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Abstract

Background

Colorectal cancer (CRC) follows the adenoma—carcinoma sequence, progressing from
normal mucosa through small and advanced adenomas and the preclinical detectable
phase (PCDP) to clinical cancer. This progression is a continuous and latent process that
cannot be directly observed. Conventional disease natural history models characterize
progression at the population-average level and fail to capture individual heterogeneity,
whereas machine learning approaches, though widely applied to risk prediction, are
largely confined to disease classification and lack a dynamic link to the disease natural
history. This study aimed to integrate population-level disease natural history inference

with personalized risk prediction into a Hybrid Disease Progression Framework.

Methods

At the population level, nationwide fecal immunochemical test (FIT) screening data
from Taiwan (14,478,478 screening records; 5,640,906 participants) were used to
construct a nine-state continuous-time hidden-state Markov model. An observation
mapping mechanism incorporating FIT screening sensitivity linked latent states to
observed screening outcomes, and the transition intensities of the generator matrix were
estimated by maximum likelihood estimation (MLE) , with the latent disease
distribution simulated via the matrix exponential. At the individual level, community
screening data from Changhua were used to build two binary classifiers—Normal vs.
Adenoma and Adenoma vs. Screen-detected CRC—comparing an artificial neural
network (ANN) and a Random Forest (RF), with SHapley Additive exPlanations

(SHAP) applied to identify important risk factors. Finally, RF-predicted probabilities
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were converted into relative risk multipliers to modulate the population generator
matrix, yielding a personalized generator matrix and a personalized disease progression

spectrum.

Results

The estimated generator matrix showed that the transition from normal to small
adenoma (q1> = 0.00112) was markedly slower than subsequent progression steps (e.g.,
q23=0.5896, g3, =0.5889), and observed outcomes did not correspond one-to-one
with true disease states—interval cancers among FIT-negative cases reflected the limits
of screening sensitivity. For the Normal vs. Adenoma classification, RF performed best
(test AUC = 0.935), outperforming ANN (AUC = 0.896). The Adenoma vs. Screen-
detected CRC task was more challenging owing to overlapping features, yielding test
AUCs 0f 0.716 and 0.694 for ANN and RF, respectively. SHAP analyses consistently
identified induction time, fecal hemoglobin concentration (f-Hb), age, and metabolic-
syndrome-related indicators as the most important predictors. Personalized simulations
indicated that the propensity to form an adenoma (q1,) influenced overall cancer risk far
more than the speed of adenoma malignant progression (qs4): a high-q1,/low-q34 case
carried a 10-year clinical-cancer risk of 2.46%, substantially higher than a low-q4,/high-
34 case, identifying the Normal—Adenoma step as the upstream gatekeeper of overall

risk.

Conclusion

This study is the first to integrate a nine-state continuous-time hidden-state disease

natural history model with Al-based personalized risk prediction, establishing an

doi:10.6342/NTU202602503



analytical framework that extends population-level progression to personalized disease
progression and elevates natural history research from describing average progression to
estimating individual progression. Combining mechanistic interpretability with
personalized prediction, the framework can serve as a theoretical basis for risk-adaptive
screening, personalized screening-interval design, and shared clinical decision-making,
and as a methodological platform for Al-enabled Digital Twins and precision public
health. Identifying individuals prone to forming adenomas appears more effective for
intercepting CRC upstream than identifying those with fast-progressing adenomas.
Limitations include reliance on single-region data for the personalized model and the
static nature of the generator matrix; external validation and integration of longitudinal

and multi-omics data are warranted.

Keywords
Colorectal cancer; disease natural history; continuous-time hidden-state Markov model,
generator matrix; machine learning; Random Forest; SHAP; personalized disease

progression; precision screening
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PR EEEITRAIDRE  FIN T S ERLERYE o SR ESRE 0 Yen &
Chen i&— # M5 i p 2R % & 5 8B 418/ (progressive pathway) £ 2Lig B 7
B& /& (nonprogressive pathway) > & 4 * 8 & s % it (latent states) #7 it @ f& 7 Ip
P AR [10] - 2 ¢ > B ERHRT EHFE L TRAE DRI > 7 2L E 3 %

FoaARE R E BR 0 PR g8 - R I TRAS RE 0 FI AR E AL ETIR

% o

G4 Lin %4 (023) - Hu ¥ SRR BLE HBELS BELLITL -
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Heph B BARALG d F BB AA R A (latent disease states) i S 2 60 i 4
AN b L T - R Fr R U F’ﬁff&?bﬁxﬁaiﬁgﬁ%)ﬁﬁi [11] ° g 2= = 7
TR rpapeRER2 A8 PR TR RS RRATE LA BEY

o p B L REE R R AR BB AR o

dE T H RN ELTH S SR RS RALER S > B LR

o

= }I;a;# B 0 FIM T EFA T ERBER Y CEEGR B S ¥ X 54 (Hidden Markov Model,
HMM) # it 5 i BEEAA o Yen &2 Chen #& ! Bayesian measurement-error-driven
hidden Markov regression model » #-2 F 7 Ak Ak AR 5 etk i (hidden states)
MRS % RSB R 34 54 (measurement error mechanism) o Ak AL A 4
[12] o » SRR b A m o R 26 L@ EARE BRIEL 7Tig ~ 2k i
4 % (misclassification) » F]o* L it F B F R EHHRTH Y L7 A p KL ERRE %
Fz £ R o

e %iiéf,%i DA E AN S A - LA e R
o FE G QNN VN S 4 }I%ﬂi S LR }I%;R it (latent disease states) ~ i & 7 %7
¥4 (overdiagnosis) % £ Pk ik BLIP| % #ﬁ (hidden-state framework) 2_ % ;& g i
ﬂ°mﬁpi3%*%E%&ﬁ%@%ﬁﬂ%9%ﬁ#%@‘W%Wﬂ\ﬁ%ﬁ
TR R TRk R A R 0 AL e I~ BR DR SR
G R EA R B ALHI @ P A e A BRI 2 A 4
#1 -

24 BAFTEGD GREED G

Ka o TR RLHANBEA B FFEFL THOEEFR 7 F B
ZAHpREEEERREDV R G AEFLAR o B AT ESEARB AT

FONAEE B RRGAR B ERREY i d LY alﬂﬂ'l CEEE S PR R
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HER Y T G RFE PMER A KEF R TR A E SRR R G
[13] - B5* B3 SRt £02 5 L E®TL 1R G &I Hl4odH 50 1 74
REHITPRELT LA FH A (fecal immunochemical test, FIT) PRF% o #&
Ao TR BAP R ERR 2 B BB EBE BB RIRGT G
LR FALR O FPiTEF Y R rd %3N &4 (population-based screening) &
30 A iRk &~ & (risk-stratified screening) W vE o M3k B { i 2 IR

B % [14]

BB GFF s FRERETRTL FTATRER LG £ & DGR
i o Chen %4 (2011) 1% £ A E BB HERTHEFR » TRFZ LT 4
FOERELEE AT HABEH TEE > RB2Z T w2t kR (fecal
hemoglobin concentration, f-Hb) 7 £2 {3 ~ 5B 2 < 5 8 it 4 b "G 3 43
B Aor FIT R AEFIF5 £R2 b '%A K4pik [15] - 77 =tk FIT
ERFELG Gl (R FPRBHALARL G > 3B HFRAGE LA
;@L °

R gFPmLEpEd FIT RAZARL G 7 UM G #1 4 F
WY B RE R TR L B Y 2 4rF % o Chiu $ A FIREH Y H -
B % 2. FIT B2 %7 8 (one-size-fits-all cutoff) » ¥ it i = 7 32 ¥/ & & a¢

BERSFRR2Z AL n BEGFRNEFHTREE - F A FROEY
% |4 w4 B |4 (age- and sex-specific) 2z FIT [ {4*» gk > %%'v} B AR K A

Gy PRI ASEKRLT R EEF* 9]

TER - BATGERMEE-Hd LGS BHEIMHEEGR (precision
screening) ° Yen ¥ A J|* 2 HLH=FF LA F FHE 2L L R RAG

A2 BALHRES S BHAFRLGAE L LTI 2 HRTIE [14]c 775 &%
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MT o B RGHET FEAED > A KRG EERNTRRAELGRTE AR
Flitgrcy ol g M F R TR o A RS 0 FIT kR d B ¥ Gtk

HEHFRE LB ERALLE o

K,éft G R B A2 % T EFY AR LLFE R AR BB AGFSEL D A
B R 32 ¢ o Hsu ¥ 4 ig- % #& 1) Sampling-Based Markov Regression
MMﬂ’%%%%&ﬁ%ﬂiﬁﬁé%&ﬁ@ﬁ%#ﬁﬂv@ﬁ@@%ﬁﬁ?%
B A Ffch s ka2 B A ARERET - TR kTP BHEK
FRERARERRLEARPRESFTAIRFLRL > BT AR R CHAT
—ﬁ%@%@?ﬂ’Hﬁﬂﬁ%&%?%ﬁﬁ%@%ﬁﬂﬁ*Uﬂ°ﬁpfﬁ%

FoORARES TR R ERRGHR T - HEEE DA A

FEIEPLT A A SIS PR R LE R ] 9RE T A
WEBEAEE D FIT kAR 'GA K - HEGFR LG 2 B2 LA peRED > B

T BT A A RS FRARY B LR E

25 BEEFY NG I OR/B AR GIRRIZ LS

FERCEFBAMRGFRELGS K GFRGENEIIER T R
WERY R ERTHERERATHEZ AR GRRIED o B Y
w2 LI AT B 2 FAE - MR GFRAAMTREIEFR SR
PR ST AT 2LMM2 T FF o BRI Z % T

W

t

PRHEETL SBM G A BEEY S T S ETHSEE S S8 Y AR

SMPB LT e [16] o

ﬁ&¢zﬁpfﬁﬁﬁé?%%@%**%ﬁ%&&%ﬁﬂ‘%ﬁﬁ%i%
TS BB R B R o v A3 A g et (Artificial Neural Network, ANN) ¥ &g

11
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# & 1k(Random Forest, RF) % & ¥ i€ * 2 EH N F Y 22 - ANN £E 5 K g~
BHEEHEA A SRR TARIES N i g Y AR AP F R
AT AR AR EIERIE AL o ¥ - 2 5 o ST S0 R S e R
(Bootstrap sampling) £ 58 FHE Bl = 5 g T B Y
(Ensemble learning) % & & A {2 FERIS % > WA AR w2 L a4

[17]

Burnett ¥ 4 (023)4 % 5 & % i B ¥ b G ] L7 ik o
RE > 3 5% BT S8 Ak~ B R % 2 A (Gradient Boosting Machine) % 4 1 4 & %
23 FEG OUF 2R GFESA S o AT 2 TR E T R B
ey BEFVHACEEACTER 2 FALE - RARREFTHRZ

PR RE{HwL B AR GTE o KA o B R AR 6 TR INSRE T

/-’1

SRR TR A TR R B RN A kg A kR e

- hEREAF IR W E[18] -

Ra o BAMEE YA FARAARL 2 £ (black box) 0 H 3P

“JH—

S8 A
Woaar o RRCAIPN LK aEARA S R TV 2 4 1 E (Explainable
Artificial Intelligence, XAI) i 57 3| £ 4R - 2 ¢ » SHapley Additive exPlanations
(SHAP) = i# @ 43 i ™ * o b & RA= L - SHAP A & e b i
(cooperative game theory) 73 Bz #3232 » ¥ £ 1 £ SHEHHEAFRIE %
2 ?‘};Lﬁi}i » T3 i >4 (global interpretation) % % ¥R (local interpretation) 2. #i-
AEF TR o B SHAP #1470 ¥ 8- HFRERFR R G RRIZ L& FF
Pl L REHBAERIRE R 2D e & ) e TR R RS R L TRR T R

4 [19] -
=& ii‘éJF*’%?ﬁT’ WEEY 22 5B E BRE AR GIRR D

12
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TE1L a7 REAIHFERLING BN RAKAZEP REEF BT §E -
R > PR FAL LA FERTORE S AH D LA A SRR M R
SHAP =% » @ 22 b A me R A2 b PRI EFBEL 2 RFF 2
o

26 MG AL UF|EF T

FRLET R A F IR RERTL S d QREHN G RESFE D A

RAEA S B AR e R BEFY RGTERIICD - Ra o mF AT

~

LEE U] - B

FA MG ABE SR AL HURT H A B I FREEH LR I R
PR AL CFLEFRRILFFLERE LRSS RIS SR
EEETH A AR AT LA AR o AR B ERR
o Bt i A2 (latent process) @ B F A pi sk G ¥ & F B ARELR] > Tt dofe 1995

FRUZRRITAG BREE LA FEREA L AR RF O RPR

,}_‘E{:’;’\" ”%E%)g,gﬂ;%ﬁ]‘i?‘r ,Iﬂ‘i‘."ﬂi-’ﬁlﬁinl_rﬁd?,gﬂ;%ﬁ ‘L%TZ%‘-P\?’"\

BRI oA o BLURIS S X D& R ATE R (screening sensitivity) £ 7 Jp LRI

N
=
s
e
E\M
‘“ﬁ

Fletdeie i 2 Bt otk B LIRS S 2 HBEM T2 0 T S AR

/ec.
o+

PR P2 ERGRA  FANGEE T EARRRIST > BT N ERARER

SR E GRETRERALBAL -

>

Y- =g ,ﬁ‘ﬁﬁﬁg%fﬂa—%

N
[}

BATE™ S4BT SR h R X R

~-.

AN

Iﬁlﬁl&?i:}irffﬁf’%&ﬁ‘b 4o fRm o ﬂxﬁﬂfi$¥i%?:ﬁ%9$§§& " TR R PTA 2
R R . T RREUEE VY WER & TSRS R

BES YRS RS A RERS LD TN e 5B R
;_’r

3+
w

B A ER A TS HA R GBI GRS
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AR R T o AP AR son R 8 B s b R RIS
B e THF e AFEME ARG > AP QYT EARES T L
4] (continuous-time hidden-state Markov model ) » % 4 /& & s &5 (latent
states ) 7 BRI B Jstk i (observed states ) » 3 3% i BLIRIP: S48 1 3 g B G o 18
Bt > Mgt ﬁwfﬁﬁ AR G R R

B de i XS B R R R 26 BB EAR o

ERRAEBST G o AL A 1A kit (ANN) 2588 A4f
(Random Forest) & = b e TRR] WA » % & SHapley Additive exPlanations
(SHAP) ~ {75 E & g 75 > R A A2 7R FHEEB A L F

FHBERLGLPE

Bofs o AFTR - HE LMY BB R KBS B SR GRS
C R EE YA ZGFRIR G B ARG AR o TP R B R
f%%@m& ErE AR REREA RARKA ALHE S HHRI e

]B;rgﬁ L&Kﬁ’f_, o

14
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>
~

Y

s
SSLRE LT TE LR RS C R PSR T

It
i
45

E oA RERERK LA I & i B $27) (continuous-time hidden-state disease
progression model ) > ZH ¢ 7 4 BAELA BB L A RH P R FHE o i EEN

BT R R T R 2 AR AR -

BN ERR L ARG Y B ERER Y T8
fitele % ~ RILLUTE TR LU E BRI TR R RIHR A R EE - FIt 257 7 B
B AR & i A2 (latent process ) » I 1% i & e AT R TS 2 BLRIS ] 0 i
LR A R B R RRRE S MR ENB PR R AR AL @SS
B oo gLty AT B MR EK ~ 2 I eI R L AT 0 P )
2 Vb THRFE SRR - REEBRTY Rt IS FHHAE Bk B

R 2 W AH#H -

A SRR RCHAE > AL E-HFERA TR ES K
(individualized risk stratification) 2. 24 > JI* S BE ¥ A2 B A b *&
FAPEBL R BUAEARRES AR > BRI R P R B AR
B BHELRGR T 22 L LA R B s BpE AT
H o
3.1 < E SRRk m A R

AP SRR B Y L% dﬁ’ﬁ'\}‘fg —JJE B 7 (adenoma-carcinoma sequence) *
Td ®F A AR SF R S ’”]’LF” Fi-HERE SR I WARFERLNF
g s & FH Gt 8 60 TRA T T BRIRE A S S W RE 0 25 AR

v = o

L

15
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WA B E SR RIS AR IRRE RPN - BT R R
1 EWRley AAEL ERZIFER  Fs AT T R (preclinical detectable
mmaﬂmm:éﬁ%@—ﬁ@%ﬁéiﬁ%ﬁﬁﬁ’m@»ﬁ%w(mmm
phase, CP) o Flut » &7 § o i 8B AR A 5 1 AR~ BT E TRk

TR R TR R R R R AR o RS E SR A RA A o

B RIS HET T EERA BRI A BHE I G
R LIREBRE 0 AT - R~ B R L ¥ (overdiagnosis) PEA 0 22 b

2 2L B M i AT (indolent pathway) @ ©4 4 3 2 35 2 B RSB AR o Flp o A

FLEe $1 BRLABREL AR AL
1. & % (Normal)
2. ) ’ifllﬁ‘;; (Small Adenoma)
3. EF Hij“\-‘}% (Advanced Adenoma)
4, % 9§ TRk © T 0 RBEIEE (Early PCDP)
5. 8L §Rsk o v W RIR RS &< (Late PCDP)
6. 5 ¥ 7= % (Early Clinical Phase, Early CP)
7. w3 25k & (Late Clinical Phase, Late CP)
8. ERLE| ’ifllﬁ” (Overdiagnosed Small Adenoma)
9. R UTEE T ’”]‘U@a’ (Overdiagnosed Advanced Adenoma)
gt b BARKRGE N A BN AEE R ZBEELFRE AL HRR

Gk T ﬁéikﬁ?@@%&N%pf@#u’m@ﬁﬁﬁwﬁiﬁﬁﬁa

HER O CREITALAMERE (FIT) kA ~ FEIESS 2 A L8 S %

16
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BURITAHL » 2F7 3 egp P ERRIT N > - H BB L HBZEZR G

(observed states) » 14 ¥ 4 PR BB BB S R o AT TOAT & 2 LK

=g

1. & ¥ (Observed Normal )

2. BB ’95]1}2’; ( Observed Small Adenoma )

3. BLEREE T ’ﬂﬁf"” ( Observed Advanced Adenoma )

4. BLE5S DA © i pH (Observed Early PCDP )
5. BB Temk e v i R]EP (Observed Late PCDP)
6. B%Z 5 ¥ 92k & (Observed Early CP)

7. B 95 % (Observed Late CP )

‘:\y&

Eh

F_‘-
cf?’
d"

CERE IS TS
RIETE BRI BRE o T FIGRAR R A A SEERA AR

LB ES - H e BOlA S ATUE R TR

PREHRBERT L OREESLF AF R R IR A B D e

#ORD R AR S AR BB A PR o 2 BRADETREY 2

g A B L ALY R G 0T ARBETRY B0
T £ TR IO SRt TN Sy S P

BRSSO TR FE R PETER R nﬁ[?&z@%ﬁﬂ]i%@"
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State: 1 State: 2 State: 3

5P 1A B A e e 5 i P 7o

State: 6 State:7

dis

BEZE

INRRTE E’E?*JH?F
State: 8 Gos State: 9

#F : State 1-7 AFRERBEM L X ZERRKE - State 8-9 HiBEZET ( overdiagnosis ) B8 -
FREERIRE B ERR AT (irreversible transition ) - AAFF ZREEBRDL g, TR

