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Abstract

In the context of increasing global aging, our survival-based method analyzes the influencing fac-
tors of prognosis of elderly breast cancer patients, which can better determine the risk stratifica-
tion and formulate appropriate treatment methods, which has practical significance and applica-
tion value for predicting the survival probability of patients and reducing the risk of death. This
paper mainly analyzes the data from SEER, an American cancer database. First, the survival curves
of population, age, sex, race, oncology grade, T stage, M stage, N stage, whether to receive radio-
therapy and whether to receive chemotherapy were described by K-M estimation. Secondly, inde-
pendent prognostic factors were determined by single factor Cox model analysis, and then a multi
factor Cox proportional hazards regression model was constructed by stepwise regression. The
final influencing variables were: Age, M stage, whether to receive radiotherapy; Similarly, in the
case of competitive events, firstly, Nelson-Aalen cumulative risk curve (CIF) is used to analyze the
difference of risk function between different groups of each variable. Secondly, a single factor
competitive risk model is established to determine the independent prognostic variables that af-
fect survival time and outcome. The independent prognostic factors determined are: Age, M stage,
whether to receive radiotherapy or not, based on this, a multi factor competitive risk model is
constructed. The accuracy of the model prediction is judged by comparing the consistency index
(C-index) and calibration curve of the two prediction models. The results show that the competi-
tive risk model is relatively good. Finally, the survival probability is visualized by constructing a
nomogram.
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1T AR 7L i (Breast Cancer, BC) LA N 1 18P N M8 B 1) 86 WAE , & I R0 36 B4 B THEH,
FHFA 30 R T LS B FUIRE 1] TEAR ST & 255 AR W R T 7L Ao 2 -+ LY
o WRIRFERKE, FRIEFUIE AWM 20 5 LLSTFA3MWT ETh o B0 AR5 A0 o A 2L I e B85 B 7L
%, (HRNZEIMEEH PR = . HE R E RS, BN SRS NTEEZ[2].

N REEHENELARE, Wi BC 2 EFHMRFA, DUEGEmIE MR, ACERCK H TR
SE[E [E S IE AT SO L IRATR 2 A B 2% 45 B (Surveillance, Epidemiology, and End Results, SEER)${# J#
ORI 1) 478 ]l BC ZAF B AT AEAF AT b AL, 0 i TS B TOUAE F2 43 54 Kaplan-Meier {1
Cox  HUAFI RV [m] A ASE AR DL R 5 5 RGBS o 7L B o — o 7 B s 35 N SRR IR he, & a2 R BRI A
IRERE 2 —,  [RII 1 2 DR 3R Ao s i 7L i A 3 O AR A7 ), BRI, ARSIt 9t H 2 B BC 24 %
R RUR S ) G A A7 BT TR] PR BT 200 T B e AR R A A T R R 3]

2. Bt
2.1. HIERASTALIE
KXANDTIHRBZEN 9, BERMEBNNE 1 . XEHTAHIRKEES BC B,
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Pl E SR BOR, BONSETE 74 Y LUT A 74 S UL EIXPANTEE,  #0X B0 TR RN IE S B 1L
74 SAEONEWIR, LAy 0-1 BN TR R . HORFIRRBMBMETEILE 1, Fram 9 MHEZEY
N T RAR R ARSI BN AE I A A ARRES

Table 1. Variable assignment table

= 1. TEMER
TR R4 P A R
X i Age <74-0; >74-1
X, 4 ) Sex Male-0; Female-1
X; e Race Black-0; White-1; Others-2
Xy MRS Grade 1-0; II-1; III-2
X; T 533 AJCC.T T1-0; T2-1; T3-2; T4-3; TX-4
X M 43 AJCCM MO0-0; Ml-1
X, N 731 AJCC.N NO-0; NI-1; N2-2; N3-3; NX-4
Xs i\ Radiation None-0; Yes-1
Xo 7 Chemotherapy None-0; Yes-1

