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4. XGBoost (extreme gradient boosting)

XGBoost= 2P YAE - El(gradient boosting) & 3+ FHFoly, T YAE B~
B el =9 AR B gt oA FA 5o EAIE s 2] wlEel A

7IRke] E ShFollM TP B FES e darelE T shdelth 2 A A
FANA oS B el oA dRbAe® tE VAl daelgRy Hold s
< Yehdo] B SVE 43 ok

XGBooste] 71EA ¢l fdL okst A} (week decision tree) S £ojA] 733l &
7](strong classifier) & Tt== Ao g AGELGAEQ} H|5=3FA7F XGBoost] 75
© F7Fhe 2AuTE Aok Hl S vk Akel7t ik wEkA “boosting”olﬁ}i
g Aol AYURE eHer Selke Fgd, old AWUTAA 2

ARE e AAURE AAE b B85 $4e Fo olde) extg aAd Ul

4

A2 ol 24 nz 17



IYYJAE F28] W2oxE 7HAE Adrte 3H0lx 277t
AAE 2 FAG vtz Fdek= vhE XGBoost:= 2dl 28 A] AR H slefu] el
wkel Al 74A1A] 7] (tree pruning) & F3EH F iAol A ol X vl e Rk
o7 7HAA71E AYFeh XGBoost= ASAE WA oR2 Aejat AAUTE 44
& uf Ex oz Aelater, ol #gS HFE S TUA

[¢}
ZHAAL Q= A Al BEE AYS ST 37wzl 2 war] 4]

A
o
N
N
g
—x
lo,
R
2
il

A28 ASEde] A=

1. Concordance index (C-index)
AEFT A 7 Wol ARgSHE HIEA oIt B AT} o] o|7Y FHEHTE
Zb= 749+ area under the curve (AUC)9} 2t} thike] Aast A= A)7Ee H7IstA]

£ 2w ofe el AE ARHEE A ShHo vwste] A £NE % o3

yi Abdo] A 2] Alztoln] y& wElo] o 53k ARtolt,

c:Pr(yAl >?JA2 Ly, ZyQ)

Al
2

]

[32l 2-5] Concordance &t

o] AeolE nE o 2 concordance index (C-index)& [Z27 2-6]3 o] Alxtet 4=
At

= qu[ (v, 1 X,)< S (w: 1X;) ]

[32] 2-6] C-index HAtAl

P'= H7} i & ol H, = Fo Z2710] el HA$-E A= indicator g=Foltt,
A FH7 A A S i iRg 2 A2 g o AESSE 9 T dS3%
o] v1&-S A, 02 1 Alole] kg 71k FAl 2 F =12 td iol] HEEA|
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wg)o] Aol fvh= ojujeltt. Rithz i ioll Abzlo] wAEky] o
FHcensored) it i 7F tid vt Qo Ak glE 4= gly] vzl
Fellrl Al P A= AA Bl 7Fs 8 5 o ioll Abxde] gk g

Z o\
4 R M
()

=
o
o

2. Calibration

SRl calibrationo|gh | SH o] v} & Aegirte dol= HEo|
t}. Calibration> Apzde] WA &5 9] A7|E o]&3ste] Mo fHdow ZF&aba,
7} ol A 21 gdol] &3k TiRIES] Ht o5 &E AA| 2HE Bluste] Frigi.
ZA2Y 3HEA A &3] 220l Z o] Hosmer-Lemeshow S-AZSIH], (29 2-7]2]

45} 2,

Y . 2
o [.,—— 7]
— — i=1,2,--, M
-1 Py P) !
[a2l 2-7] Hosmer-Lemeshow EH|2F

FedtE ARE 71 AERYH HP=g Grjelr] 918 Nam} D'Agostino7}

2 | KM~ P’

x= _;'21 F(l — ?)

