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AA AFodAtel tal IPIWE A &3stal vt sRigs 1y W=
SAS Cox HEAFHEGANAN =, HEFT A g Hr
2Fo]7F @1ATH(HR=1.13, 95% C1:0.97-1.31). ¥k YZ=5 2 A 3}
T AR WstE REde AIRE F4 Cox AR A= AP f1de] oF
2.49) ¥9kar(HR=2.43, 95% C1:1.99-2.96), IPTW 7]¥F MSM #-AJ ol A= H-A}3)
A7F Yebth(HR=2.62, 95% C1:2.13-3.22). =4 71532 Adst vigs
o e Axe d3E A THHR=3.02-3.05). H=3F, 213 2 43 o]

f
0
N
_O#

BA2S i o =z sk IPTW 7)4HF Cox HH YR E, HEF ATS T
AR BFoA AP 918 S7keh o)k #eo] A vh(2d HR=1.56, 41
HR=1.89).

o= AH a9 OMOP-CDM dloElE &-&3fo], ot Sl HEF
A o5 9 Aol Ab el wXe &S ekt IPTWE 488 Cox
HlEll A Gl Folgh 2tol7t gilen, ARF T4 Cox 39537 MSMell A=

EFo] AP f18S sl S7HAI7IE Q1o yebdth 2d 2 4d AR 9
Aemks FAoME FARSE FaFo] 1 oH, o= ARt &R T 25

Rbg ek Aol AAl 913S A FAsh= H T3S AARI

719 =: A, HEF, AHY 918, OMOP-CDM, #=wnt= 124 [PTW, MSM
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gtk ey A AbE el trere g1e)

209k
ITH(Sung H et al., 2021).

Bow HA & T

¥ 1. 20200 3670 4 2 AA ool 4l vy Ay

%ol Wstata glo

o, 2Azte]
102 Q3] &
#H ¢ (Lung Cancer)-& 20200 A AA <
HAE 29,

FC&9 571)

AT BB ¢ AA 2R E A% AW A3 =
o+ EF
(1) ) (%) (z1) ] &%)

et 2,261,419 11.7 684,996 6.9

# & 2,206,771 11.4 1,796,144 18.0
qgAet 1,414,259 7.3 375,304 3.8
a5t 1,198,073 6.2 63,731 0.6

o et 1,148,515 6.0 576,858 5.3

% Z3: GLOBOCAN 2020,

CA Cancer J Clin, Sung H et al.,

2021



Incidence Mortality

Thyrond —
0% ot wler L oma
gﬂﬁhﬂﬂm 4.7T% :
31N
19.3 million 9.9 million
new cases deaths

a9 1. 20200 A AA F EAE D AMEE BEEAY dF 71F)

¥ 231 GLOBOCAN 2020, CA Cancer J Clin, Sung H et al., 2021

ekl 2020 S 7kekE =
247,95274 9] oF WAAIE AL, o] F

2
Ao 11.7%9) sigsty, dFEHEE Y tEor F HAR

A <
o HAES HAvh, T3 Hohe AA o AbEAF T 22.7%21 18,673 9]
Atk 7FE = AP ES B TH(Kang MJ et al., 2023).



o o At A S AdA B F AP R AA AV T
s (z1) )£ (%) () 5 (%)
g ok 29,180 11.8 365 0.4
o ok 28,949 11.7 18,673 22.7
oot 27,877 11.2 8,869 10.8
9lor 26,662 10.8 7,510 9.1
AN 24,923 10.1 2,745 3.3

® EF2: 7S SEEA, Kang MJ et al., 2023

H ok 3zl 51 AESS 38.50% AT, A, FH, APAL
Aeke] AEE 70~90%<t Hluste] s W o)
Information Center, 2021). #H <+ 3x}o] 5

Pk

N
g
ftfo
o
w4
rlo

SERSE T
27] el vlal #ae] olzlel kel 41X &g Wb oy} AW Aol

H]&o] ElE <ol vla] €53 7] otk (Lee YE & Ryu E, 2021). &+
TEE g S T HEY dHS(EE 2 A2 dol(Metastases)oll

o] 3217 A (Central Nervous System, CNS) HHWHo|A F HMZ =

5 Holx Aoz B AtH(Graus F, Rogers LR and Posner JB, 1985).
inke]l SRR 17 719k AT dlo]E A AFte] mEW v
A div] #ok At A FEAG HEF LAl oF 1.438), A HEFO]
oF 1.78%) =7 WAttt B ¥ (Chen PC et al., 2011).



¥ Z5(Stroke)> TFAGA W o® <l Hdwo] #3] 7
s

o
of
ol
rlr

& = =
A7ke M Ee Ageltt, SulelA HEFE o, AgABY WA F

= O

L9 AN

>
>
o
i
filo

Holtk(Statistics Korea, 2017). ¥&E5 AA doo] 9 A7]|+=
sld4 ¥ EF(Ischemic Stroke)d 3ol HAA A7+ =34

theFeh 94 Fell s sNketH(Chang WH et al., 2016). HEF] 92
thFshAI Ry, it AEste] HEFT WA f1¥o] FUkete AoE Hialwa
Jt}t. o+e 11 g1 AEf(hypercoagulable state)E Ftslo] v A A
H 44 A9 (nonbacterial thrombotic endocarditis)e]u 21
3 HEN HEFTS 2UE F don, o o2 Qe o
o H o2 gt Ay HRlEe R7F gL, oF A E(FE, AR
3R Q& @9 Edely S Felrr wad = Aok, =3, ¢

30 golsl Ha FHopol BHuA HPA HEF ol F

] o] (brain metastases)t} 3531 X g9} 7+& g0 Qg Al
F70H #3&(intracranial hemorrhage, ICH) 9138 %=

JM, Daly ME and Lee EQ, 2020). 53], ¢ #x}9] HEF2 At
o 5335 71dE A, O e dqFE Kol A4

Rogers LR and Posner JB, 1985).
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N O Fx}ef H|S ;r, | <F
and Wang S, 2 & S/ T8 E_] . A};O} . o;
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BoAGs AR OMOP-CDM HlolH S o] &3le] ¢t Shxlo A

20233714 Ao 18 st A AH dolHE &8&35F3It}.

o8 dHoly ¥ HeolH 729 vy, 4 A, H4 - &4

AR HolHE AT FE 1w TR PHolort, ol e W

Azre] 2adw, AAAE BE FAE AT o A4S 8 T

Aol mAbaTh. EA A

p

OMOP-CDM(Observational Medical Outcomes Partnership Common Data
Model)> W9l 3t HIEE &l ztol& s dstal HolH 394 =

gt ate] bl JE A5 A LFdrk(Park RV, 2017). OMOP-CDM2 7=
AEo] OMOP X =2 A E (2008) A Al A= o o] & OHDSI(Observational

Health Data Sciences and Informatics)”7} ©]& = #] §9 A7 2=

WA A AT (Hripesak et al., 2015). OHDSIE CDMS 83 k2 oldAd
H7b, o8 A HUb, AFA T 76k o= 2d i & gpokd A s

A 4o} (Park RW, 2017; Observational Health Data Sciences and
Informatics, 2021).



OMOP-CDM> 4t ZI= d©|o]E(Standardized Clinical Data), &]& A]~H
X (Standardized Health System Data), 77 74 dlo]E (Standardized
Health Economics), A £ 4 (Standardized Derived Elements), A}
277} (Results Schema), < 8]A| A (Standardized Vocabularies),
HEtdlelE] Fom FAEe e, ZF 4 84 e 1Y 39
A A 3FATH(Observational Health Data Sciences and Informatics, 2021).

a9 32 (DM HolE F2E AZAH o HoF= =407 Person,

rlo

Visit, Condition, Drug, Measurement % 3Fx}9] Mg o]=5S
, o] 7|Hto R JAE+= Q4 (Condition Era,
Drug Era 5)¢F 4 A& A74st= A3 = o]+ (Cohort, Cohort
Definition) To] Egtlo] Slvh. gk, ®F &0 AT SNOMED, RxNorm
2 7ld(Class), A (Relationship), ¢ - 3l
W (Ancestor) 1 42 725 Awete], A 9 A5 ZRE FUsA
= A E o] gdtk. OMOP-CDMoll Al ‘Concept’ &
Zkzre] ek, A&, oAl AAF 5 9 FES E£53tE i IDE Z s
9= omE,  ‘Concept Set’ 2 ol¢t &2 MEES st 54
Aoy 21E& Aoste vl AHEH = Jid FHeolvh. A7-A= Concept

Sete T4 Wl 39 AGR ohle wAH A4 AGAA TPl

EEsE HolBe FHow

s A BES 7V

golsta ANT F U%

EZAQ A AHoE st 4 vk, T3k ‘Cohort’ & 5A 79
Helsls g1 Jobs on| sy, ‘Cohort Definition’ & o] HdS

A7 Atk 21 g ES Aels Fxoltt. A A= Concept
Set< 7|HFto 2 A3L k= AL AHolE AAsla, o] HoE nigo=z 74
o)/t (Cohort )& AAdste]l A5 33t A Fh(Park RW, 2017;

Observational Health Data Sciences and Informatics, 2021).



