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A AMulol® ¥ A~E(Random Survival Forests, RSF)+= wAalg{yd <]
E 7k mdlel Ay ¥ A~E(Random Forest, Breiman, 2001)9]
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XGBSE (Extreme Gradient Boosting Survival Estimation):= XGBoost&
7Itoz & AE A Wyl XGBoosti® IEUAE BAES AL
Haey  gdadgsew, ogAEAd uH7F Base Learnerolth.  IAbE
o] &3] ojx HEFo kHS HYFE HAlozm AHIE o= 2dS
A3, XGBSEE ©]E sHAFsle] A& dlolEd] Ade muls pFEs

AE A FA43 oE A 53 o58k= l AFE-TH(Chen, 2016).

st 9] C-indext= A& TAA d5 oFE SAste dH dHby o=
A AR, 52 A AFE e e B
ol= Add dolEeE x:#sk= ROC FA o}
Gejo]th(Harrell JR et al., 1996). ©li <dFdE ¢ o A4 o=
o GEAE BT AARE O 9 A Ao HE&S UERAT(Jeremy
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1) BMI Index
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493t} (Partin JF, 2011).
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4) T stage

T stagee FT¥ A7t EAo wet oeat ol BRI, 49
AL §le A 102 BRI B AUl AS
Tis® 7t TFo A A7) 2em o]stelwl T1, 2emZ3} 5Scme] 3t
- 12, SemzIet= AS- TR LHIAG. TFol FHolY AFE AT
v 4= R (AICC, 2018).

N stage:= He} ©xd Aol Yo wet FHSTE. HEZH AHolrt gle
A5 No= 3k Adold dxAel vt 37 olele

RSk 4] ol 97l olEkel A9 N3E EFskH, 107 o]l AS-
(]

6) TNM Stage
Foerel AE el F@ Hol Y 4w )

?:]l‘
el =717 2em olstel® HEA Holep dAMoIMt gle Av VIR

Feel. F%o A717F 2em®z 3} 5cmoldt o|WA WA Aol JfGrE 370
ojgtol A7} = A 271 BRI e A7I7F Semol /ol A
Hxd dolzh slar A7 §ls A 371 EFITHAICC, 2018).

7) Endocrine Therapy
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8) Radiation Therapy
WA A me 2y A fJAret s ol8dl AHEE AASE

A w0l th(Paik, 2003). 4% F AP AuE Ad 492 GolaArt,

9) Postoperaraive chemo Therapy

F= F Iedsistane & & (F, FAC, AC, AT 59 3tstawe]
slem  fFetel %, Wyl wel AAITH(Paik, 2014). FE F

H2d AHEGINB)S Aldstd, A "9xd Ads (SINB)eA H=Ad
Adol7b = Agolwt et dxd FH= (AND)= Al gt (Lyman GH,
2005). Al "HEA A ofqol whe} AR AR AA)sk= 7% Sentinel
Lymph node Boipsy® Aolatqli A=Fo] fxd AHd=s Aldst= 49

Axillary Lymph node Dissection®. & 7 o]} t}.

11) Axillary Lymph node positive &%

gt YA Ao o FUY FEo WAS Asm A2

T -

ot

Fetstsl g
D AL X5 oBE ZAASE A T3 X iE7F P uh(Beenken SW,
2003). e} Y HoA UAE7F THHE AS Axillary Lymph node

Positive®= A9 st}
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Kaplan-Meier curveZS A}M83lo] fulel &gl 2 g Wy weE

A=t WEFas E2 Aolrt deA ERlsr] fe 9w R4S
Al at it

e A =2 3F-L Cox Proportional Hazard model, Random survival
forest9} XGBSEE AFg3ttt. WA eld % AES & dA iAo 70
FUE olE, 08 HAES HolEw o] wAF

do]e] EA1S R 4.3.49 Python 3.12.25 Ap&ato] EAJslgich. dlolH
AAE, 4 2 AZFE Y& Pythonel Pandas, XGBSE, NumPy %

X
p-valueZ} 0.05 v|¥HS SAIF o2 Fogt Ao = AoJsltt.
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A thAREe] AR et ehdS Hoely] fs MBS~ 7]AAAYE AT 9Y
3] (Institutional Review Board, IRB)9 <<91& HFFUTH(IRB SAWIS:
2023-3336-001). & AT+ FF4 A8E o]&3 AFE, AT HARAER

By MEe] Fol WAt Basd 9k RE AT Ax: RBY &4 7
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1. A7 WA Qus 54

L1 8% A o7 g duby 54

&
ahA] ke & 10,0978 R oF 8o%olth. et Al ool mE Aw

5% sho] 7o AHOR RASAN %Y WAL t-test BAFHY

SAMCR Fogk MFE oy 2ok o AL wo] Y Al A% Hat
(49.0541) 2 ¢+ v AL +o] A= H(51.154) Bh wWekth(p<0.001).
o Wk A=7F 2000-2009%1 -2 §F Hl AETE(84.3)¢] &L 201010
T e WS Ag-o o v A F(92.8)K Tt Frh(p<0.001). & A
Bg8 BMlE FAF, Hvht 202 Ivh(p<0.001). oA 300 o
ake] & Al #&(17.3)0] 7HE Axl A#o] FolHFF dopxitt
(p=0.02). ¢t ¥ ofdolA+= HR-/HER2-olA 2] oF Ao 8o
15.5%= 7} o™ HR+/HER2-914] 7.5%= 7Hd ZFkth(p<0.001). T stage,
N stage, TNM stageollA] W7|7} AP 5= ¢ Ao +8&o] F7lsse

W T stage 47]o|4] 52.4%, N stage 37|°lA 50.3%, TNM stage 47]°lA

52.4%=2 7Fd Z1tH(p<0.001).
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Table.1 Baseline characteristics by Breast cancer recurrence.

