2 EREE S MST - (Zheng & Rutter, 2012)

P BN FITRE R § 2 FG®RIFRAFIASESTH
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5.2

5.3

B H

=1

- .

Je® A FBAE R LA 0 # FIT Sg R %% el

N

<

L FEH B B PAHCA] Y N B FIT & 46 PRI

AR E Y B TORE BT R A R LR

=

Ao AR AR A E SRR SRR B E WY o - h R
P B EFVFE 27 ERHERER TR IoR R < S E SR e Lt
PHee F£A T PFHSFITER ~ 232 0 Bl frd Fdhge - Rig i * [ <
Pl 2l A PR AR EARZ BRIP4 RSO
P EHE I BHE TR 8B B Bl B ARG~ ik B
RA I A F G AHAR G B ARG AR RATPRHB
Ak HZBAANEFRER AT H R ER SRR -

(- R S S

P

FRIRNA MW (eI R AR RS K 2 e

|rml.

RGBSR X B3 B/ 2B E GRS dnk o

Eﬂ 2“ KQ#'J
AmrF 2B UG o FA AT BT APBREY ALZ 25851 H

PR e AR G oy T H R OREP S FEHALL S5

S FRCEFRE B0 A3 HEEEE AR RERAR LS N A

BB X HE SRS B RS ERERIIKNE o A2F o
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A - BAIFTA T BB R AR > T 4 %3 FIT 6 4 JRIx
FoAb T 6 & 5% 64 IRAE » R0 M FIT G IRIA2 % E o doh o 64 vk > G ia

%L R 2R
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