3158 SRkARBD AL KGR RBEE

Bl 3.1 Rpom AT T A E S RA B R BT 0 B
Ve LR ORREREL REEHEEITRADRE TF i ENER

¥
LT IT R B 2 2L B R o

32 B F P ERGK LA T i B
ARESTESRA R R L F LR ER M E 2 YRR
s B Vg i& & #7] (continuous-time hidden-state disease progression model ) » % & i
FpERF B ¥ 4 48 (continuous-time Markov chain, CTMC ) 2 & # gLip[#5 41 » 1145
HRERELA BRI B BB ERE B AP R R T LM% -
£ OX(t) 27 BRCER 2 BAARRE B REZTY ¥ 3 FrL

B2 BABRETES o TR

T = {ty, ty ) tn,}
% 7T "ﬁ’gﬁiﬁ-xéﬂw}ﬁ BﬁFm“!:‘ ﬁ"} tr ,7-‘}’ k ’kéﬂv"}:ﬁfé?ﬁ& k—]. m n;

Zor BHTEHD RPN 2 Lt b BRETE P RZERBRRE
18
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Eﬁ}?—‘,}}’:@ X(tk) s M fiﬁ;ﬁﬁé#%ﬁ%%jﬁ?ﬂ%ﬂ/}ﬁ}%?;% o F]pL ip;ﬂﬁ&‘}ﬁ

T B AL G AR B A 0 A F LRI & B (S S RLRIS AT by i e

AR E BB A R B AR X(0) % XB ¥ 4 12 (Markov property ) > 7t I
be AR WA BRELFERT o A XA pREL AT EL D BREG M P2
LA RELEMN BEF LT 40T

PX(t+s)=jIX@®)=iF)=PX({t+s)=j1X()=1i)
HY Fp 27FFF t w2 ”Lr;a I‘))%/ﬁ:{”“‘m o il A PEF R A Jf#a ) f}l%;P-ﬂr«F'&

@ #H 7 d 4 2 (generator matrix )

Q = (qij)

Ly

it B YA AE g 27 B R [ EHBIRE j L BEES
(transition intensity ) » %_& 5 -

PAXC+D =j1X®) =1

qij_AlLO+ A L#J
ET fra SISO S A Y
—quj
JET

AU TS 54

ﬁ%%31“wﬁ:\fﬁsﬂé EHE iP“&&fﬁ@ » AV A

(irreversible progression ) » 7& 5 I Fieiop R >R A2E > a3 LIFR T
A o et ALY W AFTIEMS L AT ¥

Q5 ={Q ER™ Mt gy 20 (I #)), )y =0,¥i,qy =0 # (1)) & &}
j=1
19
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€ ={(12),(1,8),(23),(34),(4,5),(4,6),(5,7),(8,9) }
d 3 E P A RF 2 B EE R SRR S e 2] (P RFd RS
PREES I RBPRE ) BRI RIAF LSBT Q BB Z 454

Tord A SR et H A S

—(q12 + 918) G2 0 0 0 0 0 g 0
0 —q23 (23 0 0 0 0 0 0
0 0 —qas Q34 o 0 0o 0 0
0 0 0  —(gas+qae) Qas qus O 0 0
Q= 0 0 0 0 —qs; 0 gqs; O 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0  —Qqso Qg9
0 0 0 0 0 0 0 0 0
B stk B 842 X(¢) % % Chapman-Kolmogorov 2 # (Chapman-
Kolmogorov property ) :

P(Ay + A;) = P(A)P(4y)

HP? PA) 2#7FFRFE A 284 FEL - 1345 Kolmogorov forward

equation :
T2 = paye
dA
I K A= 4 0E 12
P(0) =1

He ] i H 4L (identity matrix ) o F]} ¥ F#HE A F L2 (247 f3 5

P(4) = exp(Q4)

20
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#e exp() %77 4ELip 8 dic (matrix exponential ) o # 45 4 F &' P(A) 43 it
BRVPERFIE A P Y - BAABREES DT - BhA R ELBT o X E
w1 R BLRIS I E R SoE E2 AAA-
Ba o PEBRLGEPER IV A ATHEFAR FREL B EFRE
TERFRERTRT A RRABHEDT ¢ 2L F BB RRE X()
LN

AR ERPFREE TR Fles s o SRR R R ERY T FRR

3
=
1%
=i

AL Ay - 3~ 3 5H03] (Emission model) RE TR R

S BRI % 2 TP e KR % o

N

Vi 47 BAENE kiR BRE R 0 RIE BN t LEAA R

S P HBpl2%k2 5 A% ¥ &7 5 ¢

%
=
k'l

Pr(Ye=y | X(tx) =s) = gs(y;in)

29 o X() s PR G 2BERRRE Y 5% k il BRI E
gs(;m) HFA R s A2 ELR| A~ # (emission distribution ) 5 n & BLRIHEA] &
B Be A RARMAET L e RIS S B ERIB M 2 Sk

PR A A PR S RS L WM o R
I Rt PR BB pREE BREEER - LAY Y o BRI
HEIBIFGRALRLPE TR BRARBRES T P LA R
F oo PRI FhR R B BRI SR GRS SR K F

5P S R~ WA T A 12 SRR L e

3.3 HAF L

B 7 sk (identifiability) i 4n Bo3) 28T i 57 0 BLIRI TR vE - R

21
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R
F_‘-
>
il
i
g
&

>
[

Aiple Rl A E o PlEE R SRR e o
Flv o R ARG SR Lm0 R ARRATE 2 2 A B R AL

FEBEE . AFRAEZZFEE D(DESBFEL L TR Q)4 e
ZovE— s G)HCE] iz 2E T RN TP = L B
3.3.1 A ABXK

Bt R T a2

L5 32 oI R2ZEBIAT g.(v;n) %

“mj;

TR AEEAN c ABEPIEE TS G LR S

y = {y1;y2: '"'yr}

$0E - EARRRE s RRRIAFT A7

gs(vi;m)

e = gs(y:z, m)

9s(VrsM)
Mg Bt ok BT B BRI A T XS 0 T ) S RIS 2L (Emission

Matrix)

g1un) gm0 gm(Yun)

G=(g1u....Gm) = 91(37:2”7) gz()’:ziﬁ) gm(Jz’ziT]) c T

GOEM GO GO
Heom 5Bt Rk Bl v T LRI SR 2 T A AT B o LIPS e
SRR R RoR Y TS o) R K AR L ER & e Ul A U
& o
B3k — (BRI 5 2L 5 %)
BRI 5 22 (Emission Matrix) G £ 3 = 2 # (full column rank) » =

22
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rank(G) = m
PRI SRS T3 X

FEGKBRIB BT R 2 AT R IB A Rk G T 2 R A
U T R P SRR F o PR ) RN SRR R - A
BARBET §AZ R 2R ZERA T o ZRERITRY ¢ 7 T AN IEMEL

}Z:‘_}”;‘:,;P;@, ‘__\;fw—m ;Aigjr}z,\.f7,¢._gl./£,ic
BR-(FEHFRFRE A+ 4y):

BEARE A FIT SR HZAP IS &L GHRFE & ‘?“’j’%%%ﬁiﬁi‘?éﬁ?
?ﬂkbﬂlla;&)j}‘?gf‘riigﬁ%ﬁﬁi\b]‘ 4HL1—&_EQI}‘]LL )y 2 ?‘}i\:‘,’l’}_%

B2 2 BLPIPER IR 3
Ay, ..., AL
PRI GRA B R EBIEREE T
A, # A,
BAMFRETE T AMERET o RRITIE A CTHRZ BB B IELE L
P(A) = exp{QA}

b 3 BRI R T R SRR E BN R ET AT R

Po 2 daEd Q FREET S REBBFEL 94 ea R g

At
Bk = (2 F4pL2 3 ¥ i B4 irreversible progression) :

A Q LB S AR E RURBR T LREA i G R

BpiE B e A EH 0 2 LiFEd B A RKREEY S YA RG4S
23
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ELY WRFHEARFA AL ATEBT BRI B EARBLRE S w2 A h Y

AL E -

PR E PR D e d W AR R 3 O9UR ~ TRACE T T R 2 TR
RO REZE e Fii g TR e FAZEEL G AR ELIR

SAEETEHS S B A A AR BRIA T 0 A RS L T R
B E (R 2 B Pk ) :
SRS T

0 = (412, 918: 923 934 945, 946, 957, dg9) € O

®:0 - Q(&),9(0) = Q(6)
AT IER S B Rhddke 0, # 6, 0 R Q(0,) # Q(6,) ¢

332 @R 2 T ok
32 3.1:

% ik - (Emission Matrix & 7 % 24 f%) ~ B3R - (5 &% FRPIFF R
)~ B 2 (2 B2 3 VR HE) 2 Bk (Sl 2 Happatl) &

T PR G AR E R TA L L BRIA I E 4 E T - LS

T

Pg(8) = exp(Q(0)4)
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L S
Py, (B) # Py, (L)
RHATE 4 2 PRI E AT 2R 0 T
9o, (Y, Y5, Y3) = Yo, (Y1, Y5, Y3)
d R - 0 BRI SR

G= (91, ""gm)

rank(G) = m
T4t o BRI E 3 (observation operator) % H &4p: &t (injective) o 3 2. 0 F BB
BT ST gL Ap R BRI A F o RTBLRIE SIBR & AT TR
S T R Y S R P
T = [PI‘(Yl =Yoo Y2 =yp Y3 = yc)]a,b,c
d  Allman % £ (2009)[20] 22 "E& 5 ¥ 2 |38 2 %7 v LRI EF £

B EERT o 2 A ER 2 AT - v R AR A B

V5

Heg- 3 5 4 - BX k2 Bk EELKE # (label permutation) » FJpt » 5 ¥
e [0 @ 17

PQZ(A) = H_lpgl(A)H
d B3k = i:}irlf%i’g‘-% 7 ¥ i+ (irreversible progression) » # = 4B Q 2 2LF A F
RO AR RCEATLAL  ABE LT AR e d B AR L
BI Ay ARk > A pFde @A o Flpt o LIBEAARRREL G AR

HEAMG R Pi-BEL a8 Hr W
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¢ =ror’

(w,

BIREA B itk 2 B R AR O A e AEdd AR AR
CERESERE T REE T RS L LS SR CEEEE § R A
AR NERL T EARER R T AR R 2 AR AL
BT o 2 B AFE L A R R 2T ok R R o R R3FL R

E ol Shs M ;515

Py, (8) = I;;' Po, (&) [y, = Py, (A)

A Rt
Pg, (8) # Py, (8)

B o EBRKA A o F 0 3 A B R AR FELL AL k2 i

BB L A o SBIPIEF|BE A F T e AT ST
Pg (L)
AR AL 8 S AL Pg(A) 5 ¥ 3w (identifiable) - zE & -

3.3.3 _/:4_ ﬂ:\;—’{E"‘i_Lv:a:— :ri

el PR A2 4 AR Qo T A TP AT Y TR R AR P A
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RBHEREPFTET L AE T o 4 Sapd e o
L 32

2

ARNLRFERET 2 et SEEER (TR R 2 E A B2 ) 22

FlAdfrs B) 2487 0% P=exp(AQ),A>0 s H# Q 4 AEd o Pl

BEFEL P B3 SEE Q H- F b

dRRE (RREEL G M) T 4
AT AR QU RERARE QT RA L2
LA RAS

AL(Q) = qiili = 1, e, ML

Xl PR ST A S B

o Q Lt PR AT R Y REAB B I B
P =exp(AQ),A >0
d 4By fc2 PR S T F
2(P) = exp(A2;(Q)) = exp(Aqy),i = 1,..,m
g3 A>02 q; <00 7
0 <exp(Ag;) <1
PP 2 ¥TF FHCEISL T e BB 0P 3B G RN A R g cE o T

PR il G AgrE- BB R Fo B2 G f P ki B A

27

doi:10.6342/NTU202602503



e log(P) v F o ¥ - 3 & > AQ 975 HfiEy 5 2bn 7 ¥k H R ivs

5 00 J i HEcTi R HS
{ze C:—n <Im(2) < m}
I FU
log{exp(AQ)} = AQ

d 3 P=exp(AQ) ¥ #

AQ = log(P)
Flgt

Q = ;10g(P)

A

RABR TS B4 AEd Q 8 Q0 PR LAFTT TR T A Apdifite

exp(AQ,) = exp(AQ,) =P

AQ, =log(P) = AQ;

Fle A>0

Q=0
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d 232 3] Ao ERBIEFIZEE LT T BRESBFEL L4 23T 32
G RRE UER SRR -T2 SR TR CER R S
ERR LS8 EA RS oF 7 UL RR IR SR FEES VIS S R R ] -

A gl HEM o TP AT ] 2 T ERR A R B B

S

&

=
v

S B -

—=\

TI2 33
25w f e B 0,0, AL 2 GREBIAFT R 2l 0 B 0, =0, -
H(FFEZ
BRBHAIZ B3 27 @NE Alnas 27k Sl 2
0, + 0,

tHTAEZ BRITHBE LT R 2R T

9o, (Y1, ... Yr) = go, (Y1, ..., Y1)

Q1 =0Q(01),0, = Q(82)

TEEBH B2 EBPFELS

J4

P, () = exp(AQy), P>(A) = exp(AQ,)

dRRE 0 RA P 0o Q(0) B apat e Tt ¥
6, # 6,
Pl 3
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Q, # Q;

F- 26 > d 38 e S B 2 RITRME ST Ak > & TI 3] Vil B

A S BT RIS - ] Fp
Py (A) = P,(4)

ORI T A A R 4 AR 2 BRI TR A A S WA
el Y RILI2 VA AL TR AV HAREREERT 0 EH

¥ aprler— g 4 R aprE s T

Pi(A) = P,(8) = Q1 =0Q;

e L‘qaux‘l’d 917‘—'92 IF}\ L*'Lr:f

A F e B FHEEBERA N 0 &F 5 s Bk Sl £ AR 2 BB

THRmE ST T2 0 F
gel(ylﬂ---; ) ggz(Yl,..., )

EI'J A

=i

o AELE L RREREFREARER L] 2BV S 2L .
3.4 4 AP

REZEAPMNGEITE 2 S HRALE 0 AH T - #GEF2 (counting process)

Y gesl o (martingale theory) 2 & 7P o K X () 27 % k =BH?FRF

2E 4
LA R HELREES () ThHE
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Ni(jk)(t)
AT BHMAIRET tdRE I BBIRE jZAHES I E-H LA
4p 1% (at-risk indicator)
) = 1 (6 = 1}

#¢ I() %4pom ¥k (indicator function) o § BAE TP ¢ W ER R RS A

S

o s 15 ERE 00 Ft o
@
()

LR BT ¢ LEL ARG [ FARBLR G biEe R 0 T R

2
[

i

[ T &8 j z 44 % B 3 ¥ (transition intensity function) #_% 3
K k
AP 0) = v (0)0,(0)

B q;(0) 2o d i D BHIRE J 2P ES X (instantaneous transition
rate) ° £ 0y %7 EF S#iciE o 1395 Doob-Meyer ~ f# TI2Z (Andersen et al.,
1993)[21] » & 5 7 Fipl5% & S e 3G ART v - ARGV LRI f @A
(predictable compensator) £ ¥+:iF 42 (martingale process) 2z fr o gt & f#2_ P 3t
R PiE AR Y 0k ‘«‘L'}ié—f#kff’ SIS R Ao U E A 0 H P AT T B AR 3B TR R

2 TIORFEH 75 0 0 B EARR R FRRLE S AR IS 0 2 s

N

:t;’ﬁ\_ °

&

BB AR T BT T P RGBT AT 0 X (TR 2 bt R

L2l
=

«

(i
3

S ESLEEE &

e

o

Op 27 EF S8iciE > PIE SR 7 IERM KBRS

t
AP = f 209 (u; 6,) du
0
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FIP o HGEART & T 5
%) x) (k)
NP©® =aP0 +MP )

He F 27 BIFF ¢ S RHLECTR A (Fleo L5 B XERE

(natural filtration) - 1245 Doob-Meyer 4 f# 32 »

M) =N ) - f 209 (u; 66) du
LA {Flmoz BB AL X% B

ElMPm-MPe) 1R]|=00=s<t

PR AT P REART A RGN Y RS R L fe o Y
A0 B A dw o WOR] ATIERI 2 R AR A Sl 0 @ BT R R B R RRLRLS R AR

,| L

mip 2 Kli’b&/ﬁ»f” ° d%’\ﬁ—“i‘aﬂ7 IEEHPY LR 5 T AL 94 :—‘—r}%é jLyea

N\

a

7 % @~ S (Score function) * B F 8T LG FH Y B2 WG iky o I
B APMNETE - REERTY L & AH -
341 - R+

AR T A 2 ¥ 5 R~ 4L Pl i (Regular condition) T o & & PRI

G FUARS T T

0, > 0p,n >

d % dioiE BIT 8T SO 1 S0l ~ £, (0) - Rfcacd B 92 i
L(6) = Eg,[log f(Y; 6)]
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L(6) < L(6y),V6 + 6,

T Gy HrE- fE< 2o 1955 Wald - R FIL

TI2 341 2 if#T > F 5 £ F i (Fisher information) 4E*E

_ . |9%2(60)
1(60) = ~E [ae 267

-

b 53 RAEE s Bl
A d
Vn(8, — 65) > N(0,17"(6,))
#m

d 1 & Jfc (Score function)

_04,(0)
U,(0) =
Z2_ Taylor B B »
U (9)
0 = Up (@) = Un(80) + —15-= (B = 00)
He 6 4 0, ¥7 0y 2F od ¥¢ w&R'T7 I (Martingale Central Limit
Theorem) % ¥ ¢ | % £ 1§ 4% (Predictable variation process) 2.4z &t v ¥

L v 60 S NG, 16
\/_ﬁn(O)_) (0,1(6o))
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£ d X HER]

16U (0) L4
n 907

= 1(6o)

VB, — 85) S N(0,17(8,))

FE P HEER ARV ENMES T R -SRI PEET . AFEY AR
ZEBFSE O R - RESPRTV A -T2 EFRIAEH A BPE

ac s B Lo Fpt o Bt

¥
ﬁ
E‘v‘
fon
Yt
g
o
&
L
=t
fot.
l
ik
\_
T
i
!
o
o
1%
*’E‘ﬁ
ﬁ‘\

TR AR BA A 2 RAENA PRECEFEBARGTS 2

ﬁ@;mtf;ﬁ,za A2 R el kAT 2 A AH -

et ARCAT R 2 & dp R R QR R T 0 AT TR 2
<P B3t € E 3 - R (consistency ) 287317 % fi 42 (asymptotic normality ) -
CERLEREY S LTI TR SIERE LR SRR TS
A PR R L SR LR R PR T I02 A e BRI 4 A
SRR BRTITRA SR SR A UAE TR S S L A RBERE T
o Bl o G- B AR AFRGTR EH S AL EEET BESEY
Gk I LR E 2 B P 2 AR R B RIERIED D HSERIB LD
B ARCHA] w2 R A B R ERIHY BRI R RIRIZFE

o3
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3.5 B EE Y IRHA

AETE-HJIFWEFY S FE 2 RBAE ),%?E/P #-7] (individual-level
disease prediction model) » 14 3% B £ G B H A8 B otk G 2 M B o 2 W R R
MERAF LN A BERPIGRI R BPES VAL B sz AT
£ 02 AR TRk R T AR R A T AT ARG A b TR

24 R A o

BEPABE SR E2 (FELER  AE LA RE A B AAEE - §
- BHER* > F A T ¥ B (Normal) ¥ HJTU%’ %2 (Adenoma) > ' 45 3¢ Hﬁt.‘)@;ﬂ =S
ZAPM B TS S B BRI R A B:]zﬁ‘;; B4 (Adenoma) £ & k16 1 Kk
(screen-detected cancer) * " = B2 A i - HECERESZE L P