[ Person — Standardized health Standardized
system data metadata
| Observation_period | S— I g |
i+ Visit_occurrence L_[ jon history | .]{ Metadata |
Visit_detail Care_site _|,/ standardized
g Condition_occurrence Provider ]’ vocabularies
| Concapt |
-E Drug_ewposure Standardized derived
' elements Vocabul
E # Procedure_occurrence rperem [ =i |
f | ondition_era I
I_evice exposurs % —
E o Measurement Dose_era [ Concept _class |
1 note Results schema | Comcept, seliicnshin: |
| [ Relationship ]
- e e —
—il:q Observation mﬂdﬂﬂ“ﬂd h’!"m I_ cDr“;E-pt_a ncestor I
| economics
—f Specimen I Cost l [ source_to_concept_map |
—q Fact_relationship Im‘ | Drug_strength I

22 2. OMOP-CDM Hlo]E +4



A= AAE L A Aol OMOP-CDM HlolH & 7Rte =
FHHACH, HA volgHe] =9 tidA = F 6,401,087 o] ATk, o]
T 2006 5-E] 201874 HEx=E #Ht Fhg W S 21,0447 0] At
HoF ke OMOP-CDM2] Standard Vocabulary$! SNOMEDES 7|Wko & &} o

4

S

Concept Class+= Clinical Finding©o. 2 A3t tE. o] A9+ Ranitidine

8o of TA mA= dFS B AdYA Tl AHSE At A

715S Faste] FASFA T (You SC et al., 2023).  ‘Secondary malignant
neoplasm of lung’ 2 ‘Kaposi's sarcoma of lung’ ¢ 39 7/l =%
Alelst e, o2l Concept Sets &9l 7Ndel abel 7ide s
wkalo g2 AL o 3% Concept Setol]l e & = slyet= sigd=
A5 H Aoz 7FESIITHE 3).
AEE St F Hx A A ARl vE 194 mREl 247, FF W
kS wEE 2709, AEYUo] 0Y ofsi]l 54 AlQg &

¢

L

olf 2d B 4d AHE V|EoR B=vkA BAE AAESiT 249 TE
Aol F 14,9647 0] 2AENOH, o] T HET WA FAh= 1567, v
P 14,8088 01t 4 VI Al F 13,7047 0] ZAE 0T, o] F
HET WA A= 1819, M Fhh 13,5239 0. AAE oAl
s e e w7k H PN 4838ke] 249 edA
AA 2 2 denta AlF 7)E ddAR ZHzbel di@l Kaplan-Meier

a4 £49 LogRank 4, Cox WA EY S Faskalt. o9

mlo
d
=
&
w

_’IO_



Az, AA izt thefx = AF 5 Cox 3712 %
W2 (M-S =712 A 48ke] A 7F &4 Fte} o3 =S
A T Aol A A E]

23

Hebstln, 419 S A9l S 5.
t}

AT AAdsh AR gyl AF&E4 o9 Y3 (Institutional

Review Board, IRB)ZX-E] Ao WAZS %ol uktth(IRB S HZ:
4-2024-1523) .

¥ 3. Hd A FolE $3%F Concept ID &5 2 Azk

Concept ID Concept Name Exclude Descendants
254583 Kaposi's sarcoma of lung () o
254591 Secondary malignant neoplasm of lung [ ) o
443388 Malignant tumor of lung [ )
4157333 Malignant neoplasm of main bronchus ()
4177112 Malignant tumor of trachea ()

Primary malignant neoplasm of
4311499
respiratory tract
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Auang fqolHdol2 W, § n¢(a=6,401,087)

2006-20189 29 AT AG3 0= BA(a=21.044)

[A44]
Y dz AT AHd %194 0 BA{a=24)
A ojHol MEF AW B2 A (2=270)
BTZ0 0Z oty & BA{a=54)

3 47444 (0=20,6%)

A3 of 47 2=20,695) Lol 27 24(e=14,064) A0 ) 44 (e=13,704)
MEE 932 (=427 YEEF 293 (a=156) MEF 282 (=181)
NEF 0987 (a=20,259) HZF w282 (a=14,008) HEE 9992 (a=13.523)
MY 7153 38
1, 34 g7 24 2, GEOi3 A7t 29 Qo 34 9, W03 A7 49 fug vy

(1) Taplan-Meier BF 54 & Log-Rank 33
(2) Cox HHAERE

(3) AT £& Cox HARE

(4) 3727 % (NN

(1) Iaplan—Heier B3 24 & Log-Rank 23 (1) Xaplan-Neier 92 248 § Log-Rask 33
(2) Cox HASHEH (2) Cox BlASERY
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bteh,

DEC R

i

Kaplan-Meier <& =4 & Log-rank 474, Cox H|d ¢
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W

Research Design Timeline
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A

4r
Mo

A o Bl= OMOP-CDMO] “death” E|o]E-S 7|Wlo 2 AHJ&tglon

A1 (death_date’ ) o] EAsHE A5

BEA oA ZE& WM (event indicator) = AFREW, Zf

=
L

A

1 W

@ o

o]

5%

%

2) A& Al 7H(Survival time)

o]/

R

=

= A

e ATy @

B Algo] wAF iAo

2023 129 3147bA] Abo]

B AL 79 7)7ES AE A

594

0|
N

—_
file)

ol A

X

AR

)

talom, sl Atd

S

= 39

0|
~

}

kA1 8] 713k AAE A

—

=20
X

o

Fl Tt

S

Z =4 (censored)
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.

o

s

HEF A o 5= OMOP-CDM9] Standard Vocabulary?l SNOMEDE 7|HFo &
31912 | Concept Classi= Clinical Findingo 2 AASIATE. & Ao A=
g HET 2 A HESS A4 HE9 Concept Seto =
Tt o™, AFdAAE 7 5 Concept Setell X3d & F shtet=
AFE A HEFT GO oGt ARG sHT T Shxtol A
Ticagrelor®} Clopidogrel®] 47 A3E vudt HaAFoA AEH 7FS
Zrarste]l 48k tk(You SC et al., 2020).

38X HEFL2  ‘Cerebral infarction’ , ‘Infarction - precerebral’
59 Concepts ¥3%+3tar, g ConceptE2 3+ W@ 7HA] E3$H5}e] Concept
Sets FASIATHIE 4). 84 YWEF2  ‘Cerebral hemorrhage’ |,

‘Subarachnoid hemorrhage’ , ‘Subdural hemorrhage’ &2 Concept<

¥3kste] 7§ Concept IDE 7]WHO = Concept SetS TASHATHE 5).

HEFTS B4 B4 wel 14 WS (fixed covariate) 2% 8o,
Az & =E W7l 3o F4o A= AIE 7HH W (time-varying
covariate) 2 A AT, 53] HEF DA AIHLS dY Add o]F o=

A Ao A= HA 7Hsgk T3F A (intermediate event) O =

AMF AHS 7w FA A =E AN AR W EHdY. =,
HEFol HAsH] A7MAE Ble=(0) , AT o|FHHE

‘=E(1) 2 st AlIRE F4 Cox 37153 (Time-dependent Cox
Regression) @ FW %2R 3 (Marginal Structural Model, MSM)ell
Fotadtt. ol¢} & WE 7S T A EA 9 HEFo] A
A FFE B ddHow

(

rlr

A

_16_



¥ 4. HEFT(HAA) AF FolE 93 Concept ID 55 2 A7k

Concept ID Concept Name Exclude Descendants
443454 Cerebral infarction o
4043731 Infarction - precerebral [ )

_’|7_



¥ 5. HEFT(HEY) Ad FoE 93 Concept ID 55 2 A gk

Concept ID Concept Name Exclude Descendants

376713 Cerebral hemorrhage
432923 Subarachnoid hemorrhage
436430 Nontraumatic extradural hemorrhage
439040 Subdural hemorrhage
439847 Intracranial hemorrhage
4049659 Subcortical hemorrhage

Subarachnoid hemorrhage from carotid siphon
4108952

and bifurcation

Intracerebral hemorrhage,
4110185

intraventricular

Subarachnoid hemorrhage from vertebral
4111708

artery
4111709 Non—traumatic subdural hemorrhage
4176892 Cortical hemorrhage
4218781 Cerebral hemisphere hemorrhage
4226021 Spontaneous hemorrhage
4319328 Brain stem hemorrhage
4326561 Cerebellar hemorrhage
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AESEiTh. i A B = OMOP-CDMS] person Hlo| &l 354
ZA A% (year_of_birth)E 7|HFo. 2 ARFsE T, 194 vgk o d2t=

Alestd om, A® 2 504 mRE, 50-59A4], 60-69A4, 70-79A], 804 ©]/<]

F 57} WEE PRl WeE PASGon, ¥ ATAAE 24 Wew

i

O]

A8 OMOP-CDM2] person E|©]E-2] gender_concept_id AHE 7|Hro &2
slo], FAHMALE: Concept ID 8507)%} o ZF(FEMALE: Concept ID 8532)=

FRekglom, o 94 34 WFEE BEHACHE 6).