Patients, by Recurrences

Variables No Recurrence Recurrence p-value
(n=10097) (n=1115)
Age(mean) 51.15 49.05 <0.001
sex 1
Female 9597(89.6) 1112(10.4)
male 30(90.9) 3(9.1)
Year of operation <0.001
2000-2009 3062(84.3) 569(15.7)
2010-2019 7035(92.8) 546(7.2)
BMI <0.001
<25 6285(90.9) 627(9.1)
<30 3026(89.2) 367(10.8)
=30 549(90.4) 58(9.6)
Age 0.02
<40 1182(82.7) 247(17.3)
<50 3596(91.0) 358(9.1)
<60 3004(90.8) 303(9.2)
=60 2314(91.8) 206(8.2)
Breast feeding 0.76
no 3346(90.8) 338(9.2)
yes 6090(90.6) 630(9.4)
Parity 0.17
no 567(88.6) 73(11.4)
yes 8038(90.3) 860(9.7)
Presence of family
. 0.09
history of cancer
no 5163(89.5) 609(10.6)
yes 4079(90.5) 429(9.5)
Subtype <0.001
HR+/HER2- 5524(92.5) 448(7.5)
HR+/HER2+ 1768(88.4) 233(11.6)
HR-/HER2+ 1024(88.3) 136(11.7)
HR-/HER2- 1462(84.5) 269(15.5)
T stage <0.001
TO/Tis 673(94.79) 37(5.21)
I 6881(92.8) 536(7.2)
I 2398(84.1) 453(15.9)
I 111(64.2) 62(35.8)
IV 20(47.6) 22(52.4)
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Table.1 Baseline characteristics by Breast cancer recurrence(continued).

Patients, by Recurrences

Variables No Recurrence Recurrence p-value
(n=10097) (n=1115)
N stage <0.001
0 7379(93.9) 477(6.1)
I 2017(86.5) 316(13.5)
I 476(75.7) 153(24.3)
il 155(49.7) 157(50.3)
TNM Stage <0.001
0 637(95.07) 33(4.93)
I 5487(95.11) 282(4.89)
I 3296(87.68) 463(12.32)
I 677(66.77) 337(33.23)
Endotherapy <0.001
None 2695(86.71) 413(13.29)
Done 7396(91.33) 702(8.67)
Radiation therapy 1
None 3399(90.0) 376(10.0)
Done 6691(90.1) 739(9.9)
Postoperative
<0.001
Chemotherapy
None 4924(93.1) 363(6.9)
Done 5163(87.3) 752(12.7)
Breast operation <0.001
PM 5568(94.1) 349(5.9)
™ 4512(85.5) 763(14.5)
Axillary operation <0.001
SLNB 6766(94.5) 391(5.5)
ALND 3321(82.1) 723(17.9)
Axillary Lymphnode <0.001
negative 7306(93.9) 471(6.1)
positive 26380(81.0) 628(19.0)

«+PM: Partial Mastectomy, TM: Total Mastectomy

- 19 -



1.2, 3¢ Exolge] B gua 54

Tt BAF ofde w2 duby EAo] WY wWags JlolAFo] AAS
o] 83ty EAEF T dAEd W= Anovad ZES AT, HRA/HR-T&

5977 (54%) 0.2 7} wWom HRt/HER2++2 20037 (18%), HR-/HER2+<2
116394 (10%) .= 714 A o™ HR-/HER2-+"-2 1735 (15%) ©] t}.

SAACE {3 olE Hol: WEE tsy Zuh Hd A A
HR+/HER2+:(50.141)e] 7} =&a1  HR-/HER2+:-(52.34)¢] 7} Ar}
(<0.001). et wAeld 47 B e v A7 2010W o] <1 B
o] EHo] 20109% o] [l A$HT} A (p<0.001). AHolA 40th7t 7+
S S HR+/HR-*(38.4%) 3 HR+/HER2+:(37.2%) 011 o™ 50th7F 74 @&