TERT R R B R vh, ORI 25 7 X — K IS AF R R AR B, JLit 55 61, Rz —
SRR AR 5 B, EeBlEN, AJCCN N2, N3, NX RGN, i, % Rkix =25
5 BT LA, 7 8 5 2R 8m 10 20 A AR, BIBR S I8 cot 412 4

[, ARSI FENLIZIE 5:5 1L o Bl SR TR AR, XTI R R Bl kAT A SRS 2 )
37, HP Cox LEA RS AR, 55 ARSABR Y, e T-44) PR R - I8 i db A7 — S IR IE 2 Hr il
DU HERF PE AR 25O

Table 2. Comparison between training set and test set data

2. NARES M EHIERI LB R

4% (n=412) W Z5EE(n = 206) MRLE(n = 206) P {H
Age, 1 (%) 0.482
<74 242 (59) 123 (60) 119 (58)
>74 170 (41) 83 (40) 87 (42)
Sex, n (%) 1
Male 17 (4) 6 (3) 11 (5)
Female 395 (96) 200 (97) 195 (95)
Race, n (%) 0.327
Black 48 (12) 24 (12) 24 (12)
White 317 (77) 159 (77) 158 (77)
Others 47 (11) 23 (11) 24 (11)
Grade, n (%) 0.502
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I 210 (51) 104 (50) 106 (51)
I 167 (40) 90 (44) 77 (37)
111 3509 12 (6) 23 (11)
AJCC.T, n (%) 0.722
Tl 298 (72) 151 (73) 147 (72)
T2 82 (20) 44 (22) 38 (18)
T3 19 (5) 8(4) 11(5)
T4 5(D) (D 4(2)
X 8(2) 2(1) 6(3)
AJCCM,; n (%) 1
MO 409 (99) 205 (99) 204 (99)
Ml 3(D (D 2(D)
AJCCN, n (%) 1
NO 376 (91) 193 (94) 183 (89)
N1 36 (9) 13 (6) 23 (11)
Radiation 0.393
None 243 (59) 115 (56) 128 (62)
Yes 169 (41) 91 (44) 78 (38)
Chemotherapy 0.6361
None 383 (93) 196 (95) 187 (91)
Yes 29 (7) 10 (5) 19 (9)

A2 T DLE H AR BUE SR 1) o5 EL A R 59%R 41%, BRI fEPERIX AN BB,
L& IR E] 96%, HWERAFT A SEhR: AERRX AR R T, AN RS, EE 77%: LR AR
R, EERG TR T oA, £ T 8%, LTI T2 AE; £ MaHF, 4 KZ2H 8 Mo, /£N
Sri, BLNO R v T i, G BRIRUT IR 40% 008 m AT ICHE 7% B

N T BEREHL B I SREEFNIGIESE, BT EA SN HEe 0 — e R ARR AL SRR E, B
TR HBEEY AL R, R BRI R LB SRR AR 9 MEEERGAA R
EHWZEE, W LRFKEER, AT LLE B B E VR IR B A AR BN P AR T 0.05, IXEEE
Ui AP AT B3 1 22 e, B ALR B B 2 & 2R, Re AR A EURE B

2.2. Cox LEBIR R BT 4E 8

2.2.1. Kaplan-Meier F77eh%%

Kaplan-Meier J7i52& —MEuitfid 77k, mafHER, SHEmPSRITE. K-M EERN—FEE
SRS T, NEREARR A, I W RIEAT AR AR 00T o AR SCOH o0 il 5 AR D A B AR AT
K-M JiEEA7 f 26 #r .

M 1T ATAE S, AT U B S, BRI A AR TS I R AR R R T S K. B AE
HHZRAE 60 AN AR, EAFMER TS| 80% 4 A, MTE 120 N A, EAFHER TR 60%4A 4. IXFEH, b
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B, ABER AR TR R E, AL LT K EHE, B
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Figure 1. Overall K-M survival curve
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Figure 2. K-M survival curve at different ages

2. NEIFHKERR K-M £ 77 L%
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Figure 3. K-M survival curve of different sexes
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Figure 4. K-M survival curve of different races

& 4. FEFhER K-M £ fFphzk

wiE 3 FooR, WEAFEMENREE, BrEEFEANAAF ML LR AN —H . XIS
PRV AR R T 2. 76 30 MH RIS B AR ZIE AR, 18 30 MHIEEELX,
£ 60 M H B ZFEIE F] 30%.