5]

6. A A= 93t Concept ID &= = A A7)k

Concept ID Concept Name Exclude Descendants

8507 MALE

8532 FEMALE
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¥, T, uAYES A ofH= OMOP-CDMe] Standard Vocabulary$l!
SNOMEDE- 7|®to =2 3} 2™, Concept Classi= Clinical Finding® %
ARt ZF Aslo] el 52 ConceptS FAOZ 39 MA7A E3H3}0]
Concept Set= T3k, AFtHdA7F alld Concept Setell ¥3Hed 5 &

shehe g A9 Y Aol Yt A0R AFAAG. AP WFEE
o)

5]

7. AR A AoE 93 Concept 1D = 2 HA7k

Concept ID Concept Name Exclude Descendants
316866 Hypertensive disorder ()
201826 Type 2 diabetes mellitus ()
432867 Hyperlipidemia o

_20_



3) A= #Hd 82l

e o Fol WAk A= o] F-= OMOP-CDMe] Standard Vocabulary$l
SNOMEDE- 7|HFo = 319 o™ | Concept Classi= Clinical Procedure®
AR, 2k &0 el 52 ConceptS FAOZ 39 MA7A E3H3}0]
Concept Set= T3k, AFtHdA7F alld Concept Setell ¥3Hed 5 &

suets g 49 A9 AnE we Aow 1FaaT. Y u

¥ 8. A= I 2%l FE #% Concept ID &5 2L A3k

Concept ID Concept Name Exclude Descendants
4141937 Lung and/or mediastinum operations ()
4029715 Radiation oncology AND/OR radiotherapy o
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] Ad=Eier, o /g

EE

Wei LI(1989) WF2le] robust (AI=$1%])

=
S o o m.m i B
) S N g B9
N i e
) B - Th
> ; o £ 5 E A
% ¢ _ 53Xk g M
mm m o = o _Mu o} M_prl
< S W T OB O o
up © 2 8 2 5K
X o5 5 L w2
E.W 1ﬁm_l [} ~— OT a8} ‘Ol
N 8§ M — o+ &£ 7
. ,UI = =] 0 InE

,.:.M Lt < junt ~ OwH — 7U
B ooX AR N =
=™ B e B S
.9 o & x o ~
‘Ul ~ ‘mwn_u ~— ‘Wﬂ_ R Muf
B or TOF oy o XM
fi%e) ) ﬁl > J;A:O 1_ﬁU e}
" o = oo oM o8 2 &
~3 » & = T B .. gt

N g M T 28T R R
Mo o - T T = oo R
o SR oW T o 2R
5 ~ S S ° K
% g ® = =P T 4T
= S ) m T =3

— ~—r N O
5E s2ipte i
n h TH ﬂo —_ — :.L — ;oE E‘._
= ! N X o) o
o £ g = WETRE
o & U L i R
N o) = o ™ P W w T o
o Bo N~ N o ® AR
o - oK W B M

+=r}h(Rana RK & Singhal R, 2015).
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chi-square AAHS =



2) Kaplan-Meier A< #4] (Kaplan-Meier Survival Analysis)
Kaplan-Meier ¥4 A& 348 F43817] 9t ¥ 254 (non-parametric)
o

A, AW ow o) 4 SES

E
..
@)
@)
w2
E
Do
(=]
[\
w
N—

kb
_>|i
=
ay
=
ay
g
=
@
)
ox
riy
I
rx
o

3) Log—Rank 7 (Log-Rank Test)

Log-Rank 7L Kaplan-Meier A& =4S 7|wto g F 7 o]Ae] Het 1t
AE 239 Aozt FAACE FoldAE Hrlste H AFEHT o] A8
Z} AIRE FRboll A o) A A ES 7 gkt Hlaske] HA] AE 5419
ztolg FA FARSR AEsh, HlEHl$91E 7H4d (proportional hazards
assumption)= A2 s}, 2a-=7 PALS B2 o] tdsla
AR E AR, e 3 A o] wapstAL K EH|7E AlRbel| uhe) s
o= 7Hdol fufE 5 flom® sy A Fo7F dasiti(Lee SV, 2023).
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A1

i}, ol

hs
T

-

T

AA =

[e)

H](Hazard Ratio)

3
=

*(Iil

t}. Cox E3& dlo]

-

A

F

9
pud

Rom, Ay
olu]

714 (proportional hazards assumption)

=

BEE TR AL IFRPoR, ARt w2l 17t
&

1] 2] ]

-
T

2

4) Cox ¥ d Y93 =3 (Cox Proportional Hazards Model)
Xc—])o

o)
=

)

FOEA oAk Az AT v

yu}
R4

. o

@t

%]
|

e

Nlo

Pl
il

BE 5

=13
=

SF(guarantee-time bias)®]

A

B4

4= 9)th(Cho IS et al., 2017).

Sk
=

o=

A o2 A 3

73 el

)

o

=

23 (unweighted)

= partial-likelihood WHOo 2 7|

e
ojo

N

Flck. IPTW7b

2Fs
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Cox 3] %% (Time-dependent Cox Regression)

=z 2=
"‘—L‘__]

o

5) AIzk

=3, ATUAAT B 71 F ARE ARSAL, AR

ol

A Aol Aeluke Aol

B

)=
4]

)7 = Age]E e,

=
lf_g

), olF+ I(

=
lf_g

AR A o2 0(H]

e ow
oA e

]

[e)

AEH(Cho IS et al., 2017).

=

i

pej7E A1

= %

)

o

Njo
i

1o
o
il

Ho
K

wAO

ko
H

& 2#F: partial-likelihood).

(%

s 54

)|
Lin DY & Wei LJ robust, cluster

|ok#] 282 71 & (unweighted) X

%]
|

7} (weighted)

Eis

person_id).

2}

o
S
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6) A=w}3 A (Landmark Analysis)

=
o
o
il
o,
T
o
0%,

I
o

=
rlr
S
>,
Y
i
0%,
Ho
o
o
=
=1
rot
O
o,
ol
oE
rlo
N
N
S
>,
ol

AN-w grkske vl Agettt. Amvka EAedA =
715 AR ol F ks Ao 2Fhely] wiitell, 7| AR olde] ARl AbgE
w4 dldell A AR, o]& Qlal] w4 kel W FAA HAY Aspt
Ao JEgs & F don
AH oz AA3 A HAeo] F23lHCho IS et al., 2017).
2 AFNME AT FHEE 14" HaE Q88 Hsl
vt AAE AEskaltt. Hx #H9 Idd(index date) =F-H &3] 2

Aatar, i A7 AEI A

T
A
N

T
tlo
N
N
=
i

d
a
[
>

3,

(0]
il
(s

B Qo ZFgaach. WSk AF o0 - 290 - 4d) B
3ol @ AT BT DAL HTFE, BAIA G DA

gt WErh ol de] AREAL FHo FaE

A 27 A BEL WA g8 Al HEF 2 olvsl

T8 VA s B duvka o) gr = Goste] ofF |3t

AdAstE ALEX T

S A=
IPTW-7}% Cox HIHHTEH S F3hs3itt.
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B
BAATFN Mo w FAR AN dET (o) FUY BREL
wAE] A FARH B4 etk 2ttt 54 AN E we
O] 2~ =

(A &AH<, propensity score)d] A4S 7}
]

i FAZ AgFon,
Fugo] FIL olTE /Hge] TAY WA Yue TS Al

i

4

7ZIhksie), &3] [PTW= Al 3Fd 4 vl & (Propensity Score Matching, PSM)3}

g AA 5E2S fFAE 5 Qo] B4 a8 oF gdAd(duts)
7FeA)S FAO RSt 4 b= A S 7F Y (Robins JM, Hernan MA and

Brumback B, 2000; Austin PC & Stuart EA, 2015).
2 Ao A= Ht A A HEFT A ofFTF A A v X =
e Aoha) 8] IPNE Agaelrh. BT

uE Aol xekel M (dE, A

>
oL
B
o%
o
(=
ol
ol
~
Ao
o)
[\
T
s
>~
r
~N
M\
lo,
=
[
d
=
H
M
1%
=2
=
=8
o
e
e

NEAS BLAT. P AEAE G837 2o Ao Aojdr):

ofmghtt. EZ Lbar_i(t)= AR t74A]1 9] AIRE 5 RS o]t
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oo

) T2 (Marginal Structural Model, MSM)

FRTEREES Ao me} Wstele w=F Wgel o] EAlshs
HFAFNA, 7IEY] ARG oRE A F457] o dRaRE
FAs7] Y8l ke A Weltt. 53] wF W At 5 IR

Apolel mzapgolh Al7t-olEA Wape] EAY A5, AEHQ 7
=

FA43 4 9t} (Robins JM, Hernan MA and Brumback B, 2000).
= Aol s HEFT T ol A s ARE Bl me B
AdstA rbetaral NS &-gegitt. Hdste IPIWE 7IWke= Cox

ARG 21 SE F5E A 4 GUE pASGoM, e ol

. W, (1) exp(BA;(1)) e
£(B8) = - L
{ l 11 lal { ST Wit exp(8A4,(1))

] _|

oA71A Al(t)= AF toll A 7S i7F =& (e HET S BAEAE
et = "ol dNi(t) = AR toll A AR (4 Al o] AR E=A=
U= AA fgrolvk, e Wi(t)= g AldelAe] kgste IPTW
7FeAE ouEt. 2 A8 AE A2 RO survival 371 W coxph()
g0l A robust = TRUE % cluster = person_id ¥4 % 83}o], Lin DY &

Wei LI¢] robust &4k FHWHES AM&E] E5 A& ALt of2]g #4



7ol A

A o7 Apael R

al
=

%
R

B

S E Yo (version 4.4.1, R Foundation

ATe] BE A AR &

=

R&

A}gahol s,

=
=

for Statistical Computing, Vienna, Austria)

A 7

M

Folom | p-valueZ} 0.05 B|wkel 7§

S

9152 0.05004 A4

ol
T
i)
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m. ¥4+ 23

1. AT A Qus

Jm

73

8
& A e oA 504 W R 1,862 (9.19%),
5041 o4k 6041 W 4,0599 (20.04%), 6041 ©]AF 704 w]wke

6,59578 (32.55%), 704 o]% 804l mIwkE 6,06078 (29.91%), 804 o]
1,683%(8.31%) 2.2 YEIRTH. HEFTS kS ol A= 504 m]Hke
359 (8.01%), 504 o]AF 6041 Rk 878 (19.91%), 604 ©]4F 704] w]wke
1317 (29.98%), 704 ©]Z 804 w|wk 1447 (32.95%), 804 w|wh&

408 (9.15%) 0.2 e o o= FAASRE Fofgk Afol=

A TH(p=0.5225)..

rl

S HETS AEEA 2 ol M EA= 13,3097 (65.69%), A=
6,950 (34.31%) 01 AL HEFS XS oA FAF= 2957 (67.51%)
o A= 14218 (32.49%) 0.2 FAH O R F28 2oli= fIATH(p=0.4602).
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HEFTS AT & oA d8et of Fo s glee

8(67.1 1Pt ofF-o s US> 6,664 (32.89%) 0] AL
58 e oA ™Y ofFo tjal] §leS 19978 (45.54%), 1Y
o] Fof| thal] oS 2387 (54.46%) 0.2 FBAH R Fo3 Aol S
1.9 thH(p<0.0001).

