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Table 2. Systematic Review Search Term Steps and Counts(Survival)

Search Terms Counts
((lung cancer|Title/Abstract]) OR (lung
neoplasms|Title/Abstract]) OR (lung
tumor|Title/Abstract])) AND ((survival|Title/Abstract])
OR (survivors|Title/Abstract])) AND
((predict[Title/Abstract]) OR (prognostic
factors[Title/Abstract]) OR (predictor|Title/Abstract]))
AND ((machine learning|Title/Abstract]) OR

(model[Title/Abstract]) OR (algorithm|[Title/Abstract]))
((resection|Title/Abstract]) OR

(resected|Title/Abstract]) OR (surgical[Title/Abstract])
OR (lobectomylTitle/Abstract]) OR

(pneumonectomy|Title/Abstract]))
((NSCLC|Title/Abstract]) OR (non-small cell lung

cancer|Title/Abstract]))

2,319
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379
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Table 3. Systematic Review Search Term Steps and Counts(Recur)

Search Terms Counts
((lung cancer|Title/Abstract]) OR (lung

neoplasms|Title/Abstract]) OR (lung
tumor|Title/Abstract])) AND ((recur|Title/Abstract])
OR (recurrence[Title/Abstract])) AND
((predict[Title/Abstract]) OR (prognostic
factors[Title/Abstract]) OR (predictor|Title/Abstract]))
AND ((machine learning|Title/Abstract]) OR

(model[Title/Abstract]) OR (algorithm|Title/Abstract]))
((resection|[Title/Abstract]) OR

(resected|Title/Abstract]) OR (surgical[Title/Abstract])
OR (lobectomy|Title/Abstract]) OR

(pneumonectomy|Title/Abstract]))
((NSCLC|[Title/Abstract]) OR (non-small cell lung

cancer|Title/Abstract]))

322

162

121




Kar [ 5(2023)& 20089 1¥€Y¥E 20189 697K 4428 €he 17] H|ANE
B9 91 2669 o2 ofF LA WA SAA £, 4EY
g 525 428 A 4 24 §3, WA SUVmax)e BAsich 22
D21 9% =, W Avjold melAE(RSF). DeepSurve] Al 75| ChE 3
Mg A1Rslel Aol G F 4 Ak WU APSIEL ol2fF W) Ak
£ Harrell?] C-indexZ H|wst A1} & M EO|AE DeepSurv’l Al 71HA]

3 538 AN E9 C-index:= 0.832&
RSF(0.675), CoxPH(0.672)7F} 1 H= o]9it}. A|@ L N EOJA= RSF7} A &
d z 71 22 A52 "Wolon DeepSurv’ 0.677, CoxPH dlHo| 0.6252
LERS T

29 3 M e 45S ugon

oJA% 5(2009)e YA HAEL we v ALY Al 15789 F £7] A
R 3 8] AAFL vEso] 24 5 19 olUe] £7] Y] IFL ol
Ae 99 PIY MUY HY AZ 932 SYso= BAgon,
OF 2AAY 8 24 Agste] Awd Ot SYMA Y oE WL
Agstn 2aol v 9E A PHLS Agstel Y o5 mde Ly
of. RARlZ St £9 % EAE Sk AROE Uleo] RAsgon, We)
S5 9], B9 AE 93, 399 B, U gUey 2 AYe s 2
Mol Fa 942 =olg ol

Dariusz Adam Drziedzic 5(2016)2 200993E 20149 1497Hx] of=2] 7|3
oA HaMZ oz ¢ AAleg W2 AE U= A Y=o of

Qo] oisl QarHelsts Was Woletn, =A w27 99 o 2A
&0l H] AN 2o KHHE* AWdS ZAIAT. BA0M = A Aol H

5 wolel 37 1, WEAe, HEstEnlE, UL % @AY, U

-

a =
of Aol SEsoR %4 2 02 AT Bl g Aow Ui

-1 a



or

B

5D

A A1

ol

Ao Wy RAH 0B &

2 a7 &

ol
;A__|

o2n AN 2

=13
a

7}

=]

115
o

2o} Aate} oA 2ol o

H]
% Q T (Feature importance)

=

=

o A

‘I,

T

A, Bl 2

A
_]
S, o

A
AN

A

—_—

ol
Gl
ol

mu

[ife}
!

X
oju

_—
»_OL
~

_X_ I

o

(BMI) 3t &8 Haof of



2 AP 3YsSEnd 558 A4 MY PYrte e 10%2 €8
H2 FESH A YRIIERAE Eo A HAF7IZAHHOIHE AL
stitt. 20143 RE] 2017d7HA] 2 A= mf HAIRtE GloE o] A0
2021 87A] A A" SA ATY EIoE(AFG LA, AFFERI)7E Al o
o SRS giAto g Sttt F&Y 10,9437 & AN R X}, LeubR] oF
< A W AFAE AQet 2,659 FE A4 ez AlegstchFig. 2)
Korean Lung Cancer Registry 2014-2017
e Primary Lung cancer (n=10,943)
Excluded (n=8,272)

¢ Not NSCLC

« Not resection operation

« Not RO resection

« Pathological stage IV

o Cause of Death : Not Lung cancer

e Incomplete data

RO Resected NSCLC
(n=2,671)
Randomly divided at a ratio of 7:3
Training set Test set
(n=1,869) (n=802)
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2 10% F&sto =APL 240, f4sks &8 Wa2E Table 49
o] ¥¥¥le, SEAL, Yol 48 39 7IEEEe 7], A, HdE7l S8
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Table 4. Korea Lung Cancer Registry collection variation
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Table 5. Variables used in models

Variables Value
ATLAZIA WS
L}o] >=6b, <65
ek Female, Male
HgET WS
Rt Al A& =R 4(BMI) Normal, Overweight/Obese, Underweight
Edox Non smoker, Current smoker, Past smoker
A W
ATE= Without symptoms, With symptoms
ECOG PS 0-1, 2-4, Unknown
FEV1/FVC(%) >=70, <70
EGFR mutation Positive, Negative, Not tested
FUAY R Negative, Positive
59

Lobectomy, Bilobectomy, Pneumonectomy,

Segmentectomy, Sleeve lobectomy, Wedge resection

ZAISHA zoF3 7] 1-2, 2-3, 3-4, 4-5, >=5, <=1
EXNTES Single, Multiple

27 A Rohy Adenocarinoma, Other, Squamous
ZRISHA 7] [, II, 1II

ZRISHA T T1, T2, T3, T4

2RISR N NO, N1-3

dlAbA X Bojy None, Unknown, Yes

MY XA x| goj= None, Unknown, Yes
Aato] v No recur, Recur

Atato] 2 Live, Death
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= e
45 ¥4Ql Lol 654 DjEtE 654 oo 1§g tro Wigoez
Gaistol 2ol Eeol2lon] HUE WA RE o] Pt

2) W & W
AT Al 53 Al

I 227 st AT Al AR SEM)E Sk =

oF Hlgt AT 7122 Anstel bmi < 1855 ARIF
(Underweight), bmi < 25+ AAA|%(Normal weight), bmi < 302 A%
(Overweight), bmi >= 302 H|T o J209] A7 Ao
A2 vet 252 st A5t &4 < 8Ed, FASAE
ol FA. WA EA Foz TR

i E

—_—

Hes7le 48y g gHdow UrLOWbEﬂ QA TH2 B0
- &3ttt ECOG PSo| H¢ 0~1 2~5, 9(2%)

)

¥}, PEV1(%)= FEVIE F\/Coﬂ 100 J3t U
S 70 ulgkel 2Fo® UHo JLEstiloen], EGFR
mutationa M2 g%, 28t ¥ BE] FQst LS St H8A TUWA=R
)T G, Alietd Al 2ge 2 Ueo] st ¥7|(Stage)= #
AU BYTOR slof BAStoE, £AH W2 Agstgon,