A G A wiE 2 A 1A 5 R (Artificial Neural Network, ANN) 2 548 Z 4k
(Random Forest, RF) 13146 {7 7 s 4 2 2 1% 03 j# 1 % 434 & 701 ikt
R RUY A T A
35S0 F T HREFE A

AELRE: GRAREFTRZGRTAS B ETV ARG
fo b A AR > 2 X 3 R 4 2 AR
o~ FER  2BAE - PR LR REL MREREEETR AP X

oA B AANED BB RS BET AT
(= ) Normal versus Adenoma 4" g -7

Y = {O, Normal
~ 1, Adenoma

PR BRI B UR B LB SRR &1 Ak Tl HDRBY S 29
it 4
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(= )Adenoma versus Screen-detected CRC 4" #f 157

Yy = {0, Adenoma

1, Screen — detected CRC

P A RFEEABELFE- HFR LG IR AR T R LR

RABERE S 4 LRI S o AR LA T A R T

(1) * v & #F#c (Demographic Variables)

e [2%| (Gender)
o X7 ## (EntryAge)

e %% #/& (Education Level)

= % &% 2% 5 ¢ (Family History of Colorectal Cancer)

S F 7S] PSS ES R FIWEERRET IR T 3 E- R
T IV T EER R T I
(2)2 = 3] ik % #ic (Lifestyle Variables)
P
e 3 (Smoking)
o & (Alcohol Drinking)
o B % (Betel Nut Chewing)
o & Y I (Exercise Habit)
o . HF VI (Vegetable Consumption)
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e & aY I (MeatConsumption)
e v k% ¥ 1§ (Fruit Consumption)
o chvwey | (Coffee Consumption)

FAERUCE PRI R 75 B Y I o A A A URAE G B

B2 S LEREFRT O GRBE G E S RLE LR G

(3) ¥ % k| € 45 % (Anthropometric Variables)

o &[] (Waist)
e AR (AC)

S ;‘;;Tf%ﬁ;:? F oph e il fe g oge ngrs L uﬁﬁ_ﬁ Taiq/ o ¥ Bl gy X ;gj—;i =24 @;;FM;; £3

s,;:a;j-l\;}ggﬂj;kiﬂ’eg P%@.)kxﬁ;ha%f B o

(4) Tk & 4 i ¥ % % #ic (Clinical and Biochemical Variables)

o L AAFH AHcE (Fecal Immunochemical Test Level, FIT)

e LW EAEHIE AL E (Fecal Immunochemical Test Group, FITGP)
o Jc&gR (Systolic Blood Pressure, SBP)

e 473k /& (Diastolic Blood Pressure, DBP)

o = FH M A (Triglyceride, TG)

e B ®ARP;kv "7 (High-density Lipoprotein Cholesterol, HDL)

o #E A% (Glutamate Oxaloacetate Transaminase, GOT)

o ¥ [ fpiiE'=pF (Glutamate Pyruvate Transaminase, GPT)
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o Jkp& (Uric Acid, UA)

e =¥ k%% (Blood Urea Nitrogen, BUN)

dap R ph Ao F NEGR A R R TR R TR T A R P
SR Reds SNELED I LRI SR ”%’“ﬁU"”’“ ~E X E SRR LRI
o Fl AR R o8 SRR A AT o B PR L{AATFREEL
FH LS FBT 22 L T A& i % (Fecal Inmunochemical Test, FIT) 2
TEWPIE - ZEFTHEZ SHAP AT C A58 % - R (52 SHAP B¥

PEEF RSB LA FBT s Heph 2 p 3 Rls- 0 FIT %57 o

3.5.2 AR e e

WaE 2 W EE Y A > % f LR T F A9 a2 (data preprocessing) 0 1%
AFREF DL HAI Pk o d AP R Y 2 TR 73 ¥
LR 3 LR $ S AR o TR FEERF LT AJIEAR
Feoo gt b o 300 B Wl iR A AP EFIL Y o T o FRICI A L NG (class
bias) » Flut 7 F AR AT Y A L GAIL o AFTE 2 FALT AILIRAR S 45 AL

REARE T W R B AS ~ R SREE  T T RILE I P 4T e

WHAlZE 2w > g LR {744 B (missing values) & £ ¥ B (outliers) & & >

MR T &SR o #3044 i~ & 'UE (infinite values) 2 B ¥ T LB Tk

W A8 A=Ay Ed (EntryAge) K AA B %G E
(FIT) ~ 3 %R (Induction Time) ~ ¥ %7 # (Diagnosed Age) ~ 1c 45 /&
(SBP) ~ &5 /& (DBP)~ *%[F] (Waist) ~ "L F (AC)~ Z feH # fig (TG)~

B %
B fq 3¢ "2 FfE (HDL) ~ 3%+ it 35 #% (GOT ~ GPT) ~ Jkpe (UA) >~ @ fRE &
38
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(BUN) % #vpifiF (Creatinine ) % - >t 4 1 40 %5 g (Artificial Neural Network,
ANN) HCA2 g 3 8 TR 1 g » 1% K7 e B R % R B R RS .

T SURVEEEY T WL 2

e

X, 5 RAsaE

o U HHET IS5

o bR

Z sHHL2ZHE -

SRS > L RBETO8GRT 00 RH LT 1 5 R A 1 SRR
Az freoeF @RI o ¥ - > 6 > 5 &1F (Random Forest, RF) #-3] 4
AR AR B S B H AR A 2 P SRR 2 X BB R AR

P TR R A TR AL TR RS R RAST L 4

(s
R

oo
v ag W 3] R 0 ¢ 35125 (Gender) ~ %7 42K (Education) ~ 7% 5 ¢
(CRC Family History) ~ ¥ # (Smoking) ~ 4% /] (Alcohol Drinking) ~ 1 #¥%i¢ *
(Betel Nut Chewing) ~ i&# ¥ 1§ (Exercise) % 4c S 4p R 8% > Pl S § 2
Bl S 1o 2 0 1016 HRE
(=)~ k& 372 R %% (Stratified 10-Fold Cross-Validation)

5 3FE Al 2 L0 & 4 (Generalization ability) ¥ % i H =t Fofl2r & i7ig = 2
REHEAL 0 AT EY Ak 373 R %# (Stratified 10-fold cross-validation)ig {7
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B2l R e o KR ETA AT 5

D = {(x;, yi)}ica

N
™

o X R w I B £
° yl z\ 3 }"}?—‘,/’a\ %-‘3‘ ;

e N é’]‘iﬂ‘lﬁ,

ip;ﬁx@ﬁ%ﬁwwm%?ﬁg§¢@f%;gg(m-M@yﬁig

BHY 4B EETLIRFTAE (Training dataset) - - B3 EEIFLPRERE

FTALE (Testing dataset) » T £ AFE 7L A HADREHKHE > R FLFTHEF - =&

RS R R T e R S e S PR

TJ\
n\\-
ﬂm
(\x
il

& fold 2 4o n }%“‘F EIRA I P SRR A T RO

=
ForRERFETY &AL AR R .
(2 )% 3 = fragd

d Ay a B e8] > ¢ 35 Normal versus Adenoma £
FLAFA TR R FE Y 3R

Adenoma versus Screen-detected CRC >

Kvd RIZAF N 2 T R AL
1. Normal versus Adenoma $-3| : SMOTE

% Normal versus Adenoma 4 %3] ¢ > d ** Adenoma i & #icp? & 5 *t

Normal i % » F]p* 28 7 $ * Synthetic Minority Over-sampling Technique

(SMOTE) i {7 > HcAT W4 5 « 38 > Blgul e A B £ 47 5

Sm = {xl,xz, ...,xn}
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B onop BT E A e $tE - BRI A x o F A BOVIER

(Euclidean distance):- 5 H #7 H 3 % Hcif W] A 2_ jE4R ©

P
d(x;, %) = Z(xu — xj)?
=1

FEPH kB EITHE & (k-nearest neighbors) o BE 5 MEHEBH ¢ — BRI

Xnew = Xi + A(Xyy — X;)

A~ U(0,1)

Flpt o RTA SR AT RA R A SR BT R A B2 F B T O e b By

A AR " M S B B e
2. Adenoma versus Screen-detected CRC #i-3| - Class Weight

7 Adenoma versus CRC 4 #g #7347 - d 3% CRC B ZHAp¥i " » Fp 4~
FAF ot A A SRR ) P B g nE £ (class weight) & 5% AR W] A T R

R X F cHRZ L L weo PSRRI A Sy AT S

n
1
1 A
L=== % > wel(i=)log(hio)
c=0
i=1
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o Dic HEA I MIERIGHY ¢ 2F

° I() é;}ﬁﬁ‘ \;’i'rg{"
PR R AR B RS > R Ay Yus Y e AR By
®% > rdx 2 Screen-detected CRC 2 iy 4 o b eb o 975 %] 7 T il ia
WP Y (7 > UL RIE TR TR (data leakage) 0 F R R0 e
e 2. BRI -

353 A 1A R HC
A 1A &R (Artificial Neural Network, ANN) & - fHC7 4 =40 i5 % S
ARG WHTE 2 2 EREN P ER Y HA > 53 Wb
(Nonlinear fitting capability) > #c %3 7 »cdf #i4f fe ¥ 2. 2 7 i * (Interaction
effects) 2 224012 B % (Nonlinear relationships) o & »* < % B % 5 52 3 4 3 ¥
FREGTFIFERPE P LEGTF IRV T A RME > T AT HEY
A e RIS 2 A R A REHCT] 0 NSRRI A BB R R R s 2 TR 4 o
AR 2 A DA R RE] o B R E - A g g A

Bt B AR A 2 TR R
(% H#

LA SRR & d g~ & (Input Layer) » 'L & (Hidden Layer) % CEE

(Output Layer) #7ke = o @ BpFRICBHTRREPATR e A0 B

ek

v .
-

—,\\

+
~

B~ 4 AR A LF ;}ﬁﬁ}_g{ ERLEY 3 -5 °"r‘3{$;*])"’r"’

X = (x1,%9, .00, x)"

© P R FHED
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° xlﬁiliﬁﬁﬁ”%ﬁi"

HERE Y S BHEA HAPEET AT L

14
Zj = Zwijxi +b]
i=1

e Wi »d#EEE (weight);
e b & HZ7 (bias)
g ﬁg?] VR % 1B S Y Sl (activation function) & 17 2R AR 3%
hj = g(z)
AF2 % $ * Rectified Linear Unit (ReLU) % 5 7% i* Sifc !
ReLU(z) = max(0,z)

ReLU Sl § 3+ 55 3 2 ¥ " MR J 4 (vanishing gradient) F* 4% ¥ 2L -

IR IR VIR N A SRR o
(= ) K 2 A o TR RIS

AR RS RSN TN e § - B gA s 8

B
T
(D
s

L VAR S R SR ER U

m
j=1
He
. m LEFEM SAKE
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e v 'ERAZ éjﬂ'./é;iﬁ;:a‘_;
o b S RAA

5—«—%] NEEHES A 03 1 B3RS > 27T Sigmoid Sk

>
Il

1+e?

N
™

o P FFHAITERIBHE P AR BB AT
(G % Sl
P FERAIRSRE LT A RRERFZ LR AFTEHERY 2 A G4
i #c (Binary Cross-Entropy Loss) %5 & i i p & ¢
n

— = Tyilog(3) + (1 - ylog(1 - py)]

i=1

:|»—x

e n At AEC

e Y ﬁ?‘?ﬁfﬁiﬂ*’i@ ;

o P; & BAIFERMSEF -
BRAER S R AT F ﬁ)ﬁﬁ%@ﬂ* CAF A wBciE AR o BRI YUERY 0 )
* B oo @ 3% 82 (Backpropagation Algorithm ) 3+ 5 3F 4 St £ B € 82
B o 3% Adam & if 1§ £ 2 (Adaptive Moment Estimation, Adam ) § #7474
L cAdam R EHR2Z-HHEE -_HBHBELI TN pEAFLFELILEY I
M A o aE B2 PVRAR T o 5d § i (N9 (iterations ) 0 BEA iR {
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AL S L Sl R AL SBCE PR A A s A 2 TR

e
it 3 o

3.54 " il
T;}»,,;# A1 AR TR i A b AR R 2 S A4k (Random

Forest, RF) #4118 5 ¥ - BEFNBETY 22 0 35k B 4 TRk P B /R

&=

AR 2 FERlAe o "ES kT2 d Breiman #% 112 & = 5 ¥ (Ensemble learning)
o AP s L B5iEE 2 4 - $ B (Decision trees) » ¥ B & & - R A2 TR R
FE o NERAHAZ AE L ST o PR E - AR PR ITRASY
Fa A4 EAREE (Overfitting) R 45 > “E 18 %Fﬁ‘\%v} Bootstrap 3 % % “E % 4
i P~ (Random feature selection) 4] > ¥ F »c"# <-4 % £ & (Variance) > ¥ 3%

AHEAH A T2 £ & 4 (Generalization ability) °
(- )Bootstrap Sampling
RPRFHE AR D

D = {(x;, i) }i=1

o x; A F I B P
o Vi AT EBRAHESE
e n tkidce

SR R T A KB R R ATREY R kv R 2 F e

%J'l‘f‘;ﬁ’?‘ L g; :
D4, D5, ..., Dg
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e B Zik-WAREk-

d 3t Bootstrap 3 th L3F L AR B FM AR AT AR - TR £4F
DI AR PR AR AARN P o AAR R AL ATR * 2 AH S Out-of-
Bag(OOB)# & » ¥ iF 3 #C3| p 3RS FAL > * - 03] A 43k £ o
(= )& 8~ ¥ Gini Impurity

WE - PR AR e o AT R Y 2nE e R e N0 A R
R IR Pt AT S G E R £ oo ST R R 2 AR
B He R AARR bR BT kA AL i .

#7370 Gini impurity % 5 § 28 R 2 R gt o K E BT F kdEH A AT

F B 5 pr o Bl Ginid impurity ®& 5

Ho pes ok AT E B B o F SEN T AR B - P
G=0 47 &8 %28t § L4u) 6l4%32 7 » Gini impurity 4% < » %
OB RE A R T NEARE o FIM A E R A A1 4 Gini impurity B
(RSB HARETL B S ) 2 FHE 2 EITL B EABRA - o
(2 )4 &AW A8

%= B fﬁ:i#%ﬁi}%ﬂ'féfﬁ?é A BAKANIEHBHAL - EAHES oK F
bk - KA BRE § 2RSS

(D)

l
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PIEHS Bethdo i A BB 5T 4 7 5

W12 % Foid-(majority voting) = 5N AT B K A E R %

3.5.5 A s 7=

53 A 14 S (Artificial Neural Network, ANN) 2 % % A4k (Random
Forest, RF) #-3|2 % },;3/;4;\;?51 Ao AETEARD R A > JI* RPIRETAE
(testing dataset) & {7 -] %7 > I 2R % 4B (Confusion Matrix) 1% 5 4 3§28 %
TR AW AEL ARESA B AR 0 R

1. Normal versus Adenoma

2. Adenoma versus Screen-detected CRC

Flt oo A FCAIS Y e #5 B A2 (binary classification problem) o % :

True Positive (TP) % 7 F "2 2 B2 SRR 2 B2 B 28

True Negative (TN) % 7 F "% 2 1AM 2 Fp R A 152 B 28k

False Positive (FP) % 7% "% 2 & e 3p ] 5 B2 B S ¥

False Negative (FN) # 7§ "2 5 B e Spip 5 122 B k¥ -

PP EE > AT 8 B (Accuracy) ~ AR B (Sensitivity) ~ 4 B B
(Specificity) ~ ## #£ 5 (Precision) ~ Fl-score 2 ROC # % & # (Area Under the
p Y

CurVe AUC) Eﬁj—ﬂ*$ 1) I,{ /‘r\':'FJ:]F'* ]A\éﬁ){ﬂh o
(- )& % 4L (Confusion Matrix)

AR R AR R SR R R L BN o B e
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FRBEFREE

TR TP FP

TEIR L FN TN

@ AP B LA DR AR R T R 2 SRR

Brr kA T AT A A S A b > H3h B AN 4eT

TP+TN
TP+TN+ FP+FN

Accuracy =

Rred v F PR s L mAe &k 0 By T g e 2 T F (Class

imbalance) ¥ > ¥ i § G A LR FIM FHERE LFRIpES FER -

(=)t & (Sensitivity)

SR AL T F Recall) » & 7 H2IE AEFREA R BRLL S 0 B Uk
.
omsitivicy — 7
ensitivi y_TP+FN
AR RAER 0 Lo AR ﬁfﬁ’:'ﬁ %(falsenega‘uvey N ’]‘i_jggﬁ;z LI
BLAR AR AL G OTRER BRI RB R AR FRE
FTERRE -

(z)+#F 2 & (Specificity)

BRAAAHAUD AR BRELL S B9 E 20T
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TN

Specificity = m

FRRARF > ARG F R B ROR G BHESS A RB R P

KA LRLGHRERTFRTRAY -
(Z ) #z % (Precision)

HEFATHAFRARBBEY FRRET ZARBEL 6 B TLhdr

procision — 1P
recision = TP + FP
WAESARE > 27 HFREEL7 E R -

(= )F1-score

d ** Precision £ Recall BFil ¥ 75 i@ #wh (% > TP 287 7 8- H |+ Fl-
score 1T & FL:EE 5};‘1 # o Fl-score 5 Precision £ Recall 2 4 frT 54 > H 2
& hoT ol

Precision X Recall
F1=2X

Precision + Recall

Fl-score I pF4 & Ha] 2 scfd R B HFES » Fulif * 0B p TS adful 2 T4
FRT 2 AR .
(< )ROC & #m ¥ AUC

“,lrt t ;i:}ﬂ ok AT ORI X ;é—'ﬂk P (T H Y R (Receiver Operating
Characteristic Curve, ROC Curve) 3= 73] 2. % %4 # o ROC & 211 B 5 F
(True Positive Rate, TPR) % %&b » iH 125 (False Positive Rate, FPR) % i #ih'g
EIG N
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TP

TPR =55 TFN
FPR = kP
~ FP+TN

HiEreg 8 R @ (Classification threshold) > # & % 2. TPR 2 FPR & & >
igm A% ROC & # - ROC # 51T & ## (Area Under the Curve, AUC) ¥ i¥ & $ic

A EMFH N4 2 £ AUC /43 05 1 1.0 2 FF
o AUC=0.5 %77 B3| A i 4 BiTsg e

e AUC=10 2783 L5 = E Hfn 4 o

o

- dkd 3 0 AUC EARIRIT 10 &7 BRI § 22 % 2 7 BB pRk i o
(M e
AF7 3 #-ik gy Accuracy ~ Sensitivity ~ Specificity - Precision ~ Fl-score £

AUC $445 > b ot 140 0 e B 2 SEHS R3] 2 2 ki o 0L oh 0 AT

ARSI RAN (N
1. Normal versus Adenoma -7 2_3p | & IR ;
2. Adenoma versus Screen-detected CRC $i=3| 2_ 3g B & I ©

FUERARPEEEY RN AR E AR FEERRL MRS > T IT5 A
TR 2 g
3.5.6 HAl YL AT

d 3t A 2 # 5 et (Artificial Neural Network, ANN) ¥ % &4k (Random
Forest, RF) %5 B & 4 7| 2 3 24F0igipliv 4 > mH P 3L s nepd 812

o Flpt Ay - Y AR 24 17 (Model Interpretability Analysis) » 4%
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HETRAPACHA RS SR LB PER  NRI AL T R

(interpretability) ©

AF2 % $ * SHapley Additive exPlanations (SHAP ) = 2 & (7 #-4] f2 12 -
SHAP # 3t £ (5% k1342 Shapley Value ¥4 - 7 & i & # % o2l 35
Bl E 2 ?‘/,% C TR EREELBPER o AFF Y A B 4% Normal versus
Adenoma ¥ Adenoma versus Screen-detected CRC = B = =~ & 3g #-3] & 7 SHAP
AT TR R R B FF R 2 £ R IERIF]S o
(= )Shapley Value

SHAP = & (i At £ (e 3L ¢ oh Shapley Value #r& = - K #Ale 7 p
BHy~HH 0 4 N ={12,..,p} &7 FHLEE o RIF | BERL

Shapley Value #_&4rT

|S1!(p—ISI|-1)!
@::zz P S U - £S)

SCN\{i}

St
Ar

o N 5t AR S
o S 3F e TR ZFHFEE S

F(S) Al $ach & S TR EF

b FFH D HEAITERSE S E%E )[?e (marginal contribution) °

Shapley Value ¥ AR & 73 ¥ iy $FACEE T » - FHCHBAIE RIS k2 T 57

TR R o 1 S s RS S s L 2

(= )SHAP &2 % 77
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$0 RS AT AT S

f(x) = o +Z¢ij
i=1

o f(x) 5% j A WATERIE
o o & PTF thA 2 TIHIEP|E (Baseline prediction) ;
o ¢ *¥ j TBAENE [ Bk SHAP @& -
dONARTE R - AL HHCY 0 F SHAP BV R 5 - HACH DRI

H

F2Z B3I BB ER o § SHAP B Z 0 pF > £ m 245 e g 3 8 B35 p R B

WESTHGER AR 25 0 F 2 0 5 SHAP B3 f o RIA 7 32 #0E KT
FER 5 R E A R L o blde

e 7 Normal versus Adenoma #:3|® » I » SHAP &R £ 4% % B AL &

% Adenoma Z_ "% ;

Adenoma versus Screen-detected CRC #-3)¢ » &+ » SHAP &R & £ 3%

F_&

% B R84 4 47 5 Screen-detected CRC 2_ ¥ o

(= )SHAP # ¥ B](SHAP Beeswarm Plot)

L3R A AR R S R 2 EHB S . A5 7 1% SHAP Beeswarm Plot

]
17 24 j2ff ~ 47 (Global interpretation) - SHAP Beeswarm Plot #-#75 5 38§ 2.
SHAP i/ # & 3¢ - F ¢
e F#hi 7 SHAP value ;

o GidhR T PR
52
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o B AT EHHEA ]

%’gvj SHAP Beeswarm Plot + ¢ pFEL% !