J J

Jj=1 2, M
[22! 2-8] Nam-D'Agostino S|

o714 KM} Pi= jHA] Kaplan-Meier 54 %], Z12]1L Cox H]#-918 Byo 7 4
sk AR A ghEe] Hatoltt

3. Brier skill score

Brier scoret= AA| A2 AL =& vwsl= ALtrl oz e dujel o Sw Ao}
o] zpole] AlFo] HHko® 0FHFH 0.255 Ato]lZ At [d 2-9]¢] ALt d]
A, f= A& o]l o AA| Aot} 052 st o=

I
)
o
E
(@)
[\S)
V)
o
)



— LS a2
= 57 — 0Ot
Nt—l t

[32! 2-9] Brier score 4!
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o
4% o

o] gl

o

B ATE g 47 £ 7 T8 é’%ql*i‘ﬂ ke

C-index7} ¢~ Yol% Brier scorex ¢ =74 UL 4 k.
ol HS FH3L7] I8l 714 H7Hbaseline evaluation) <9} Hlwske] Ath4

2 drp} Brier score7} 3 E Q=R H7Fsl= Brier skill score® A}g-3H, (18

2-10]¢] 27} o] AteEL), o] 2loA] BSE o|Z R 39| Brier scoreZ, BS= 71419

7} Al Brier score °o|t}, & oAM= 7|AF7E BE A ghete] EHEkA] s

Zolzt &gt A¢= 33t

BS

BSS =1-—4 5

[22! 2-10] Brier skill score 2|

ULl BARYI S AL o83t dEEE TEBe] 7P 2 Aol F Shhs

7 B gek, QUFHOR BARN ] BAe AA BPelA] wusEe] WA B

Aok BAjste] sk ol gk ol Bol FAT M WAte] BAE HA 7ol
A eI g7lel, BEOoR e IBEGA of BAE Selshe] Yutael S

I35
FAsHE ol W, A s videl Aol A dlEsAt Az AS TE
of W] 915t Bl @) ZHAT e lolElR WET o] F A2 3ol a%am
3 gl dolel Aol Ae] male] AEu
%o J5e BAX st 2ol
ch vt 4 vkl ol G ol oIS WE S gens, Hi

M—YL
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Lots of data ML algorithm

Unseen data

\IXIXI/

ARG FaAFE AT Qe 4§ dolee] At o, aen s
she A9 ol S met 1 BEsl Gebdcl Bk ol Fol, ojdl At
S50l ofie B ASHAT She A U, 3 M) 21F goh ol

% 3 sk Aol WA 9 ofele Faleln)
9 we delHst o B %ﬂa—ﬁ—ol Basieh A2 GeAd ol Yol A
B

O
O
tlo
5]
12
o
ol
o
A
o,
()
oE
mlm
@ or
AV
ofs
<
_Li.4

o g8 glo|EojA] Fohf#] Fala E4 dlo|el ot ZA5l= él~ﬂr 2o Al

2 o9l Ao wolZel Yz stso] B 2= g} oA HW 1 FLo] gl=
dlolE Aol A o] WA ThE dlolE o] HEHAL th e Hsg Bl
gk olgd Agg mdlo] 54 vlolEAleld FsA AFHAL st A
(overfitting) o]2}aL stch(2® 2-12).

H2% olgd 1z 21



fundamental property of statistical learning

Test error

Error

Overfitting

Underfitting

Train error
LR Poly(3) Poly(5) AdaBoost
Model flexibility

v

DHol EEY 22 RUY0| BUFES+E 20| Lo{HE H0{E. LR, Poly(3), Poly(5), AdaBoost2 Z+E O STst
0 golst DHolD, ojof et s ulel ORE A% ZOSKE AZE uel QRL HASICHL th] EJkte %8
= 4 itk 0 ZS0I= Poly(3)7} F|xie] Yo|C,
[ 2-12] 2 AL} 0|7t 2|
o9} #&ste] 7|AIEFAA F 2k 7id o] biase}l varianceoltt. & T oS REl]
Q75 YERAI Y 2sh= ojvle 7 g2 (29 2-13]2 ARG R 4%

A7 biase} variance TN sfMshs 27om, F2 A g9 dAl & 5 AEE
vlstaLl shgk A2 melo] A SE g oJvldith. of7]4 biast AR o5 e
Aol 5 ofvlstaL, varlance= A5 #hEe] EolXl AEE ofndTt o] dlA|ellA H&H
o Z2 () o] 7P 2 B AL & F o, (b) B2 o=
wEe B B2 A @ vISSHAITHS bias7t 2h), S =9 variance7}

dolr} whH (¢) BEL bias7} =3l variance7} e Rdlo]r,

L

o
ft
iy
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Low Variance High Variance