IB, IIA, 1B, IIA, IIIB, IVE2 & T o]x|L} IIBQ} IVE EAC)ALo]A] 7<ﬂ94°?
g, HE [0 M2 pEslgch. RAsHE TH7|= T1, T2, T3, T4z 712519
o, A Ng7]= f=xd Hol7t gle NOoF J=7i Alo]7t 9l NI-3
5 I§°=2 uyro] FLEoIYT Hgd ¥7] 7]E2  American Joint
Committee on Cacner(AJCC) 7" editiong wat BFE At &2 A1ofA
BED AL F AA2 BRHT g FY AY ofRe Aol Ak 2
Qe TOR Uko] pHstGoDn, £¢ AAhe A E%0) Art R 7
%, Singleg2 278 o]l 4% muliz UFo] 1Zstdtt. a9 AN =
Aoz A|3Hst Lobectomy®?t Segmentectomy, Wedge resection, Sleeve
lobectomy, Pneumonectomy, BilobectomyZ Wil om, RAISHA HEfsHY
< Tdfol otd oEute EXsETo thEakol tis Table 61t o] A

ol
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Table 6. Pathological morphology classification criteria

Criteria Morphology
Adenocarcinoma Adenocarcinoma + NSCLC_NOS
Squamous ]
) Squamous carcinoma + NSCLC_NOS
carcinoma
Adenocarcinoma + Squamous carcinoma
Adenocarcinoma + Squamous carcinoma +
NSCLC_NOS
Large cell + NSCLC_NOS
Other Adenocarcinoma + Large cell

Adenocarcinoma + carcinoid
Large cell + carcinoid
Adenocarcinoma + Squamous carcinoma +
NSCLC_NOS

g9t ARetA] e 1goe
] ke 7207
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2020). Ayt HAE AP AXIRE A, RAISHA

2
[e]]

] H7] 4
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ANzt g & AFYSH SR AELY S vluwstr] ¢fs AdA
75 ol It £ HAE AFAIESHA HA(GE, Ho]), A s ¥
(AT Al AAZAS), AGetA Ha (50, A Al SAVSHE, 171544 &
AlshA A1, EGFR mutation, ZAISHA Adadd, S437], AY/Ao] &
T, eel, PAIRRAR, 2R Xgof)2 Uko] sARCR o7t 9l
Xl Chi-square testZ £3st¥on, W =2A|AH HZAS Sof AT
Al AIAZA e AFY W AT AEdS eIttt o], Q. dAd¥S
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2el 5 94%’4‘“*(Rldge)laL Lasso g H&A, 45 22 HE =g A
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s 57 WAPEZ(5-fold CV)S 28§5}9ct,

o |m o
o

o @ & |o
3
0
19
l>o
|m
ﬂn

(AN
g

ol l'D
N
— 1o

i

jS

NEL A ols ZHoA WSEaE S SISt on, AY et
SHAP(Shapley Additive Explanations)S AF&sto] zF ¥HAoF ndElo] o
Jofsts GFES BolstEt.
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AAN)2Y A4 Y3 (Institutional Review Board, ©]st IRB)
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(Decision Trees)& 75%*6}04 AHE-STTE. Breiman(2001)0f] 2JsiA 7HerE] 9
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S A|gstul, 00B AZ02 27189 7% dolEAg AF&sHr] Fie Rdlo]
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3.1.4 eXtreme Gradient Boosting (XGBoost)

XGBoost= eXtreme Gradient BoostingQJ Foorg  yAdLE TigdE B
AEl(Gradient Boosting) ¥ilg]& sist glojHajg]o|t}. Ogtf]AdE B A
H2 oy 7le] oFst sh&7](weak learner) 53] 274

Agstel JUSt o5 DS UEL YL PUA RAY
3] H(Regression)?t w5(Classification) =4S 2% A|¥sty 7]1& J2dA
E wag we WA &5 A5S 3

(Overfitting)2 HIX|5}7] st K*ﬁﬁ}(regularlzation

glolge] F7lo gaglol =7g7dol Hofy ti++& Ho

)
ofr o
o o

3.2 stolxu}etolg A A (Hyperparameter tuning) : Grid search

F9 ojAlelyd AuE0 45 PPN TS PAS] h 2 oAl
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2l'd &ae|E9 stojmuttule S £7oitt. stojmotatolE = St
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o W2 AT el YA of HE wo|N AHRELE
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mj2folef= Table 72t £}
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Table 7. Tuned hyperparameters for each ML algorithm

ML algorithm Tuned hyperparameters

Ridge Regression
& & lambda

Lasso Regression

Random Forest mtry

Max depth / eta
XGBoost Minimum child weight / Subsample
colsample_bytree

3.3 WXAS

WAFE % (Cross Validation)o|gt ZE10] o Z4d5S H7ioh7| Yt

& fd|o]§(Training data)e} A|¥-& d|o]E{(Test data)s Ure 7I¥oltt.
150+ o8 3771 oy HEe 58 HojHz 29s &
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3.4 2% 23 4% 37}

28 290 Boh Yy a7 2P v2sbl AA cloleiet o5 At do]
El7b Qoht A2 u|2aRlo] ZIutstAlel, Tes] o]Zieh bRl T mukshrlols

ofelgl £5 Lo g omA A% ¥yl Am2 EE¥(confusion

o
matrix)2 At 23532 (Confusion Matrix)> #7/2] o5 U5 A
dolHe 27 W4E wAt®E(Cross Table) FEf= Feh P = o7 &7
I =A5 A H

o= 77t Anjelxlet ojmgt 9ol o5 @I WSt ¢
EfHCHTable 8 £ B3| Astx(Accuracy), AU %=(Precision), A&
(Recall), 917 =(Sensitivity), §0]%(Specificity) 5 2] 7IX] XS Zo] =

2 9lot,

—~

Table 8. Confusion Matrix

o &
Positive Negative
Positive TP FN
AA|
Negative FP TN

TP(True Positive)= AlA] Zr(Actual Class)o] Trueo|® of|&= ZH(Predicted
Class) E3SF True9l L= ustn, FP(False Positive)= AlA] ZH(Actual
Class)o] Falseo| o &= ZH(Predicted Class) ®3t FalseQl 7195 wsict.
FN(False Negative)2 ANl ZH(Actual Class)o] Falseol of&= f
(Predicted Class)2 TrueQl 74%0]H, A 1% @=oltt. TN(Ture Negative)
S AA| ZH(Actual Class)o] Trueo|® o &%= ZH(Predicted Class)e False®l
B%olH, Al 2% Folt.

Aoy

3.4.1 917 & (Sensitivity)



U = (Sensitivity)= A& &(Recal)t Lt A=, UA ¢ Holy &
Ddlo] Qo2 o &3t golglQ v &S oju|sict. ¢ ZAutE Asts| o &6t
© 8oz, 29 gRlde Frtste Az AR A Positive)lH|
Negative2 J&53ie o Jdido=z o AVt He 4% §84S 7o

TP
TP+ FN

3.4.2 Eo0] % (Specificity)

Eo] = (Specificity)= W=t AFutfo] 7fdoz Al /49 Hojly & &
dlo] /402 o&35h gojg Q] "lgS ou|stt.

TN
TN+ FP

3.4.3 AU & (Precision)

O

FU & (Precision)= 4/d o5 A= S FAst= A B=ZH, Lol FHo
2 oI55k ol & AA 4/dQd tlolE Q] Hl&2 ofu]git.

3.4.4 Ad-&(Recall)

AMA&(Recall)> AA|] &R0 diojg] & LHlo] Fdo=z oEst fo]g 2]
dlzo|ty. ARG (FP)s A ASIstUAF & o F-Q35h X|HO|C}.