EoS A F2 FollA G o] Fol i §lee
18,2257 (89.96%), i ool thall a2 2,03478 (10.04%) 01 AL HEFTS
Rk ol A G of Foll el fle 34978 (79.86%), T ol ol thal
Ao 887 (20.14%) 0.2 SAH 2 F3 Apo]E HAH(p<0.0001).

HETe AEEA G2 dolA A dS o Fel dis) e
18,90078(93.29%), LA HZS ool el A& 1,359%8(6.71%) 0] L

2 a1

HEFES Ahe oA A YES o Fof tiEf $le2 3697 (84.44%) ,

DA EZ oo el AL 68H(15.56%) .2 EAHORE F93F 2jo]=
0

(71.36%), 7% of5-° tha] A= 5,803 (28.64%) 01N HEF
ks e oA g of ol thel fleS 2729 (62.24%), T o 5o
7.76%) 0.2 SAAOZ Fogk Apo]lE HATH(p<0.0001).
HETS AR 2 dollA WAL A m o Fol s glee
(63.37%), WA Az oo tis] U2 7,4217(36.63%) ] AL
2 BEe oAl AR A& o el sl §le- 2007 (45.77%),
o] Bofl thafl S-S 2379 (54.23%) 0.7 FAH O R 23
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437 p-value SMD
(97.89%) (2.11%)
N(%) N(%)
A=
504 =]k 1,862(9.19) 35(8.01)
504 o] 604 w]qE 4,059(20.04) 87(19.91)
5225 0.030
60A4] oAk 704 wlwgt 6,595(32.55) 131(29.98)
704 o]/ 804 m] vk 6,060(29.91) 144(32.95)
804 o] At 1,683(8.31) 40(9.15)
44
o 13,309(65.69) 295(67.51) 4602 0.018
] 6,950(34.31) 142(32.49)
ALERE A
A= 13,595(67.11) 199(45.54) 0001 0.216
A= 6,664(32.89) 238(54.46)
T
A= 18,225(89.96) 349(79.86) .0001  0.101
A= 2,034(10.04) 88(20.14)
IAEF
A= 18,900(93.29) 369(84.44) .0001  0.089
A& 1,359(6.71) 68(15.56)
T o5
A= 14,456(71.36) 272(62.24) .0001  0.091
A& 5,803(28.64) 165(37.76)
WAL 25 o
A= 12,838(63.37) 200(45.77) 0001 0.176
S 7,421(36.63) 237(54.23)
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IPTWE %83} A2F 20,696 = A5Gt FHE A AHE
Brral7] Y B 7 531 H =2} (Standardized Mean Difference, SMD)Z

738E B ZF(Love plot)S E3) A& oz A& o IPTW
D W3t Wehs] YeET(2E 6).
AE BXE HEFTS AdiA] ¢e oA 504 m] ke 1,862 (9.19%),

5041 o] 6041 H

rlj
(o]

2 4,059 (20.04%), 604 o] 704 w T
6,595 (32.55%), 704 o]} 804 w1 TS 6,060 (29.91%), 804 o]+
1,683 (8.31%) 2.2 YEelRT. HEFS ke o A= 504 vrkL

1

|

357 (8.01%), 5041 ©]4F 604 meH& 877 (19.91%), 604 o)A 704 wjwke
1317 (29.98%), 704 ©]Z 804 w|wk2 1447 (32.95%), 804 w|wh&
407 (9.15%) .82 Ve O™ o]= FTAA SR fFogk Afol=
A ATHp=0.5418).

AELe HEFS Aehix] ke oA PR 13,3099 (65.69%), o] A=
6,950 (34.31%) 0] AL HEFTS et oA PabE 2957 (67.51%),
A= 1427 (32.49%) 0.2 FAIH S E Fo 3k zFol= §ITH(p=0.2872).

HETS Aukibx] oo oA ¥t o] Hof g gl
13,595" (67.11%), 28}t o F-o thal] A2 6,664 (32.89%) 0] L
E5S A oA 1t ofFo thal] i 1999 (45.54%), 1Y
o

o Bof| thal]l S-S 2387 (54.46%)
H AT (p=0.0377).
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ol

2,03478 (10.04%) o1 N 3L A =%
34978 (79.86%), B oo sl

s

S
T
5|

18,2257 (89.96%), T oo ths] U=

S
T

ANA G o Fo tisl gl
88 (20.14%) 0.2 EA Ao R {9

A TH(p=0.1357).

Aoz

KeN
-

0] o
=

ol

1,359% (6.71%) 0] Q) aL

S
T

18,9007 (93.29%), A EF oAH-o 3l A=

36974 (84.44%),

O o
-

HA &

oA AAE S of Fofl el

=0.5689) .

AR (p

5,803% (28.64%) 0] Qa1 ==

S
T

14,456 (71.36%), = o+ g3l A=

27273 (62.24%) , <= o] F-o

of sl ==

165 (37.76%) 0.2 FA Ao 2

A TH(p=0.4575) .

FoIqE Aol

0] o o
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oh &

o]
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0] O O
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12,8387 (63.37%), WA X7 o F-o 3]

20078 (45.77%) ,
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oA AR A= ol o
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N = 437 p-value SMD
(97.89%) (2.11%)
N(%) N(%)
A=
504 =]k 1,862(9.19) 35(8.01)
504 o] 604 w]qE 4,059(20.04) 87(19.91)
0.5418  0.031
60A4] oAk 704 wlwgt 6,595(32.55) 131(29.98)
704 o]+ 804 w|wut 6,060(29.91) 144(32.95)
804 o] At 1,683(8.31) 40(9.15)
44
o 13,309(65.69) 295(67.51) 0.2872  0.027
] 6,950(34.31) 142(32.49)
ALERE A
A= 13,595(67.11) 199(45.54) 0.0377  0.050
A= 6,664(32.89) 238(54.46)
T
A= 18,225(89.96) 349(79.86) 0.1357  0.020
A= 2,034(10.04) 88(20.14)
IAEF
A= 18,900(93.29) 369(84.44) 0.5689  0.006
A& 1,359(6.71) 68(15.56)
T o5
A= 14,456(71.36) 272(62.24) 0.4575  0.017
A& 5,803(28.64) 165(37.76)
WAL 25 o
A= 12,838(63.37) 200(45.77) 0.0565  0.048
S 7,421(36.63) 237(54.23)
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1.3, d=rka 713k 2 A5t dAke] IPIW A8 A, ks 54

ATNEAE F 14,9640l o, o] T HEFTS diA &2 72
14,8087 (98.96%), ¥Z=F< ke 2o 1569 (1.04%) 0] ch. ATtha=le]

A BXE HETES AabA] 9k oA 504 mIRkS 1,487 (10.04%),
5041 o]/ 604 wIRk2 3,218% (21.73%), 60A] ©]/d 704 Wk
4,883 (32.98%), 7041 o4k 804l wwHe 4 1357 (27.92%), 804 o] A<
1,08578(7.33%) &2 YT, HEFTS e ol A= 504 R
107 (6.41%), 5041 ©]4F 604 wlwke 279 (17.31%), 604] o] 704 m|whe
49%3 (31.41%), 7041 o]+ 804 wlwke 527 (33.33%), 804 m Wk
187 (11.54%) o= Yettom o= TAA SR {23k zfo]=
AT (p=0.0644).

BAHES HETS ISA] G2 oA FAb= 9,15278(61.80%), A=
5,656™ (38.20%) ©1 N3 HEFEFTS TS oAl Tk 1119 (71.15%),
o Z}i= 45 (28.85%) 0.2 EA A O F Fol8 xo]E R TH(p=0.0209).
IS oo s S
&l S-S 4,053 (27.37%) 0] L
Pt oo sl 9S> 809 (51.28%), LI
of Fofl thel &> 7678 (48.72%) 0.2 FAH R {23 o] &

HATH(p<0.0001).
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1,161 (7.84%) 0] Q3 HZEFS
1347 (85.90%), B oo o3l

s

S
T
5|

13,6477 (92.16%), Tz oo ths] U=

S
T

ANA G o Fo tisl gl
227 (14.10%) 0.2 EAH o= §9

0.0062) .

telE BATHDp

=

KeN
-

0] o
=

ol

796 (5.38%) ©] 9 AL

S
T

14,012 (94.62%), A5 AAH-o d3l A=

14074 (89.74%),

O o
-

HA &

oA AAE S of Fofl el

=0.0124).

HA(p

9,764 (65.94%),

S o
=

LS

3|

1 = o5l o

5,044 (34.06%) ©]

A

ke
T

of 3] U=

1044 (66.67%),

ke
T

of sl §le
5219 (33.33%) 0.2 EAH o2 F9

A TH(p=0.9153).