Low Bias

High Bias

[O2] 2-13] Bias?} Variance

9 a-E oA S5 AT AAA AHEGH,
(@} #Zo] 277t A=t AF Alde (), (0, F2 (d)o 237t Y& 5 3o
Al 7HAL S B i 2 A2 SEsHAT ME U2 = Variance’l 2
(b) mdle mdo] g HloJEAlel] oA Argdt F={gto] H Zlo] elolt}, Bias7}
2 (o) B2 vyt g ®do] sjdste]al sh= Aol Hlal FEs] HidehA] ¢4 Zlo]
AlolH, (d)+= & "¢ A= A4d &+ AUtk

Z Q3 A2 o] biase} variance= trade off B, & shIE Zo|d o2 U
hhe Yol HolohH (T d 2-14). 35 A & des ¢7] S8l 2o Exde
22 58 dolHAMl ] biasE Fol= Zolot. 2L} o2 sh oy
tloleAlell 4-8-38t3lS wl, bias7} =AW thE dlo|HAld % H|s=5HA] 282
ey} vlwate] Jria oz doEAlel wet A3yt AL thEA oA €.
variance7} b= AL ot wEbA g dolMe ZASs Bde et

2 o] bias-variance tradeoff dlo|A HAH o] nElS wrE7] 93 8L = Ao=w

S Al AR dlolE Ao M

r*0
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{
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Error

24

Bias
Irreducible error
>
Model complexity (flexibility)
[32! 2-14] Bias-Variance tradeoff
9|20|E HEHE 24010 TSRS LM 22 0l Sot= QlEXls Y259 HE 2 AS: L §h= ASE ¢
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A3 2

g+ A= B 24 98

A1A KCD 2WEF 2 2zA Aol

B AFolx o] g3 ARARREIAFTE(NHIS-HEALS)E S BFAHAIER
(Korean Classification of Diseases, KCD) 63ol] &73le] A a7} 7|25 0] Q)
St AHARIE R FAESE  FWARIEF(International  Classification  of
Diseases, ICD)E <7t 2 skl 9lom, -Eughe ICD 1038 W 93te] 199519
KCD-3& A F Algste] AR Wrbal ek P KCD-69) 7|272e) A3s
AHEE QiR S5 &8 AT AAERE UEA e A Al dapilo]
I =R, AR, dztels AR Ho] vk VEERES 3HAE Hol Jle Ha
107074A] 4] ER/2E AR 5 oy #7] A 25731S 42 5 AR 73t

2 AT e FRIAGEITE] AFAs 9@ I7HE AellA FE3 FRE
o2 Y HFES TS " AHolE vo], A, A5E9 59 T4
Sh2el g, Q]EO]% WS nigow sto] 7445 7IAde Bl Bof AR 5ol

O

o Hm A7 W) 4P Aage Exﬂ Fpe] et Afol7k s 9]
mholth, Webd ATARE o83 ATE U W AAH FE 244 HolE ol
sfefof gk,

upebr] B AFolMe o) d AFEelA ARRE 223 AolE ol8ste] VAEE

FHE FAsAn Y dE o, XYL THAEG A SFsHs KCD-6 Jda=z
A ddate] A5 ke Bgolwt, St Af-oll= KCD-69l o3k et 1w
Al AA b Aol OI o] AL efef "ol 23] o] o] Fozl Bg-olnt A

=
Aebs w2 Aoz Aosiltt. & Aol A3 e 284 Hole F5 e



TN ARRIFANA AFsh= AL AZFEE TS E (NHIS-HEALS)E 2002133
e -804 Aol Yo 10%E F-z2hez

=3 51,47957 2] HEIS Eo|t), EFHE AFEE9] 2002WFE] 20151 Abole] AT

oJ

|

FEIAZE EFHE FRA F 51,47959 F 41,7346% 0] Aol Z3HEATE 2002

200335 A7 A 7] (washout period) 2 FiL o] Al7]& E3tste] Azl A A]7]4

dold A& v g Zb AFthdate] 71AA S 5L setsigint. o] A7 Abd

A 4 e ALEE 391692 Aol A A skdeh =g s R gt

1,070% 1 47F A dut oS BA7IAte} o5 ol§ dqEyF 2A G kR AT
)