3.4.5 F1 score

F1 score:= AUwol xslgS Astst M= gz AU xS &= X
RE oL stEmo | Ay



F1 Scorex &2 U2 7l 2ot &, U= Aded d¥2 dxst=

NE:li=s

Precision X Recall
Precision + Recall

2 X

3.4.6 A% (Accuracy)

W (Accuracy) AR olel & gutEA| o 5E ulgR, o5 dolelrt
UA| dlolejel Aokt x| ulwsto AEHC, AuHoR Sro] AU g
soloz WUSlE ofeleu], dEsteli st E4WSo] v|go] BIF
o gEhzo] A7 doprct,

TP+ TN
TP+ TN+ FP+ FN

3.4.7 AUC(Area Under the Curve)

AUC(Area Under the Curve)w= ojg] ATro|A 9] nldh ol Eo]r 9]

UASE YEdl= 2=l ROC FA offe] A Qjujsty, 1
Oﬂxaﬂ o] @astthal FItE % o, BHol de= T¥AC=r Prts
A EZ AFREICH Hosmer S.[3]0] 9Ql3tH AUC 0.5~0.72 Poor, 0.7~0.8&
Acceptable, 0.8~0.9= Excellenti &=t Table 8). Atz e,
Eolkx, JU%, F1 Score, AUCE 0~1 Apo]9] gfoz BAE D, o] 3rso0]
10] 7Pt A42 Relo] Ao wrhs e UERAC

Table 9. Evaluation of AUC

AUC range 0.5 ~ 0.7 0.7 ~ 0.8 0.8 ~ 0.9 0.9 ~ 1.0

Evaluation Poor Acceptable Excellent Outstanding




3.5 SHAP(Shapley Additive Explanation)

239 o5 s14s}7] sl AY ol B9 AFEY Yol Vv YHos 7 £
ol 2] oS0l Jlojel ArE dNetoRM Bl 2§ BHE £l
A Jo| 7lol=g Lxlgtstol, o zlo] oidt 2t 54

GrECH SAHP 2he 2 54 gl
of gL BIIY 4 UES Ak SHAP 2L of2et Zol 54 io] Tt At
Z2] 3 ¢i 2 AAtstel oy,

i = Z |S|!(|‘N||Ni| " S1-1) [fx (SUi)*f:E (9)]
Sc N\i :

oi i glo]Eof] tf$t Shapley Value

N @ AR A

S A A F 1 WA dlolEE W yoix]o] HAA 2= AT
fx(SUIQ) : i HA] HloJel& Zedst 7o =

fx(S) 1 ¥4 diojHE W, YAl EF AL 7joe



m. |4+ Ayt
1. 917 TjARRte] Uur EX4

L1 Al Ro] e Chgatel Qubs 54

A7+ A 2.65989] wlANZH} »EeAte] AbFolfof E}E LI
S74s FAsttH(Table 10). AFFsHA]l g2 150l 2,107F019laL, Arget 2L
§2 55290l

Lpo] 188 o] vlwd A|, 65A] D]t 122 ajgtolrol| whal AlY)slA|
J20] 1,125%(53.4%), AF9rst 120] 2013(36.4%)0|9lon], EAR o7
Olst X}ol& HIUTHpP<0.001). AHL IFAO] 7L AMUSHK] 4L IF0]
173%H(55.7%), AFYst 720] 4349(21.4%)F 00, ofxto] 749 Atutshx] oF
20| 934(44.3%), APt O220] 118W(21.4%)0.2 FAo] u]AA|mLmet
2 & Abgk "]go| ofAo] vla] o =9fon EARMOZ Qo0]5 xjo]= WA
(p<

iQ

S5 7 B WA AT Al ARLARAN FYAF TN Ay
359%(65.0%)01 9100, TRIF/HITE TEANMY Al 162%5(29.3%). AAZF

JFoA9] A}” 2 319(5.62%) 0= 1F It SARCRE {oJgt xfol7f S
215 tH(p<0.001).

4 282 WO HaF Al HSHA= ATYSHA] 42 1F0] 1,034%
(49.1%), Atgst 2Go] 148%(26.8%). dA SHAM:= AMYsHA] &2 1§
5337 (25.3%), Arg3st 50| 214Y(38.8%)010], WA FARIY] ¢ ATYSHA|
oro 20| 540%Y(25.6%), AFUSH 220] 190Y(34.4%)2 12 7t EAMO=R
wo]gt Apol7t le& QI tH(p<0.001). 40| S+ TEolAQ] AFg 316
H(57.2%)] 8|5l AFGSHA] 2 152 1,594(75.7%)01H, 570l e TFolA]



o] AMES 2369H(42.8%)0] vl8l AMYSHA] e T2C 513¥(24.3%)02, 12 7t
sARos Qo3 Aot e SRIskarHp<0.001)
e B50] HRo= AMWUSHA] 92 1204 Adenocarcinoma”} 1,618

H(76.8%). Ayt IFolME 316Y(56.2%)02 ¥hE FdoldE EILCH
Squamous cell carcinomas AIWsHA] e T EofA] 382 (18.1%), Atst
2o 185W(33.5%) 0.8 EA RO 2 Q0|3 xto]S B QITHp<0.001). XA
st w7lo] mE 189 Aol ulwsl kS o, Stagel 9] H$ AlYslA
oro o] 1,6379(77.7%)0.2 7Pt wo Bnp= xix|stgdon], AHUsh ZojA
= Stage [9] B1m7} 2179H(39.3%), Stage 119] 317} 1669 (30.1%), Stage
) 27} 169%(30.6%)02 H7] 7 AT T LEL WAL T 4 9
t}. o]+ 5 o sARCeR Joft Aol7t AATHp<0.001).

rr

OSE

2 ol9] R|gel HHsto], HAA PAX RO F FY AE W2 TFA
o] AHEe 191%(34.6%), Y] kS IE0j A0l AR 276%(50.0%) 0.2 18 7t
EMog ©Co]sl xlo]7} 9leS 3H0lFHTHP<0.001). YIAMA X B9 7o ¥k}
A Ags 92 2F0A9 AMY2 209%Y(37.9%), AEE WA 42 1FoA9
AP 2769(50.0%)2 WA ¢t DFoAQ] AFREEIE o Fkon] 1F It
SARCR [Folgh xfo]7} QIITHP<0.001).

o 1=
o] Ql= A9 AWRE g0l 2699
50| 2839(61.3%)2 & 15 to] sANC=Z R



Table 10. Baseline characteristics by groups of live and death

Live

Death

N=2,107

N=552

p.overall

Age:
>=65
< 65
Sex:
Female
Male
BMI at diagnosis:
Normal weight
Overweight/Obese
Underweight
Smoke:
Non smoker
Current smoker
Past smoker
Pathway:
Without symptoms
With symptoms
ECOG PS:
0-1
2-4
Unknown
FEV1(%):
>=70
<70
EGFR Mutation:
Positive
Negative
Not tested

982 (46.6%)
1,125 (53.4%)

934 (44.3%)
1,173 (55.7%)

1,317 (62.5%)
744 (35.3%)
46 (2.18%)

1,034 (49.1%)
533 (25.3%)
540 (25.6%)

1,594 (75.7%)
513 (24.3%)

1,766 (83.8%)
34 (1.61%)
307 (14.6%)

1,508 (71.6%)
599 (28.4%)

644 (30.6%)
791 (37.5%)
672 (31.9%)

351 (63.6%)
201 (36.4%)

118 (21.4%)
434 (78.6%)

359 (65.0%)
162 (29.3%)
31 (5.62%)

148 (26.8%)
214 (38.8%)
190 (34.4%)

316 (57.2%)
236 (42.8%)

439 (79.5%)
19 (3.44%)
94 (17.0%)