Aol
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o]

3,798 (25.65%) ©] 1L

LS
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2=

11,010%8 (74.35%), WA A8 of Fof i

8474 (53.85%),

S o
=

oA AR A= ol o
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=
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=
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i

)

ol @ Aol =

L 727 (46.15%) 0.2 EAAH o2
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-
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H AT (p<0.0001,
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¥ 11, #=vkz 713F 23 AFOdREe] IPTH A8 A, daby B4
HETS HETS
whkx] oko. - Aere o
N = 14,808 N = 156 p-value SMD
(98.96%) (1.04%)
N(%) N(%)
A=
504 w|wk 1,487(10.04) 10(6.41)
504 o] 604 w]qE 3,218(21.73) 27(17.31)
0.0644  0.054
604 ©]F 704 W Wk 4,883(32.98) 49(31.41)
704 o]/ 804 m] vk 4,135(27.92) 52(33.33)
804 o] At 1,085(7.33) 18(11.54)
44
=2 9,152(61.80) 111(71.15) 0.0209  0.093
] 5,656(38.20) 45(28.85)
ALERE A
A= 10,755(72.63) 80(51.28) <.0001  0.213
A= 4,053(27.37) 76(48.72)
T
A= 13,647(92.16) 134(85.90) 0.0062  0.063
A= 1,161(7.84) 22(14.10)
IAEF
A= 14,012(94.62) 140(89.74) 0.0124  0.049
A& 796(5.38) 16(10.26)
T o5
A= 9,764(65.94) 104(66.67) 0.9153  0.007
A& 5,044(34.06) 52(33.33)
WAL 25 o
A= 11,010(74.35) 84(53.85) <.0001  0.205
A& 3,798(25.65) 72(46.15)
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1.4, A=wbg 717 23 A7 AR IPTV &

o

AE BEE HEFTS ATA] k2 oA 504 W 1,487 (10.04%),
5041 o] 6041 Rk 3,218%(21.73%), 604 ©]/¢ 704 wlgk

4,883 (32.98%), 7041 o]’ 80AM WWhE 4,135%(27.92%), 80A] o]/
1,085 (7.33%) &= YESTE, ¥HEFS Awbe ol A= 504 m Rk

107 (6.41%), 5041 ©]4F 604 wlwke 279 (17.31%), 604] ©]4 704 w|whe
4973 (31.41%), 704 o] 804 wlwke 5278 (33.33%), 804 w]qke

187 (11.54%) o= Yetom ole TAA SR /o3 2fo]=

1A TH(p=0.5306) .

o =z == O
A =5 7

AV
i
A
&2
rlo
M
=2
>
e
N
rir
L
—
ol
N}
of,
>
=
oo
(@)
=
o)
x
rir

5,656 (38.20%0) 010 aL HET& Aehd2 ol EAb= 111738 (71.15%),
o) 2} 4579 (28.85%) O =
HETE AEEA e Tl

J_?L
g9t o Fo thal] S-S 809 (51.28%), 1LY

S ATH(p=0.0737) .
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1,161 (7.84%) 0] Q3 HZEFS
1347 (85.90%), B oo o3l

s

S
T
5|

13,6477 (92.16%), Tz oo ths] U=

S
T

ANA G o Fo tisl gl
227 (14.10%) 0.2 EAH o= §9

A TH(p=0.0736).

Aoz

KeN
-

0] o
=

ol

796 (5.38%) ©] 9 AL

S
T

14,012 (94.62%), A5 AAH-o d3l A=

14074 (89.74%),

O o
-

HA &

oA AAE S of Fofl el

=0.4997).

AR (p

9,764 (65.94%),

S o
=

LS

3|

1 = o5l o

5,044 (34.06%) ©]

A

ke
T

of 3] U=

1044 (66.67%),

ke
T

of sl §le
5219 (33.33%) 0.2 EAH o2 F9

LA TH(p=0.4806) .

Aol

&

o]

3,798 (25.65%) ©] 1L

LS

o
9|

0] O O
2=

11,010%8 (74.35%), WA A8 of Fof i

8474 (53.85%),

S o
=

oA AR A= ol o

[e)
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we

]
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=
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i

)

ol @ Aol =

L 727 (46.15%) 0.2 EAAH o2

=0.0244, 3£ 12).
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¥ 12, H=vkz 713F 2@ AFOAREY] IPTH A8 &, daby B4
HETS HETS
whkx] oko. - Aere o
N = 14,808 N = 156 p-value SMD
(98.96%) (1.04%)
N(%) N(%)
A=
504 w|wk 1,487(10.04) 10(6.41)
504 o] 604 w]qE 3,218(21.73) 27(17.31)
0.5306  0.064
604 ©]F 704 W Wk 4,883(32.98) 49(31.41)
704 o]/ 804 m] vk 4,135(27.92) 52(33.33)
804 o] At 1,085(7.33) 18(11.54)
44
=2 9,152(61.80) 111(71.15) 0.2405  0.053
] 5,656(38.20) 45(28.85)
ALERE A
A= 10,755(72.63) 80(51.28) 0.0737  0.066
A= 4,053(27.37) 76(48.72)
T
A= 13,647(92.16) 134(85.90) 0.0736  0.041
A= 1,161(7.84) 22(14.10)
IAEF
A= 14,012(94.62) 140(89.74) 0.4997  0.011
A& 796(5.38) 16(10.26)
T o5
A= 9,764(65.94) 104(66.67) 0.4806  0.031
A& 5,044(34.06) 52(33.33)
WAL 25 o
A= 11,010(74.35) 84(53.85) 0.0244  0.082
A& 3,798(25.65) 72(46.15)
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1.5, AEvh 717 49 AFge] PV A8 A, Aukd 54

ATUAAE F 13,704%01910H, o F HEFE AWA B FL
0

13,5239 (98.68%), HE=FL ke #+& 18194 (1.32%) ol tt. A=}
0

10.01+4.00, ¥HEFS e 28 9.194+4. 1730 AH 1™ 9)
dAE BXE HEZFS Auhdx] e oA 504 B wkS 1,328 (9.82%),

5041 o] 6041 Rk 2,901 (21.45%), 604 ©]/d 704 wlgke
4,46174(32.99%), 70A4] ©]2F 804 wRkL- 3,8227(28.26%), 804 o]
1,011 (7.48%) 2. 2 YRt HEFS Adwe oxle 504 ngke
147 (7.74%), 5041 ©]4F 604 wlwke 387 (20.99%), 604] o] 704 m|whe
53%8(29.28%), 7041 o]} 804 wwHE 5778 (31.49%), 804 MRk

197 (10.50%) &= Yetom o= TAA SR {23k zfo]=

A (p=0.3567).

AEE HETS AR eF2 doll A HAbe 8,332 (61.61%), A=
5,191 (38.39%) 01N 3 HEFFTS TS oAl Fxb= 1299 (71.27%),
o] A= 529 (28.73%) 0.7 EA A O Z F3 xFo]S WA THp=0.0099).

TS A ¢FE oA gt ofFof fisl] e
9,699 (71.72%), 1t o Fo il 2 3,824 (28.28%) 0] 1L
S8 859 (46.96%), 1<t
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HATH(p<0.0001).
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Z O
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1547 (85.08%), T oo o3|

s
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1,147 (8.48%) ©1 A 3L

S
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S
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ANA G o Fo tisl gl
27 (14.92%) 0.2 A A o2 F9
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¥ 13, H=vwla 717F 43 AFEREY] IPTH A8 A, daby B4
HETS HETS
whkx] oko. - Aere o
N = 13,523 N = 181 p-value SMD
(98.68%) (1.32%)
N(%) N(%)
A=
504 w|wk 1,328(9.82) 14(7.74)
504 o] 604 w]qE 2,901(21.45) 38(20.99)
0.3567  0.037
604 ©]F 704 W Wk 4,461(32.99) 53(29.28)
704 o] 4F 804 mwt 3,822(28.26) 57(31.49)
804 o)At 1,011(7.48) 19(10.50)
44
23 8,332(61.61) 129(71.27) 0.0099  0.097
] 5,191(38.39) 52(28.73)
ALERE A
A= 9,699(71.72) 85(46.96) <.0001  0.248
A= 3,824(28.28) 96(53.04)
T
A= 12,376(91.52) 154(85.08) 0.0033  0.064
A= 1,147(8.48) 27(14.92)
IAEF
A= 12,685(93.80) 157(86.74) 0.0002  0.071
A& 838(6.20) 24(13.26)
T o5
A= 8,762(64.79) 117(64.64) 0.9978  0.002
A& 4,761(35.21) 64(35.36)
WAL 25 o
A= 10,080(74.54) 97(53.59) <.0001  0.209
S 3,443(25.46) 84(46.41)
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1.6, A=wkg 717 43 AFARS] IPTV &