2. PHHARBR G LBES b
3. PAE P BHE RSB AR

AR EAI* L3295 % SHAP & (Mean Absolute SHAP Value) 75 ¥ & iy

oo HF HheT

n
1
Importance; = ;2 | i |
j=1

e n HtkAE;

o ¢y A F j B E 0 BiFpcZ SHAP @& o
T 305 % SHAP EA%< » & 7 B A2 R S 5 2 B84 E & -
(z )SHAP $#£ %4 & B] (SHAP Beeswarm Plot)

Pil- HEFHER REE A HL R LM A7 SHAP L
W o R Ry SHAP @R 2 & (B % o SHAP #5354 & Bl $4cd %
BoE (T 5 ph o 2 SHAP @175 4 ¥ % 3R 6 B A b G [ eh
AP o bldo > AFTE T A% SHAP 35 34% & BlE ¢
o # A7 E# (EntryAge) 34 # F #& F Adenoma # Screen-detected

CRC # 4 k' ;
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o PR (Waist) 3 4c 2T &3 A RIS
« fciER (SBP) &2 475 R (DBP) 5 s b 'k 2 B 5

o ZEHWA (TG~ F %A dd "2HE (HDL) & S 3Hpih2 Ak & 2

LAV TR

i SHAP SR B > ¥ 8- HBEBFTE YV 32 A8 ¥ e e
7l AR e R IR T & B TS
3.6 M A Mg A R 2 R R

AR e 2 2 B PR ERR B AR B T TP E SR
B Y Lok R 2 T 3oH A 55 % (Transition intensity) » H 7 {7 $2 3 &40
(Generator matrix) * # £ 483 (Population level) 2z % B IR o R gy T ia
S KRB RR TG SRR T T R R TR R L A
BB oRm 2 BRFEL Lo o2k (FHb)~ 2 541 2 B ik
o BABEERGET LG EFRTME Fl A FH T Sy

3OELE P RRE R AR AR

Flpt o AR BEEPEFVTELB AL ARRGTR 2B AT
bt~ R 2 p gk 8B B3] (Personalized risk-stratified disease progression model) -
B R a2 B }I—,‘a pARY Rl T BAA ‘g\iﬁ;}rﬁ@/‘gﬁ% o 2 AL 5 A
FER P R AT R LT 5 S T L AR (Generator matrix at
population level) » £ Z¥5 1 BH ¥ AT o3t 2 BREE & > AE LB RES I

%ZF%%Eﬁﬂkiﬁ%@ CRT

AL 5w R A2 A - A4 KHCA] 0 ¢ 45 Normal versus Adenoma

12 % Adenoma versus Screen-detected CRC > I 4 & #* A 1 4 & iz (Artificial
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Neural Network, ANN) £ &g #+f (Random Forest, RF) i& {7 4 54 17 ¢ &t &
Bl A agie 4 18 0 W E G BRI R sa 2 W RS B AR e R A
HAEpH 5 (Predicted probability) 15 BAEA Bk &2 £ it dp ik o b pF o 7

SHapley Additive exPlanations (SHAP) 4 #7 &€ & Sp/p| % #Hc > 11 7 fF & B 'k F]F 4

B4R R 2 AR E TR

WH LB R ARCREFRLPREYIARBT L p 0 2 AL T

TERS S 5 po Pl & E ApER & 2 B (Relative risk multiplier) 3

RRi =

=S

"(RR; > 1)A 732 B A HER R G § 30T 32%E 5 (RR; < DRI 7 2 5
BB R G T Rk o

AR AR MLS KR RERE > 451D F e 3 H;]-Uén (Normal
— Adenoma) ™ % ’Jf]lﬁwi I & # % (Adenoma — Screen-detected CRC) » F]pt 4~

BliE S EARER 'R B B A

RRM

RRU®

E A HRE sl SRtz TP oo SR A d R
(Personalized generator matrix) % ¥ 48T 354 s 4% ¢ Normal 2 Adenoma 2z

WA e
q12

Adenoma I Fifk fE w0 ¥ ORI HP PR EL(E R )2 A S

R
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423
Pl% (1) Bz BACERSFTE:
q12()) = RR;(NA)q1
q23(1) = RR;(AC)q23
H 4p -‘}fﬁﬁﬁ T AFEME AR THE . A vE Y | R4S
k(S
Qi
R FPETE7T L4895 5 | 2RUYEFRF t 2@8BPIELT 47 5
P;(t) = exp(Q;t)

#e exp(:) %74EL4pHic (Matrix exponential) o 1% ot B % it g4 8 F EBrL >
TELE A B L A Ik fs 2. % A2 B 85 (Cumulative progression
probability) » & m £ = B A i B i % 3% (Personalized disease progression

spectrum) °

ek SR TRA R A R ST R ERIE S o R
Stef ko l(decile)d] S 5 BREE S LREE T LG P FLAPERE R
BEEHEZARESSF > TN ER KRG B R GZAREEYAR (Risk
spectrum) © . > AT FERT PR ASLBE S JIF BALA S EEGH
BB R RMA R BAAR b E B AN 2 A R R P 0 GRE B A T

IE‘E wq,,«+§§&3§9%; (IR I G E R o) x% =

3.7 %

iad

AR pAE R YT ERR LA i #-7] (Continuous-time hidden-state
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disease model) » 1445 i+ F E Hpd & KR B TRRED T LRIY I TRE
T 2 Ao &R EAE - BEE Y PR S 7 £ 542 (Continuous-time Markov
process ) 2 4 = 4E*L (Generator matrix ) fo# $44E"L (Emission model) 2 24§
%] % B b sk i (Latent disease states ) &7 FIT 1 & &tk ac gt & P 2 45 % fi -
peek s kg I H ik 42 (Counting process ) ¥ #£1 & #e (Likelihood

function) & = #03] 2 Stk 4 > XL AT SRR SR 2 o

AR RCHA > ARy RE 2B EFY AR R R AR
BT P A RERIFR LIRS « SEPASESRARL XY ABL
LB H@EMIFE > A7 Y 4~ BE 2 Normal versus Adenoma ¥2 Adenoma versus
Screen-detected CRC & B = ~ & 7] » ¥ 4% 4 14 &% (Artificial Neural
Network, ANN ) 27 %g #% #+k (Random Forest, RF) i& {7 5 A WA AT o 3R 2
wA R S TR IR A AT T R R GRS Rl 2
Accuracy ~ Sensitivity ~ Specificity ~ Precision ~ Fl-score 2 AUC % a‘;] Tl i B4
»ie 0 a4 *  SHapley Additive exPlanations (SHAP) 4 47 & ¢ iR % #icid fic ) »

SET JTE

Bfp o AR HE LA AR ACKULBELY FAEY > 0
5 BRETE RIS 52 2 AR & B i (Relative risk multiplier ) » & %32 # » 2 = 45
2 R R PSR A RS K AR R TR A REE R

BATREER L AH

57

doi:10.6342/NTU202602503



>
~

<A 75 %

=
i
“I’A
5

41 2P FIT S TR A v P pLpl s % A+

AETA R RES SRR FIT e TAL > $~ 5 ~ 2004 £ 3
2021 & (£ 18 &) 2 @t FH > £ ¢ 7 14478478 % =X &tk k&%
5640906 % HH (% 4.0) - % AR RAE LT S G T 7R AR
LR RIS TR R E e T R BB BB D T o MR R ] R A
% ) Al Hi]’LP’ (Small adenoma) 2 HJTLF” (Advanced adenoma) ; F&/k o ¥ 1§

BIHP R B2 TNM & #p &2 5 % ¥ (Stage 0-2) % at#p (Stage3-4)

MFEL RS SRRy R IARE T AR 0 AR ARED ~ iR R - B IR

]

)

CHEBLERE ERE o T 0 AR GROTEBD TR AARDE S A SR

5

X H o PR ARL NI TR B G RDE (PSD) Tidp B R0
F-o A LA ERE2EPELZ KR S HKRTRE (SSD) F S E k=
Rl 2 BpaE > B FE& (Interval cancer) % & 5 FIT 14418 2 # M FEds 2 Bl »
BLEH R FITH R AN 2Ep R 3ms2L Bh  ES ”i (Refuser) %3 1=

1A E SRS S AR S HE FIT Gt B

RETARRRERZBERTR  AFLRBEFAARAL YR EL TR
iim:uﬁ%gg§%ﬁ»ff@yg;zyiﬁ,rﬁ MK - Sl

B BB R o
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241 22 R FIT GRFRELA T BREARLTF

LS a8~ A n X = X # n A #e %
14,478,478 5,640,906
el H 6,082,551 42.01 2,585,140 45.83
- 8,395,927 57.99 3,055,766 54.17
£ 50-54 2,942,879 20.33 2,301,959 40.81
55-59 3,869,577 26.73 1,429,419 25.34
60—64 3,522,533 24.33 971,067 17.21
65—-69 2,938,653 20.30 729,870 12.94
>70 1,204,836 8.32 208,591 3.70
FIT 2 % e 13,420,875 93.09 5,168,497 91.62
X el 995,711 6.88 412,528 7.31
A i 61,892 0.43 59,881 1.06
BB ¥ %7 Normal 14,153,469 97.76 5,482,396 97.19
Small adenoma 157,514 1.09 53,642 0.95
Advanced adenoma 71,500 0.49 31,495 0.56
Early PCDP 23,527 0.16 12,246 0.22
59
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Late PCDP 7,841 0.05 4,639 0.08

Early CP 36,214 0.25 30,757 0.55
Late CP 28,413 0.20 25,731 0.46
L SRAE  ARED 14,382,483 99.34 5,544911 98.3
B Re RR 16,885 0.12 16,885 0.3
fe & 1 RR 14,483 0.10 14,483 0.26
LRt 8,383 0.06 8,383 0.15
i B R 14,021 0.10 14,021 0.25
18 K 42,223 0.29 42,223 0.75

AT BTk L AR ST R R4

=

Flz_ E LR H F' KN ERET LN o

S g S (54.17%) 0 E8EAE 005054 fkon B (40.81%) 0 £

po FIT &4 12 50 gk 1% S Acdp it £ 862 JT iR 2B 80K § 5§ i~ G e

ERERRBAEAF SR 0 G T HEIRE (97.19%) iR R
Ak ’if]lﬁ”#ﬁ fid }I% *+ (Small adenoma 0.95% ~ Advanced adenoma 0.56%) % F&/k JE 7
B FF < (Early PCDP 0.22% ~ Late PCDP 0.08%) &35 % 0.3 % > T2k 2

% (Barly CP 0.55% ~ Late CP 0.46%)R] 4 § 1% -

BAKE > AFEL Y B E 99.34% o ik WRIR (F = 0.12% ~ 185
0.10%) ~ 15 (0.06%) % u£BEZ % (0.10%) &3+% 0.38% ; ik A fzt & >
A B G 98.30% ~ 0.30% ~ 0.26% ~ 0.15%% 0.25% + % ¥ L B3 & kp AF

ES AR
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2423 PRELEE2Z A v HFBE FIT %A T

S AR Y AFED B KA R BORR o E R 1RR [l 1 B U £ K
5,544,911 16,885 14,483 8,383 14,021 42,223
N (%) N (%) N (%) N (%) N (%) N (%)
R g 2,528,097 (45.59%) 10,676 (63.23%) 7,964 (54.99%) 4,594 (54.80%) 7,778 (55.47%) 26,031 (61.65%)
4* 3,016,814 (54.41%) 6,209 (36.77%) 6,519 (45.01%) 3,789 (45.20%) 6,243 (44.53%) 16,192 (38.35%)
XY 50-54 2,284,683 (41.20%)  3,552(21.04%) 3,788 (26.15%) 1,969 (23.49%) 2,235(15.94%) 5,732 (13.58%)
e
55-59 1,408,357 (25.40%) 3,970 (23.51%) 4,416 (30.49%) 2,201 (26.26%) 2,786 (19.87%) 7,689 (18.21%)
60—64 950,310 (17.14%) 4,110 (24.34%) 3,935 (27.17%) 2,028 (24.19%) 2,842 (20.27%) 7,842 (18.57%)
65-69 709,071 (12.79%) 3,651 (21.62%) 2,163 (14.93%) 1,659 (19.79%) 4,970 (35.45%) 8,356 (19.79%)
>70 192,490 (3.47%) 1,602 (9.49%) 181 (1.25%) 526 (6.27%) 1,188 (8.47%) 12,604 (29.85%)
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LR

50-54

55-59

60-64

65-69

>70

el

X e

YRR

960,902 (17.33)

1,258,587 (22.70)

1,193,417 (21.52)

1,269,944 (22.90)

862,061 (15.55)

4,951,919 (89.31%)

583,979 (10.53%)

9,013 (0.16%)

3,552 (21.04)

3,970 (23.51)

4,110 (24.34)

3,651 (21.62)

1,602 (9.49)

2 (0.01)

16,877 (99.95%)

6 (0.04%)

566 (3.91)

2,890 (19.95)

4,153 (28.67)

4,527 (31.26)

2,347 (16.21)

12 (0.08%)

14,470 (99.91%)

1 (0.01%)

1,067 (12.73)

1,827 (21.79)

2,097 (25.01)

2,173 (25.92)

1,219 (14.54)

6,218 (74.17%)

2,111 (25.18%)

54 (0.64%)

1,713 (12.22)

2,606 (18.59)

2,634 (18.79)

5,158 (36.79)

1,910 (13.62)

9,940 (70.89%)

3,855 (27.49%)

226 (1.61%)

5,732 (13.58)

7,689 (18.21)

7,842 (18.57)

8,356 (19.79)

12,604 (29.85)

R ]

L& K p RAEFRIZT AR IS BRI

"}3 e p HE (S

FHEEFM o F T R

‘ﬁp/ p";‘A’\‘k‘F‘ °
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v 720

HA2ERI AL SR AL R AN FWA T G AT B R
Al S B (54.41%) ¢ AR pirie BRI B bRy 0 H P F G
te i RlA (63.23%) 2 £ F (61.65%) 2 T {11t bl » 18 5 it 6 R
(54.99%) ~ B (54.80%) % @B L UTRK (5547%) ¢ 9 RS - Bx

FHN S SRk ETREEY S o hiRE -

Wi HFE EMD T 0 ARLBHLL R T 50-54 fokH (41.20%) 0
FEL A o EEL FEBARE ESR B o R LR & AT
55-64 & o B P 6064 Fi b 24.34% ;5 15 F e 0 R 2 55-64 K 5 A

(57.66%) 5 &t & Z 8RR 12 65-69 fk & vt Bk (35.45%) 5 4EF F*+ 70 k12

2 BB g (29.85%) -

DU ER S G o FRGRERIRLE B 5564 o A L Gk 0 RIRZ
BB ETRR] G o T 60-69 oo H P {8 & 0PI 65-69 & § 31.26% 0 i
B EORT 65-69 b 36.79% » B L B I 4 0 B p Y U 1R 00

EALR AT

FIT % &% > 5 » AL BE1 8 5 FIT KM (89.31%); F = &tk i R
2SS ERBBIRAST R FITHEREE > A% F 99.95% % 99.91% » # &
FIT it inA o IR HAIL B8 4 2 FITIEBB % (74.17%) 0 A m 304 im B %

WERPF AR FIT > a B FEPIH RRY » 7 58 F DR FRFIS

o

B (NG %40 ) FIT A A &t > FIt AR TAED QR G Tk
o Tl FIT %S5 5 & 84k

KD S 0 A PSSR s A AT B8 BEERE FIT %2 A
FTEGLLR O BTERELACVERAEE LR A REEL G - T
o B i FHME AR AW LS REAR - AL TR GRA R
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BEENE AR E Ry i 2 23 R E - R
WORF LB OFE TS 0 Fl PR bl R B FIE
42 4 S SRR

AT RFER S RER T3 | (Continuous-time multistate disease
framework) £ = 4 & & "E FOk & B i #-4] (9-state hidden-state disease model) »
F X I 33 (Maximum likelihood estimation, MLE) iz 35 4 = 4B fL

(generator matrix) Q * 2 & & Jstk & 4% 55 & (Transition intensities) °

1432 et mAEAE BT HE

P A B P B R R
q12 Normal — Small Adenoma 0.001120
q1s Normal — OD Small Adenoma 0.000528
q23 Small Adenoma — Advanced Adenoma 0.589600
Q34 Advanced Adenoma — Early PCDP 0.588900
Q45 Early PCDP — Late PCDP 0.202200
Qa6 Early PCDP — Early Clinical Phase 0.241100
qs7 Late PCDP — Late Clinical Phase 0.444700
Qg9 OD Small Adenoma — OD Advanced Adenoma 0.015300

3 1 OD % Overdiagnosed (B R #%7) 2 ﬂﬁa °

d G S ETRERIIBBEIMIR S o 4 ’Nomalﬁ%ﬁgléﬂgﬁl%&%ﬁ

2EHR B A IE H]rui‘» EE BT (g2 =0.001120) £7:iF & 2 %755
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L