HR-/HER2+<-(40.2%) HR-/HER2-+*(30.1%) 0] ATH(p<0.001). R+ 5
o A] b Aok
(<0.01). 7FEHeA = vl o BT 7" §5%9 8o vdrt
(p<0.001). T stageol A 17]¢ HR+/HR-<-(72. 9% ) 3}
HR+/HER2++-(65.8%)°] & =% &4  HR-/HER2+*(52.7%) 3  HR-/HER2-
(53.9%) Xt Fow, 27]9 E&S TEE  3A HR-/HER2+(29.1%) 3}
HR-/HER2--(29.7%)0] FTE% A HR+/HR-*(23.5%) 2 HR+/HER2+<(28.3%)

ol
rlo

o

m 2

o,
D U
rlr

@ mE 2R R A9 e e el

N

Lo
e
o
%)
fol
il
i
o2
oX,
ro

HTt} 39(p<0.001). N stageol A 4+ 25 07], 17] &£o2 713 ®o] B
&t HR-/HER2-Foll A o] B8(77.4%)°] 7F4 ATH(p<0.001). N stage 17]9]
EEe 228 A HRH/HR-T(22.8%) 3 HR+/HR+7-(22.8%)°] T2 54
ol HR+/HR-*(19.8%) 2} HR+/HR+<(15.6%) H.t} =t (p<0.001). TNM stageoll A
Y & 2% 17, 27] o2 @ktH(p<0.001).

- 20 -



Az go] gigte] ot A= vhedt 2k S22 g el F
2 ALEE Uiy XzAdA As P A9 BES sE2E
HR+/HR-+(96.6%) ¥+ HR+/HER2+<*(96.6%) 0] T =&

7} HR-/HER2-(5.0%) Bt} Zth(p<0.001). 4l o =T

7459 B&o] AFEA @ FHT A(p<0.001). e F FAAE o
AN HR+/HR-v-& AlQgt A 2 & §F AR

Bk HR+/HR-v2 % & FEAFRE P2 A9(57.60)7F o ©oktt
(p<0.001). % HAE THe %25 HER2 A<l HR-/HER2++-(61.4%) ¥}

HR+/HER2+:%(53.2%)2 AAA &S W& A7l @wom HER2 <4<

(p<0.001). oo} L >
AG7 AT AHEe W A9unh B, HR-/HERZ-Tol A A
T A B2 £8065.80)°] 7MY ATH(p<0.001). el dojo] T

A= vl F EF AN A7t Al Ag-ror Eekoem HR-/HER2-9

ololgl st e S-Adel Ao H8(77.3%)°] 74 A (p<0.001).

Sek B obgel whE A, AAF A%, 24 AW olFe] Aol %

- 21 -



Table.2 Baseline characteristics by Breast cancer subtype.

Patients, by Breast cancer Subtype

Variables HR+/HER2- HR+/HER2+ HR-/HER2+ HR-/HER2~ Bl
(1=5977) (1=2003) (n=1163) (1=1735) e
age(mean) 51.6 50.1 52.3 50.6 <0.001
sex 0.17
Female 5953 1194 1162 1732
male 24 9 1 3
Year of operation <0.001
2000-2009 1717 (28.7) 807 (40.3) 440 (37.8) 630 (36.3)
2010-2019 4260 (71.3) 1196 (59.7) 723 (62.2) 1105 (63.7)
BMI 0.14
<25 3685 (62.8) 1228 (64.0) 723 (64.2) 1065 (63.7)
<30 1818 (31.0) 598 (31.2) 355 (31.5) 517 (30.9)
=30 364 (6.2) 93 (4.8) 49 (4.3) 90 (5.4)
Age <0.001
<40 636 (10.6) 282 (14.1) 141 (12.1) 333 (19.2)
40-49 2293 (38.4) 745 (37.2) 291 (25.0) 491 (28.3)
50-59 1627 (27.2) 609 (30.4) 467 (40.2) 522 (30.1)
=60 1419 (23.7) 367 (18.3) 264 (22.7) 389 (22.4)
Breast feeding <0.01
no 2028 (35.8) 655 (36.3) 300 (28.7) 586 (37.0)
yes 3632 (64.2) 1147 (63.7) 744 (71.3) 996 (63.0)
Parity 0.17
no 361 (7.0) 95 (5.7) 50 (4.9) 117 (7.9)
yes 4766 (93.0) 1566 (94.3) 967 (95.1) 1364 (92.1)
Presence of family
. <0.001
history of cancer
no 3025 (55.5) 1023 (55.4) 634 (59.0) 906 (56.6)
yes 2424 (44.5) 824 (44.6) 440 (41.0) 696 (43.4)
T stage <0.001
T0/Tis 141(2.36) 87(4.35) 174(15) 221(12.77)
I 4356 (72.9) 1316 (65.8) 611 (52.7) 933 (53.9)
il 1402 (23.5) 566 (28.3) 338 (29.1) 514 (29.7)
I 61 (1.0) 21 (1.0) 28 (2.4) 54 (3.1)
I\ 13 (0.2) 10 (0.5) 9 (0.8) 9 (0.5)
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Table.2 Baseline characteristics by Breast cancer subtype(continued).