A ug]Se A7 ASEE] sl 2004 B2 20050 ARE HES 33 4966
& 7AIEE daeES FgEA7IE Ul ARREE Shg T (training set)ol], 2004 &2

o
2005 0)= AZINEA] ekgkont 20068 E-2 2007\ 0l RS e 874167 SH<53t
.‘_T_
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A cohort of health screening examinees bhetween 2004-2007
from NHIS-HEALS database (n=422,332)

4,986 excluded A
- Death (n=2)or
cancer (n=3,914)
before examination
Covered by Medical
care (n=1,070) J

Final study population

(n=417,346)
Training cohort: Test cohort:
examinees in 2004 or 2005 examinees in 2006 or 2007
(n=331,694) (n=85,652)

(a3 3-1] A7 Rt MYy

FYuol aelFe] Foe FaF A5 o] AuE} F Qe wdE ojojd
S QR o9 HH 5T u) o] g3 Hlolel R FE A5 HolAw AL Mok,
Z 89 4ot o AEE A4 dolEel 48Ee e IRYE He B
% gk ol BEgho] Uolwrhi Sk, webAl Abde] ejulgli= wlolElE Al7fsta
42 APlE Ao £ UL WED G547 b 8ol Hrk

oEF w2 F bt YAUSE AT 1) o= Y= AALYL AXE Aot

= A 7
o2 93 2 APl WA = ulaA-Ne NARAS Fa) oln) e wrET
Aepakick
WA 2k HEEe] AL BAste] BAAA| 45 (variation inflation factor, VIF)7}

2.5 ol WFEs I B ATolMe F571/01¢9h7] dtdt aspartate



transaminase (AST)/alanine transaminase (ALT) X7} A2 733k AL Vel
CHESE 2), mebd Agke 4371 A oleky] Adkel B vo] AHEaten
ALT7} T b8 gk Sol&o|m® ASTE el ALTY W ARgshr,

o R, GHg S22 uE-93 FARANA p Fhe] 0.05 mez JhA|EF
7 oulge BAE B WrEReR T 7R SYhon fog W
Bl HFET on|ole &Iz et ©ed] $-A3] ol lAtw e
AE HA3}elr] e, S5 EﬂOIEﬂ% B E~E (bootstrap) 10008 2.2 10007}
Mz oE dlolEAlellA o] IS vEESIGIaL, of7]A HA 8509 o Frolgk Bl

FE HFERE HF oS HER el

o rfr

il

1‘
off
e
il
0,
L)
b
2
o
il
N
=
2
o2
o
E’
o

=
Aoz o &3, - (classification)”e] FFoluth EAE W A 2R} 1A
Zoboll Auchd AA F vl Fof W] I AVE oSS AR AIZES

o}
of| Z(time-to-event prediction)"&h= &7 oA},

AR B LIS E(NHIS-HEALS)E 2015717 0] 4¢3 AR E AlFsinz, it
A7AA AZbe &8k vl QoA 2015 129 3195 whAEE #EA = 3FlaL o
ol IbM|Ete] WA ke 9ol 5t (right censored) A2ttt 44

FNFERASE| T3Hd ARG APgde thgl= SAA A Alsshs FR7F 2

Aad HEg JHAsE ol&ste, this 2 vl AESEHANA dE

sttt TS & v e A% T EGT vl

ARARME TFE F JoB=, F7IE A 2LE] e S BAAAR T st

T 74$1% (competing risk) #4& F7t2 2gskdct

A%53% ®9 HlilE Mann-Whitney A% 2 t AA S, HFE W9 Hlus
=

7ho] AL o83tk A& F We vE Aol flow Hudt AR ti3kak

=
o
N
B
Q.
=
=4
9
T
=
il
)
2



< UEHSIYE 45 SEHRSE 0.05 mRkel A9 frolgh #A S zfol7t vkl
skt BE AT 7SS R 3.3.38 o]&3te] FaEkdrh ARg-gh 37
A= 23 2ok survival (v2.41-3), cmprsk (v2.2-7), randomForestSRC (v2.5.1),
caret (v6,0-78), survminer (0.4.2), xgboost (0.6.4.1).

AE WIEHAE dae]52 “BF7'e “BA7MA] A7E ol F7o] BT AREE A
A=l 52 BN R tFElH. ShaTellA 10-24
WA (10-fold cross validation) &3l 2etr|Ele] #H#stE Psiet. o] A
23] 24" FZ <o vlgbn]EE ntree =120, mtry =1, nodesize = 60]]t}.