334 (60.5%)
218 (39.5%)

112 (20.3%)
290 (52.5%)
150 (27.2%)

<0.001

<0.001

<0.001

<0.001

<0.001

0.005

<0.001

<0.001




Table 10. Baseline characteristics by groups of live and death

(continued)
Live Death
N=2,107 N=552 p.overall
Operation name: <0.001
Lobectomy 1,666 (79.1%) 441 (79.9%)
Bilobectomy 47 (2.23%) 22 (3.99%)
Pneumonectomy 26 (1.23%) 23 (4.17%)
Segmentectomy 174 (8.26%) 20 (3.62%)
Sleeve lobectomy 16 (0.76%) 16 (2.90%)
Wedge resection 178 (8.45%) 30 (5.43%)
Tumor size(cm): <0.001
1-2 615 (29.2%) 82 (14.9%)
2-3 633 (30.0%) 126 (22.8%)
3-4 335 (15.9%) 122 (22.1%)
4-5 175 (8.31%) 83 (15.0%)
>=5 165 (7.83%) 131 (23.7%)
<=1 184 (8.73%) 8 (1.45%)
Tumor number: <0.001
Single 2,060 (97.8%) 519 (94.0%)
Multiple 47 (2.23%) 33 (5.98%)
Pleural invasion: <0.001
Negative 1,698 (80.6%) 328 (59.4%)
Positive 409 (19.4%) 224 (40.6%)
Pathological morphology: <0.001
Adenocarcinoma 1,618 (76.8%) 316 (57.2%)
Other 107 (5.08%) 51 (9.24%)
Squamous 382 (18.1%) 185 (33.5%)
Pathological stage: <0.001

I
II
II

1,637 (77.7%)
295 (14.0%)
175 (8.31%)

217 (39.3%)
166 (30.1%)
169 (30.6%)




Table 10. Baseline characteristics by groups of live and death

(continued)

Live

Death

N=2,107

N=552

p.overall

Pathological T:

T1
T2
T3
T4

Pathological N:

NO
N1-3
Adjuvant CTx:
None
Unknown
Yes
Radiation Tx:
None
Unknown
Yes
Recurrence:
No recur
Recur

1,242 (58.9%)
751 (35.6%)
99 (4.70%)
15 (0.71%)

1,794 (85.1%)
313 (14.9%)

1,220 (57.9%)
471 (22.4%)
416 (19.7%)

1,310 (62.2%)
617 (29.3%)
180 (8.54%)

1,915 (90.9%)
192 (9.11%)

138 (25.0%)
307 (55.6%)
94 (17.0%)
13 (2.36%)

302 (54.7%)
250 (45.3%)

319 (57.8%)
42, (7.61%)
191 (34.6%)

276 (50.0%)
67 (12.1%)
209 (37.9%)

283 (51.3%)
269 (48.7%)

<0.001

<0.001

<0.001

<0.001

<0.001
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Table 11. Baseline characteristics by groups of Recurrence

No recur

Recur

N=2,198

N=461

p.overall

Age:
>=65
< 65
Sex:
Female
Male
BMI at diagnosis:
Normal weight
Overweight/Obese
Underweight
Smoke:
Non smoker
Current smoker
Past smoker
Pathway:
Without symptoms
With symptoms
ECOG PS:
0-1
2-4
Unknown
FEV1(%):
>=70
<70
EGFR Mutation:
Positive
Negative
Not tested

1,099 (50.0%)
1,099 (50.0%)

909 (41.4%)
1,289 (58.6%)

1,374 (62.5%)
686 (31.2%)
59 (2.68%)

1,374 (62.5%)
765 (34.8%)
59 (2.68%)

1,619 (73.7%)
579 (26.3%)

1,812 (82.4%)
45 (2.05%)
341 (15.5%)

1,546 (70.3%)
652 (29.7%)

619 (28.2%)
848 (38.6%)
731 (33.3%)

234 (50.8%)
2277 (49.2%)

143 (31.0%)
318 (69.0%)

302 (65.5%)
125 (27.1%)
18 (3.90%)

302 (65.5%)
141 (30.6%)
18 (3.90%)

291 (63.1%)
170 (36.9%)

393 (85.2%)
8 (1.74%)
60 (13.0%)

296 (64.2%)
165 (35.8%)

137 (29.7%)
233 (50.5%)
91 (19.7%)

0.806

<0.001

0.106

<0.001

<0.001

0.345

0.011

<0.001




Table 11. Baseline characteristics by groups of Recurrence(Continued)

No recur Recur
N=2,198 N=461 p.overall
Operation name: <0.001
Lobectomy 1,734 (78.9%) 373 (80.9%)
Bilobectomy 60 (2.73%) 9 (1.95%)
Pneumonectomy 30 (1.36%) 19 (4.12%)
Segmentectomy 173 (7.87%) 21 (4.56%)
Sleeve lobectomy 19 (0.86%) 13 (2.82%)
Wedge resection 182 (8.28%) 26 (5.64%)
Tumor size(cm): <0.001
1-2 627 (28.5%) 70 (15.2%)
2-3 626 (28.5%) 133 (28.9%)
3-4 369 (16.8%) 88 (19.1%)
4-5 195 (8.87%) 63 (13.7%)
>=5 196 (8.92%) 100 (21.7%)
<=1 185 (8.42%) 7 (1.52%)
Tumor number: <0.001
Single 2,147 (97.7%) 432 (93.7%)
Multiple 51 (2.32%) 29 (6.29%)
Pleural invasion: <0.001
Negative 1,758 (80.0%) 268 (58.1%)
Positive 440 (20.0%) 193 (41.9%)
Pathological morphology: 0.001
Adenocarcinoma 1,625 (73.9%) 309 (67.0%)
Other 116 (5.28%) 42 (9.11%)
Squamous 457 (20.8%) 110 (23.9%)
Pathological stage: <0.001
I 1,658 (75.4%) 196 (42.5%)
11 327 (14.9%) 134 (29.1%)
111 213 (9.69%) 131 (28.4%)




Table 11. Baseline characteristics by groups of Recurrence(Continued)

No recur

Recur

N=2,198

N=461

p.overall

Pathological T:

T1
T2
T3
T4

Pathological N:

NO
N1-3
Adjuvant CTx:
None
Unknown
Yes
Radiation Tx:
None
Unknown
Yes
Event:
Live
Death

1,241 (56.5%)
821 (37.4%)
120 (5.46%)

16 (0.73%)

1,825 (83.0%)
373 (17.0%)

1,293 (58.8%)
490 (22.3%)
415 (18.9%)

1,428 (65.0%)
629 (28.6%)
141 (6.41%)

1,915 (87.1%)
283 (12.9%)

139 (30.2%)
237 (51.4%)
73 (15.8%)
12 (2.60%)

271 (58.8%)
190 (41.2%)

246 (53.4%)
23 (4.99%)
192 (41.6%)

158 (34.3%)
55 (11.9%)
248 (53.8%)

192 (41.6%)
269 (58.4%)

<0.001

<0.001

<0.001

<0.001

<0.001
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Table 12. Baseline characteristics by groups of BMI

Over

Normal . Under
. ht %
weight Wgéise/ weight  p overall
N-1676 N=906  N=77
Age: 0.711
- 846 449 38
(50.5%)  (48.8%)  (49.4%)
<6 830 464 39
(49.5%)  (51.2%)  (50.6%)
Sex: 0.402
656 370 26
Female (39.1%)  (40.8%)  (33.8%)
Male 1020 536 51
(60.9%)  (59.2%)  (66.2%)
Smoke: 0.012
750 404 28
Non smoker (44.7%)  (44.6%)  (36.4%)
469 243 35
Current smoker (28.0%)  (26.8%)  (45.5%)
457 259 14
Past smoker (27.3%)  (28.6%)  (18.2%)
Pathway: 0.004
. 1,200 667 43
Without symptoms (71.6%)  (73.6%)  (55.8%)
. 476 239 34
With symptoms (28.4%)  (26.4%)  (44.2%)
ECOG PS:
o-1 1,397 749 66
(83.4%)  (81.9%)  (85.7%)
- 39 20 1
(1.91%)  (2.21%)  (1.30%)
247 144 10
Unknown (14.7%)  (15.9%)  (13.0%)
FEV1(%): 0.585
o270 523 268 26
(31.2%)  (29.6%)  (33.8%)
<7 1,153 638 51
(68.8%)  (70.4%)  (66.2%)