Patients, by Breast cancer Subtype

Variables HR+/HER2- HR+/HER2+ HR-/HER2+ HR-/HER2~ S
(1=5977) (1=2003) (n=1163) (n=1735) e
N stage <0.001
0 4123 (69.3) 1329 (66.5) 809 (69.7) 1338 (77.4)
I 1357 (22.8) 455 (22.8) 230 (19.8) 269 (15.6)
il 325 (5.5) 145 (7.3) 76 (6.5) 72 (4.2)
1T 147 (2.5) 69 (3.5) 46 (4.0) 49 (2.8)
TNM Stage <0.001
0 137 (2.3) 72 (3.6) 160 (13.8) 211 (12.2)
I 3387 (56.7) 980 (48.9) 462 (39.7) 768 (44.3)
il 1956 (32.7) 724 (36.1) 409 (35.2) 615 (35.4)
I 497 (8.3) 227 (11.3) 132 (11.3) 141 (8.1)
Endotherapy <0.001
None 201 (3.4) 68 (3.4) 1091 (93.9) 1648 (95.0)
Done 5774 (96.6) 1933 (96.6) 71 (6.1) 87 (5.0)
Radiation therapy <0.001
None 1969 (33.0) 716 (35.8) 459 (39.5) 464 (26.7)
Done 4006 (67.0) 1285 (64.2) 702 (60.5) 1271 (73.3)
Postoperative
<0.001
Chemotherapy
None 3440 (57.6) 667 (33.4) 340 (29.3) 596 (34.4)
Done 2534 (42.4) 1331 (66.6) 822 (70.7) 1139 (65.6)
Breast operation <0.001
PM 3344 (56.0) 935 (46.8) 447 (38.6) 1008 (58.2)
™ 2628 (44.0) 1065 (53.2) 712 (61.4) 723 (41.8)
Axillary operation <0.001
SLNB 3918 (65.6) 1193 (59.6) 635 (58.9) 1141 (65.8)
ALND 2054 (34.4) 810 (40.4) 478 (41.1) 592 (34.2)
Axillary Lymph node <0.001
negative 4085 (68.8) 1321 (66.1) 806 (69.5) 1330 (77.3)
positive 1850 (31.2) 677 (33.9) 353 (30.5) 391 (22.7)

«+PM: Partial Mastectomy, TM: Total Mastectomy
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Table. 3 Recurrence-Free Survival Rates of 3-Year, 5-Year, 10-Year.

Recurrence Free Survival Rate

Variables P-value
3 yr 5 yr 10 yr
Year of operation <0.001
2000-2009 0.91 0.88 0.85
2010-2019 0.95 0.91 0.85
BMI <0.001
<25 0.94 0.91 0.85
<30 0.93 0.89 0.82
<30 0.94 0.90 0.83
Age <0.001
<40 0.89 0.84 0.75
<50 0.95 0.92 0.85
<60 0.94 0.91 0.85
=60 0.94 0.90 0.85
Breast feeding 0.02
no 0.94 0.91 0.85
yes 0.94 0.90 0.84
Parity 0.2
no 0.93 0.89 0.82
yes 0.94 0.90 0.84
Presence of family
<0.01
history of cancer
no 0.93 0.90 0.83
ves 0.94 0.91 0.84
Subtype <0.0001
HR+/HER2- 0.96 0.93 0.85
HR+/HER2+ 0.94 0.90 0.83
HR+/HER2- 0.89 0.87 0.85
HR2-HER2- 0.87 0.83 0.79
T stage <0.0001
T0/Tis 0.95 0.92 0.83
I 0.96 0.93 0.87
il 0.89 0.84 0.77
I 0.67 0.60 0.55
IV 0.44 0.37 0.37
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Table. 3 Recurrence-Free Survival Rates of 3-Year, 5-Year, 10-Year (continued).

Recurrence Free Survival Rate

Variables P-value

3 yr 5 yr 10 yr
N stage <0.0001

0 0.96 0.94 0.89

I 0.92 0.87 0.79

il 0.85 0.77 0.66

il 0.61 0.50 0.36
TNM Stage <0.0001

0 0.97 0.94 0.88

I 0.97 0.95 0.91

il 0.92 0.88 0.82

il 0.76 0.67 0.55
Endotherapy <0.001

None 0.88 0.86 0.82

Done 0.96 0.92 0.84
Radiation therapy <0.001

None 0.94 0.90 0.84

Done 0.93 0.90 0.84

Postoperative
0.01
Chemotherapy

None 0.95 0.92 0.86

Done 0.92 0.89 0.82
Breast operation <0.0001

PM 0.97 0.94 0.89

™ 0.90 0.86 0.79
Axillary operation <0.0001

SLNB 0.97 0.94 0.90

ALND 0.88 0.83 0.74
Axillary Lymph node <0.0001

negative 0.96 0.94 0.89

positive 0.88 0.82 0.72

**PM: Partial Mastectomy, TM: Total Mastectomy
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Table4. Hazard ratio for Recurrence of Breast cancer.