(q18=10.000528) » BT H A B3 TR ANMA BEV R E > ERADERE 0 L

RELRRRR RIS P BAVEGREL L R

H % > Small Adenoma * Advanced Adenoma (q,; = 0.5896) ¥ Advanced
Adenoma I Early PCDP (g3, = 0.5889) 2 ## 5% & 4piT > &7 Hﬁl:}g";ﬂj = {g i
LG e A I BGR R 2 AB% o Early PCDP R &5 57 it 2 5 & B R
f& 0 A w G~ Late PCDP (qq45 = 0.2022) % B #i2 » Early CP (qug =
0.2411)° B ¥ » que % B3 Qus > BI04 ST S W TR T W RDRREFF B2 B
XoF Ry AR IR TRE DT W RHE (Late PCDP) % » e 3 B I §&
K ¥ #¥rrr B (Barly CP) -

43 Fearapt gt %

FIEL E LA R R R R ERBRS R LB DR T LR
329 chn o ¥ g BB AA R 0 FIT Gtk Tk & 3 (2 5 (&
4.4) - i B ¥k it (Overdiagnosed Small Adenoma ~ Overdiagnosed Advanced
Adenoma) 2 iR AR R B ¥ L B RLETREAPR > F A H BT FER
r1 % a0 FIT &4k 2 iplac 3 77 3K - &R o ¥ Normal Sk ik > d 3073 35 &7 44L&
He Rl gk o BLIPIPR SR Y AR TR L 8 S - TR R (Early
CP ~ Late CP) 3 ¥ © NILP B3 et Tk e sfk > FI0 B 7 AL = 2% 0 2

ﬁ,ﬁﬁ&«? LP1°
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% 4.4 btiEt s FIT SR B R 5 %

Vi Qe REE g SRR R
Small Adenoma / Overdiagnosed Small Adenoma 0.44
Advanced Adenoma / Overdiagnosed Advanced Adenoma 0.52
Early PCDP 0.61
Late PCDP 0.69

AR RBCENER R P ER 0 F PopAR S DG B4R S P FIT e
Z MR A ARR 0 R - R AP F R o R T o R HUBITERL G
BORAPEGRIL o FM IR i G h o IV E G m T R PR R ik
AT ERDEFRBRRLITER MR 4] &R 2 FITKHPEBEE
s ® g% Apd ot g o
4.4 Fhp ok A TS %

A 42§72 4 Sk 43 § FIT A & 0 27 3 f17% 2y
B> A A ELHRI R T R E A A T ( 45) o HREARRP 0T
WHEEAFARLEAS T 2R u0) o d AP R G A

R
G iR 2 R F 0 Bk H O Hidede PFERIST Normal S 0 ¢
1(0) = (1,0,0,0,0,0,0,0,0)

HES 3.1 e sz BEALE Tk ft "& B (Normal ~ Small Adenoma -
Advanced Adenoma ~ Early PCDP ~ Late PCDP ~ Early CP ~ Late CP ~
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Overdiagnosed Small Adenoma - Overdiagnosed Advanced Adenoma) °

Hot o kd 43 “RPZEBRAE S XL Qo HY L HFHRYE A
F A qu2 > qus 923 > q34 > Gas " Gas Q57 * Qgo BARAK TL EBHEID
HABRAEIERE 0 HEAFRNBGASELEANAFZ AL 0 2738

s

= —quj

AT TR Y @SR Sl BT 42 S UB ARG A2 Bt

\\\Xr

Boogth o RS 33 &2 TIL 33 2 2T HEMEEE ABRX- IERe

2T WA SRS BRTRLMESF G - - HEM G T ¥ 42§

BY O RTGHPERERE A=2#) P RE2Z&¥HF - 8- @52

%&%ﬁﬁﬁ&ﬂju&&é~iﬁﬁﬁ#’ﬁﬁﬁ*%$~i%ﬁ§’1i%

BEFHOYS EREFT  ENUAETLEHREFRFEI BEFEHRIIRLER
SN H - s Ty 331 SRR TR BPIERR R R NS

BEVEBHRRA TR A58) E2 MR 2 FER R o WL BT R
B3 - BT F 2R FRP S FELRF LT LTRLR A RF
ARE ARKBELAE S AF TP G RERL GHREDITLEHREET 2
R T @ 2Ry B R R E IR TR
% 328 ie 2 R EEREE T X sa A S e 247 2
P(4) = exp(Q4)

67

doi:10.6342/NTU202602503



7 LT REHR L BEEL P(2) . A 5B HAER (Taylor
series expansion) & 3E fp4c (QA)/k! i BciE > ¥ ig TR gy d 0 XK T A
B T2 B BB 1002 (05 o R o Bt o Mo koA B B

RSP FELAPR > PTREA EL LB EBFREASTF
u(2) = p(0) - P(2)

PR w(2) TR AASHTERZRB LR AT B F P LT RygA
BB R BB R BRT > BHIA EEHRI L TN LB pK G2

B o

345 HEB LB p A

A R B BB 1 6(%)
Normal 99.6709
Small Adenoma 0.1313
Advanced Adenoma 0.0626
Early PCDP 0.0236
Late PCDP 0.0023
Early Clinical Phase 0.0033
Late Clinical Phase 0.0005
Overdiagnosed Small Adenoma 0.1038
Overdiagnosed Advanced Adenoma 0.0016
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BRI LA EEHHEP > % 5 HB MM 23 Normal  fi
(99.6709%) » i & 4 ¥ Normal 3 Small Adenoma 2 ## 3 & (q1» =0.001120) 4
PO o T RS g TR o B },%ﬂi » Small Adenoma (0.1313%) ~
Advanced Adenoma (0.0626%) - Early PCDP (0.0236%) % Late PCDP (0.0023%) 2

BIEH T RS E RO — R B - RGeS A A

Bt R TR S 2 A & B ¢ 2% Overdiagnosed Small Adenoma
(0.1038%) > @ Overdiagnosed Advanced Adenoma ¥ ¢ 0.0016% > %1 3] 3K 27

2L ERLERES BTN S WIE  H A TR L MR B R

A5 B EF Y A A 47

Wit 41 1 44 W2 AR UEMA AR RUH R P 3@ AE
R o FHASE SR R RSN e A o HHE AR AL K
H%r2 TR BARY > MEZIRTYFBMA SRR GR TR 7 &
AL AR A AR SRELS 23 0 AFETER-HHEY R FAR S
Az ftee ST BELHRE LA v Fg 2L REFIT 6K 3%
* AR AL Mgtk 22 B EE VD IR BATRR B A T S ok
B Mot o e > T ELAREURARLEZ BEAE 2 F R AP LR
* ik op Hs 4 R (disease mode sampling) 2 = & 47 AL 0 F AR LE A R
Btk B LA BTN Y BB R Y o B R 6,600 £
’ﬁ » & 31 ¥ (Normal > n=6,000) - ﬁiﬁé’; (Adenoma > n=300) ~ & ¥ & P&

(Screen-detected CRC > n=100) % &g (Interval CRC > n=200) = 4f o

451 §; AT R T2 A T FER A
Normal % 5 &8 B 23 IMJLF-‘}%’E“ <5 B o2 BAE  Adenoma B i S
W P ERRE G ;;;]—l\}g?}ljg % 2_ 48 5 Screen-detected CRC 2 3 & & ¥ i 42 18
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BITFEL 2. <% E SRk B % Interval CRC 2 p| 2 GHREBETI T - GRIT
FAIRL2LAFESRBE L 46 EMEABEULRFE 2L A0 F R 24

EAE B ARG ES A

I

Ryp b b dg o AT RS B 2 A& 4 E 4% o Classifier | 3 Normal
versus Adenoma » ¥ rF A Y AR BEE 2 ’Hjl«‘}é’;rgb Bz g M e
Classifier 2 5 Adenoma versus Screen-detected CRC > * 124534 5 J o Hﬁ'\:}%é— #
REIVEHREPIZAFESRIGEIIDM B AL B EEY 2 5
A A RERRELZEL R R TS %Pﬁk-” FB Ry e b RARTE < 2 SRR

bR 2R ] -

o ¢ FEds #E # (Diagnosed age) T BB sk L2 B E - R oo
THEBEOANLBL - A GREL S HTA BB NS A RERDEL -
WAHAR PR ETE LR 20 A2 L AL E - AL ERY 3 R
*EREEF AT o ¥ - 26 0 A HEPFR (Induction time) 55 Ao B R AP M
IR PR BRI i R AT RSB IR o TR~ SR

S -

AR B EEY S FHEE FAREBEL B AR G Y 5
M AN £ R T o B s R RIEIES B R RA R AL L

Bl > 3 e 5 Sl E A snm B R R A AT R A o
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2046451 K A 5 A 4

§51 & s 4 &K (n=6,600) < i (%)
G L% A A

- 6,000 (90.9%)
R 300 (4.5%)

60-64
65-69
70-74
75-79
80+

KT AR

71

100 (1.5%)

200 (3.0%)

1,726 (26.2%)

4,874 (73.8%)

2,057 (31.2%)
1,791 (27.1%)
1,370 (20.8%)
1,363 (20.7%)
14 (0.2%)
1 (0.0%)

4 (0.1%)

4,522 (68.5%)

1,636 (24.8%)

442 (6.7%)

6,333 (96.0%)
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<l

72

267 (4.0%)

5,677 (86.0%)
324 (4.9%)

599 (9.1%)

6,119 (92.7%)
106 (1.6%)

375 (5.7%)

6,106 (92.5%)
302 (4.6%)

192 (2.9%)

2,705 (41.0%)

3,895 (59.0%)

1,071 (16.2%)
2,656 (40.2%)

2,873 (43.5%)

2,508 (38.0%)
3,152 (47.8%)

940 (14.2%)
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G i

i 1,227 (18.6%)

¢ 2,536 (38.4%)

% 2,837 (43.0%)
Rl 2 N4

i, 5,181 (78.5%)

¢ 723 (11.0%)

% 696 (10.5%)

FIT k& & # (ng/ml)

0 3,506 (53.1%)
1-9 2,446 (37.1%)
10-19 224 (3.4%)
20-29 102 (1.5%)
30-39 96 (1.5%)
40-49 67 (1.0%)
50+ 159 (2.4%)
Mean £ SD
- xR EEe (&) 58.52 £5.81

FBT (% { &x & % & & ng/ml) 59.69 + 539.34

BEBE (#) 12.47 +2.55

DT E s () 70.99 + 6.23

(2 A) 81.21+9.48

v](ﬁﬁfi (mmHg) 132.31 £19.92

£+5% B8 (mmHg) 84.03+12.24
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Z "L & (mg/dL) 103.97 + 32.81

= 4 %5 (mg/dL) 126.52 + 111.98
% %A R0 "EFHAE (mg/dL) 53.66 + 15.30
GOT/AST (U/L) 26.31 +23.55
GPT/ALT (U/L) 26.79 +24.59
e (mg/dL) 533+1.32
& Fk% § (mg/dL) 14.05 + 4.35
ot i+ (mg/dL) 0.82+0.35

A 046 TG AT HFRFALEMA C B 2 EAE CFIT kR 2 4
At o FRIR AT LA 0 T38%; IR EY Y 50 T 69 K o
Hod o 50-54 fpeoeeEdo s o 312% 0 B G 5559 goRE 4 27.0% - B
HKiEsF e o 2 FBELE 90.9% R d 4.5% e B 1.5% 0
ek d 3.0% < FIT (k& 3 O(mg/ml) ¥ % > ¢ 53.1% @ FIT k& 250
(ng/ml) ¥ & 24% - @ FAFd> 5 > F- K FRELTIDL 58524581 & o

FUPFTFIY 2474255 & o

d AT RAGRA B RERE S > E ¥ B E S Sk T
EARA T ABZF I F 2R E RV HEFRATRARSE 3 A4 - A
Th R EFZFEARALEAT SRS EREEY BAE- HER 2

EAE R R G BP0 A AT R G S
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AT AR ERTAD A REN L A RS

R (n=6,600)

¥ (n=6,000)

558 (n=300)

* BN (%)

& ¥ 1 R (n=100)

B 15 % (n=200)

7%

3 A
50-54
55-59
60-64
65-69
70-74
75-79
80+

AR

1,507 (25.1%)

4,493 (74.9%)

1,921 (32.0%)
1,648 (27.5%)
1,242 (20.7%)
1,182 (19.7%)
5 (0.1%)
0 (0.0%)

2 (0.0%)

116 (38.7%)

184 (61.3%)

69 (23.0%)
79 (26.3%)
73 (24.3%)
77 (25.7%)
2 (0.7%)
0 (0.0%)

0 (0.0%)

75

34 (34.0%)

66 (66.0%)

38 (38.0%)
28 (28.0%)
16 (16.0%)
17 (17.0%)
1 (1.0%)
0 (0.0%)

0 (0.0%)

69 (34.5%)

131 (65.5%)

29 (14.5%)
36 (18.0%)
39 (19.5%)
87 (43.5%)
6 (3.0%)
1 (0.5%)

2 (1.0%)
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2

R R

E-

—=\

v frhiEe

-1

4,088 (68.1%)
1,506 (25.1%)

406 (6.8%)

5,766 (96.1%)

234 (3.9%)

5,197 (86.6%)
291 (4.9%)

512 (8.5%)

5,598 (93.3%)
95 (1.6%)

307 (5.1%)

209 (69.7%)
71 (23.7%)

20 (6.7%)

285 (95.0%)

15 (5.0%)

236 (78.7%)
15 (5.0%)

49 (16.3%)

256 (85.3%)

7 (2.3%)

37 (12.3%)

76

70 (70.0%)
21 (21.0%)

9 (9.0%)

91 (91.0%)

9 (9.0%)

79 (79.0%)
6 (6.0%)

15 (15.0%)

89 (89.0%)
0 (0.0%)

11 (11.0%)

155 (77.5%)
38 (19.0%)

7 (3.5%)

191 (95.5%)

9 (4.5%)

165 (82.5%)
12 (6.0%)

23 (11.5%)

176 (88.0%)
4 (2.0%)

20 (10.0%)
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3
S
" b g o

Ed YR

E-

F

WP EFAR
[
v

G

RAE Dok i 4
"
¢
G

RE ki3

5,578 (93.0%)
261 (4.3%)

161 (2.7%)

2,469 (41.1%)

3,531 (58.9%)

965 (16.1%)
2,406 (40.1%)

2,629 (43.8%)

2,289 (38.1%)
2,864 (47.7%)

847 (14.1%)

259 (86.3%)
24 (8.0%)

17 (5.7%)

114 (38.0%)

186 (62.0%)

48 (16.0%)
120 (40.0%)

132 (44.0%)

96 (32.0%)

153 (51.0%)

51 (17.0%)

77

89 (89.0%)
7 (7.0%)

4 (4.0%)

39 (39.0%)

61 (61.0%)

21 (21.0%)
38 (38.0%)

41 (41.0%)

37 (37.0%)
46 (46.0%)

17 (17.0%)

180 (90.0%)
10 (5.0%)

10 (5.0%)

83 (41.5%)

117 (58.5%)

37 (18.5%)
92 (46.0%)

71 (35.5%)

86 (43.0%)

89 (44.5%)

25 (12.5%)
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TS £ XY
(6
d
3

FIT k& 4 # (ng/ml)
0
1-9
10-19
20-29
30-39
40-49

50+

1,096 (18.3%)
2,311 (38.5%)

2,593 (43.2%)

4,689 (78.1%)
661 (11.0%)

650 (10.8%)

3,313 (55.2%)
2,224 (37.1%)
186 (3.1%)
79 (1.3%)
67 (1.1%)
46 (0.8%)

85 (1.4%)

63 (21.0%)
113 (37.7%)

124 (41.3%)

239 (79.7%)
33 (11.0%)

28 (9.3%)

103 (34.3%)
105 (35.0%)
17 (5.7%)
16 (5.3%)
19 (6.3%)
11 (3.7%)

29 (9.7%)

78

19 (19.0%)
38 (38.0%)

43 (43.0%)

78 (78.0%)
11 (11.0%)

11 (11.0%)

30 (30.0%)
25 (25.0%)
5 (5.0%)
4 (4.0%)
5 (5.0%)
6 (6.0%)

25 (25.0%)

49 (24.5%)
74 (37.0%)

77 (38.5%)

175 (87.5%)
18 (9.0%)

7 (3.5%)

60 (30.0%)
92 (46.0%)
16 (8.0%)
3 (1.5%)
5 (2.5%)
4 (2.0%)

20 (10.0%)
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Ao b b e E &S ()

FBT (£ i{ Btk 5k & ng/ml)
FEBERT(E)

& (k)

(2 A

fo 45/& (mmHg)

£75% & (mmHg)

Z " A (mg/dL)

= FeH i %5 (mg/dL)

B %R 30 "2 F R (mg/dL)
GOT/AST (U/L)

GPT/ALT (U/L)

ik (mg/dL)

ik (mgldL)

58.36 £5.74

44.73 £535.12

12.96 £ 1.62

71.32+6.07

80.90 +9.30

131.89+19.74

83.81 £12.17

103.62 + 32.12

124.76 £ 107.57

53.74 +£15.29

26.04 + 15.39

26.49 £19.95

531+1.31

13.98 £4.24

Tiom + BEL

59.56 +£5.78

170.85 + 502.75

7.53 +4.49

67.10+5.17

85.01 £11.33

137.19+21.44

87.45+13.21

106.77 + 38.24

151.12 £ 138.09

51.99 + 15.06

26.36 £ 11.32

27.87+£16.91

5.64+141

14.65 £5.23

79

57.59 £5.66

380.14 + 691.81

5.32+4.38

62.91 +£6.41

84.37+£9.95

134.67 +£20.59

85.56 + 11.60

111.37 +45.50

138.94 £ 117.06

53.78 £ 15.11

42.02 £147.20

41.15+120.11

5.56 +1.59

14.67 £5.09

62.45 +£6.39
181.47 +£551.14
8.71 £3.59
71.16 £7.47
83.45+9.92
136.66 +21.28
84.84 £ 12.28
106.72 £ 36.29
136.13 £ 174.17
53.72+15.93
26.41 £12.57
26.91 £18.49
528 +1.27

15.17+5.41
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3B iF (mg/dL) 0.81+0.33 0.90 + 0.46 0.92 +0.59 0.88 +£0.48

AT - BRI R FRET LALEL AT c FEER G o 2 F R TI55 12964162 & 0 B 7532449 £
G RR LS 532438 & FHBEL 871+359 & MAAERR AT FARREF L] PHLE > 2 ApRhEREESE

WAFHRRE - - BE TS EFREEVHAY FEFR (F) + 5 £ Pk th B A# -

b FIT RRAT =6 > 0% FIT k&S 0(gml) & ¢ 552% o ki~ ik dpUREE FIEREA W5 343% ~ 30.0%
2 30.0% - Ap s o FIT (k& =50 (ng/ml) &%t te 8RR S 25.0% > PAEH 00 F 2 14% 2 5Bz 9.7% &7 FIT kA

SR BE LR B M I

e B 4 R

=
3
e
(w
A
@

CRHRR S EPRE s SRR R 2 R E Y L ¥ e B fxg&fﬂﬁ‘?;;ﬁﬂrjz%éfi&

AR o 2 AR

~mr

‘E«\
—5
5
|/
T

@
F_x.
=
ol

¢ 163% 0 330 ¥ 22 85% v hrhiFg  123% 0 Rtk k2 51% 0 B

s

FLEARE 2 AR

4
cf—'é’
A

4
gl
1%
.7\3
a3
=
=y

LR TR

l

Bt IRz ESA TGRS B Y 6569 Kkt 435% AR Kl B GHRERRE B EE LR N
FRELEIERL S FWA S 0 AE R R ERE CFIT ER - APt SRR RE P IR FARRELA T L

BoREUHBETVIOANS S 2 BAA A BL RN A AT A G RA BN L FH AR 0 &R BETY L B F g
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pHRAES S AR LFRAT GREFEL AR T o
452 ¢ "#7’—‘;’5?’99"‘]&-‘%’/’:\ HE