o

IPTIVE A &ste] Aot 13,7048 & 43k
Ll

B7rstz] 918 W 1k DE gl

AE BEE HEFTS AWRA] k2 oA 504 wvh 1,3287(9.82%),
5041 o] 6041 Rk 2,901 (21.45%), 604 ©]/d 704 wlgk
4,46178(32.99%), 704 o]’ 804 mwke 3,82278(28.26%), 804 o]/
1,011%(7.48%) 2. &2 YERTH. HEFTS Wb o A= 504 1wk
147 (7.74%), 5041 ©]4F 604 wlwke 387 (20.99%), 604] o] 704 m|whe
53%4(29.28%), 704 o] 804 wlwk2 5779 (31.49%), 804 MRk
197 (10.50%) &= YEt o ol TAA SR #23 2o]=
A TH(p=0.5545).
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¥ 14, d=vkza 717F 43 AFqEREY] IPTH A8 §, daby B4
HETS HETS
whkx] oko. - Aere o
N = 13,523 N = 181 p-value SMD
(98.68%) (1.32%)
N(%) N(%)
A=
504 w|wk 1,328(9.82) 14(7.74)
504 o] 604 w]qE 2,901(21.45) 38(20.99)
0.5545  0.054
604 ©]F 704 W Wk 4,461(32.99) 53(29.28)
704 o] 4F 804 mwt 3,822(28.26) 57(31.49)
804 o] At 1,011(7.48) 19(10.50)
44
=2 8,332(61.61) 129(71.27) 0.2094  0.055
] 5,191(38.39) 52(28.73)
LEY A
A= 9,699(71.72) 85(46.96) 0.0857  0.060
A= 3,824(28.28) 96(53.04)
T
A= 12,376(91.52) 154(85.08) 0.0303  0.053
A= 1,147(8.48) 27(14.92)
TART A
A= 12,685(93.80) 157(86.74) 0.5468  0.009
A& 838(6.20) 24(13.26)
T o5
A= 8,762(64.79) 117(64.64) 0.3557  0.039
2)-e 4,761(35.21) 64(35.36)
WAL A5 o
A= 10,080(74.54) 97(53.59) 0.0869  0.058
202 3,443(25.46) 84(46.41)
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2. HEF WA oJFo] B AZEA

M)

2.1. AA AR IPTW 48 H, PZE4

AT HAF 20,696 = tEo®E HEFT A ofF mE AV 3
TA187] 918l Kaplan-Meier A<= F4-& #Adsglar, wesbd4E A
el A AFY S =E F435t7] 98 Cox H e
HEF EA AlRo] A fdel wAlE dEs wrdetr] fla AR
7Y Tt

Kaplan-Meier A< =4 % Log-Rank A4 A3}, ¥ ZFFo] WAsHA] &
ko] vls) HEFo] HAS Huko] AL o] ¢ 7MaEA HAAEgen,
T A 1 AE S Aol BAHLE Fos it (p=0.027, ¥ 11).

Cox HlelI@=E o] 4 A3, & 80 AT A HEFO

g
WA A Wy gae] we) A fgel 44 Egkot BAHCE

=
L
o
ot
o
4
Og‘:,"
ol
—
tH
&

oA = IR 1.04, 95% C1:0.90-1.20). A& o] F7}&4= A
AdL FtA S7rstelen, 604 o]/ 704 Wehe 504 W] THETE 9%
ZS7F8F AR 1.09, 95% C1:1.01-1.19), 704 o] 804 wlw+L 27%, 80A]
o] ahe 31% Z7}ath(HR 1.27, 95% CI:1.17-1.39; HR 1.31, 95%
CI:1.18-1.47). A2 HA R A 9o 28% SHXIL(HR 0.72, 95%
CI:0.68-0.75), &Yl A+ A9+ 20% =ATHIR 1.20, 95%
Cli1.14-1.26). 1A dFo] A A7 AP o] 21% ke (HR 0.79,
95% C1:0.72-0.87), F&& & -9+ 480 FATHHR 0.52, 95%

A= AP fldel 2. 14w E 7 A
7Vt tH(HR 2.14, 95% C1:2.04-2.24, & 15).

o

C1:0.49-0.55) . WA X a5& o

rlo
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AIRE F4 Cox S|ARF S 4 A}, the 8dS AT dEdA
HEFo] TASHA 2 Hdel nls] HETo] WA Hdo] AMY ¥
2.20M0 2 folatA S71aFA TR 2.20, 95% C1:1.90-2.55). A& o]
S7/tdTE AFE 7S FY A Srstl e, 704 o] 804 wwkE 504
mukE ok AL 93 o] 19% S7FsFQIaL(HR 1.19, 95% CI1:1.09-1.30), 804]
142 20% = 7F8FATHHR 1.20, 95% C1:1.07-1.34). oJAd & FA BT AL
Aol 26% SO M (HR 0.74, 95% CI1:0.70-0.78), dsto] Yt A 39%

O

]

iy
N
%0,
rlr
o
o
>
>
ol
Ho
ol
rlo
[\l
R

= QFCH(HR 1.39, 95% C1:1.32-1.46). @7}
7V aL(HR 1.22, 95% C1:1.13-1.31), &S ¥ 9= 37% S AR
3

o|\

0.63, 95% CI:0.59-0.66). WA X" E W2 3kxl= Al 913 o]
7V A Z7b8FEHHR 3.34, 95% C1:3.19-3.50, X% 16).
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Groups = Mo Biioks — Eimka

(lHy
=
i 50 4
-f-
g
i

p=0.027
e
] 1 1 3 ] E E 5 i 1 3 W 1E
Yonrs
Number at risk

E-- & 4
o}

— 1

a9 11 AA ArddAre] IPIW A8 A, HEF B oy mE

Kaplan-Meier survival curve % Log-Rank test
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HR p-value
Lower Upper

HEF 5

B1ecs 1.00 - - -

U 1.04 0.90 1.20 0.5930
A%

504w Rk 1.00 - - -

5041 o]+ 604 wlgk 0.97 0.88 1.06 0.4823

60A| o]/ 704 m] Tk 1.09 1.01 1.19 0.0454

704 ©]2d 804 wIwk 1.27 1.17 1.39 <.0001

804 ©] 1.31 1.18 1.47 <.0001
43

w 1.00 - - -

o] 0.72 0.68 0.75 <.0001
184 {5

B1ecs 1.00 - - -

U 1.20 1.14 1.26 <.0001
T 5

B1ecs 1.00 - - -

U 0.98 0.91 1.06 0.6779
IAEZF 5

B8 1.00 - - -

U 0.79 0.72 0.87 <.0001
F= of

B1ecs 1.00 - - -

U 0.52 0.49 0.55 <.0001
WARA A5 ol 5

A= 1.00 - - -

U 2.14 2.04 2.24 <.0001
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¥ 16. AA A gAe] IPTW 48 %, Time-Dependent Cox Regressions

o] g7 MET WA ool HE A 99 BA

95% CI
HR p-value
Lower Upper

HEF 5

B1ecs 1.00 - - -

U 2.20 1.90 2.55 <.0001
A%

504w Rk 1.00 - - -

5041 o]+ 604 wlgk 0.94 0.86 1.03 0.2025

60A| o]/ 704 m] Tk 1.04 0.96 1.14 0.3442

704 ©]2d 804 wIwk 1.19 1.09 1.30 0.0001

804 ©] 1.20 1.07 1.34 0.0013
43

w 1.00 - - -

o] 0.74 0.70 0.78 <.0001
184 {5

B1ecs 1.00 - - -

U 1.39 1.32 1.46 <.0001
T 5

B1ecs 1.00 - - -

U 1.22 1.13 1.31 <.0001
IAEZF 5

B8 1.00 - - -

U 1.02 0.93 1.12 0.6966
T o

B1ecs 1.00 - - -

U 0.63 0.59 0.66 <.0001
WARA A5 ol 5

A= .00 - - -

U 3.34 3.19 3.50 <.0001
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2.2, AA AFdEAEe] IPTW 48 5, AEEA

IPTWE 283k Aoid2t 20,6962 oz, HET B oo wE
A 98-S EA8H7] 918l Kaplan-Meier A& A4S 2HAd8kgla,
Fefoll A AMY Y =2 43517 98l Cox

AR SR, £ Aol 0 @Asiels EdRsE 4ds

APNFE FAG

O>~

Kaplan-Meier A< =4 % Log-Rank A4 A3, F Hu 7+ A& 34
Aol FAA R fFolakA FUrh(p=0.116, L% 12).

Cox HIHAEEF o] 4] A¥, thE 821S TAT el HEF
HAEEA] ek Fhol] HlE) WEFo] LA kel AMY ¥ 13%
Edoy TAACRE FostA = ZTHHR 1.13, 95% C1:0.97-1.31). A= o]
SHEFE ALY AP FolstA Skt on, 604 o] 7041 mINE ek
504 vk F kol vl Al 9)3 o] 10% = FL(HR 1.10, 95% CI:1.01-1.19),
704 ©]2 804 M WS 28%(HR 1.28, 95% CI:1.17-1.39), 804 ©]4H2 32%
Z7FFSBH(R 1.32, 95% C1:1.18-1.47). oIS FA BT AMY 9ol 28%
wetom (HR 0.72, 95% C1:0.69-0.76), ard<te] & Ao+
20% =LTHHR 1.20, 95% CI:1.14-1.27). A dZFo] Y= A¢
Aol 21% SEIL(HR 0.79, 95% C1:0.72-0.87), F&S WS A= 49%
WOITH(HR 0.51, 95% C1:0.49-0.54). WARY A 82 we =
2. 1492 71 AA S71ekS TR 2.14, 95% C1:2.04-2.24, % 17).
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AIRE F4 Cox S|ARF S 4 A}, the 8dS AT dEdA
HEFo] TASHA 2 Hdel nls] HETo] WA Hdo] AMY ¥
2.439 2 folatA F7FsFATHER 2.43, 95% C1:1.99-2.96). <A#o]
S7/tdTE AFE 7S FY A Srstl e, 704 o] 804 wwkE 504
ujgke] ]3] A ¢3o] 19% Z71eF L (HR 1.19, 95% C1:1.09-1.30), 804
o] A& 19% Z7F3FATHHR 1.19, 95% C1:1.06-1.34). A& dA BT AY
A3lo] 25% kO (HR 0.75, 95% C1:0.71-0.78), md o] A& AFol+=
A 913 0] 40% = QFCHHR 1.40, 95% C1:1.32-1.47). Bx7F Qe A% AbY
AFL 22% F7VeFA (MR 1.22, 95% C1:1.12-1.32), &5 W& 49E 37%
SHOITH(HR 0.63, 95% C1:0.59-0.67). WA A5E W& A= A 913 o]