Univariate analysis Multivariable analysis

Variables
Hazard Ratio(95% CI) P-value Hazard Ratio(95% CI) P-value

Year of operation

2000-2009 1 1
2010-2019 0.71(0.63-0.80) <0.001 1.1(0.95-1.28) 0.20
BMI
<25 1 1
<30 1.18(1.04-1.35) 0.01 1.18(1.03-1.35) 0.016
<30 1.12(0.86-1.46) 0.40 1.06(0.8-1.39) 0.70
Age
<40 1 1
40-49 0.51(0.43-0.60) <0.001 0.6(0.5-0.71) <0.001
50-59 0.55(0.46-0.65) <0.001 0.63(0.52-0.75) <0.001
=60 0.57(0.47-0.69) <0.001 0.57(0.47-0.70) <0.001
Breast feeding
no 1
yes 1.05(0.92-1.19) 0.50
Parity
no 1
yes 0.86(0.68-1.1) 0.20

Presence of family
history of cancer

no 1
yes 0.89(0.79-1.01) 0.065
Subtype
HR+/HER2- 1 1
HR+/HER2+ 1.35(1.15-1.58) <0.001 1.21(1.02-1.43) 0.028
HR+/HER2~ 1.57(1.30-1.90) <0.001 1.52(1.08-2.14) 0.016
HR2-HER2- 2.17(1.87-2.53) <0.001 2.93(2.13-4.04) <0.001
T stage
T0/Tis 1 1
I 1.19(0.86-1.67) 0.30 1.42(0.99-2.03) 0.058
il 2.56(1.83-3.58) <0.001 2.06(1.42-2.98) <0.001
1T 8.02(5.34-12.1) <0.001 4.02(2.57-6.28) <0.001
IV 16.4(9.66-27.8) <0.001 5.52(3.07-9.91) <0.001
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Table4. Hazard ratio for Recurrence of Breast cancer(continued).

Univariate analysis

Multivariable analysis

Variables
Hazard Ratio(95% CI) P-value Hazard Ratio(95% CI) P-value
N stage
0 1 1
I 2.14(1.85-2.46) <0.001 1.61(1.3-1.97) <0.001
I 3.97(3.31-4.77) <0.001 2.83(2.17-3.65) <0.001
1T 10.7(8.9-12.8) <0.001 6.86(5.25-9.02) <0.001
TNM Stage
0 1
I 0.83(0.58-1.19) 0.3
il 1.98(1.39-2.82) <0.001
1T 6.17(4.31-8.83) <0.001
Endotherapy
None 1 1
Done 0.6(0.53-0.68) <0.001 1.1(0.81-1.49) 0.60
Radiation therapy
None 1 1
Done 1.01(0.89-1.14) >0.9 0.81(0.68-0.98) 0.03
Postoperative
Chemotherapy
None 1 1
Done 1.46(1.29-1.66) <0.001 0.71(0.61-0.83) <0.001
Breast operation
PM 1 1
™ 2.41(2.12-2.73) <0.001 1.41(1.17-1.68) <0.001
Axillary operation
SLNB 1 1
ALND 3.13(2.77-3.54) <0.001 1.55(1.28-1.89) <0.001
Axillary Lymph node
negative 1
positive 3.1(2.75-3.49) <0.001

«+PM: Partial Mastectomy, TM: Total Mastectomy
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3. FUBe B4 obdel W2 o AT AYE HALE A

HR+/HER2-T+ th¥] HR-/HER2+-2] oF Ak Q)= 2010 o] do] =&
S A$(1.22, 95% CI @ 0.92-1.62)K.t} 2010 o] Fo] & whe 7
(1.81, 95% CI : 1.38-2.38)7} ZIt}. HR+/HER2-* thH] HR-/HER2--¢] ¢+ A
s 20109 o] el E W A-(1.57, 95% CI @ 1.25-1.98) .t
20104 o] Fof] =& W2 7J9-(2.53, 95% CI : 2.04-3.14)7} Zlt}.

HR+/HER2-<* th®] HR+/HER2+:-9] & A $1E€ == N stage 07] 1.15(95%
CI : 0.90-1.47), 17] 1.13(95% CI : 0.82-1.55), 27] 1.66(95% CI
1.07-2.57), 37] 0.55(95% CI : 0.32-0.96) o|W ol&= EAHo= {23t}
(p=0.018). HR+/HER2-i* th®] HR-/HER2+-¢] ¢F A $F == N stage 07]
1.73(95% CI : 1.32-2.27), 17] 1.26(95% CI : 0.85-1.86), 27] 1.64(95% CI
: 0.96-2.81), 37] 0.59(95% CI : 0.29-1.21) o]H o] EAZo=w {23}
Uh(p=0.022). HR+/HER2-i* ©th®] HR-/HER2--¢] ¢F A $F == N stage 0
7] 1.88(95% CI @ 1.51-2.34), 17] 2.97(95% CI : 2.21-4.01), 27] 2.26(95%
CI : 1.32-3.87), 37] 4.87(95% CI : 3.07-7.73) o] o]x= EAZo& 9
3 H(p=0.002) .