Wi 4 Frow, X TAEMER GRS, £ 60 M Z Al & AR AMHE S M AR H e NP AEfE S
e, AR AR IR ., BRI AR A, (RS ZE A K A A2 [T 60 S I,
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Figure 5. K-M survival curve of different oncology grades
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Figure 6. K-M survival curve at different T stages
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Figure 7. K-M survival curve of different M stages
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Figure 8. K-M survival curve at different N stages
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w7 B, PR M a0 EE, B TEE S M 208 M1 EER D, WLEAEALER R 50
AR EA O A AN ik B M 2 0 MO I AR AR = T M o ML IR (AR AR

WK 8 fiw, XFAE N 4IRS, AAAHHREIZE 50 AN H 280 N 218 NO #3858 N1 S 1
AEAENEZEUTARIE], AEAERTRIZE S0 M H Z 5, N 20 8128 NO BB 1A F R0 = T N 2 B8 N1 &
B AT

TR B WOBOT B, K9 T DL EE AR BORT I R AR A il 2R A AR U T I R 1 A
AR B 07 o 3k sl 2 BA B SUROT 1) B AR AR 2 A v T AR BRSO T T R

TR ST B, & 10 AT LB B2 T AT I B AR AR M 2R B AR Bt AR RIEZ AT 1)
BFEM ET7, AEAPRRITE 60 AN H ZHT, 2T R E AP MERIE A BT N R, (HT7E 60 M HJE, %
TIT I B3 TR AF MR AR RRTE 75%Fa e s ARBZALITIN B8 A AF R AR AR R RS E I N F4
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Figure 9. K-M survival curve with or without radiotherapy
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Table 3. Single factor analysis and multi factor analysis table

#3. BRESMESRESR
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Figure 10. K-M survival curve with or without chemotherapy

10. RERXZUTH K-M £70%

BRI A ZREIT
HR (95% CI) P {H HR (95% CI) P 1A
Age
<74 5%
>74 4.55(2.30~9.02) <0.01 6.1 (2.6~14) <0.01
Sex
Male %
Female 0.55(0.17~1.82) 0.33 0.43 (0.099~1.9) 0.26
Race
Black Bk
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White 1.31 (0.47~3.71) 0.61 1(0.3~3.6) 0.95
Others 2.04 (0.57~7.29) 0.27 2.7(0.61~12) 0.19
Grade
I 2%
I 1.32 (0.45~3.90) 0.62 2.1(0.27~17) 0.18
I 1.33 (0.46~3.90) 0.60 3(0.39~23) 0.30
AJCC.T
T1 =%
T2 1.48 (0.69~3.18) 0.31 1.1 (0.47~2.7) 0.78
T3 4.42 (1.91~10.24) <0.01 2.5(0.63~9.8) 0.20
T4 0.08 (0.02~0.16) 0.87 0.03 (0.01~0.09) 0.97
X 3.20 (0.76~13.17) 0.11 8.1 (1.4~46) 0.02
AJCCM
MO 5%
M1 9.4 (1.3-70) 0.02 7.6 (3.60~16) <0.01
AJCC.N
NO 5%
N1 1.15 (0.27~4.79) 0.85 0.41 (0.02~8.8) 0.57
Radiation
None Z%
Yes 0.33 (0.15~0.73) <0.01 0.43 (0.18~1) 0.04
Chemotherapy
None Z%
Yes 0.94 (0.22~3.90) 0.93 0.68 (0.03~15) 0.81

MFE 3 TLLEH, BRESNF: Fid. M oW, REEZIUTIEE T EEERK . NERKE,
EREERR, FETCM XS ER(HR = 4.55)s M 7RG, HET M 2008 MO FIEE# SRR, M1 BT
FET AR R (HR = 9.4); WEE R EHRZBUTRE , #5321 HUT I EE AT R 2 /MR 2 (HR = 0.33).