* & 3% 3 Classifier 1(Normal versus Adenoma) 2. = = & #f#-4] » #5340 % B
‘f'—k\”’ﬁl%’ BRrzZBAMR ' gL E - %48 5 ANN #i273] 20 & 55t o

%48mmﬁm%ﬂ#%@ﬁﬁ%1¢ﬁﬁﬁ

ik PRE RIS
TR R (Sensitivity) 0.839 0.771
A Fx % (Precision) 0.243 0.213
F1 %~ # (F1 Score) 0.389 0.334
# R & (Specificity) 0.873 0.868

F 409 TS B ARHCRIT I F R B LB 2 A B
itk PR B R
AT B (Sensitivity) 0.735 0.700
A F& & (Precision) 0.988 0.980
F1 4 # (F1 Score) 0.843 0.817
# 2 & (Specificity) 1.000 0.999
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ANN 22150 2 F B A2 0B A A B2 B o d 4.8 597 o BB TR
WA 2 SR B s MRS SFl A B2 2R R A YL 0.839 5 0.243 ~ 0389 2 0.873 ; ¢

PREE T RIS %L 0771 ~ 0213 ~ 0.334 2 0.868 -

SEP AT ¥ BRE S B L R kAo R 4.9 40T o IR TR
#oo R TR B MRS CFl AR R AR A B S 07350988~ 0.843 2

1.000 ; »+ipled 8 oL@ B4 w5 0.700 ~ 0.980 ~ 0.817 2 0.999 -

Receiver Operating Characteristic (ROC) Curve

Receiver Operating Characteristic (ROC) Curve

Lo Lo
0.8 4 0.8
]
o 2
é 0.6 g 0.6
v 2
] @
: :
¥ g4 0.4
L 04 2
H E
0.2 0.2
004 ¥ — Train Set ROC Curve (AUC = 0.9291) 0.0 —— Test Set ROC Curve (AUC = 0.8958)
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 10
False Positive Rate False Positive Rate

Bl 4.1 ANN #5373 #fﬂ%@éﬁﬁ;‘]{ﬁgﬁﬁﬁi ROC # &

10 =
.
42
e
.
.
/”
08 .,
/,’
’
P
.
g 4#0 u
© . ]
T 06 . 2 06 .,
o 27 w Pid
2 4 2 .
2 - = -
2 g ] e
& ’,f g L
g ’ w »”
P
£ o4 577 £ o4 -
. .
/’ ’t
/’ ’l
/, ’/
. "
’/’ 02 .
02 L X L
. -
% -
oo -
. B
/’ "
-~ — ROC Curve (AUC = 0.9626) ot — ROC Curve (AUC = 0.9353)
00+Z 00
00 02 04 0.6 08 10 00 02 04 0.6 08 10
False Positive Rate False Positive Rate

Bl 4.2 528 AR 3l A R 2 R A # 2 ROC o A

B 4.1 & ANN $-3> 10 ¥ ik b 22 9URs A B2 ROC o 4R o 3k 2 il Bk

2. AUC & %55 0929 & 0.896 > = —‘F%..%%J}Bﬁ' R AR - e ARAR LT
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A AP HEREBRER G -

Bl 42 3mSR HHEATE WK G SRS 2 ROC o 8 0 Ul 2Rl
Bz AUC &~ 55 0963 #2 0935398 09 T HAIL T RE 2 4 fa
oo ARt ANN HC3)2 pR b AUC 95 0.896 > S8 e R B2 ¥ ¥ 1B 48 52 9y
B BRE G L E2®FR0S > TVREEPEEZL AUC LB W5 0.028 &7

BAlE 5 242080 s > AP EERRERE o

TfE ANN g SR F BB B A e 2 R

._\/‘

‘E}*Jv 2R > A7 7 1% SHAP (SHapley Additive exPlanations ) = j 3% ¥ ik
&M > 72 SHAPbeeswarmplot & I & 2 B> v 20 F 11735 > B 5% 4rF

43 B H 44 w57 e
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induction_time_z
fbt

meat
entry_age_z
vegetable
Creatinine_z
Sbp_z
GOT_z
BUN_z

fruit

Waist_z
Education
coffee
Dbp_z
GPT z
HDL_z

AC_z
Gender
betel

TG z
CRC_familyhistory
UA_z
exercise
smoke

alcchol

}
-
— . -
-

:
:
-

—~0.50 -0.25 0.00 025 050 0.75
SHAP value (impact on model output)

1.00

High
induction_time_z
fbt

meat
entry_age z
vegetable
Creatinine_z
Shp_z

GOT z

BUN_z

fruit

Waist_z
Education

coffee

Feature value

Dbp_z
GPT z
HDL_z
AC z
Gender
betel
TG z
CRC_familyhistory
UA_z
exercise
smoke
alcohol

Low

High

4
—

—
:
-
-

~050 —025 000 025 050 075 1.00
SHAP value (impact on model output)

B 4.3 ANN #3235 & 22 238 & 22 SHAP Beeswarm Plot

84

doi:10.6342/NTU202602503



High

High
induction_time --—‘- . induction_time '-*" oo =
fbt +—_ fbt F_—_
Waist +o— Waist *'—
Dbp Dbp
UA UA
TG TG
entry_age entry_age
meat meat
HDL ® HDL o
] =
sbp B Sbp g
e <
GPT 2 GPT E
Gender £ BUN £
BUN Gender
Creatinine Creatinine
AC AC
alcohol alcohol
GOT smoke
smoke GOT
betel betel
vegetable vegetable
02 01 00 01 02 03 tow 62 -01 0.0 01 02 03 tow

SHAP value (impact on model output) SHAP value (impact on model output)

B 4.4 S48 AR U & Rl B 2. SHAP Beeswarm Plot

d Bl 437 o0 ANN 3] &% A 2 ¥ 20URF > LR LTI ERT

(induction_time z)~ £ i & =% )& (fbt) > P 5P~ (meat) ~ & » 7 7 £ &
RERL-HP? > FEPFF LI 23k

B EHBEA 4§

(entry age) % 7= ¥ #P~ (vegetable) %
B2 SHAP @&~ #REE - 457 B E- % SHAP
B2 T AR el SRR ERE L L L R RR BRI R 2
s RE 2 FERTERM F T

AORE AP F ZOER R E e X2 L F o

M OBl 44 BT R R A T ”#kf’“ﬁ‘\}?;ﬁ v 1B LD EFRF (Induction
time) ~ X & = A kR (fbt)~ "EF (waist) ~ 6755 /& (Dbp) % Ak (UA) ¥ %k
FEen MR - 3L B kR > MER - 34RBREIRE S N2 ’ﬁ"\

BoAEY  RBLZAEFFEORMZ E{n 2R RASFRRMEe AT F o
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induction_time_z 0.1530
fbt

meat
entry_age_z
vegetable
Creatinine_z
Shp_z
GOT_z
BUN_z

fruit

Waist_z
Education

coffee

Features

Dbp_z
GPT_z
HDL z
AC_z
Gender
betel
TG z
CRC_familyhistory
UA_z
exercise
smoke

alcohol

0.0000 0.0200 0.0400 0.0600 0.0800 0.1000 0.1200 0.1400 0.1600
Mean Absolute SHAP Value

Bl 4. SANN #ic3| SHAP T32% 45 & & 4t ik F
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induction_time 0.1644
fbt

Waist

Dbp

UA

TG
entry_age
meat

HDL

Sbp

GPT
Gender

BUN

Features

Creatinine
AC
alcohol
GOT j o
smoke | 0.
betel
vegetable
fruit | 0.

coffee |0.

exercise |0.0006
Education |0.0005

CRC_familyhistory |0.0002

0.0000 00250 0.0500 0.0750 0.1000 01250 0.1500 0.1750
Mean Absolute Shap Value

Bl 4.6 £ 48 & Hh103) SHAP T35% $HiE € & {400 i)

d B 4.5 o 0 % EFRF (induction time z) % #3|7 & &2 e, H T35

|

F% SHAP &5 01530 P> H s $ice HX A Z L 22 kR (fbt>
0.0630) ~ P #F#&P~ (meat > 0.0518)~ i& » 7 3 & # (entry age z° 0.0383) % g
#P~ (vegetable » 0.0380 ) - H A 43 fi i+ (Creatinine ) ~ 1{‘1”5@ (Sbp)~ = F* % %
pé i eps (Aspartate Aminotransferase, AST ; GOT) ~ & % (Blood Urea

Nitrogen, BUN) % ®#ic™ #5312 5 - <8R 2 ?‘1]% v e € R M AP EERC o R

"% CANN B R A EFR 2 L2 R RRA R E A RER 2 e 54
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B2 Fpae 7 2] o

Bl 4.6 Z%E#AHBA2 SHAP T84 e B M B - S %7 > F%
R (induction time) @ 2 &£ & 2 $Fpc 2 T355 % SHAP & 5 0.1644 » H =
ZhHFEAL 2R (bt 0.0371) -~ "Rk (Waist » 0.0174) ~ 4+5 & (Dbp >
0.0141) % Fepe (UA > 0.0095) < & ¢ » = i 4 b fig (TG)~ & » 72 5 &

(entry age) % p #f#&P (meat) ™% F - TALR 2 ﬁ}?‘ .

R T o MEAS AARECAI S ANN B MR R R 2 K S 2R RRAR G &
€& 2 PRI AR AR L AL IR M AR 0 Ao s e R R R R
B @ ANN R EAR 8 5 ffeP > 4opf P> E (Meat) & 5P & (Vegetable) °
Z 410 I ANN B3] 82 50 8 G R34 B 42 SR B A 4 272 SHAP £ & %
Bz

% 4.10 F32 ANN 25§48 SRk 03] 2. SHAP € & R85t ¢

# & ANN #-3) T el

1 # %P (Induction Time) 3% ¥ pF A (Induction Time)

2 W& i% (fHb) ¥ &% (fHb)

3 fXE#EP- £ (Meat) L[] (Waist)

4 &> ## (Entry Age) £-3 & (DBP)

5  FEE#EP-E (Vegetable) g (UA)

6 ¥fk i (Creatinine) Z Y ¥y (TG)

7 B (SBP) i~ #42 (Entry Age)
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453 H))‘Ué’;ki’ & e o  NE R
#p &>t Classifier 1 » Classifier 2 (Adenoma versus Screen-detected CRC) 2z 4 #f A
5 B PR o ’95]1}%’@ & W ’%*“ﬁ)ﬁ? AR ERRTY 220 ¥ P stk
B0 WV RPIZ A T F R TR dpiR s 2 VB B RFARZEREL S
ZARIRFPRAKERRR  AAERTIRLIRGFF L TR LG R
BB FIEER o £ 411 2 4 412 £ % § I ANN 258 SR 20 2 s s o

% 4. 11 ANN H23050 9% 32 6 H R 22 A 0% 6

ik Eat 8 AR
ATR & (Sensitivity) 0.500 0.500
A x5 (Precision) 0.520 0.385
F1 %~ # (F1 Score) 0.510 0.435
¥ B B (Specificity) 0.832 0.800

o412 W4 A ROB & G R 2 A BT

ik PRE R

AT B (Sensitivity) 0.712 0.650

A #x 3 (Precision) 0.538 0.433

F1 %4 #c (F1 Score) 0.613 0.520

B & (Specificity) 0.777 0.788
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ANN Fi27] % 5 B 4 27 G HR A TR % 5 5 % B 404 212

4L

WP

7

dvk 411 #7571 o

WYIRE TR Y o WAl AT R MRS~ FL o iz R R 4 w5 0.500 0,520 -

0.510 2 0.832; **plz% & F4 ¢ BIA w4 0.500 ~ 0.385 ~ 0.435 2 0.800 -

BOEE A TR B GRS SR B A L B R e 412 9%

TooMPREFAY o BAULAE R S FlAME FBRA Y 0712

0.538 ~0.613 2 0.777 ; **Rz# & T4 ¢ B~ % 5 0.65~0.433~0.52 2 0.788 -

True Positive Rate

7
=

Receiver Operating Characteristic (ROC) Curve

1.0+

0.8 4

0.6

0.4 4

True Positive Rate

0.2 4

0.0 — Train Set ROC Curve (AUC = 0.6915)

T T T T
0.4 0.6 0.8 10
False Positive Rate

7

B 4. 7ANN 23] > Hf]UT’f;g

Receiver Operating Characteristic (ROC) Curve

1.0 4

0.8

e
o

o
IS
L

0.2 4

0.0 —— Test Set ROC Curve (AUC = 0.7159)

T T T T
0.4 0.6 0.8 10
False Positive Rate

T
0.2

B A 5E 2. ROC & 4

True Positive Rate

—— ROC Curve (AUC = 0.8204)

True Positive Rate

= ROC Curve (AUC = 0.6941)

0.0 T T T
0.0 0.2 04 06 08 10 0.0 0.2 04 06 08 10
False Positive Rate False Positive Rate
Bl 4. 8 "8 G AR AT B E < E SRS 2 ROC o M

v

R L

7

B 4.7 4

50692 & 0716 & &

ANN 52305 500

AUC & 4

N

18

% %A A2 ROC & # o 20508 2 i8] B

BRAPE AN R TRERL
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- RARR AN A > ANMPMBAEL - Ra o FEHW AUC 95 075 A

ANN Jfgjﬂul‘lffgp}}z‘npta B R 2 Rk 4 B 113 ®- 7 °

Bl 4.8 SEHS BB R < S B RS 2 ROC W S0 Uik & iplie
20 AUC A5l 5 0.820 27 0.694 o 2008 2. #538i0 4 R30S > BEm 5030
PIRFORE GRS SRSk 0 MR TR SRS T T - TR

2 BREEE °

FE RS A2 ROC & W7 4 I » ANN 27 5E s A fi-a) 2ol B 2
AUC Fpth 2 27~ Bim & BRCIPONUR S « 5§ 9 o~ o 782 FRETRata 4 4
T ool WA H R Y AR AR BT R A R A EIRD 2R A
LR TREA AR TR AL ARG UM LR B
BERP UG & G el 3 2 £ & P EFS 0 A 1Y SHAP = 2525 & R

TR AR -
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fbt
induction_time
diagnosed_age
entry_age
vegetable

fruit

meat

Gender
Education
coffee

smoke
exercise

betel
SBP_scaled
alcohol
BUN_scaled
DBP_scaled
AC_scaled
CRC_familyhistory
UA_scaled
Creatinine_scaled
Waist_scaled
HDL scaled
GOT_scaled
GPT _scaled

TG_scaled

diagnosed_age
induction_time
fitgp

TG

UA
entry_agegp
HDL

GPT

AC

Waist

Sbp

GOT

Dbp

meat
vegetable
Creatinine
BUN

fruit

exercise

coffee

Bl 4. 10 "8 SR 03 2 2

.

P

-0.10 -0.05

0.00 0.05

0.10

0.15

SHAP value (impact on model output}

Bl 4.9 ANN #3097 R & 2208

e o

P A ton b oo T 00
DR ez i

006 —-0.04 —002 0.00

SHAP value (impact on model output)

0.02

0.04

0.06

High
fbt

diagnosed_age
induction_time
entry_age
vegetable
fruit

Gender
Education
meat

coffee
exercise
smoke
SBP_scaled

BUN_scaled

Feature value

alcohol

betel

DBP_scaled
CRC_familyhistory
Creatinine_scaled
AC_scaled
UA_scaled
Waist_scaled
HDL_scaled
GOT_scaled
TG_scaled

GPT _scaled

Low

High
diagnosed_age
induction_time
fitgp
TG
UA
entry_agegp
HDL

GPT

Feature value

Dbp

meat
vegetable
Creatinine
fruit

BUN
exercise

coffee

92

High

Feature value

T Low
-0.10  -0.05 0.00 0.05 0.10

SHAP value (impact on model output)

:# & 2. SHAP Beeswarm Plot

High

Feature value

-0.06 -0.04 -0.02 0.00 002 004 0.06
SHAP value (impact on medel output)

## % 2. SHAP Beeswarm Plot
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d B 497 1w ANN 3 &% ~ UB 8 Gt R s > L & 2 P14 Ta s R kA

hud

(fbt) ~ 3 HpF R (induction_time z) -~ & #%7#& # (diagnosed age) % ## P 5 o
Pl fh R EREFEFRT 2 SHAP B4 F FFIRA Foom A HCAE 2T
FA P - BB SHAP B2 9w P HF R ez FUPFR ORI L L4 o3
%&g@ﬁﬂﬁﬂ@ﬁéﬂiéﬁﬁ%?ﬁﬁy’@ii%%%@?@@iﬁﬁi

Sk R A RIRT 2] 25 8 -

M Bl 4.10 37 S R A B,F']‘{«‘Fé’lfi? GRS LRLFEQL B ER
(fbt) ~ 3 ¥ pFF (induction time) ~ Z ¥7# # (diagnosed age) ~ & » & # (entry age)
FREPF N FEUELRR S MPETEL MG ERFRIRG I HLL G

B D APE F 0 BB AR SRR L R R R R RO e 2 S U
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fbt
induction_time
diagnosed_age
entry_age
vegetable

fruit

meat

Gender
Education
coffee

smoke
exercise

betel

Features

SBP_scaled
alcohol
BUN_scaled
DBP_scaled
AC_scaled
CRC_familyhistory
UA scaled
Creatinine_scaled
Waist_scaled
HDL_scaled

GOT _scaled

GPT scaled

TG_scaled

IEI.UCI];U

I 0.0009
I 0.0008
I 0.0008
0.0005
0.0005
0.0004
0.0003
0.0003
0.0002
0.0002
0.0001
0.0001

0.0001

0.0570

0.0000

0.0100

0.0200  0.0300  0.0400
Mean Absolute SHAP Value

0.0500

0.0600

B 4. 11 ANN #-7%) SHAP T 3ag B & & [ i @)
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diagnosed_age
induction_time
fitgp

TG

UA
entry_agegp
HDL

GPT

AC

Waist

Sbp

GOT

Dbp

Features

meat
vegetable
Creatinine
BUN

fruit
exercise
coffee
smoke
Gender
Education
CRC_familyhistory
betel

alcohol

Io o008

Iu 0007
0.0006
0.0004

0.0003

0.0512

0.0000

0.0100 0.0200 0.0300 0.0400 0.0500
Mean Absolute Shap Value

Bl 4. 12 "¢ 48 &R 03] SHAP L3098 $1 & € & |20 R

B 411 5 ANN {32, SHAP T358H BB MV mB - 2581 E{n

ZEER (bt) ZH73Y £ 82 B H T35 % SHAP &5 0.0570 0 P 5 %

H B HHco HX kA G EPFRE (induction time 0 0.0164) ~ Fx ¥ & &

(diagnosed age » 0.0163) ~ i& » 7 7 & # (entry age > 0.0130) % 35 #&P~

(vegetable » 0.0087) o b #b » R & F&Ps ~ P SHEP2 M0 X RETHEI L5 - T
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AR @A E R AR EEOS o WA S ANN 033 & R § 5 2k

B AR R E S M RAGE TR A T R A

Bl 412 S5 A&RHC3l2 SHAP T8 HEL R PP 1El - S5 1 &L

# # (diagnosed age) % #-Al" £ & 2 P H TH% % SHAP &5 0.0512;
H= B 5% %R (induction time » 0.0343) ~ FIT 4 & (fitgp » 0.0186) ~ = 4
@ fia (TG 0.0141) 2 fjiﬁ’r;; (UA > 0.0132) < gt ¢k > & » = 3 ## ~ HDL ~ GPT ~
R S BRI AEARM IR R G - SRR Z E R o BT M AR f‘*’ﬂ &
WER o R X H 2 AR TRk L T RRAD M P RS RS A B
R A A 4 o & 413 I ANN RO 2 A i3 ’*’”]1@?5’ & 1 1 1l
A~ 472 SHAP & & % Hcp £ o