BMI, 913, B &1 4%, =4 49, & 7159, T stage, TNM stage,

oot YA Aol ol wel Fu A ofgol Al vAE JFL B

Aoz fFoneiA g2 &t
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subgroups level Pvalue pinteraction HR (95% CI)

1
Operation year 2000-2009 0.053 0.411 I—O—' 1.28 [(1.00 tol 1.57)
Operation year 2010-2019 0.528 '—:0—| 1.08 (0.84 to 1.40)
BMI 1 0.025 0.442 —e—i 1.29 (1.03 to 1.61)
BMI 2 0.809 I—IQ—i 1.03 (0.78 to 1.37)
BMI 2 0.966 '—:0—| 1.02 (0.50 to 2.08)
Age 1 0.745 0.139 —— 0.93 (0.59 to 1.45)
Age 2 0.016 :I—Q—i 1.43 (1.07 to 1.90)
Age 3 0.655 e 0.93 (0.67 to 1.29)
Age 4 0.077 —e——i 1.35 (0.97 to 1.88)
Breast Feeding 0 0.352 0.956 i—:-0—| 1.16 (0.85 to 1.58)
Breast Feeding 1 0.125 ii—.—i 1.17 (0.96 to 1.43)
Parity 0 0.803 0.8 —— 1.08 (0.58 to 2.03)
Parity 1 0.065 o 1.18 (0.99 to 1.40)
Family history of cancer 0 0.127 0.779 i:—0—| 1.20 (0.95 to 1.50)
Family history of cancer 1 0.303 i—:0—| 1.14 (0.89 to 1.46)
T stage 0/Tis 0.434 0.372 ———— 0.62 (0.19 to 2.06)
T stage 1l 0.634 ’—I0—4 1.06 (0.84 to 1.33)
T stage 2 0.039 :l—0—| 1.32 (1.01 to 1.72)
T stage 3 0.209 . L 1.97 (0.68 to 5.67)
T stage 4 0.525 ! 0.59 (0.12 to 2.95)
N stage 0 0.266 0.018 He— 1.15 (0.90 to 1.47)
N stage 1 0.452 —ro— 1.13 (0.82 to 1.55)
N stage 2 0.023 :v—o—c 1.66 (1.07 to 2.57)
N stage 3 0.034 l—.—i: 0.55 (0.32 to 0.96)
TNM stage 0 0.183 0.309 H_E—' 0.35 (0.07 to 1.64)
TNM stage 1 0.855 —— 1.03 (0.76 to 1.40)
TNM stage 2 0.098 l:—Q—c 1.24 (0.96 to 1.61)
TNM stage 3 0.385 —ro—i 1.16 (0.83 to 1.61)
Axillary Lymphnode positive 0 0.274 0.863 r-er—i 1.15 (0.90 to 1.47)
Axillary Lymphnode positive 1 0.156 h:-0—| 1.18 (0.94 to 1.49)
000 =ﬂ 200 300 40
Lower Higher

Figure.4 HR+/HER2-tH¥] HR+/HER2+ HR forest plot
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subgroups level Pvalue pinteraction HR (95% CI)

1
Operation year 2000-2009 0.169 0.048 —— 1.22 (0.92 to 1.62)
Operation year 2010-2019 <0.001 : —— 1.81 (1.38 to 2.38)
BMI 1 <0.001 0.768 | —e—i 1.59 (1.23 to 2.07)
1
BMI 2 0.041 —— 1.40 (1.01 to 1.92)
1
BMI 3 0.571 r—:—0—| 1.29 (0.54 to 3.09)
Age 1 0.685 0.285 —— 1.12 (0.64 to 1.98)
Age 2 0.007 | —— 1.72 (1.16 to 2.55)
Age 3 0.274 —— 1.21 (0.86 to 1.71)
Age 4 0.002 : —— 1.78 (1.24 to 2.54)
Breast Feeding 0 0.003 0.327 | —— 1.74 (1.20 to 2.51)
1
Breast Feeding 1 0.005 :I—O—i 1.40 (1.11 to 1.76)
Parity 0 0.297 0.999 LTI — 1.50 (0.70 to 3.22)
Parity 1 <0.001 | 1.50 (1.22 to 1.84)
Family history of cancer 0 0.001 0.709 : —— 1.54 (1.19 to 1.99)
Family history of cancer 1 0.02 :i—0—| 1.43 (1.06 to 1.93)
T stage 0/Tis 0.83  0.066 — . 0.90 (0.34 to 2.39)
1
T stage i 0.027 —e—i 1.38 (1.04 to 1.84)
1
T stage 2 0.026 :v—.—c 1.43 (1.04 to 1.96)
T stage 3 0.019 : 4 2.79 (1.18 to 6.57)
T stage 4 0.071 ——— 0.28 (0.07 to 1.12)
N stage 0 <0.001 0.022 : —e— 173 (L.32 to 2.27)
N stage 1 0.246 ——— 1.26 (0.85 to 1.86)
N stage 2 0.07 ——— 1.64 (0.96 to 2.81)
1
N stage 3 0.15 r—.—:—! 0.59 (0.29 to 1.21)
TNM stage 0 0.444 0.428 l—.—:—c 0.66 (0.23 to 1.91)
TNM stage 1 0.024 :»—0—| 1.54 (1.06 to 2.23)
TNM stage 2 0.008 :D—O—i 1.49 (1.11 to 2.00)
TNM stage 3 0.311 v+0—c 1.23 (0.82 to 1.84)
Axillary Lymphnode positive 0 <0.001 0.115 : —e— 175N (e 7R CORDRAL)
Axillary Lymphnode positive 1 0.11 r:—Q—« 1.26 (0.95 to 1.68)
1
o L T T 1
0.0 1.0 2.0 3.0 4.0
Lower Higher