XGBoost @ale]E2 A2 W F7-5 ZAAsh R FAlo o] &= AL
AHEY2E g Ao viR7AR ShgaelA 1024 wxk3H5(10-fold
cross validation)-2 %3l sle}n]e]e] HZ 3= ZP3tct o] A =3l 2AH = HF
9] "2tuE]E= max depth=5, eta=0.1, min_child_weight=1, gamma=0, lambda
=0, nrounds = 108°]]t}.

=5 e Folle o] HES AR RS o] A Sl
A ﬂ%iﬁ}%‘]?]l tloJEjAlell A g 2= BleE-9d JHEEH s vl
skt o Yozl IS W oSl JlojA] e Y L ~EeL XGBoost Ly

Fol AUT P wAE U] 2 AnlFE SAH0 A8 uloh vt
S| [}

3. "WIX|E

LA ESE A 774 8] 713k el&shed] oA ARS-E B7EARE 27 37HA
2, B (discriminative ability), calibration, 12]31 Hwkz¢l A3 (overall
accuracy) o]t} 242} c-index, calibration =3, 12|31l Brier skill scoreE o]-&3}¢]
Brretget. 7k A Fe] A A2F o237 ;oA tEr) uh G E goksls
G Slelf 6 Ao, U0, Selw AUCE HHE olgahact
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Ao} A 2
Ha“ﬁ"] 7]77]'?(]9] 713+& d&3sk=d) 9,)\01/\1“ c-index, calibration %3, Brier skill

scored, W f7-5 AHEE  glore HEE, WIRE, Solk, AUCE H7HAHER
AS5E THAESE B HE 7 wEl FRIAE AYRT (5), FHAET
0%)9] A Fo=2 YUFil Kaplan-Meier A&54S a8lal Zt

PeA 2a-9m A4S Fo s Agee
A EOR e AL 2 2o B 5 MSHAES ol /1ES He Aol
T
[e]

Sl BTl A3 oA glshelnt.
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H1E A CHAXL 35
H2H o|=QIX} 37

HN3E 7|AIstE 40







4z

2y 23

A1

A7 oA

HF AT IR 41,734678 01

8,505214 ] H

el Satgich, AR Y

31 79.5%9%1 33,1694 9]
71FEo 2 AA tdAre] HiF o=

ol T

=18 v,

v 2] 20.5%¢<1

SSAIAL 1 W= 4241914 82M17FA ek, EAd o] 4] 9] vl oF 5.5:4.52 P o]
< o Bt A9 tiiate] dgEe] S HAET Atold] fofdk 2fol7t il
ol F o Aol i gEus A HoFH(R 417 FER 3).
<H 4-1> 521} HAERO| &35 917 CHAXIES EA
B A HAER p-value abs|
QITALSIEHE EM
Lto| 54.3 (9.28) 57.7 (9.6) <0.001 55.0 (9.45)
42.2% 55.5% 44.9%
A 09 Ad
c= 18 (140035/331694)  (47546/85652) <0.001 (187581/417346)
" 57.8% 44.5% 55.1%
=e (191659/331694)  (38106/85652) (229765/417346)
28.5% 30% 28.8%
AEA_DF_ o)
ASFE 30%  gue14/331604)  (25732/85652) 0001 (120346/417346)
30-80% 34.9% 40.5% 36%
° (115713/331694)  (34656/85652) (150369/417346)
80% 36.6% 29.5% 35.1%
° (121367/331694)  (25264/85652) (146631/417346)
MAAH S
| =12 . 66.2% 64.2% 0213 65.8%
NES S (219447/331529)  (54942/85617) ' (274419/417217)
D= 31.3% 32.6% 31.6%
S (103922/331529)  (27933/85617) (131855/417217)
ot 2.5% 3.2% 2.6%
= (8130/331529) (2742/85617) (10943/417217)