MRS, MHETBHINE, L AREIE, OB 0.55 5, (R IR E AL
(P =0.33>0.05), BLEAMERIEIET AR ABORIIR R WFGERE, BFAFIADNFIARE T B A A
M, FET R, (HRIE I B MEATE, IFRR 550 T R B A BRI R R s MR 22 Gk
G I ANER VMR TSR UL E, JET XARES, (EAGHEN B3 AL, 08 270 % 5 0T ARt
BABSRIKR: T ok, HE 13 o 7 BEMA%, HHSHEAEERENMHXKR, HT
SIS FE TR A BROCR: T NS, BAEd B R, BN 7550 RS
BEEKFR. N TEGEZNITNS, WHETZEERLE, SRR EZIT 50T R A BR
EPSE

ZHRE S, TIRRFE . M L REENUIT @ TR E R B R RS A FE R,
MR JG T3 2 1R, ARN TX iR .

DOI: 10.12677/5a.2022.114075 711 G2 55 F


https://doi.org/10.12677/sa.2022.114075

PRI 2

2.2.3. {REMZESIEHE

FE@NT Cox LIRS 2 /T, FRATFE EHEAT PH BERY . HAWE 75 H 2R MAE
THAERR, AR Cox Hf MBI . faia s Rk 4 pos, 0l LAV B BT A A & AR (GLOBAL)
(11 P HAREEIS T 0.05 MK, X SRR AA R Z T JF ARG BRI 9B 0] 5 3 AR & 2 (A AAFAE RS HL
ER, W2 T PHBGE .

Table 4. PH assumption test result table
4. PH RERIERE

B3 FI7E P{i
Age 0.13 0.72
Sex 0.32 0.57
Race 3.60 0.17
Grade 1.86 0.39
AJCC.T 2.18 0.70
AJCCM 224 0.13
AJCC.N 0.03 0.86
Radiation 1.32 0.25
Chemotherapy 0.66 0.42
GLOBAL 12.98 0.53

LB EART7 %, BT AIC #EIX YN BT AR R EAT 070k, i Jim ffct th AR A R B n R 3R
Fs o

Table 5. Cox proportional hazard regression independent variable coefficient table

F 5. Cox LEBINMEEIT B L E R K&

RH HR Z Gl & P A

Age 1.77 5.85 4.12 <0.01
AJCCM 4.12 61.51 3.67 <0.01
Radiation -0.95 0.39 -2.23 0.03

M5 W UE HRAANG IR RA: FE Ml REEHYT . REHEREEN:
(1] X)=hy (t)exp(1.77X, +4.12X, —0.95X,)

Hrh =gl 7R E K, MEFRKIEM, JETRREIE R, EREFET, SR
BT SR 4.55 1 BEE M - WIRESE N, SRR, EREZT, M 2T Ml
FIZET RS AZ MO [ 9.4 % F32 00T (835 A BUR $2 527807 1 8 AH BB T KU /S, FERISE 26T, 2
SETRT B R AL PE T KU RS2 T80T B B ALK 0.33 4 o 25 B IR, SR AT M 2 WD e B Tl PR &
EVAE R, AAF I B s R SR 0T NIRY S I &

Xf PRI BEAT VAL, BRI A RANE 6 P, =Riani PEIZEE N T 0.05, XUk
RS T R, BORA T, R = AN RENS AR AT K SN A A bR U AL L
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Table 6. Cox model significance test table
= 6. Cox BB REEMRIR

L ezt RE H P{
Likelihood ratio test 34.95 3 <0.01
Wald test 28.25 3 <0.01
Score (logrank) test 39.89 3 <0.01