Figure.5 HR+/HER2-t¥] HR-/HER2+ HR forest plot
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subgroups level
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Figure.6 HR+/HER2-ti¥] HR-/HER2- HR forest plot
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4. Cox Proportional Hazards Model, Random Survival forest,

XGBSEE o] &%t APddS 2 v

Cox Proportional Hazards Model, Random Survival forest®} XGBSEE o] &
o] oF Autd= RdS 7531 C-index® =ELS H| 3T, Random

Survival forest®} XGBSE R 9ol Iy w5 3259},

Cox Proportional Hazards Model®] train setol]l 4] C-index #t< 0.716°]aL
test setollA] C-index #k2 0.728°]T}.

Random Survival forest& ©]-&3%F R &) sfo]Hutebn|H = 5-fold L8| =
g0 g FHAeo Helr|E  'max_features': 5, 'min_samples_split': 2,

'n_estimators': 100= AA3FT). train setol A C-index FF2 0.8869] L

XGBSEE ol-&3% EHe slolyyetnE= 5-fold Y= X ow

'aft_loss_distribution': ‘'normal','aft_loss_distribution_scale': 1.5,
"colsample_bynode': 0.6, "learning rate': 0.1, 'max_depth': 8,
'min_child_weight': 60, 'objective': 'survival:aft', 'subsample': 0.5,

o2 AASATE. train setollA C-index FES 0.769°0]1 test setol Al

C-index & 0.6920]th. WHFF L% SAE a9, 7158, 94 24 o}

g T, Y = 7, B, F= A& o5, TNM stage, HAMA A&
o

A5 o] R T stage o2 FQ3A YA},

- 30 -



Table 5. C-index of RSF Model, XGBSE Model.

C-index in Train set C-index in Test set

Cox PH 0.716 0.728
Random Survival Forest 0.886 0.721
XGBSE 0.769 0.692

- 40 -



Random Survival Forest Feature Importance
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figure.7 Feature Importance plot of RSF, XGBSE Model.
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0.00
o 30 co s0 120
Time after surgery(month)
Number at risk
Family 15491 4292 2742 1918 1244
Family history of cancer: Yes 14353 3391 2292 1501 825
o 30 60 so 120
Time after surgery(month)
—+— BMI <25 —t— 25=BMI <30 —i— 30=BMI
1.00
0.75
0.50 4
0.25 4
p=0.034
0.00 4
o 30 80 S0 120
Time after surgery(month)
Number at risk
S 6675 5158 3350 2266 1354
25=BMI =30 3223 2542 1669 1134 683
=mi4 580 454 265 165 84
[s] 30 80 S0 120

Time after surgery(month)
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Recurrence Free Survival

—+= Breastfeeding experience: No =% Breastfeeding experience: Yes

1.00
= =
=
= 0.75
=
@
@
£
L 0.50
fo]
S
p=
=3
=
3 0.25
& p=05

0.004

o 30 50 90 120
Time after surgery(month)
Number at risk
No43575 2787 1864 1249 712
Breastfeeding experience: Yes {6432 5010 3170 2117 1254
o 30 s0 g0 120

Time after surgery(month)

~+— Delivery:No —+— Delivery:Yes

1.00
0.75
0.50
0.254
p=0.22

0.004

o 30 80 [0 120

Time after surgery(month)
Number at risk
y:iNoq 613 542 328 170 106
Delivery:Yes{ 8542 6720 4417 3022 1868
o 30 60 [0 120

Time after surgery(month)
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Recurrence Free Survival

Recurrence Free Survival

Recurence Free Survival

—+= EndoTx:No —#— EndoTx:Yes

1:00 ] —————

0.75 4
0.50 4
0.25+
p < 0.0001
0.00 o
o 30 s0 Ll 120
Time after surgery(month)
Number at risk
2948 2187 1386 o958 619
TTr86 6185 4076 2752 1628
o 30 so0 s0 120
Time after surgery(month)
—— RTx:No —— RTx:Yes
1.00
-
0.75
0.504
0.254
p =0.92
©0.00
o 30 50 20 120
Time after surgery(month)
Number at risk
RTx:No- 3525 2T72F, 1833 1359 o228
RTx:Yesq 7206 5642 3626 2350 1319
o 30 &0 20 1zo0
Time after surgery(month)
—+— Postop Ghemo:No —+— Postop Chemo:Yes
1.00- S ——
0.75
0.50 4
0.25
P < 0.0001
©0.00+
o 30 &0 S0 120
Time after surgery(month)
Number at risk
Chemo 5060 3684 1992 1138 566
Postop Chemo:Yes 185870 4683 3467 2571 1680
o 30 s0 S0 120

Time after surgery(month)