M4y 24 AB 35



Ha st& HAEZ p-value |
ot 27| 126.59 (17.19) 126.54 (17.17) 0.33 126.58 (17.18)
olet7| 79.18 (11.15) 78.37 (10.82) <0.001 79.02 (11.09)
SHMAAL
AST (IU/L) 26.55 (15.92) 26.47 (17.37) 0.25 26.53 (16.23)
ALT (1U/L) 25.52 (19.45) 24.9 (20.63) <0.001 25.39 (19.7)
GGT (IU/L) 37.7 (51.85) 36.58 (53.85) <0.001 37.47 (52.27)
SE2HE 198.32 (36.84)  199.45 (37.84) <0.001 198.55 (37.05)
(mg/dL)
=ZAEE (mg/dL) 97.87 (28.9) 99.53 (28.12) <0.001 98.21 (28.75)
SHAA (g/dL) 13.94 (1.49) 13.65 (1.51) <0.001 13.89 (1.5)
et
SA=-H) 5.96 (11.53) 4.6 (11.11) <0.001 5.68 (11.46)
SZ=(ml/ZF) 8.7 (18.7) 7.7 (19.1) <0.001 8.5 (18.8)
o= 7o ol 50.1% 56.4% <0.001 51.4%
(162668/324506) (46716/82888) (209384/407394)
=123 26.9% 22.2% 26%
T (87443/324506) (18437/82888) (105880/407394)
=343 12.1% 10.4% 11.8%
v (39341/324506)  (8647/82888) (47988/407394)
=5 63| 3.2% 3.1% 3.2%
B (10384/324506)  (2587/82888) (12971/407394)
o] ojy 7.6% 7.8% 7.7%
U= (24670/324506)  (6501/82888) (31171/407394)
=
Shmst 2.81% 2.64% 0.01 2.77%
(8563/305086)  (2040/77356) (10603/382442)
_ 9.16% 9.69% 9.27%
T1340F
—=- (28072/306539)  (7548/77870) <0.001 (35620/384409)
e 5.47% 5.55% 0.38 5.49%
=° (16738/305817)  (4310/77600) ' (21048/383417)
e 2.39% 2.57% <0.001 2.42%
= (7278/305106) (1992/77365) ‘ (9270/382471)
S 6.45% 6.8% <0.00] 6.52%
(19729/306048)  (5280/77653) ’ (25009/383701)
o 13.14% 13.45% 0.02 13.2%
= (40389/307443)  (10498/78065) ’ (50887/385508)
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A A HAEZR p-value abs|

7| {2t
S o 6.07% 8.83% <0.001 6.64%
(20139/331694)  (7565/85652) ' (27704/417346)
5.95% 10.45% 6.87%
TIX|EH=
XS (19725/331694)  (8950/85652) 0! (28675/417346)
2.57% 3.71% 2.8%
okA7HAHt0R] A .
= ol (8530/331694)  (3176/85652)  OP°1  (11706/417346)
6.73% 10.6% 7.52%
Ztoi=
IV 883 (22314/331694)  (9079/85652) 0% (31393/417346)
A8l = A 15.59% 25.57% <0.001 17.64%
(51714/331694)  (21905/85652) (73619/417346)
s 5.4% 8.21% 5.98%
ohyziEst :
= (17927/331694)  (7033/85652) 091 (24960/417346)
1.95% 2.75% 2.12%
ot=Z M X|Hi7t
228 Mzl (6480/331694)  (2353/85652) 0001 (3833/417346)
3.01% 5.07% 3.44%
H|2F =AM X|gh7}
1228 ST 9996/331604)  (4345/85652) OO0 (14341/417346)

0| o= 7|MAS RE7} ZeE|0] JUX| AZ. ZE 7IMEEtof Cigt Zit= 229 7 32 4.
AST=aspartate aminotransferase, ALT=alanine aminotransferase, GGT=gamma-glutamyl transferase. HIV=human
immunodeficiency virus.

FABAA7 ] FEE StEwollA 1L 13(H Y 12.087FA]) o] Q3L H| AE ol A
1A (F ] 10.087FA]) e}, shg 33,1694 5 0.5%21 17993} HIAEF 8,5652H
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HEE2 Tt 20 (FSE 4). ATAREEE 54 Sols vl A, v, &A55F,
ARk 7iEHoy,  AXATF A= ALT, gamma-glutamyl transferase
(GGT), 5 FFe=EE FA %tk 7IAEE Foll= vt dntel g Y, <kt

ARvlo] 2] A~ (human immunodeficiency virus, HIV) ZF¢& Fhad axd3%
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e Hazard ratio 95% A2t p-value