MR IR AT Cox LA RS [l VAR R i, AT BAFIEIN A8 12 AN 5 24 AN H 36 S A TR I 514608
KPR 124, 24 DA, 36 M BTN SONEFERE, TURBCREE.
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Figure 11. Nomogram for predicting patient survival

B 1. BEEFERMNIILE

ML 1T BT DA W b T30 H LA A ]I R AR AU P B8 3 () AR AP, B R BILLE S [R]85 o R AN ) 28 531
Xof EAN RN I ZI BE 17 A ) AR 220 FBE SR AN 5] (9 434, R T 26 B A o3 B Tt AR AP . . — A4
WL 74 5 B YU BB T RUT, A Ry 24 +42 =66 47, HBAME 12 NHET
AR 095, 24 DM H AR 0.88, 36 N H G KA 0.83,
RSB — B HE BRI 1 it 4 1 SR BF AR Y 1 T
— 445 2 (concordance index) XFR N C-index, ‘B4 FRIFANM LAY HUIGE /7. C-index HITHE A K
W
. — O T
C —index = m
5 C-index IR AR, AILAEAN, C-index 7F 0.5~1 Z10], 0.5 N5E4ABEHL, B iZE R A Fm
ER, 1 A5Ea—8 SHNZEE R TN 4 SRS 50 bR oe 4 — 8. fESEhRRI A, ARAMEHR B 56 4 — S Hiil
BRY, BEAERFFLNN, C-index 7E 0.50~0.70 AEARAER B : 7E 0.71~0.90 Z [H] N SEHERE: 1M T 0.90
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W mHERI L, X5 ROC MM AUC &R . MRAE LIRET Cox L] KUK A1 I 45 7Y 15 21 1
C—index =0.769 , W LMFRIZB R TR B HER, rh S5 HER .

k12, MERREHEAE 12 24 DA 36 A H BIRHEM L&, G B AL 5 S PRt A
NG — 2 7 M TR ) Cox ELAG RS (el YIRS R T (g R P o CE IR (R0 12 AN I, &) 12 R 202k
DATEX LA, ARG, WZEMOK. 28 BPrd, BRI A2 BB, Ja il thicuinf, Bk
ST R —

1.00

]

1

0.90 0.95

Actual 12-Months DFS (proportion)

0.85

0.80

T T T T
0.80 0.85 0.90 0.95 1.00

Nomogram-Predicted Probability of 12-Months DFS

@

1.00

Actual 24-Months (proportion)

090 095
\_‘
———1
Actual 36-Months (proportion)
. 0.90 095 1.00
| | L |
\\
F———1

0.85
0.85

0.80

0.80

T T T T T T T T
0.80 0.85 0.90 0.95 1.00 0.80 0.85 0.90 0.95 1.00

Nomogram-Predicted Probability of 24-Months DFS Nomogram-Predicted Probability of 36-Months DFS
(b) (©)

Figure 12. Calibration graph of patients in the Cox proportional risk model for 12, 24, 36 months
B 12. Cox EEHINBEARRIR B E 12, 24, 36 MARKIELE

2.3. TENEER

2.3.1. Nelson-Aalen it XU thk
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Figure 13. Cumulative risk map by different ages
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Figure 14. Cumulative risk map by different genders
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Figure 15. Cumulative risk map by different races
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Figure 16. Cumulative risk maps for different oncology grades
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Figure 17. Cumulative risk map for different T stages
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Figure 18. Cumulative risk map for different M stages
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Figure 19. Cumulative risk map for different N stages
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Figure 20. Cumulative risk map of radiotherapyor not
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Figure 21. Cumulative risk map of chemotherapy or not
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(P> 0.05)-