# 4. 13 ANN ﬁ“ﬁ%%ﬁﬁ:ﬂ]*?%%ﬁ < % & i o 2. SHAP & & i &

2 ANN #-3) T AR ECT

1 ¥ Qa4 (f-Hb) 2 ¥r# # (Diagnosed Age)

2 3% E PR (Induction Time) 3% ¥ (Induction Time)

3 2 %7# # (Diagnosed Age) FIT & (FIT-GP)

4 iz » £ & (Entry Age) Z fad @ Ay (TG)

5 = % #,P~ (Vegetable) Ffe (UA)

6 -k % #&P~ (Fruit) &~ ## (Entry Age)

7 P AP (Meat) ® %A -0 "2HEE (HDL)
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454 FE R\ A&
% & Classifier 1 (Normal versus Adenoma) 2 Classifier 2 (Adenoma versus
Screen-detected CRC) 2 46 B 3 A 4748 % » & &2 — %4 fo s 5 A AT 2 7h2 HoT) o%
AR DR AT S ERE AR A2 M
SR Ty
’)]}“ff 8~ #g»cae m 5 0 Classifier 1 (Normal versus Adenoma) 2. 4 #f % % P! &g i
** Classifier 2 (Adenoma versus Screen-detected CRC) » *+ Classifier 1 # » 5§ # %

B B AL BRERBES -

Ap#2. T > Classifier2 2. » 53R PP B4 % - ANN H33NREE 2. AUC 3
0.716 » {8 &3R5 0.694 » 32153 Classifier 1 2 % % o 3§ Biom WUk & &
BHER SIS HBETRPSA B RIARZEHE > A RepE 2P
FR2 A AR R T 2o B ¥ BRHEURE B R LR ARHD K o B RS R B R

¥ oA @*“ﬁ@@%a@%;ﬁ P FGU A dE 2 FIEER o

fjﬁﬁfiﬂgj Wem 30 TS AR et Classifier | £ B iE > 2 E G BB 2 R
 AUC> 7 R mfiid 2 £ 2 1 o 2Rm 3t Classifier2 » > ANN #3]2 #l3# & AUC
B AR AR HEA] (0716 vs 0.694) 0 BT YRR RE 2B :Iﬁ’;]”gbﬁ; L HEREAEY o ANN
PR 7 o e AR BT 2 2R T o TPt > S AR A R AR E Y L AR
oY IRAPFARR RS YIRS ERAFE- H LD RIS S
I FHERE M mERt R

SHAP ~ 75 % 81 » s B AL & F# L 3 %4 - k| o Classifier 1 (Normal

versus Adenoma) ¥ > ANN 22 5§48 A R3] % %3 £ P (Induction Time) 31 5 &
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TEHH2 - T FFRAEr 2 (EntryAge) s & { & 2% (f-Hb) & F s

QIL,)L o b 'J‘%&F‘—T , }3;_}[;57?4 #ﬁﬂrb_ﬁ,\l}’ 'B‘fﬁ %E%%H}'—,}%B 2 .’kyrﬁg%ﬁ o

%+ Classifier 2 (Adenoma versus Screen-detected CRC) # » € & 8P| 5 1 &
Tolod FEFRT - P¥E#2 2> 28 EFF 531 o ANN #0385 T 2 F
(fFHb) 7|5 B & & ¥dc > & " H i3 R 42 97 & & (Diagnosed Age) 7|5 7 &
F+ o A ARSI D E A M REE A R R PR S % SRS R R 2 M4

A)TL

[

o

P&

Eff’r

RS EEEE TS PR

3N
_"ﬂ‘\
p
P
pa
-5
3%
(7
|
N
@
bl
FT
A
=]
18
=]

T FRAAMAZEZL QL R RAL RS ER L H Ny BREF 248
A I RAZE O PEEREAITREFCREFLRGTF T LT A TIEL AR

FRER AR Gt Fr 2 B A EREN

\\\Xr

5 iRy o
4.6 A TR SR 2R R IER
o 37 FATEL bR A KSR REHET F O BRI SRR S
SREZZ ARG A K o T BB AL F - R A EAEL R 4 B
ALA SRR F AN BT AR o TR B AR EA R 2B R
BT IO BRI L TR R S g T A B RIS MRS BT 4
PORBERIRIE)ZR G A RAPHE R SR RRAEZ AFEERS > T EiEe

BAEREEEIRE B AL AR

4.6.1 R %Ak EER % B K

# 4.14 % 3R Normal versus Adenoma 4 #F F2 - & =) '& 4 & %% o > 8PE
B2RRISF T 00445 £ 7 RFHBTE 25 (0.0444) F RS & B WA
HEEA L 3 22 By dEad o L h'ek (Decile) 23RS FHED % 1 &2

0.0008 £33 = % 10 & 2 0.3434 > &2 Ap%th ' S &Ad 0017 ¥ 1 7.719 > I
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AR R Bl E- HRESBES g L2 p % 1 k2 0000019 #

A3 % 10 K2 0.008645 0 fpf>t 238 E 0.001120 > B3 h'&k 92 H 77 & -

# 4. 14 Normal — Small Adenoma % B *& & 2 Ap b "G & B & K # A 5% R

k% & RIS F FF RRIPBFIZE  HEGREK A& qu
1 0.0000-0.0024 0.0008 0.017 0.000019
2 0.0024-0.0048 0.0035 0.079 0.000089
3 0.0048-0.0070 0.0058 0.130 0.000146
4 0.0070-0.0091 0.0077 0.174 0.000194
5 0.0091-0.0119 0.0102 0.230 0.000258
6 0.0119-0.0145 0.0131 0.295 0.000331
7 0.0147-0.0171 0.0161 0.361 0.000405
8 0.0171-0.0197 0.0183 0.411 0.000461
9 0.0197-0.0322 0.0249 0.561 0.000628
10 0.0326-1.0000 0.3434 7.719 0.008645

# 4.15 % 3R Adenoma versus Screen-detected CRC A #F 2 b & 4 & % o
RTERPISF 0 5 02553 - ARt & 414> ATz R A KRR T g
B #cp ¥ 1 A2 0187 TFEs{1 5 10 A2 27635 B3 L5 Mh'GA L
X 14.8 & > P &g/ *t Normal versus Adenoma E7% o $/s2 A~ K A % B qza B ¥
1 &2 01101 #32 % 10 &2 1.6270 (2% E 5 0.5889)c }' — ¥ 2 b "& A& F
POURG S B AR LRI Y BRI L B R o R B B2 bR TRL 4R

Lo B 45 2 FIMAPT g
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# 4. 15 Advanced Adenoma — Early PCDP % B *& & 2 40 ¥ b ' 2 822 & K 45 % B

REA RS PR RPBIOE  PHREREK Ak g
1 0.0212-0.0700 0.0477 0.187 0.1101
2 0.0799-0.1218 0.0993 0.389 0.2291
3 0.1280-0.1427 0.1352 0.530 0.3120
4 0.1479-0.1861 0.1599 0.626 0.3689
5 0.1861-0.1976 0.1933 0.757 0.4459
6 0.1976-0.2174 0.2013 0.789 0.4644
7 0.2209-0.2706 0.2346 0.919 0.5411
8 0.2706-0.3911 0.3433 1.345 0.7919
9 0.3917-0.4554 0.4330 1.696 0.9987
10 0.5737-0.9333 0.7053 2.763 1.6270

Normal - Small Adenoma (q12) Advanced Adenoma — Early PCDP (g34)
- Global effect (avg RR = 1) 7.72 == Global effect (avg RR = 1) 2.76
2.5
E é 1.0 0.97
& K o5 . PRI

0.0-

Risk decile

Risk decile

B 4.13 3 Bom il & b "G 2 A0 4R G B BRI & 2Bk E(4e T 35 RR=1)
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462 L h'eR 2 AFREEBHSF

il A REESBRES SR SRR TRG I REGA B2

~

AAFEEWF o £ 416 &R Normal versus Adenoma E7%¢ > K B A & ¥ Bk

-~

=g
T

I
1

\iﬁ;’,}&&%ﬁé%i&j&%éi%éﬁﬂ;!%ﬁéi?ﬁﬁ#&ff cHEET 0 1 RER
L &R 3@@;;9:}1 2 g 0.0190% 0 % 5 K5 02569% 0 I % 9 K ivikan
1% (0.6244%) > & % h'e KT 8.2606% > &) 5 28T (1.1108%) 2 74 & -

L4
fLagic

v

SRR ERPF LS R AETRURE LR EB AR R R G L ke

)

2416 LR KT FREDNFERS FRET TR, 2 BB S

ek RHAESEK Ak g CEEERBBF  AH2BLGK

1 0.017 0.000019 0.0190% 0.02
2 0.079 0.000089 0.0887% 0.08
3 0.130 0.000146 0.1453% 0.13
4 0.174 0.000194 0.1937% 0.17
5 0.230 0.000258 0.2569% 0.23
6 0.295 0.000331 0.3292% 0.30
7 0.361 0.000405 0.4026% 0.36
8 0.411 0.000461 0.4584% 0.41
9 0.561 0.000628 0.6244% 0.56
10 7.719 0.008645 8.2606% 7.44
2 1.000 0.001120 1.1108% 1.00
101

doi:10.6342/NTU202602503



% 4.17 % #>" Adenoma versus CRC ix7%+¢ > E3& B4 p Advanced Adenoma
Mg S EHES E1Si2E T Early PCDP & 8 k2 AT o d 3 gz 2 8iE
A BERIAE S ARGAE LA EEERIPEFI L 4160 F 1 bR E
B35 197599% % 5 K 5 59.01% % % 10 &:iE 96.14%> 23 T35 69.20%:-

BB RO 2B 139 B BMRGKZ 49 B RGP AP ERE 416 T

W

P F PRSI R FE B2 B R TR ARG e

% 4.17 & h'a R p Advanced Adenoma i HiS £ B3 TP | 2 AHFHSF

EF LT T

BEA BEHREBE K g T EY Iy
3 R i
| 0.187 0.1101 19.76% 0.29
2 0.389 0.2291 36.76% 0.53
3 0.530 0.3120 46.42% 0.67
4 0.626 0.3689 52.19% 0.75
5 0.757 0.4459 59.01% 0.85
6 0.789 0.4644 60.50% 0.87
7 0.919 0.5411 66.11% 0.96
8 1.345 0.7919 79.48% 1.15
9 1.696 0.9987 86.43% 1.25
10 2.763 1.6270 96.14% 1.39
> 1.000 0.588900 69.20% 1.00
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4.63 = B LR G FE 2 L E AR ER R

s

-~

WA T FE2. B > MR %G EHZRER ik A

TE R B

PR G ER A (5 1) 2240 (5 10%) F3 84 - &kt s

170 VR PR SRR L TRA LR -

2418 A Rqupy 8 TR qae ) EAIS/F B G A RORRE L TR FA

=K qiz R qiz R qza R qza
¥ MR BRGE =Y YD BRGE
(n=158) (n=158) (n=10) (n=10)
By ¢ ik [IQR]
9ot FH(mg/dL) 0.70 0.90 0.89 0.69
[0.60-0.80] [0.71-1.18] [0.72-1.00] [0.53-0.85]
S B 12.00 14.00 15.50 13.50
[11.00-15.17] [11.25-17.00] [12.00-18.32] [10.25-14.75]
Fi Bt (mg/dL) 4.10 6.00 5.95 4.55
[3.60-4.60] [5.10-6.90] [5.15-6.52] [4.12-5.22]
GPT(U/L) 18.00 26.50 27.50 20.00
[15.00-21.00] [20.00-38.00]  [22.00-30.50] [17.25-24.50]
GOT(U/L) 21.00 25.50 23.00 21.00
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L 27

2K qiz
A R E

(n=158)

2K qi2
Bh'GRE

(n=158)

"\55 434
WA ‘& e

(n=10)

"\53 q34
BRGE

(n=10)

BBA R0 R

= e b 5 (mg/dL)

% "R #E(mg/dL)

456 /B (mmHg)

fc /& (mmHg)

% 7

EX 2

[18.00-24.75]

62.00

[48.83-76.75]

60.00

[50.00-76.00]

92.00

[88.00-97.75]

72.00

[68.00-78.00]

113.00

[105.25-126.00]

73.00

[69.00-78.00]

13.87

[20.25-33.00]

49.00

[41.10-56.00]

134.50

[93.25-202.00]

100.00

[91.00-115.75]

90.50

[82.00-99.00]

140.00

[128.00-152.00]

89.25

[84.00-96.00]

11.49

[21.00-25.00]

53.20

[44.50-55.77]

237.50

[117.50-262.50]

97.50

[87.00-104.75]

89.50

[80.25-94.75]

141.50

[124.75-154.75]

86.50

[82.75-87.75]

10.65

[17.50-22.75]

62.65

[52.15-75.30]

57.50

[43.25-111.50]

94.00

[90.25-113.75]

73.00

[68.00-79.00]

119.00

[113.25-127.00]

74.50

[69.25-87.00]

0.08
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& qiz 2Rk q12 &R gz N N

L i1 (=Y B Fh%GE (=Y S ®RhGE
(n=158) (n=158) (n=10) (n=10)
[12.36-14.48] [8.94-13.49] [9.57-12.25] [0.05-2.39]
8 S
& 76 (48.1%) 69 (43.7%) 7 (70.0%) 3(30.0%)
7 82 (51.9%) 89 (56.3%) 3 (30.0%) 7 (70.0%)
* o TR}
F 150 (94.9%) 150 (94.9%) 9 (90.0%) 7 (70.0%)
7 8 (5.1%) 8 (5.1%) 1 (10.0%) 3 (30.0%)
A
71 5(3.2%) 89 (56.3%) 3 (30.0%) 3 (30.0%)
ke 153 (96.8%) 69 (43.7%) 7 (70.0%) 7 (70.0%)

FAEHREA L (%)

vhr et B

i 129 (81.6%) 125 (79.1%) 9 (90.0%) 8 (80.0%)

105

doi:10.6342/NTU202602503



AR qi A& qq2 S A EY Y EN!
L 21 MR e BhEE KRG Bh'aE
(n=158) (n=158) (n=10) (n=10)
o 17 (10.8%) 17 (10.8%) 1 (10.0%) 2 (20.0%)
3 12 (7.6%) 16 (10.1%) 0(0%) 0(0%)
k% 5
i 45 (28.5%) 33 (20.9%) 2 (20.0%) 1 (10.0%)
v 61 (38.6%) 62 (39.2%) 4 (40.0%) 5 (50.0%)
3 52 (32.9%) 63 (39.9%) 4 (40.0%) 4 (40.0%)
- 2
[ 96 (60.8%) 49 (31.0%) 3 (30.0%) 3 (30.0%)
¢ 52 (32.9%) 77 (48.7%) 6 (60.0%) 7 (70.0%)
3 10 (6.3%) 32 (20.3%) 1 (10.0%) 0(0%)
R 3
i 32 (20.3%) 35 (22.2%) 2 (20.0%) 2 (20.0%)
. 55 (34.8%) 63 (39.9%) 5 (50.0%) 2 (20.0%)
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2K qiz

2K qi2

2K qza Y EN!
L £ o) S ] BRGE (oY S ] B b
(n=158) (n=158) (n=10) (n=10)
% 71 (44.9%) 60 (38.0%) 3 (30.0%) 6 (60.0%)
A o
£ 157 (99.4%) 129 (81.6%) 8 (80.0%) 10 (100.0%)
¢ o 0(0%) 16 (10.1%) 0(0%) 0(0%)
R S 1 (0.6%) 13 (8.2%) 2 (20.0%) 0(0%)
*hiF
# 157 (99.4%) 128 (81.0%) 7 (70.0%) 9 (90.0%)
¢ 0(0%) 3 (1.9%) 0(0%) 0(0%)
[KR:Richald 1 (0.6%) 27 (17.1%) 3 (30.0%) 1 (10.0%)
7+
# 157 (99.4%) 110 (69.6%) 8 (80.0%) 8 (80.0%)
© o 0(0%) 11 (7.0%) 0(0%) 0(0%)
7 fedd E ¥ 1 (0.6%) 37 (23.4%) 2 (20.0%) 2 (20.0%)
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AR qi A& qq2 S A EY Y EN!
L 21 MR e BhEE KRG Bh'aE
(n=158) (n=158) (n=10) (n=10)
T RRR
" 120 (75.9%) 114 (72.2%) 9 (90.0%) 8 (80.0%)
o 28 (17.7%) 28 (17.7%) 1 (10.0%) 1 (10.0%)
3 10 (6.3%) 16 (10.1%) 0(0%) 1 (10.0%)
E#L e
50-54 48 (30.4%) 46 (29.1%) 0(0%) 5 (50.0%)
55-59 28 (17.7%) 43 (27.2%) 1 (10.0%) 4 (40.0%)
60-64 28 (17.7%) 45 (28.5%) 7 (70.0%) 1 (10.0%)
65-69 54 (34.2%) 23 (14.6%) 2 (20.0%) 0(0%)
70-74 0(0%) 1.(0.6%) 0(0%) 0(0%)
FIT k& # % (ng/mL)
0 115 (72.8%) 45 (28.5%) 2 (20.0%) 1 (10.0%)
1-9 24 (15.2%) 13 (8.2%) 6 (60.0%) 1 (10.0%)
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& qiz 2Rk q12 &R gz N N

L i1 MR E Fh%GE R & E ®RhGE
(n=158) (n=158) (n=10) (n=10)

10-19 14 (8.9%) 9 (5.7%) 1 (10.0%) 1 (10.0%)
20-29 1 (0.6%) 18 (11.4%) 1 (10.0%) 0(0%)

30-39 1 (0.6%) 8 (5.1%) 0(0%) 3(30.0%)
40-49 3 (1.9%) 5(3.2%) 0(0%) 0(0%)

50+ 0(0%) 60 (38.0%) 0(0%) 4 (40.0%)

RIS F ¢ izdk [IQR]

TR P R 0.0006 0.0505 0.0414 0.6657

i

[0.0006-0.0013]  [0.0411-1.0000]  [0.0411-0.0629] [0.5857-0.7993]

% 418 Bt &K qiz & ¥ 1% (Normal>Adenoma) % & & qszq "L 1+
% % (Adenoma—CRC) & FAEHCA Y » MLt A =g L A = h ‘G ¥ 2 5k 3
Bro BRI P mHE e o i+ §E (median [IQR]) % 77 > W %R A2 | A
R e mit SHAP 2472 FRBARFERA P BERRRES 2L £ 8 ¥ > AR
- B RE o MR GEM TRk A 1AL SHAP Sy £ R M LT FE B
P b G R o

[N Hﬁ‘\}‘fg (Normal—Adenoma ) FFf > B b "G B AP ME "G 2 % IR E 2
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e (6.00vs.4.10mg/dL) ~ = fie4 i *5 (134.50vs.60.00mg/dL) ~ feéz/R (140.00
vs. 113.00 mmHg) -~ 4-3&/& (90.50 vs. 72.00 mmHg) % "“&R (89.25vs.73.00cm) °
f BB AR R R0 PEE AR ECC (49.00 vs. 62.00 mg/dL) v 3 HEPERF T e (11,49 vs.
1387 &) o> Fh'hiez FIT AP E B3 ERE (50+ ng/mL : 38.0% vs.
0%) » B3 ~ ARFE R R B IRGE o b b B % 2@ it SHAP A 74riRa L £ &
Pl ¢35 FIT kAR ~ FEPT ~LH - %R A2 R4 0% A RER