CH2 ATS FHOIXIZ ne2fetx| 28 o
Lto| 1.581 1.540-1.629 <0.001
M (vs. 01A) 3122 2.786-3.496 <0.001
ALT 2.490 2.143-2.893 <0.001
GGT 1.049 1.044-1.054 <0.001
EE2AHE 1.030 1.027-1.032 <0.001
orM7HEE 0.897 0.886-0.908 <0.001
ohMZiAHO[2A 2™ 3.430 3.096-3.800 <0.001
HIV Zfd= 1.851 1.605-2.135 <0.001
ozt 4.097 3.691-4.546 <0.001
NIPNE==FS 1.427 1.257-1.619 <0.001
=3 5 Foldst 0.479 0.382-0.601 <0.001
MHB(vs. HEHEER|R) 0.655 0.575-0.747 <0.001
H|2H(vs. F&REEX|S) 1182 1.080-1.294 <0.001
B ASFEVs. H2) 1.648 1.297-2.094 <0.001
£22 ASPE(Vs. JX2) 0.926 0.836-1.025 0.138
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> Hazard ratio 95% AZ2|FAZF p-value
CIE &S etz g o
L}o| 1542 1.493-1.581 <0.001
=AM (vs. 0{M) 3.040 2.710-3.401 <0.001
ALT 2.487 2.099-2.948 <0.001
GGT 1.048 1.036-1.061 <0.001
ZE2AHE 1.029 1.026-1.032 <0.001
D7 EEIS 0.898 0.887-0.910 <0.001
ohgztddtol A ZidE 3.470 3.116-3.863 <0.001
HIV 2= 1.862 1.567-2.213 <0.001
s 4.057 3.640-4.522 <0.001
PR 1.430 1.255-1.629 <0.001
oY 5 FAHESt 0.458 0.359-0.585 <0.001
I B(vs. HAHEZKX]|) 0.645 0.563-0.738 <0.001
H|ZH(vs. HaHIEZFX ) 1190 1.084-1.308 <0.001
B ASFE(s. H2) 1.662 1.304-2.118 <0.001
=2 A5RE(s Z2) 0.925 0.831-1.030 0.150
ALT =alanine aminotransferase, GGT = gamma-glutamyl transferase, HIV =human immunodeficiency
Age (per increment of 10 years) [
Male sex (vs. female) —e—
Family history of chronic liver disease —e—
ALT (per increment of 10 IU/L) L ]
GGT (per increment of 10 1UL) *
Cholesterol (per increment of 10 mg/dL) L]
Chronic liver disease —e—
Chronic hepatitis virus infection —e—
HIV infection N
Diabetes mellitus —e—
Dyslipidemia e
Mental disorder* e
Overweight (vs. normal) e
Obese (vs. normal) A
Middle income (vs. low) = !
High income (vs. low) e
’ Odds ratio ’ ‘
[a2l 4-1] 2} ¥i42] wXIH|(odds ratio)S LIEMH Forest =X
Hazy =M Aar 39
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A e dSshedl 3lo] XGBoost7t AEAH LY AER
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=4 9ojA], AUC (+/- T2H2P)E XGBooste} AE=HEZHAE
zd (+/-0.013)7} 0.871 (+/-0.019) 0| ATH3E 4-3). Calibration
ExoA F daelEe HssHl F2 Ades HYERHJTHI ™ 4-2). Brier skill score=
247} 0.1099F 0.062% o] 7|A37} 7]%] BE thdAtelA] 1Al Zte] whshA]
S Aolgl o= 99} Blwste] XGBoostet AEAYZYAE S AREIS
ol ZFz} 10,9%2} 6.2%2] Brier score @ do] o= ofnjolt), F deFe]
2 3y S W= AUC, Brier skill score:s= 242} 0,892 (+/-0,011)%
0.11280ct. whebA g Edo] fele] HFErd=z dg =it