- 54 -




2. Best Parameter of RSF Model, XGBSE Model.

Best Parameter

'max_features': 5,
Random Survival Forest 'min_samples_split': 2,

'n_estimators': 100

'aft_loss_distribution': 'normal',
'aft_loss_distribution_scale': 1.5,
"colsample_bynode': 0.6,
"learning rate': 0.1,

XGBSE
'max_depth': 8,
'min_child_weight': 60,

'objective': 'survival:aft',

'subsample': 0.5,
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= ABSTRACT =

Risk Factors for Breast Cancer Recurrence and Recurrence

Prediction Models in Patients with Breast Cancer Surgery

Haerim Lee
Department of Biostatistics

Graduate School of Public Health

Yonsei University

(Directed by Professor Chung Mo Nam,Ph.D.)

Despite the increased breast cancer survival rates due to early
detection and improved medical technology, approximately 8-10% of
breast cancer patients experience local recurrence, and 15-30%
experience distant metastasis. Accurate prediction of breast cancer
recurrence 1s crucial for enabling early intervention and improving
overall survival rates. While research on breast cancer recurrence
prediction using machine learning 1s actively underway, there i1s still
a shortage of studies based on domestic data.

This study utilized retrospective data collected from 13,968 patients
who were diagnosed with breast cancer and underwent breast surgery at

Severance Hospital from January 1, 2000, to May 31, 2019, excluding
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patients with pre-existing distant metastasis (120 patients) and those
diagnosed with non-invasive breast cancer (2,523 patients). General
characteristics based on breast cancer molecular subtypes and
recurrence status were examined using the Chi-square test. Kaplan-Meier
survival analysis was employed to analyze the recurrence-free survival
rate after breast cancer surgery based on risk factors and treatment
variables, with significance tested using the log-rank test. Cox
Proportional Hazard models were used to analyze the risk factors for
cancer recurrence after breast cancer surgery. Subgroup analysis was
conducted to determine if there were differences in cancer recurrence
risk according to breast cancer molecular subtypes. Predictive models
for breast cancer recurrence were constructed using Cox Proportional
Hazard models, Random Survival Forest, and XGBSE, and their goodness of
fit and variable importance were compared. Data analysis was performed
using R 4.3.4 and Python 3.12.2.

The recurrence rate of breast cancer was approximately 11%, with 89%
of patients remaining recurrence-free. HR+/HER2- subtype accounted for
54%, while HR+/HER2+ accounted for 18%, HR-/HER2+ for 10%, and
HR-/HER2- for 15%. Recurrence-free survival rates showed significant
differences according to the year of surgery, age at diagnosis, breast
cancer molecular subtype, N stage, endocrine therapy, adjuvant
chemotherapy, and surgical method. Notably, patients who underwent
surgery after 2010 had higher recurrence-free survival rates than those
who underwent surgery before 2010 (p<0.001), and patients aged under 30

showed the lowest recurrence-free survival rates (p<0.001). Among
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breast cancer molecular subtypes, triple-negative patients showed the
lowest recurrence-free survival rates, and as T stage, N stage, and TNM
stage progressed, recurrence-free survival rates decreased (p<0.001).

Cox proportional hazard analysis revealed that higher age at
diagnosis was associated with decreased recurrence risk (p<0.001). The
risk of recurrence was observed to be higher in the order of HR+/HER2-,
HR+/HER2+, HR-/HER2+, and HR-/HER2-(p<0.001). Recurrence risk also
increased with advancing T stage and N stage (p<0.001). Patients who
received radiation therapy or adjuvant chemotherapy had lower
recurrence risk compared to those who did not (p<0.001). Patients who
underwent breast—conserving surgery had lower recurrence risk compared
to those who underwent total mastectomy (p<0.001), and those who
underwent axillary lymph node dissection had higher recurrence risk
compared to those who underwent sentinel lymph node biopsy (p<0.001).

Subgroup analysis of relative risk of cancer recurrence according to
breast cancer molecular subtypes revealed that surgery after 2010 had a
greater impact on the effect of breast cancer molecular subtypes on
cancer recurrence than surgery before 2010 (p=0.048). The effect of
breast cancer molecular subtypes on cancer recurrence was significant
in N stage 2 and 3 cases (p=0.018).

Machine learning analysis results showed that machine learning models
had lower predictive power than Cox proportional hazard models. The
performance of the Random Survival Forest model was better on the
training set (C-index 0.886) than on the test set (C-index 0.721),

indicating overfitting to the training set. Although the XGBSE model
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showed similar performance in both the training set (C-index 0.769) and
test set (C-index 0.692), its predictive power was the lowest.

This study's significance lies in confirming the risk of breast
cancer recurrence according to breast cancer molecular subtypes and
staging and developing a predictive model for breast cancer recurrence
using domestic single-center data. It underscores the importance of
establishing patient follow-up plans considering breast cancer
molecular subtypes and staging. However, since only data from a single
institution were used, further research using large-scale multi-center

data 1s needed to validate the study results.

Key words: Cancer recurrence, Molecular subtype, Cox proportional hazards

model, Machine Learning
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