- RAEF - BT EATIER L LR R RO R LG EELTRR

LT U D A %k (Adenoma—CRC) Fi bz & ~ MR % o ff & s @10
Ao FI AR SR BUIFE RS VR o B EZ RS S Y BT RE G E
(0.6657 vs. 0.0414) > ® HEpEr p &g g® (0.08 vs. 10.65 &) » g2t SHAP A
roryis £ B AR o KA o A NEER A R Bt BRI E £ B Y AR R
BN PR R e ARG S LA RERT RNE G LR R
Lo mbH B F AR GEARM A TFF 5k T N DS - PR AR

R Il v B ES -

FoFEEAITIRREZ R AE B R R EELTRF BAE G ORE - R R S
et 2RI F 3 P2t 5 - PR R G BT EARERT LT 2 F
Z TG o H s AP TR S R AR L ARKEEZE G A E e
AR &S (CaseA-D) o d 0 d FFERA A REZE 2302 FEAE S A HR %
$E T TR AR AT L K L B R R E A R LR LR
Case A~NB~C 2 D 28l E& q1M,/q32™ ~ q12% /q34™ ~ 12348 % Q123
S Qza® T BB BB o LB s BEPRITA R R G A BT TRk B AP T 2
REBREFRF MR FRGES T ZAHIER  FY Case ¥ 23 LB

FH - 4 oa Lo ARG B R
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419 fE* AR G R L fedt & Bk TR ik

Case A

Case A Case B Case B Case C Case C Case D Case D

Tl ik
=K iz e NP =K qag =K iz =B qaa =K qiz =B qag

b E [ [t % [t [ % % %
TR S 0.0006 0.0700 1.0000 0.0414 0.0013 0.6806 1.0000 0.5845
e YA 65-69 6064 6064 6064 60—-64 55-59 55-59 55-59
FIT %~ & 0 1-9 0 0 0 10-19 >50 30-39
N ? ¥ # ¢ B B B ®
K % ’ ¢ 3 3 3 3 3 3
(g 4N o o o o e ", o v
i M 3 3 & & 3 3 & &
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Case A Case A Case B Case B Case C Case C CaseD CaseD

Tl F ik
2R Gz 2R Gz =R qaz =R g3 =R qaz =R Gz =R g1z AN

AT P i 3 3 3 1 E F
5 & & # # # & 3 3
EXa # & # = # & & i
"B 1 # # & # # & # #
o R ¢ # # 7 7 e & 1 1
KT AR 8 8 d ® ¢ =S i i

3 Ufsk FHmg/dL) 0.70 0.50 1.20 1.20 0.67 0.51 1.10 1.10
®& FRF % (mg/dL) 12 12 19 19 10 11 21 21
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Case A Case A Case B Case B Case C Case C CaseD Case D
Ttk i

2R Gz 2R Gz =R qaz =R g3 =R qaz =R Gz =R g1z AN
P& (mg/dL) 54 5.8 6.6 6.6 3.5 4.1 53 53
GPT (U/L) 14 28 21 21 25 16 29 29
GOT (U/L) 21 27 21 21 30 17 19 19
HDL (mg/dL) 41.9 55.0 27.1 27.1 49.8 77.0 51.0 51.0
= paH ¥ "q(mg/dL) 66 104 249 249 51 43 179 179
Z " # (mg/dL) 87 106 93 93 91 87 128 128
£+3% B (mmHg) 82 84 85 85 68 62 79 79
Te4g/R& (mmHg) 125 145 122 122 114 104 120 120
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Case A Case A Case B Case B Case C Case C CaseD CaseD

Tk Bk

‘”\)éi q12 ‘”\)éi 434 /”\}éi q12 4\%% 434 /”\’% q12 /”\’% q34 gﬁi q12 A”\}éi 434
" [E] (cm) &4 88 86 86 70 62 91 91
FEBER (F) 13.41 12.33 10.11 10.11 10.63 6.18 0.05 0.05
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£ 420 ERe BRABFEHRS £ AR ERPF - Case A AR GIDIK
LEPMERIF L 255 0.0190% I TRk R & 0.0056% 0 Kb e
CaseD B B h*e %8 » B2 ’Jﬁ‘\«‘ﬁ,’;u_} Z 8.26060% ° I TRk ¥ BEiE 6.4128% 0 F]
L ERBERIZBR G B

2420w R AR A RENFEHS E2 B R ERPF

% B 5 qi12 qss ”:ﬁ‘»’%h ‘G HER &
Case A [N 0.000019 0.1101 0.0190% 0.0056%
Case B ® 0K 0.008645 0.1101 8.2606% 2.4642%
Case C [ 0.000019 1.6270 0.0190% 0.0146%
Case D %3 0.008645 1.6270 8.2606% 6.4128%
10-year progression by prototype case Risk gquadrant: clinical-cancer probability (10 yr)
g{ mm cayreor: [
g | B Clinical cancer . D10 (high) - CRQ% C’% 1s
S; 6 E 3.0 -
o T —
g 5 g 2.5 g
:,3;, g 203
4] 2 T
= @ 15E
2 31 3 T
E : 1.0
% 27 s 0.5
; 11 oo CRCC(%‘A: c@% 0.0
0 0.02 0.01 0.00 0.02_0.01 0.01

Case A Case B Case C Case D D1 (low) D10 (high)
(q12 D1, q34 D1) (q12 D10, 34 D1) (q12 D1, 34 D10) (q12 D10, q34 D10) q12 decile (Normal - Adenoma)

W 414 2 BRAPEFERLLELEBF()ZAG%IB(E > FIB* - 25 FRERVRESF)
FLEFELLF 5 CaseB &2 CaseC 241t o d F 4 B[ E30H - [RE L RF B
% ot Case B(qiz % ~qz4™M)EE I TRh BRI F 5 24642% > @ Case C(q12

Mgz B) HE 00146% > B HHZEE2L 169 B o - HFLBF R AFY
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Lﬁ}?‘ﬁﬁ Ry ?ﬁ’fﬁ—f v B RY R LA rq}‘:«\‘”ﬁl?@j ZFE D RENSEEMRE > &
i1z (A% 7 % 25‘5‘”’?\%’)?%&@%3&& 2 B R KT s (g’]“\};‘:v’q/é“ fe 2. B it ik

R)H T 2 B — R U2 R R R T qr AR R LA W

AG SR O RBHAELZ BETYIRABIEREIAAEL R ES YRS
Ao p ARUHA LB ER N TS R2WPRT 0 F a7 R R
R B HEE LR o 27 > Normal 2 Adenoma f@fiz k&~ & %5 % 2 %
FRER B FER TE ARG 2R e B R TR B E AR 2 B
R E IR A S E S R R R ET FL AT ER G E S LB 1

CE SRR 33
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'—. = B 41 >
I ¥ HwE R

50 1B SR

R Bt ek 2 g aE 2 - Eakd A HEGRARD R AR
BRFETERREHE (LR F A FEHMEBAR R HHEB A
b & IER - B4 AR P R L (Population-level disease progression) %
34 AR E (Personalized disease progression) 2 B & 4 177 # 4P T
@ﬁﬁ%éﬁapz%%é*%?gﬁﬁﬁiﬁﬁﬁéﬁﬁﬁ’ﬁﬁﬁgfpz
WA A A R GIER ) AT A F e E L REME SR RES T

WS- B L B BARER R REARR K] - HATA

A v

— X

o

EEMES S G AP 2RABLTLAERE (FIT) il &
AR FERER KL S ¥ 2 48 (Continuous-time hidden-state Markov chain)

B it B A 0 X35 8 H 'L (Emission matrix) 2 2 BB sk i e

‘3\

BE2a@% - H G4 L8 (Generator matrix) % éﬁf[ﬁqﬁ%ﬁé@iﬁ% %
B A WEE B E SRR RY 0w ﬁf;r;:ﬁ:}rﬁf;';‘g’f,ﬁfy N ;ﬁ:}fﬁ@/{%ﬁ}ia

ROREA S o L TR RARH AU BAMAERIRS ST B LS

3 -

o200 AT A LA SRR HHE DK DA R
M2 B A YR & ITERIHEA o A7 % % Bt > Random Forest »t i F &2 BJTLF””‘” B
FRETERIG S 7 SHAP #47 "@#F A - SRR 2 (L kR AR
BEBELEL 2 PFFF c LERDE S AL L AL ARLH > A Lk- H R
Random Forest #7# 2 i 4 i* b ' G » FHM 2 L » 22 B A2 gl

(Personalized generator matrix) » &1z 7 - B8 2 A & B & & 2 A JHiE B L3
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(personalized disease progression spectrum) © #* — ZFH & & A Jp A R Y = d 3y

it TR pieE | B TG TRAABER > 7L AET RS AT ©
TR

52 HUWE sp g R EEFLA
B b AR AR AR SR F RO B p e £ a2
TERBEZLARERFAR KD BRARBp AR I N IT RERHEARR
TR DS RRBERIEE TV R AL ARG RO PR RS R
AR R R OBLRIGEA -

AR A FEL B P WRELARRETLES R > [ SR FHE
AR R AP Sl A FEETARZ A 2 TIT 0 ] A pie R
T ARBYTEREEYRRAT F A AEd el F s AP S §
Btz A4 AaEd > 2 AR S B G > A AL S de it P FIT 6 f %3
BB R HE R BFH AR R E - BH S A A AL e ph
LI BARRELBETA > RABA AL FEHERT FAFLIIRTH
L3 e

(i?r‘r

53 BANRGIEREPESTY
TEALFES R RER GIER 0 RA S BATL RGN A A
F R AR B e SRR B A A & o 2870 i ANN £ Random
Forest & 8 & 434 8 £ & ¥ #-3] > % % K7 Random Forest ** it ¥ £2 35U~ 4 % 5
FORTERIA S BT AR B SRR A T R R A R ARG
Z AR 3 TR o Apg2. T 0 ANN YR A dicy P12 5B 2 TR o HL i

i A R U BT HCADR DR P TR S RRE -

n\ﬁ

L L R RS kL A PR R 0 R R R pORE T R
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LEREREAR- T L@ AL L H G K - TR AT
B3R R 2 R AL B LR AL TR B AR SRR

A A

SHAP ~ 7% % 8- b1 > e~ FEPFR 2 Lo R kR AR A8
BAP LT BREEM - HP > EMR AL REBE AP X2 A2k B

EERFPARFEER AL R A AEBAE D 2 LR ARR

L2527 lﬁ"bh"% i 17},"5§F“i" Roos WP EFERFFE "’L’W’Fﬁiﬁ*ﬂé‘— ]ﬁ

zﬁfs
+

FTEFrER 244 o { £Lend > SHAP R B & S BRI S S 2 B Y
TR RBEFIEAULF TR RS L FENTRA AR A -
54 FHMWA K/ R BB ARBERLZFE

AELERE RO EFLAT AN F AT AR AL HA e B

BOGFRRIBA S NESL 22 - 2d FEHA i B #2 ¢ (Population-level disease

progression) #f ¥ I i A it A i i (Personalized disease progression) Z. 4 7 7E
W P EL AR AN F L R IR R RE R 0 0 B E
FYHARLEFENABAHES B AR GIFR > AT HE2 A F2 4G
o BEME &R RO SN e A &L (Generator matrix) v 43 & 95 1 8
RGIFHCGEFAR > A5 B A L4 e (Personalized generator matrix) » &/ &

B BALL AR E AR BB o

@ﬁﬁ%éﬁiﬁﬂ‘#&“wp»ﬁﬁ’ AR Ao R A > Bl A
#%@%@%ﬁﬁgﬁéﬁiiﬁﬁ%é#% Ao FRTRABERET > TR
AR E&LA AR FIT % 0 2 F B0 7 @ B4 5300 ~ £ R S 3pk

AR EETT AR G RF BRARLARERER - Tl A AR

T3t Sl AR R o M E s F poiofs BT (Disease
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heterogeneity) » 7= FUFI A 5 p R BRI B AT F R 2 B -

R ] AR 3 F A4 * Random Forest i3] iz 3+ & =% <t K

IS
F-

FREBEEINE M2 d RERI A HEHRLBATARKEE 7 B2
2 WRBEE YA ARSI 5 0 AT - B RAAT R LIRS
w5 PR & B B (Relative risk multiplier) » 12 pb 15 5 i3 I #4824 S ErE &
ﬁ%ﬁ%ﬁ&iﬁﬁoﬁéi’ﬁ@i$%@ﬁ%ﬁ%éﬁii%$%ﬁ’ﬁ%
BEY ARV LBARGAA LRGSR RE DS F T B2
A e P - PEE R AR ALY (TR AR TR ARE

B S A A AUF L AR AR & R

Atz A SaEE s 2 AR AR RN LHAH F
%p»@@f%ﬂ+ﬁﬁ@ﬁﬂﬁﬁf PR R RRTR LG AR A A
KR BV FARR G AL R R },;;xa % i (Disease trajectory) o F]pt >
AL e Rt B AR fﬁ;,sglié % 2# (Personalized disease progression
spectrum) » & 2LH B2 b A KSR 0 A RE2 AR R HARAHY 268
B FRPFLRA FRGEEN AR LA RER L RS &

BRAEATE

T- G0 AR I SHAP A 4R 7 I 5% F1T M e B L B

=

lo LSl m  ER FEFT 2 L R RRDIPER L ARBERK

A-H

CR2IRFHHY  ERFPREDERE LU FERT BB
BERFAZEFFRR L el %E'JFB#:,}%’:E“"L?FKE.; WA s o M2 3R
% #3 %t Random Forest #-3|® £ 3 3 R £ & | > PEEE’TE’%SF@Q}&),%B R

YRR RBEA S P AT B AR L PIEET R AOOkE 2

ey 2
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ERARNE AL AR ET VIR Am A RO F 3

N
a3

LA B AHMEY T L2 18 o 3 3k ARG AL LR

=
Ef

Random Forest B § # & i* & 5 i b & X FRHS R B2 f‘},%ﬂi
% 1§ ° #* 48 Hybrid Disease Progression Framework # £ % #1j## i # (Mechanistic
interpretability) £2 B A it Fgip|sc 4 (Personalized prediction) » R #LiE 3 % i p R
B4t L B A TR A S EE Y B4 psHEEL U .

LERE o AFTTHRN2Z 27T E AR Al S #4 (Al-enabled
Digital Twin) 2. A#EH o et 4 2 Proprd > &0 92 A e 2w

FEREREFEF{IZ A HmBHER > d A g2 BALS AL TR L E =

o\\

A%ﬂ»ﬁfﬁi‘z B B i fie )] o %\j\-{:m—,#?‘?%f F=x FIT #iBl% % ~ <~ 548

W

IE iib;}%a}%\ 4 5 ik H q;g,);};*\m - SO ) :,\,,zF.xg‘_;;‘g_——:xxiF,‘} i%
A E i P s 1B TR R A FRWASE & p A { #7H3) (Dynamic self-

updating disease progression model) » & i { # &M FF J F 2 b 6= F I

Flat o AT AR N A A BT Re AU S SRR A
TR - R EARD ARG A ITERGTRRIZ B A ARERES
FoBE 23 P A BMEARE REF T 2 £ &4 JTi2% -

5.5 TR g0 Rt Rk

AP E L AN 3 KRG S RE bl LR ERLTRR S
DAY P RE G E R R S RALGRTE ) LR fE
AR ARG HERO N Ba 0 A EFT RN ARLRETRLG A
FORIT$% S A RBBERRGOELHFLE o 0 o AR Rgae s 0

P LA R E B FR T REE T
AT RN BACARERNT > T RS IR F LB pERERE S
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bRy oo @ e i d BALE SRS (age-based screening) % F B G b ‘e H
w (risk-adaptive screening) o 3" M b "G EFH > T R L BT IE 0 1 E K7
M%i%ﬁ;ﬂiﬁﬁﬁ%;ﬁ%&%ﬁﬁ%?ﬁ@ﬁmﬁ@’ﬁiiﬁA%ﬁ

wh & H s L A TRET T RREE A S DR F RS o

Bk AT AREREFTVREREFFEIRFET R I AR
(shared decision making) 2. & & &y c PRI T EH - h'e o B ATV R
WA e B pop e EPS > RIXEH LT 2R LApmi-ARS > 5 B4

B LR B R

KX ErABEEn T 0 AT TR EARR RFIEFRICLITOFE v o
EAIFEEHFF R 2 A RBRE GRS P OREE KRR FREF
LRy b BEAFR GREFH TR AFgE22 2 28 VRS AR
Gt RE 2R e A BRI A B RS > PR ARE B R 2

I, i L% o £ 4 (precision public health) 2. & & R # -

5.6 F1 7 U] A kB

B ARG R 2 R 23 Wf@ﬁ”(ﬁﬁ&ﬂfﬁé LY vy
EEFRGle g A AT LB AR GHEAA LI IR FAT GRS

R =3y ﬁﬂkn‘*nr\f}ﬁqﬁ-;\ (Diseasemode ) & 744 > @ 2L 8 & F pr— 4L

W §%%ﬁ*’%%iiﬁ3,ﬁi9# o Tt LA ffitx‘? R AR RETER TR kA
PR A E AT XN IRREL R RE T F
(Prevalence ) = B2 #% & 77 7 3410 i 4245 * L R %% (cross-validation ) 1 %
MEAERBE LR RHF2 LA P FHTHE R T A REEZ
e B R TR (7 ¢ %% 7 (External validation ) > 13— ¥ 3= 5 #0320 ¥ 4

IR TR R
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o AT 2 A RHERNAAL L R FIT Gl ~md iz v
ZTRARFEL B AR GAR o Ba o FIT ffei & F phop il 797 - $38
e Bt 2o H @ plag 4 7 a0 X 3] o Blde o g R R ( serrated
lesions ) i # & 7 iz dw M 0 ¥ 5L RIAH AL BT A 0 F]t FIT
ERACHEAZ TR RAEA BT P THRALRES N HREL
A p B AR A T S WA R YL AR ERER R G T

e A RFRE- HELREAN  HUEE R AL PR T Mg e
BB L A2 b GRS G DA g B AT A R A L TR
i e

AR orE 2 BAMASEEDFEELGY ) AR H - pFRVEL2 %
FlF B A R@ESEAE - ARFREELHE FITRR - 2 dpth~ 25316 % "
2R B R 0 2F 2 K & 5 { A7 (longitudinal dynamic updating) #-3] » &+

(395 PAb GERR LR

Pt T EAEEERPEF R A KT - KL S WS (multi-omics) T
W oo @ 35 2> A FIHE TR - Polygenic Risk Score ~ % iE fic4 449 ~ A B E 2 Fov
LA 3
TE S SERGFEE FREGTA  E- HRApHEEA T RN -

g

rgéﬁ%fzf_-l*p*ﬂ_wu,;j:fi ;t“r7 'B‘&lbf}?‘,xé‘_ ’}.u——mo}]ﬁfg,ﬂ—‘;ﬁé;_g

¥-2a5 0 AEF R 51i¥ﬁ#7”‘? - # 4 B % Al Digital Twin % st - %
BRFEFRETATEE GREA > E27 PEF{ATL AR L 50
# % (Reinforcement learning) » # & {37 I 46 1 ve ~ EEEF IR Z 4~ % 54
BREREZ B Ea a2 BA I ERER D ARV 2 E®

oo MR opmp RUHIY B EE o TRS ZAGSREALAEL L -
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5.7 %

ik

#
A F AL RERAPEEAR AR AR E L ER A
BGTTRIEEA] e HALA A AL BN I B R p e R AN

TR

# o %8 Observation Mapping ~ 2 S 4L 2 B A it 4 Spd2 22 » 27 3
FEAFT GRS AL (- HEE R BHARHLEL RS A LR

o RABLBILE R A R T EEH TR R R 2T e

A7 7 #7312 Hybrid Disease Progression Framework # & 2 Jp 8 41 i% f# it
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