HEZ o7 TFd dEnds HgArETAN HE @%E}%D}. 20% o]} FEelA]
oA 938e HAgrlehes AeFS H9o)t AMurzo £ calibrationg& EJATHIH
4-3). AUCE 0.8730]1L 95% A1 2|77k 0,860-0. sssaiﬁk Brier skill scorex= 0,078
2 71X %7} 71l vl ¢F 7.8% X Brier score?] &Fo] It WHEE 1%S
7R I ol A i f1jde] okl Hoks wo] A nitte Solw, Ao
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24 K| E WAHSET XU
ERT|ZE LY ZhMZ Q0| HHEE SHES ol
MZEUHTAE AUC 0.871 (x0.019
BSS 0.062
XGBoost AUC 0.882 (+0.013)
BSS 0.109
RIPNE= AUC 0.892 (+0.011) 0.873 (0.860-0.885)
BSS 0.112 0.078
ZEM|ZZQE HETIX] AZEE oS
Cox H|&|-2[6=2¥ C-index 0.843 (+0.006) 0.828 (0.819-0.838)
MEMH T AE C-index 0.881 (+0.010) 0.857 (0.850-0.864)

S U ye DAYBZNC| 9L BERER, ASAZANS FoL 5% AT,

AUC = area under receiver operating characteristics curve, BSS =Brier skill score, C-index =concordance index.
Kaplan-Meier XA I dAE Al 9187, S AATT(<5%), AT (5-20%),

AARAT(>20%) 2 el W, 2R fofsiAl B elde] SUteke AdE B

HEE vlaoA] p <0.001; 1Y 4-4).

1o \\‘
é- 0.75
.
©
e
o
2 o050
©
=
>
[
=]
vy Low risk (<5%)
0.25 -+~ Intermediate risk (5-20%)
High risk (>20%)
Log-rank test
Low vs. Intermediate: p<0.001
0.00 - Intermediate vs. High: p<0.001
0 100 200 300 400

Time (weeks)
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Predicted cumulative hazard curve and The presence or absence of features
probability of HCC development and actual event that happened

Pt. #1: 60-year-old male with chronic liver disease
(no B- or C-viral hepatitis), FHx. of liver
disease, HIV infection, and elevated GGT and
ALT; HCC developed 37 weeks after the
exam

0.25
I

0.20
|

—pPt. #2: 78-year-old male with chronic viral hepatitis,
FHx. of liver disease, DM, and elevated GGT
and ALT; HCC developed 45 weeks after the
exam

= - : o Pt. #3: 42-year-old male with chronic viral hepatitis,
o - 32-9"_/0/__ DM, and HIV infection; HCC developed 81
weeks after the exam

LN
“28.7% [“Pt #4: 50-year-old male with chronic liver disease
(no B- or C-viral hepatitis) and elevated ALT,
GGT, and cholesterol; No HCC development

Cumulative hazard
0.10
1

19'8% | (PL. #5: 45-year-ald male with schizophrenia and

elevated GGT and cholesterol; No HCC
development

0.05
|

- 72%

2.4% | Pt #6: 82-year-old female with high income, without
- /] any other positive features; No HCC
0.8% development

0.00
1

AlZtol LKA 2 2lsio]

=]

oY, Ao
ofN 1%

2t = g}
S 39S W, g Aoy Fubro g vlsdt AdE AQith HAET|A
g A, HF GEE RE AUCE Z7ZF 0.851 (95% A=773E, 0.794-0.862), 0.853
(95% 12|47k 0.801-0.822), 1|3l 0.849 (95% A1Z|F7h 0.837-0.861) 0| A&
4-4).
<E 4-4> YzH 2 X[UZH0| = EXIZO0IM 2B LEE ZHO| =Y LY SHE oS
Msgr Zat
1PN i R P ONE:: WAAZSZEL xZHE5E8
ot AUC 0.873 (+0.006) 0.851 (0.794-0.863)
=PI} AUC 0.882 (+0.006) 0.853 (0.801-0.822)
HIZEN X7t AUC 0.874 (+0.006) 0.849 (0.837-0.861)

s U e DAABZW| oL BEUA, AZUSBC| PRE 95% M7,

AUC = area under receiver operating characteristics curve.
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6.5% (65/1,000)

6.1%
(61/1,000)

5.8%
(58/1,000)

5.5%
(55/1,000)

5.3% (53/1,000)

53%
(53/1,000)

5.2% (52/1,000)

4.8%
(48/1,000)

4.6%
(46/1,000)

4.3%
(43/1,000)

3.7% (37/1,000)

3.2%
(32/1,000)

2.8%
(28/1,000)

2.6%
(26/1,000)

2.6%
(26/1,000)

2.6%
(26/1,000)

AST = Aspartate transaminase, ALT =alanine aminotransferase, GGT = gamma-glutamyl transpeptidase.
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