Table 7. Single factor analysis and multi factor analysis table

#7. BERSZERESR

LSS ZRE
SHR P {H SHR P {H
Age
<74 5%
>74 24.09 <0.01 5.23 <0.01
Sex
Male Z%
Female 2.48 0.12 0.43 0.31
Race
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Continued
Black Bk
White 2.54 0.28 1.37 0.46
Others 1.96 0.39 1.48 0.53
Grade
I 2%
I 2.51 0.62 0.95 0.67
I 2.63 0.6 0.91 0.64
AJCC.T
Tl 5%
T2 3.03 0.33 2.65 0.21
T3 1.34 0.12 2.11 0.11
T4 1.21 <0.01 1.19 <0.01
X 1.44 0.21 1.87 0.19
AJCCM
MO 2%
M1 8.58 0.03 72.72 <0.01
AJCC.N
NO Sk
N1 0.03 0.85 0.41 0.76
Radiation
None Z%
Yes 0.27 <0.01 0.43 0.05
Chemotherapy
None Z%
Yes 0.01 0.93 0.69 0.89

2.3.3. RBRS5HIE
R BB ZRR AN, EBEER . M W], RS E2RTIR =R N H AR, A A A
iR AR Cox HUBI RS A R R AR R, KSE4-F 5N

Table 8. Table of coefficients of independent variables

F8 BEEBRYSE

A SHR P{H

Age

<74 5%

>74 5.83 <0.01
AJCCM
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Continued
Mo 2%
M1 9.33 <0.01
Radiation
None Z%
Yes 0.39 0.03

ML 8 A LAE H: JERLIZED [RIH H L T AIC S/NE, A8 58 4 B AR TR, 52 58 4 XU AR Y
FIR T

A(t|@) = 2, (t)exp(5.83X, +9.33X, +0.39.X)

RN, M MW, BT AR RS 7R, I TS R R,
BB B BAE T XU SRR/ 5.88 £, M 73 1D ML I R B T KU 2 MO FA A8 1 9.33 1%
FEFISELRAE T, BRTB0T BB ISR KSR AR BT IO A 4110 0.39 5. 45 Lk, A M 73
Wvek R R R, BIAUERCR, AAFI e 2 SR BOT AR USR5 Cox LB XA
B —3

Xf BRI EAT ARG, BARKG IO SE RANE 9 P, =Aiaier) P EIEE /N T 0.05, XUH E
RERGEN T R, BURE T, RN =N RENS AR AT SN A A bR U AL L

Table 9. Significance test table of competitive risk model

9. REAMRATEMRINR

KrI6R k! H PfH
Likelihood ratio test 33.92 3 <0.01
Wald test 27.23 3 <0.01
Score (logrank) test 38.83 3 <0.01

MG LR 554 KBRS, AT 3 12 N, 24 A, 36 MBS RIFIZRIE . X HLE £ 12
A, 240H, 36 AR TR SOV EE, TURBOREZE.

K 22 I TE g MR AR A AL S ) AR A R O T B, e ELULA TH 55 HH R M AR AE R . £E 1A
22 v, FATAT LA BIREAE I (8] 080, AEAFHER TR o, SERGAT M IR R TS IR H M 7 4
WISEMRR, BT AR UG R R, RABOT REMS IR R B BRAR AL T 1 XU

ARG IR I 55 4 KU AU A3 21 C —index = 0.778 , T LATS RNZ AR 0N 5 Ay e dfy, Ol v S5 R 2

sl 23 fos, %7 BEAE 12 A 24 SR 36 A H RRSHERN 2RI, I8 IR AR 2 S PR AR
FAE Y LEBGE— 25 W PR 3 1) 56 40 ARG ASE R S0 X HE R PR . AERSTR1D 12 S I, 1] 23 F ek oA
FEXM AT, I, k. Z8 ERTIR, Wk HILR - T, A CERe e R, (B T
TR

2.4. HBILLE

X B A AER PR EARYE Coindex AOMERHE— 2D LB, BB, ZRos T i R Ry,
ST TR e, Cox EE B XU A5 B4 ) C-index FIME A 0.769, 554 MR 8L ) C-index FIME 4 0.778.
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Figure 22. Nomogram for prediction of patient survival probability
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Figure 23. Calibration graph of patients competing for risk models of 12, 24, 36 months
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