«@
w
Ol
=
b
N
=
ol
H
=
ol\
N
=
ol
o
3t
x
jo )
=)
@
w
o
(o)
al
=
(@p)]
—
w
—
©
w
1
VN
=3
—
N

MSM 4 Ay}, HEFo] dAeA] e Hitol] vd] HEFo] HAst
Aeke] A 91382 2.62¥) 9k, ol BAIHCR FolI (R 2.62,
95% CI1:2.13-3.22, 3% 19). o]o]A] IPTWY =uhzte Alstslr] 93l

MSM #4415

=

EfA o] M (truncation)S 242t 1%, 5%, 10% o2 A&
TP A3, 19 EGACI M= AMYE f13 o] 3.0281 2 UEbt e w (HR
3.02, 95% CI:2.54-3.60), 5% E=#Ao]A Alel= 3.044](HR 3.04, 95%
Cl:2.55-3.62), 10% EFA o] Aldl&= 3.058](HR 3.05, 95% CI:2.56-3.62)%

B EAA SR fFogk AnE BUTHE 20).
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Groups = ho Sooke = Etroad

Burylva Iffrobablllh'

p=0.118

1 2 3 1 g [ T ;| 1] 10 11 12 11 F 15 18
Years

Weighted number at risk

Eaups

a9 120 AA A Ae] IPIW A8 5, HEF B oy mE

Kaplan-Meier survival curve % Log-Rank test
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o] g7 MET WA ool HE A 99 BA

¥ 17, AA AFgAAFe] IPTW 48 %, Cox Proportional Hazards Model <

HR 99k 1 p-value
Lower Upper

HEF 5

B1ecs 1.00 - - -

U 1.13 0.97 1.31 0.1160
A%

504w Rk 1.00 - - -

5041 ©]7¢ 604 wgt 0.97 0.88 1.06 0.4542

60A| o]/ 704 m] Tk 1.10 1.01 1.19 0.0312

704 ©]2d 804 wIwk 1.28 1.17 1.39 <.0001

804 ©] 1.32 1.18 1.47 <.0001
43

w 1.00 - - -

o] 0.72 0.69 0.76 <.0001
184 {5

B1ecs 1.00 - - -

U 1.20 1.14 1.27 <.0001
T 5

B1ecs 1.00 - - -

U 0.98 0.92 1.06 0.6737
IAEZF 5

B8 1.00 - - -

U 0.79 0.72 0.87 <.0001
F= of

B1ecs 1.00 - - -

U 0.51 0.49 0.54 <.0001
WARA A5 ol 5

A= .00 - - -

U 2.14 2.04 2.24 <.0001
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® 18, AA AR IPTW A&
o] &3t HEF A i uE Al 93 4
HR 99k 1 p-value
Lower Upper
HEF 5
B1ecs 1.00 - - -
U 2.43 1.99 2.96 <.0001
A%
504w Rk 1.00 - - -
5041 o]+ 604 wlgk 0.94 0.86 1.03 0.1869
60A| o]/ 704 m] Tk 1.04 0.96 1.14 0.3237
704 ©]2d 804 wIwk 1.19 1.09 1.30 <.0001
804 ©] 1.19 1.06 1.34 0.0029
43
w 1.00 - - -
o] 0.75 0.71 0.78 <.0001
184 {5
B1ecs 1.00 - - -
U 1.40 1.32 1.47 <.0001
T 5
B8 .00 - - -
U 1.22 1.12 1.32 <.0001
IAEZF 5
B8 1.00 - - -
U 1. 0.91 1.14 0.7476
F= of
B1ecs 1.00 - - -
U .63 0.59 0.67 <.0001
WARA A5 ol 5
A= 1.00 - - -
U 3.35 3.19 3.52 <.0001
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¥ 19. AA A7 IPTW %8 3, Marginal Structural Model2 o]-&

3§ HEBF WA olRo] W Ag 97 24
95% CI
HR p-value
Lower Upper
HEF fF
5782 1.00 - - -
R 2.62 2.13 3.22 <.0001
¥ 20. Truncation H]E€™ Marginal Structural Model #4 23}
IPTW Mean HR
(min-max) (95% CI)
1.00 2.62
No truncation
(0.14 - 2.60) (2.13 - 3.22)
1.00 3.02
1% truncation
(0.99 - 1.07) (2.54 - 3.60)
1.00 3.04
5% truncation
(0.99 - 1.03) (2.55 - 3.62)
1.00 3.05
10% truncation
(0.99 - 1.02) (2.56 - 3.62)
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2.3. #=wl= 7|13k 2 AFFUgRIe] IPTW 48 A, AETA

AT AL 14,9648 S o HES DA of el me Al 99S

A3l7] 93l Kaplan-Meier A& 348 A3 a

el A At A =E FAS] 8 Cox HlEl 9™

Kaplan-Meier A& =4 9 Log-Rank AA ZA¥}, ¥ZFFo] WAstA] &
;

kel vl HEFo] FAT Ao AL FAlo] ¥ ZhoEA Aasiien,

frolat Al S71eFA TR 1.43, 95% C1:1.03-1.99). dA#o] F7}et=E At
AP FstA Fastgleon, 704 o] 804l W ¥ 504 w]gke|] B3|
A 913 0] 226 YEQEIL(HR 0.78, 95% CI1:0.67-0.92), 80 o] A+ 42%
wHoFoH(HR 0.58, 95% C1:0.46-0.74). ardsto]l gl A A 93-S 22%
=g o (HR 1.22, 95% C1:1.10-1.35), WAL A HE ¥ A= A
Aol 2,67 = 7H AA F7FSFATHIR 2.67, 95% C1:2.44-2.92, 3% 21).

_66_



Groups = Wo Stioke — Suiois

1,00

Sunval Probabiliny
=

p=0.00031
i Hl 4
o | i 1 ] : [ r g ] 1 1 17 o 15 1€ K
Yoas
Humber at risk

-
g
&

- [ iEg T

13, HEvka Z)3E 2d AgraidAke] IPIV A8 A, HES WA o R

w2 Kaplan-Meier survival curve % Log-Rank test

_67_



E 21, d=wi=a 7 2d AFFoAdRke] IPTW A8 A, Cox Proportional

Hazards Model & o] &3t ¥ ZEF A o] Bo wE A 93 27X

HR 99k 1 p-value
Lower Upper

HEF 5

B1ecs 1.00 - - -

U 1.43 1.03 1.99 0.0351
A%

504w Rk 1.00 - - -

5041 o]+ 604 wlgk 0.91 0.78 1.06 0.2408

60A| o]/ 704 m gk 0.89 0.77 1.03 0.1277

704 o]} 804 w]gk 0.78 0.67 0.92 0.0025

804 ©] 0.58 0.46 0.74 <.0001
43

w 1.00 - - -

o] 0.94 0.86 1.03 0.1653
184 {5

B1ecs 1.00 - - -

U 1.22 1.10 1.35 <.0001
T 5

B1ecs 1.00 - - -

U 1.12 0.96 1.30 0.1519
IAEZF 5

78 1.00 - - -

U 1.10 0.92 1.31 0.3103
T o

B1ecs 1.00 - - -

U 0.99 0.91 1.10 0.9708
WARA A5 ol 5

A= .00 - - -

U 2.67 2.44 2.92 <.0001
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2.4, H=vwl= 7|1ZF 2@ AFFOgRIe] IPTVW 48 3, AETA

IPTWE 283 A7 o=t 14,9645 o=, HEFT HA of o ma
A e BA35H7] 98l Kaplan-Meier A€ A4S ZHA 69 L,
WHAHFE A e AP 9 =E FA35H7] A8 Cox
AP RP S F38IT).

Kaplan-Meier A< =24 " Log-Rank #A A3}, HZEFo] WA A &Fe
kel vla] wHEFo] BT H] AE FAo] ¢ stHEA Ao,
T A 3 AE S Aol BAHCR FoleltH(p=0.014, ¥ 14).