Table 12. Baseline characteristics by groups of BMI(continued)

Over

Normal . Under
: weight/ :
weight Obese weight p.overall
N=1676 N=906  N=77
EGFR Mutation: 0.77
. 475 258 23
Positive (28.3%)  (28.5%)  (29.9%)
. 635 361 35
Negative (40.9%)  (39.8%)  (45.5%)
516 287 19
Not tested (30.8%)  (31.7%)  (24.7%)
Operation name:
1.334 717 56
Lobectomy (79.6%)  (79.1%)  (72.7%)
. 48 20 1
Bilobectomy (2.86%)  (2.21%)  (1.30%)
33 14 2
Pneumonectomy (1.97%)  (1.55%)  (2.60%)
116 71 7
Segmentectomy (6.92%)  (7.84%)  (9.09%)
20 10 2
Sleeve lobectomy (1.19%)  (1.10%)  (2.60%)
. 125 74 9
Wedge resection (7.46%)  (8.17%)  (11.7%)
Tumor size(cm): 0.07
- 434 241 29
(25.9%)  (26.6%) (28.6%)
- 482 265 12
(28.8%)  (29.2%)  (15.6%)
- 294 149 14
(175%)  (16.4%) (18.2%)
st 157 93 8
(9.37%)  (10.3%)  (10.4%)
oot 200 82 14
(11.9%)  (9.05%) (18.2%)
o 109 76 7
(6.50%)  (8.39%)  (9.09%)




Table 12. Baseline characteristics by groups of BMI(continued)

Over
Normal . Under
: weight/ :
weight Obese weight p.overall
N=1.676 N=906  N=77
Tumor number: 0.694
. 1,624 881 74
Single (96.9%)  (97.2%)  (96.1%)
. 59 25 3
Multiple (3.10%)  (2.76%)  (3.90%)
Pleural invasion: 0.448
. 1,280 692 54
Negative (76.4%)  (76.4%)  (70.1%)
. 396 214 23
Positive (23.6%)  (23.6%) (29.9%)
Pathological morphology:
. 1,213 669 59
Adenocarcinoma (72.4%)  (73.8%)  (67.5%)
106 49 3
Other (6.32%)  (5.41%)  (3.90%)
357 188 29
Squamous (21.3%)  (20.8%)  (28.6%)
Pathological stage: 0.143
[ 1,149 654 51
(68.6%)  (72.2%)  (66.2%)
311 138 12
I (18.6%) (15.2%) (15.6%)
216 114 14
1 (12.9%)  (12.6%) (18.2%)
Pathological T:
- 869 478 33
(51.8%)  (52.8%)  (42.9%)
654 372 39
T2 (39.0%) (41.1%) (41.6%)
140 43 10
T3 (8.35%)  (4.75%)  (13.0%)
13 13 2
T4 (0.78%)  (1.43%)  (2.60%)




Table 12. Baseline characteristics by groups of BMI(continued)

Over
Normal . Under
: weight/ :
weight Obese weight p.overall
N=1.676 N=906  N=77
Pathological N: 0.663
NO 1.312 723 61
(78.3%)  (79.8%)  (79.2%)
N1-3 364 183 16
21.7%)  (20.2%)  (20.8%)
Adjuvant CTx: 0.414
984 508 47
None (58.7%)  (56.1%)  (61.0%)
311 191 11
Unknown (18.6%)  (21.1%)  (14.3%)
Yes 381 207 19
(22.7%)  (22.8%)  (24.7%)
Radiation Tx: 0.102
1.015 524 47
None 60.6%)  (57.8%)  (61.0%)
414 256 14
Unknown (24.7%)  (28.3%)  (18.2%)
Yes 247 126 16
(14.7%)  (13.9%)  (20.8%)
Recurrence: 0.106
1.374 765 59
No recur (82.0%)  (84.4%)  (76.6%)
302 141 18
Recur (18.0%)  (15.6%) (23.4%)
Event: <0.001
. 1,317 744 46
Live (78.6%)  (82.1%)  (59.7%)
Death 359 162 31

(21.4%) (17.9%)  (40.3%)
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Table 13. Odds Ratio Estimates for BMI on Simple Logistic Regression

for survival

OR 95% CI p.overall
?Rhgc ar diagnosis oht 0273  0.243~0.306  <0.001
Overweight/Obese 0.799 0.649~0.981 0.033
Underweight 2.473 1.533~3.939 0.001




Table 14. Odds Ratio Estimates for BMI on Simple Logistic Regression
for recurrence

OR 95% CI p.overall
?Rhg_afqg;;ga?‘);ﬁght) 0.220  0.194~0.249  <0.001
Overweight/Obese 0.839 0.672~1.042 0.114
Underweight 1.388 0.786~2.339 0.236
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Table 15. Odds ratio of variables associated with survival

OR 95% CI p.overall

Age (Ref. < 65)

>= 65 2.052 1.609~2.627  <0.001
Sex (Ref. Female)

Male 1.99 1.501~2.653 <0.001
BMI at diagnosis (Ref. Normal weight)

Overweight/Obese 0.914 0.711~1.172 0.478

Underweight 2.532 1.381~4.578 0.002
Pathway (Ref. Without symptoms)

With symptoms 1.609 1.26~2.052 <0.001
Pleural invasion (Ref. Negative)

Positive 1.365 1.023~1.823 0.035
EGFR Mutation (Ref. Positive)

Negative 1.367 1.001~1.875 0.051

Not tested 0.979 0.682~1.406 0.907
Pathological stage (Ref. )

II 1.39 0.879~2.179 0.155

111 1.959 1.014~3.76 0.044
Recurrence (Ref. No recur)

Recur 6.464 4.843~8.659  <0.001

Pathological morphology
(Ref. Adenocarcinoma)

Other 1.617 1.018~2.54 0.039

Squamous cell 1.418 1.053~1.91 0.022
Adjuvant Ctx (Ref. None)

Unknown 1.148 0.662~1.996 0.624

Yes 0.59 0.435~0.797 0.001
Pathological T (Ref. T1)

T2 2.046 1.516~2.763  <0.001

T3 2.191 1.282~3.76 0.004

T4 1.954 0.673~5.653 0.216
Pathological N (Ref. NO)

N1-3 2.381 1.443~3.957 0.001
Radiation Tx (Ref. None)

Unknown 0.442 0.277~0.692  <0.001

Yes 1.24 0.889~1.723 0.203




Table 16. Odds ratio of variables associated with recurrence

OR 95% CI p.overall

Pleural invasion
(Ref. Negative)

Positive 1.7 1.303~2.215 <0.001
EGFR Mutation (Ref. Positive)

Negative 0.824 0.618~1.1 0.188

Not tested 0.432 0.306~0.607 <0.001
Tumor size(cm) (Ref. < 1)

1-2 4.426 1.952~11.516 0.001

2-3 2.246 1.033~5.666 0.059

3-4 3.482 1.633~8.674 0.003

4-5 2.901 1.321~7.372 0.014

>=5 3.594 1.588~9.325 0.004
Tumor number (Ref. Single)

Multiple 2.191 1.214~3.888 0.008
Pathological stage (Ref. )