Cox HlEIIF =gl ¥4 Ay} v 298 FAT e wEF o
HASHA] e el HlE] HETo] WA Huke] A 932 1.56M =
frolet A F71eTh(HR 1.56, 95% C1:1.09-2.22). <dslo] Z7}et42 At
AP FstA Fasiglen, 704 o]/ 804l W HHE 504 w ke B S|
A 918 0] 21% WQEAL(HR 0.79, 95% CI1:0.67-0.92), 804 ©]A+S 41%
wHoFoH(HR 0.59, 95% C1:0.46-0.74). ardsto]l gl A A 93-S 22%
EROm(HR 1.22, 95% CI1:1.10-1.35), WA X855 2 3zt AMY
Aol 2.68M= 7HF A F7FsEATH(HR 2.68, 95% C1:2.46-2.93, 3% 22).
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Growes = Mo Stake = Sioks

1K

=

.}

2

o

(LR

i

£

@

p=0014
5 T 3 : I - 5 : ; ¥ .‘I I' i I'. ¥ I1 !.:_.
Yaars
Welghted number at risk
2
Lir]
- 1

a7 14, Aevka 7)3E 2d ARk IPIW AS §, HES T o5l

w2 Kaplan-Meier survival curve % Log-Rank test
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¥ 22, ¥W=vta 7)zF 2@ AR IPTW A8 %, Cox Proportional

Hazards Model& o] 83k W ZEZ kA ofHo wE Al 93 2

HR p-value
Lower Upper

HEF 5

B1ecs 1.00 - - -

U 1.56 1.09 2.22 0.0140
A%

504w Rk 1.00 - - -

5041 o]+ 604 wlgk 0.91 0.78 1.07 0.2527

60A| o]/ 704 m gk 0.89 0.77 1.04 0.1421

704 o]} 804 w]gk 0.79 0.67 0.92 0.0030

804 ©] 0.59 0.46 0.74 <.0001
43

w 1.00 - - -

o] 0.94 0.86 1.03 0.1687
184 {5

B1ecs 1.00 - - -

U 1.22 1.10 1.35 0.0001
T 5

B1ecs 1.00 - - -

U 1.10 0.95 1.29 0.2076
IAEZF 5

B8 1.00 - - -

U 1.10 0.91 1.32 0.3305
T o

B1ecs 1.00 - - -

U 0.99 0.91 1.10 0.9905
WARA A5 ol 5

A= 1.00 - - -

U 2.68 2.46 2.93 <.0001
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2.5. Hewka ZIRF 4 Agdiake] IPIW A8 A, AELA

AT WA} 13,704 & o w HEFT A ofFo mE AME 38
w2931 7] $18 Kaplan-Meier A& A4S 2451 ar
BEHNA A SRS FA45E7] el Cox HIHAARE S Fstql.

Kaplan-Meier A< =+ % Log-Rank 774 A3}, ¥ EFo] WA &
_]

WAEA] ek Fhol] s HEFeo] LA Huel Al 9P 1.67H =
frolat A F71eF TR 1.67, 95% C1:1.07-2.61). 8041 o4t ek 504
m ek Qeke] Bl Abg o] 37% SHekIl(HR 0.63, 95% C1:0.42-0.95),
g FAdRG AMY $Fo] 14% SSETHIHR 0.86, 95% CI1:0.75-0.99).
ol e 20% 578 o™ (HR 1.20, 95%
CI:1.03-1.40), F&=& ¥ A5 AMY 9182 59% Z7FskITHHR 1.59, 95%
C1:1.38-1.83). WAk A =g W2 A= AN 9Jdo] 2,450 2 71 A A
=73t eH(HR 2.45, 95% C1:2.13-2.81, 3 23).

rr

EE

b

Rl
32

I

riet
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Groups = Mg Stmhe = Shohke
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w}Z Kaplan-Meier survival curve % Log-Rank test
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¥ 23, "W=va 7)zF 43 AR IPTW A8 A, Cox Proportional

Hazards Model & o] &3t ¥ ZEF A o] Bo wE A 93 27X

HR 9% C1 p-value
Lower Upper

HEF 5

B1ecs 1.00 - - -

U 1.67 1.07 2.61 0.0234
A%

504w Rk 1.00 - - -

5041 ©]7¢ 604 wgt 0.91 0.70 1.18 0.4743

60A| o]/ 704 m gk 1.09 0.85 1.39 0.4899

704 ©]2d 804 wIwk 0.99 0.77 1.28 0.9386

804 ©] 0.63 0.42 0.95 0.0269
43

w 1.00 - - -

o] 0.86 0.75 0.99 0.0447
184 {5

B1ecs 1.00 - - -

U 1.20 1.03 1.40 0.0199
T 5

B1ecs 1.00 - - -

U 1.06 0.84 1.33 0.6247
IAEZF 5

B8 1.00 - - -

U 1.24 0.97 1.59 0.0888
F= of

B1ecs 1.00 - - -

U 1.59 1.38 1.83 <.0001
WARA A5 ol 5

A= .00 - - -

U 2.45 2.13 2.81 <.0001
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2.6. Hewka ZRE 43 A digae] PV A8 5, AELA

IPTWE A& Atz 13,7048 S o=z, HEF 24 offo u&
AbE 1S 2817 98l Kaplan-Meier & A4S ZHAl 61 a1,
WHAHFE A e AP 9 =E FA35H7] A8 Cox
AP RP S F38IT).

Kaplan-Meier A< =24 " Log-Rank #A A3}, HZEFo] WA A &Fe
kel vla] wHEFo] BT H] AE FAo] ¢ stHEA Ao,
T A 3 AE S Aol BAHCR FoeltH(p=0.013, ¥ 16).

Cox HlEIIF =gl ¥4 Ay} v 298 FAT e wEF o
A A eF kel Hla] HEFo] AT ko] A 1S 1.8 =
FrolstAl F71eFATHHR 1.89, 95% CI:1.14-3.12). 804 o] Hwke 504
vk FAgkol] wl) A o] 36% WAIL(HR 0.64, 95% C1:0.42-0.97),
aggto] e A9 A 98 21% SRR 1.21, 95%
Cl:1.04-1.42). F=& ¥ A5 AHE 9382 59% 57k o™ (HR 1.59,
95% C1:1.37-1.84), WA AR5E W 2= AHY 9ol 2.4m = 7+
A F7VEFATHHR 2.44, 95% C1:2.13-2.80, ¥ 24).

N
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Groups = Mo Simks —  Blsbe

! ‘thq___
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=
pm |
L]
p=0013
(] 1 7 ] 4 5 [ T n " 1 " ] 1 | 1]
Yesars
Weighted number at risk
&
(=]
i}

a9 16, HEwka 7)ZE 4d AF gAY IPTW A8 $, ¥ EF B of B

=

w}E Kaplan-Meier survival curve % Log-Rank test
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¥ 24, ¥W=vta 71z 43 AFgAe] IPTW A8 %, Cox Proportional

Hazards Model& o] 83k W ZEZ kA ofHo wE Al 93 2

HR p-value
Lower Upper

HEF

B1ecs 1.00 - - -

U 1.89 1.14 3.12 0.0130
A%

504w Rk 1.00 - - -

5041 ©]7¢ 604 wgt 0.92 0.71 1.20 0.5411

60A| o]/ 704 m gk 1.09 0.86 1.40 0.4648

704 ©]2d 804 wIwk 1.01 0.78 1.29 0.9880

804 ©] 0.64 0.42 0.97 0.0352
‘4

w 1.00 - - -

o] 0.87 0.75 1.01 0.0615
Tt

B1ecs 1.00 - - -

U 1.21 1.04 1.42 0.0165
T 5

B1ecs 1.00 - - -

U 1.06 0.84 1.34 0.6370
IAEZF 5

B8 1.00 - - -

U 1.22 0.95 1.57 0.1206
F= of

B1ecs 1.00 - - -

U 1.59 1.37 1.84 <.0001
WA A5 o J

A= 1.00 - - -

U 2.44 2.13 2.80 <.0001
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Background

Lung cancer remains the leading cause of cancer-related deaths in Korea (22.7%
in 2020), with a 5-year relative survival rate of only 38.5%, significantly lower
than that of other major cancers. Stroke frequently occurs in lung cancer patients
and may worsen prognosis; however, the causal impact of stroke timing on
long-term survival has not been sufficiently investigated. This study aimed to
evaluate the effect of stroke occurrence and its timing on all-cause mortality in

patients with lung cancer.

Methods

This retrospective cohort study utilized OMOP-CDM data from Severance
Hospital. A total of 20,696 patients diagnosed with lung cancer between 2006 and
2018 were included. The primary exposure was the occurrence and timing of
stroke, and the outcome was all-cause mortality and survival duration. Covariates
included age, sex, diagnosis of hypertension, diabetes, and hyperlipidemia, as well
as history of surgery and radiotherapy. To adjust for confounding, stabilized
inverse probability of treatment weighting (IPTW) based on propensity scores was
applied. Subsequently, Cox proportional hazards models, time-dependent Cox
regression, IPTW-based marginal structural models (MSM), and landmark analyses

at 2- and 4-year timepoints were performed.
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Results

In the Cox proportional hazards model adjusted with IPTW and fixed
covariates, stroke diagnosis was not significantly associated with mortality risk
(HR=1.13, 95% CI: 0.97-1.31). However, in the time-dependent Cox model
accounting for the timing of stroke and changes in covariates over time, the
mortality risk increased by approximately 2.4 times (HR=2.43, 95% CI:
1.99-2.96). The IPTW-based MSM yielded similar results (HR=2.62, 95% CI:
2.13-3.22). Sensitivity analyses using truncated weights (1%, 5%, 10%) also
showed consistent findings (HR=3.02-3.05). In the landmark analyses of patients
who survived =2 or =4 years after diagnosis, stroke diagnosis remained
significantly associated with increased mortality risk (2-year HR=1.56; 4-year

HR=1.89).

Conclusion

This study used OMOP-CDM data from Severance Hospital to assess the impact of stroke
occurrence and timing on mortality in patients with lung cancer. While the IPTW-adjusted
Cox model showed no significant association, both the time-dependent Cox model and MSM
revealed a significantly increased risk of death following stroke. Consistent patterns were
also observed in the 2- and 4-year landmark analyses, highlighting the importance of
incorporating time-dependent structures in survival analysis to more accurately estimate

clinical risks.

Keywords: Lung cancer, Stroke, Mortality risk, OMOP-CDM, Landmark analysis,
Inverse Probability of Treatment Weighting (IPTW), Marginal Structural Model (MSM)
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