II 1.423 0.986~2.043 0.058

I11 0.931 0.63~1.367 0.716
Adjuvant Ctx (Ref. None)

Unknown 0.274 0.152~0.482 <0.001

Yes 1.081 0.793~1.471 0.622
Radiation Tx (Ref. None)

Unknown 1.455 0.948~2.206 0.082

Yes 14.572 10.777~19.848 <0.001
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Table 17. Baseline characteristics by training and testing set

Training set

Testing set

N=1,861

N=798

p.overall

Event:
live
Death
Age:
< 65
>= 65
Sex:
Female
Male
BMI at diagnosis:
Normal weight
Overweight/Obese
Underweight
Smoke:
Current smoker
Non-smoker
Past smoker
Pathway:
With symptoms
Without symptoms
ECOG PS:
0-1
2-4
Unknown
FEV1(%):
<="70
> 70
EGFR Mutation:
Negative
Not tested
Positive

1,467 (78.8%)
394 (21.2%)

931 (50.0%)
930 (50.0%)

737 (39.6%)
1,124 (60.4%)

1,169 (62.8%)
641 (34.4%)
51 (2.74%)

536 (28.8%)
824 (44.3%)
501 (26.9%)

513 (27.6%)
1,348 (72.4%)

1,548 (83.2%)
40 (2.15%)
273 (14.7%)

561 (30.1%)
1,300 (69.9%)

746 (40.1%)
584 (31.4%)
531 (28.5%)

640 (80.2%)
158 (19.8%)

395 (49.5%)
403 (50.5%)

315 (39.5%)
483 (60.5%)

507 (63.5%)
265 (33.2%)
26 (3.26%)

211 (26.4%)
358 (44.9%)
229 (28.7%)

236 (29.6%)
562 (70.4%)

657 (82.3%)
13 (1.63%)
128 (16.0%)

256 (32.1%)
542 (67.9%)

335 (42.0%)
238 (29.8%)
225 (28.2%)

0.455

0.836

0.985

0.666

0.408

0.313

0.472

0.344

0.621




Table 17. Baseline characteristics by training and testing set(continued)

Training set Test set
N=1,861 N=798 p-overall
Operation name: 0.51
Bilobectomy 55 (2.96%) 14 (1.75%)
Lobectomy 1,463 (78.6%) 644 (80.7%)
Pneumonectomy 34 (1.83%) 15 (1.88%)
Segmentectomy 140 (7.52%) 4 (6.77%)
Sleeve_lobectomy 1 (1.13%) 1 (1.38%)
Wedge_resection 148 (7.95%) 0 (7.52%)
Tumor size(cm): 0.744
<=1 129 (6.93%) 63 (7.89%)
1-2 490 (26.3%) 207 (25.9%)
2-3 522 (28.0%) 237 (29.7%)
3-4 326 (17.5%) 131 (16.4%)
4-5 188 (10.1%) 70 (8.77%)
>=5 206 (11.1%) 90 (11.3%)
Tumor number: 0.387
Multiple 52 (2.79%) 28 (3.51%)
Single 1,809 (97.2%) 770 (96.5%)
Pleural invasion: 0.583
Negative 1,424 (76.5%) 602 (75.4%)
Positive 437 (23.5%) 196 (24.6%)
Pathological morphology: 0.995
Adenocarcinoma 1,354 (72.8%) 580 (72.7%)
Other 110 (5.91%) 48 (6.02%)
Squamous cell 397 (21.3%) 170 (21.3%)
Pathological stage: 0.975
[ 1,300 (69.9%) 554 (69.4%)
Il 321 (17.2%) 140 (17.5%)
I11 240 (12.9%) 104 (13.0%)
Pathological T: 0.865

T1
T2
T3
T4

51 5%

)
)
7 15%)
)

421 (52.8%)
308 (38.6%)
60 (7.52%)

9 (1.13%)




Table 17. Baseline

characteristics by training and testing set(continued)

Training set

Test set

N=1,861

N=798

p.overall

Pathological N:
NO
N1-3
Adjuvant Ctx:
None
Unknown
Yes
Radiation Tx:
None
Unknown
Yes
Recurrence:
No recur
Recur

1,467 (78.8%)
394 (21.2%)

1,078 (57.9%)
351 (18.9%)
432 (23.2%)

1,117 (60.0%)
475 (25.5%)
269 (14.5%)

1,550 (83.3%)
311 (16.7%)

629 (78.8%)
169 (21.2%)

461 (57.8%)
162 (20.3%)
175 (21.9%)

469 (58.8%)
209 (26.2%)
120 (15.0%)

648 (81.2%)
150 (18.8%)

1

0.605

0.83

0.213




3.1 A & A J|YPEA(Ridge & Lasso regression)

g HAS H48 Ridge?t LassoE 2R AEsto] AE Z4 dss vl
Skt 7t 2%‘94 ‘d5 Table 181t o] z|A 9] stolmmtulH S sl Z
AsteEl olxbghol| o5 BAEgion, 3W AE W 54 A J2|7 24 A
oFo] tiet 45 AE=2 Wro] vlustgitt. o Yehd Xaxs2 2 o5
717t @2 AAZH(cutoff), TIZFE(sensitivity), Eo0]%(specificity), AHUE
(precision), A &d&(recall), F1 A2 A=tE(accuracy), 12]al AUCo|T}.
Ridge 89 45 Al&e thZat Zth. b9 AE o Foa H&ex 0.798,
AUCE 0.869=2 39 AIE ofFo] vlal =7 UERGon, 94 %(0.951)= 3¢
AE AFoM § =9t 29 AY Oﬂli oAM= Eol=e 0.832, A+
0.8215 ¥ o, AUC E3t 0.84602 45t =8 Pt

Lasso 3| H9 4L, bd AE oS4 A= 0.751, AUCE 0.8680]% o
o, AUCE 39 AE o &0 vlsl =7 UEHH. 339 AE oS5oa+= Sole
of Fetwrt b AE o Fo] vlsl =7 UEGon AUCE 0.8320]91t}. 2
A g EoMe Aste 0.852, AUC 0.86322 Q243 o A5S Wt
(Table 19, Fig. 7~12).

Ridge 2|2} Lasso 2] 2@ @& Hl WA =2 e 7L ey, &
EH]Z_]'}"]LJE’-K]'O]L 0-104013:] [;—] ]

=52 AstIH.

=

Table 18. Best Hyperparameters of Ridge and Lasso regression

Ridge Lasso
3 year lambdas : 0.04977024 lambdas : 0.004430621

Survival
5 year lambdas : 0.05994843 lambdas : 0.007742637

Recur 2 year lambdas : 0.1047616 lambdas : 0.006428073




Table 19. Performance of Ridge and Lasso regression

o e Survival Recur
3 year 5 year 2 year

Sensitivity 0.821 0.782 0.737

Specificity 0.789 0.802 0.835

Precision 0.373 0.461 0.426

Ridge Recall 0.821 0.782 0.426
F1 Score 0.513 0.580 0.540

Accuracy 0.793 0.798 0.821

AUC 0.857 0.869 0.846

Sensitivity 0.755 0.852 0.693

Specificity 0.819 0.729 0.879

Precision 0.390 0.405 0.488

Lasso Recall 0.755 0.852 0.693
F1 Score 0.514 0.549 0.572

Accuracy 0.811 0.751 0.852

AUC 0.856 0.868 0.845




ROC curve using ridge_3yr
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Fig. 7 3-year survival ROC curve using Ridge regression

ROC curve using lasso_3yr
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Fig. 8 3-year survival ROC curve using Lasso regression
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ROC curve using ridge_5yr
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Fig. 9 5-year survival ROC curve using Ridge regression
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ROC curve using lasso_5yr
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ROC curve using ridge_2yr recur
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11 2-year Recurrence ROC curve using Ridge regression

ROC curve using lasso_2yr recur

o]
[ ]
ass02 = 01159
9. .
o
-+ PV-: 51.2%
] - /
Varisble est. (se)
™ {Intercept) -2.088 {0.175)
= test 7.202 (0.82€)
Medel: y_test 2yrSrecur ~ y_hat_ov.lasso2
g — Area under the curve: 0.845
I I I I T I
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

12 2-year Recurrence ROC curve using Lasso regression




i

st Wuol U WY EAAE RN S AT ARS A

shel stolmntetu]el2 A 85k Table
39 YE oS0 uls) woroo], AEw
AL ols 5 BEolA AUC 0.8 o9 943 452 MYTHTable 21,
Fig. 13~15).

Table 20. Best Hyperparameters of Random Forest

Hyperparameters
3 year mtry : 2
Survival
5 year mtry : 6.08
Recur 2 year mtry : 2
Table 21. Performance of Random Forest
Survival Recur
Class
3 year 5 year 2 year
Sensitivity 0.868 0.810 0.737
Specificity 0.717 0.771 0.808
Precision 0.319 0.433 0.391
Recall 0.868 0.810 0.737
F1 Score 0.467 0.565 0.511
Accuracy 0.737 0.778 0.798
AUC 0.853 0.855 0.826




RF ROC Curve_3 year survival
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Fig. 13 3-year survival ROC curve using Random Forest

RF ROC Curve_5 year survival
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Fig. 14 5-year survival ROC curve using Random Forest
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RF ROC Curve_2 year recur
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15 2-year recur ROC curve using Random Forest




3.3 AdAEH O0AHE HAE(XGBoost)

AQAEY T AE FAY(XCGBoost) RHoA 7HY Ager QAL 25
28 nrounds, eta, max_depth, colsample_bytree, min_child_weight,
subsamples #Z7ste] 7H ZAetd stolHuptulE]E  A-&sttHTable
22). AUCE H|f bd AES dI50A 0.8585 UEHUD 3E AE o 50 ]
Sl 22 H5S BATE 22 & 24 o] AL oSt weloM AUCTE
0.8452 243t A& =QlstFcHTable 23, Fig. 16~18).

Table 22. Best Hyperparameters of XGBoost

Hyperparameters

nrounds = 100, eta : 0.1

3 year max_depth : 9, min_child_weight : 5
subsample : 0.5, colsample_bytree : 0.7
Survival
nrounds = 75, eta : 0.1
5 year max_depth : 3, min_child_weight : 5
subsample : 0.5, colsample_bytree : 0.9
nrounds = 100, eta : 0.3
Recur 2 year max_depth : 6, min_child_weight : 5

subsample : 0.7, colsample_bytree : 0.7




Table 23. Performance of XGBoost

Survival Recur
Class

3 year 5 year 2 year

Sensitivity 0.858 0.810 0.684
Specificity 0.678 0.770 0.841
Precision 0.290 0.432 0.417
Recall 0.858 0.810 0.684
F1 Score 0.433 0.564 0.518
Accuracy 0.702 0.777 0.818
AUC 0.848 0.864 0.811

Sensitivity

Fig.

XGBoost ROC Curve_3yr
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16 3-year survival ROC curve using XGBoost
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3.4 o Ay}
7} mAleld 29 7] A% Aol Table 249} 2T} AUCE 7 mwlo] 4

, 2 s 2 Atole EASHA] koot AE 3L A

3 9
o3 o5 BFOIA Ridge #HEA 2B 5ol F/ UehttHTable
9

Table 24. Performance comparison between model

Set Class Survival Recur

3 year 5 year 2 year

Ridge 0.857 0.869 0.846

Lasso 0.856 0.868 0.845

AUC RF 0.853 0.855 0.826
XGBoost 0.848 0.864 0.811

Ridge 0.793 0.798 0.821

Accuracy Lasso 0.811 0.751 0.852
RF 0.737 0.778 0.798

XGBoost 0.702 0.777 0.818

Ridge 0.821 0.782 0.737

Sensitivity Lasso 0.755 0.852 0.693
RF 0.868 0.810 0.737

XGBoost 0.858 0.810 0.684

Ridge 0.789 0.802 0.835

Specificity Lasso 0.819 0.729 0.879
RF 0.717 0.771 0.808

XGBoost 0.678 0.770 0.841

Ridge 0.513 0.580 0.540

F1 score Lasso 0.514 0.549 0.572
RF 0.467 0.565 0.511

XGBoost 0.433 0.564 0.518




Model Comparison on Various Metrics of 5 year survival

Accuracy — Ridge
- Lasso
= RF
Sensitivity .~ AUC -

Specificity F1
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Fig. 19 Model comparison on Various metrics of 5 year survival

Model Comparison on Various Metrics of 2 year recur
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Fig. 20 Model comparison on Various metrics of 2 year recur
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4.1 A & 2R 3P EA(Ridge & Lasso regression)

AM(Ridge)d} 2t 3P A= 2BE FHAZ] & ‘coef” T
S Atgsto] ROl 37 Aags deth IJH ALY AE 7tz Mg
o] FoEE FUIY & Aot HA A= ‘{“2 MASHA] g1 BE HALo
239 7H5AlS EYstn, Lasso 3] 42 AL7E 09 Mies A Zo
2 ofg HaeE 2d o 50 | %RO}E}L = o Qo

Ha = Q & (Feature importance)s Edff =3
(Lasso) 3HEA = LS (recur_Recur) H$7
grto] AE ol 5] olo] 1 ke FREZ JHlE

3724 (Ridge) v} 2
b2z 3 ulanzme
k=13

I_. = =2 T MM .
U WA AR 2 AL, WA HARAL 0§83 59 YER o5
A AA|&(bmi_cat_Underweight) H47F & o F0] 5 Q&= 39 <tof] s}
Hom, 2t SYRTANME Hx SR = 1090 =5t A Al MK 4

OIAI7}F A& o509 £2Q HLAS & 4 QUtHTable 24-25, Fig. 29).

2a 5 23 A o|Eo] Qo] X TulofA HIAPA x| 2¥FS(radiation_Ye
) H4et RAISEA T47|(pathological _t_T4), $=%o]| Sleeve_lobectomy?Ql
27F 293t Hagon], 2t pHoALs YIALA R 2 wrS(radiation_

20 HR getxjg2 & 4 gi(adjuvant_tx_Unknown) H47F = Q
| g

WAt £ Y Rool) AE dEdAL AR WaE SAelEx ge, o
AW EA(pi_cat_Positive) W47t AL o F0] 9lo] Ads] £ FREE 7t
A Wz SETh AABRS BA Wit BE ETE 2 52 B

28 AE o5 Ao FREES THAe 72 ¥R SQEA= odotthTable
24-25, Fig. 30).



Table 25. Features Importance Top 10 rankings by Ridge regression

RO Survival Recur
3year Syear 2year

recur_Recur 1 1
op_name_Sleeve_lobectomy 4 2 3
age_cat_>=65 9 7
bmi_cat_Underweight 3
pathological_n_N1_3 3 6
pathological _stage_III 2 8 9
radiation_Unknown
ecog_ps_2_4
radiation_Yes 8 4 1
pathological_morph_Other 5
sex_Male 6 10
pathological _t_T3 9 8
pi_cat_Positive 10
op_name_Pneumonectomy
hp_maxsize_cat_>=5 5
adjuvant_tx_Yes 7
path_way_Without_symptoms 10
hp_maxsize_cat_4_5 6
pathological _t_T4 2
smoke_cat_Non_smoker
pathological_stage_II 7
number_Single 5
adjuvant_tx_Unknown 4




Table 26. Features Importance Top 10 rankings by Lasso regression

Survival Recur

L
asso 3year Syear Z2year

recur_Recur 1 1
radiation_Unknown
age_cat_>=65
pathological_n_N1_3
pathological _t_T3
sex_Male
pathological _t_T2 10
op_name_Sleeve_lobectomy

pathological _stage_III 3
bmi_cat_Underweight 10
adjuvant_tx_Yes 4
path_way_Without_symptoms
hp_maxsize_cat_>=5 8 8
smoke_cat_Non_smoker

pathological_morph_Other 8
egfr_Positive

ecog_ps_2_4

path_way_Without_symptoms

radiation_Yes

adjuvant_tx_Unknown

pathological _t_T4

hp_maxsize_cat_4_5

number_Single

pathological _stage_II

pi_cat_Positive

egfr_Not_tested 10

N © o1 O
W 3 O b~ N o1 O

~

O© 9 O U W N —




Feature Importance (Ridge Regression)_Syear survival
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Fig. 21 Feature Importance of 5-year survival using Ridge and Lasso
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4.2 W ZHAE(Random Forest)

AF ZAAE RHoM ¥ FoES Fristed 7HE &3] AR EE YUY
% stie= A4 =+=(CGini Impurity)g 7|¥rez ¢ty Y geEs 24
EgoA kB9 S F4cts ol AMHe ARz ZF B9 ) 20

2L
H a0 FRES 25T 4 ok

HE ZeAER ZAISst AE I A o5 LYPON AY Fo=E oHSst
o ¥4 Q=5 YUY, XLt 2t BHoAet FUsHA AL lS(recu
r_Recur) Haot oo & HAANZI QY ALY AE o|F0f Qlof 7MY =2 &
Q=E 7= A2 & & 2 At gFo2s YA R get3(radiation
_Yes) H4eF xAISHA W7] 37| (pathological_stage_Ill) Y7 Q3 Hp
2 Uehdth 39 AE o 5oAE 39 AE olSodE SUstect A me)

AE B ME AT Al AR A4t BE olpo] TS ulAE £ a9l
o2 5 ME o Eo|ATt A E /89 12 ¥4 (bmi_cat_Overweight_Obes
e)7t It AE o Fof lojA= A 2t "HEloel FZAsHA JFAL
A Aahd ¥49 Sa=7 7 =7 e el tZog A 7] 3
7](pathological_stage_III), £X18FA N 7] 1-37](pathological_n_N1_3) &
o 2 UepJtHTable 27, Fig. 23).



Table 27. Features Importance Top 10 rankings by Random Forest

Eidie Survival Recur
3year Syear Z2year

recur_Recur 1 1
radiation_Yes 2 2 1
pathological_n_N1_3 3 3 3
pathological _stage_III 4 8 2
pi_cat_Positive
adjuvant_tx_Yes 8 4 4
pathological _t_T2
hp_maxsize_cat_>=5 5 9
sex_Male 9
age_cat_>=65 6 8
path_way_Without_symptoms 6 7 10
fevl_cat_>70 10
egfr_Not_tested
pi_cat_Positive 7 5 5
pathological_morph_Squamous
smoke_cat_Past_smoker
pathological _t_T3 10 6
bmi_cat_Overweight_Obese 9

pathological _stage_II
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4.3 AdAEZ A E B AE(XGBoost)
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65) 5ol AHH xSt 5d AE A FoM AT Al AA
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HFARA X 29 (Radiation_Yes), BX gForx]g ¥R (adjuvant_tx_Yes)
A Ala o9 Hagon, xASHA Wrl 9 yo], Ad Al AAZAS E
=2 ZQ w5 e (Table 28, Fig. 24, Fig 26).
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Table 28. Features Importance Top 10 rankings by XGBoost

survival recur
XGBoost
3year Syear Z2year
recur_Recur 1 1
radiation_Yes 2 2 1
pathological_n_N1_3 6 3
pi_cat_Positive 9 6
pathological _t_T?2 10 6 3
age_cat_>=65 5 4 4
adjuvant_tx_Yes 4 10 2
radiation_Unknown
path_way_Without_symptoms 3 10
pathological _stage_III 9 5 5
smoke_cat_Non_smoker
hp_maxsize_cat_>=5 7
bmi_cat_Overweight_Obese 7
sex_Male 8 7
fevl_cat_>70 9
pathological_morph_Squamous 8 8
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ABSTRACT
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Surgery Patients(Analyzing the Impact of Body Mass
Index at Diagnosis)
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Background:

According to the World Health Organization (WHO), lung cancer is the leading
cause of cancer death globally, with approximately 2.2 million new cases annually
and about 1.8 million deaths. In South Korea, lung cancer was the primary cause of
cancer deaths in 2022, accounting for 22.3% (18,548 deaths) of all cancer fatalities
from a total of 372,939 deaths. Lung cancer is classified histologically as either
small cell lung cancer or non-small cell lung cancer (NSCLC), with the latter
comprising over 85% of cases. NSCLC is characterized by its slower growth rate
compared to small cell lung cancer and tends to metastasize to other parts of the
body after invading surrounding tissues. Early detection and surgical intervention at
a stage where surgery is viable are crucial due to the high rate of recurrence within
two years post-surgery, necessitating ongoing management.

The purpose of this study is to evaluate the performance of models using traditional

statistical techniques and various machine learning methodologies, and to identify key



variables, particularly Body Mass Index (BMI), that predict survival and recurrence
in non-small cell lung cancer (NSCLC) patients who have undergone complete
resection surgery. This research aims to understand the role of BMI in the predictive
models for survival and recurrence of NSCLC patients, and to provide deep insights
for clinical decision-making and patient management strategies based on these

findings.

Methods:

We conducted a retrospective analysis of patients with Non-Small Cell Lung Cancer
(NSCLC) who underwent complete resection (R0O) from 2014 to 2017, utilizing data
from the Korea lung cancer registry. To develop machine learning models, we
applied regularized linear models such as Ridge and LASSO regression, along with
ensemble models including Random Forest (RF) and Extreme Gradient Boosting
(XGBoost). Model performance was evaluated using sensitivity, specificity, accuracy,
precision, F1 score, and AUC metrics, assessed through 5-fold cross-validation. The
importance of variables was determined using the SHAP (Shapley Additive
Explanation) method, and hyperparameters were optimized using grid search,

followed by decision-making using explainable approaches.

Results:

All models demonstrated excellent performance with AUCs above 0.8, and among
the survival predictions compared over three and five years, the five-year survival
prediction performance was the highest. While there was no significant difference in
performance between models, traditional statistical methods showed Ridge regression
as most effective, whereas XGBoost performed best among machine learning models.
The most influential variable identified for survival prediction was recurrence status,
with age, histologic T stage, and treatment, as well as BMI at diagnosis, being
identified as major prognostic factors influencing post-surgical survival. Notably, at
the time of diagnosis, the underweight group showed a lower five-year survival rate,

while the overweight/obese group exhibited a higher five-year survival rate. Although



BMI's impact on recurrence prediction was not significant, the underweight group
showed a higher recurrence rate two years post-surgery compared to other groups.
The main factors for recurrence prediction were identified as radiation therapy and

adjuvant chemotherapy, histologic T stage, and pleural invasion.

Conclusion:

This study developed machine learning models that proficiently predict post-surgical
survival and recurrence probabilities for non-small cell lung cancer (NSCLC)
patients. There was no significant difference in performance between traditional
statistical methods such as Ridge and Lasso logistic regression and more complex
machine learning models like Random Forest (RF) and XGBoost. Additionally, the
study applied explainable machine learning models that incorporate SHAP methods to
assess the importance of variables in predicting survival and recurrence, and explored

the potential for an obesity paradox in lung cancer.

Key words: Lung cancer, NSCLC, Machine Learning, Survival Prediction, Recurrence
Prediction, BMI
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