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Abstract: Background Male breast cancer (MBC) is clinically rare, but its annual incidence has increased in recent years and
the prognosis is poor. Objective To develop a clinical prediction model for prognosis in male breast cancer patients and externally
validate it using data from MBC patients at our institution. Methods Patients with MBC from the SEER database from 1990 to
2019 were selected and randomly divided into a training set and a validation set at a ratio of 7:3. The overall 5-year death of MBC
patients was used as the outcome indicator. Lasso regression, univariate, and multivariate Cox proportional hazards models were
employed to screen for predictive features. The discriminative ability and calibration of the clinical prediction model were evaluated
using receiver operating characteristic (ROC) curves, calibration curves, and external validation analysis. A nomogram was
constructed to visualize the clinical prediction model. Results This study included 1 614 patients from the SEER database as the
study subjects and divided them into a training set (n=1 129) and a validation set (n=485). Follow-up results showed that 274 died in
the training set and 111 patients died in the validation set. LASSO regression identified 9 clinical features: age at diagnosis,
histological grade, T stage, N stage, M stage, bone metastasis status, surgical intervention status, estrogen receptor (ER) status, and
progesterone receptor (PR) status. Univariate Cox proportional hazards model analysis revealed that all variables were significantly
associated with risk of death in MBC (P<0.05). Multivariate Cox proportional hazards model analysis demonstrated that age, tumor
grade, T stage, N stage, M stage, and bone metastasis were independent risk factors for risk of death. At the same time, surgical
intervention, ER positivity, and PR positivity served as protective factors (P < 0.05). In the development set, the AUC values for the
1-, 3-, and 5-year risk of death prediction models were 0.895, 0.853, and 0.829, respectively, with a C-index of 0.811. In the
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validation set, the corresponding AUC values were 0.858, 0.858, and 0.848, with a C-index of 0.798. External validation was
performed on 44 patients with MBC in our hospital. The AUC for 5-year risk of death was 0.731, and the 10-year risk of death was
0.797. Conclusion This study establishes a prediction model based on diagnostic age, histological grading, T staging, N staging, M

staging, bone metastasis status, surgical intervention status, ER status, and PR status, which has high predictive value for risk of
death in MBC patients and provides a reliable tool for clinical doctors.
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2.1 HEEA—MBTIROIZEE vs WIELE)
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119 47061, FET-JRPIASHA 2 685 1], i AR HE B A}
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BrREE H0H 6, B 614N A ST ST

1 614 MBC &4 7 - 3L, BEHL N
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WRIRAS . PP . wItR MR /N . AR . T T
I E TN I\ et I = 2 = A LTV
RSB . IR o0 . MIREIGITY ik . bR
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Tab.1 Balance check between training set and testing set

w0 WEES BEE e pin|| wekw SNE RS BEE e e
EFE;’%A&?QR)] (57.0?)5;032.00) (57‘0?)5;032‘00) (57.0?)6;032.00) 0805 0.421| FHAL/(, %) 0.018 0.894
EEETE;QR)] (73.032;03 5.00)(7 4.032;?? 4.00) (72.03 1~.03 6.00) 0.202 0.840|| JGARHAT  1526(94.55) 1 068(94.60) 458(94.43)

WS WRRIRI/ (1], %) 1.827 0401 A 88(5.45)  61(5.40)  27(5.57)

A/ 1086(67.29)  748(66.25) 338(69.69) IR (1], %) <0.001 0.997

PR 296(18.34) 214(18.95) 82(16.91) T/ARA 1599(99.07) 1 118(99.03) 481(99.18)

Hofh 232(14.37) 167(14.79) 65(13.40) f 15(0.93)  11(0.97)  4(0.82)

T/ (191, %) 2.056  0.358| |l R/(f], %) 2.180 0.140

SN 201(12.45) 140(12.40) 61(12.58) To/AH 1569(97.21) 1 102(97.61) 467(96.29)

RTIN 99(6.13) 63(5.58) 36(7.42) el 452.79)  27(2.39)  18(3.71)

oAl 1314(81.41)  926(82.02) 388(80.00) FA/B, %) 2.000 0.157
Jidgea {57 /(1] , %) 0.799 0.850|| Jo/ARA 99(6.13)  63(5.58)  36(7.42)

e 671(41.57) 476(42.16) 195(40.21) f 1515(93.87) 1 066(94.42) 449(92.58)

FLAMERRE  195(12.08) 133(11.78) 62(12.78) BT /(1] %) 0.631 0.427

AHER  283(17.53) 199(17.63) 84(17.32) Jo/A 1 119(69.33) 776(68.73) 343(70.72)

oA 465(28.81) 321(28.43) 144(29.69) f 495(30.67) 353(31.27) 142(29.28)
BV, %) 0.024 0.999 | (fkI7/(1, %) 2.258 0.133

I 194(12.02) 136(12.05) 58(11.96) JE/ARH 896(55.51)  613(54.30) 283(58.35)

Il 785(48.64) 550(48.72) 235(48.45) el 718(44.49) 516(45.70) 202(41.65)

m 527(32.65) 368(32.60) 159(32.78) iy S Y/ (191, %) 1.339 0.512

PNl 108(6.69) 75(6.64) 33(6.80) HR+/HER2- 188(11.65) 129(11.43) 59(12.16)

T/, %) 2.754 0431|| HER2+ 342.11)  21(1.86)  13(2.68)

Tl 672(41.64) 462(40.92) 210(43.30) HR-/HER2- 1392(86.25) 979(86.71) 413(85.15)

T2 758(46.96) 542(48.01) 216(44.54) ERARZS/(B], %) 1.075 0.300

T3 56(3.47) 41(3.63) 15(3.09) Bk 46(2.85)  29(2.57)  17(3.51)

T4 128(7.93) 84(7.44) 44(9.07) PR 1568(97.15) 1100(97.43) 468(96.49)

N/, %) 2.347 0.504|PRARZS/(], %) 4.174 0.041

NO 882(54.65) 616(54.56) 266(54.85) BA: 147(9.11)  92(8.15)  55(11.34)

N1 499(30.92) 341(30.20) 158(32.58) PR 1467(90.89) 1037(91.85) 430(88.66)

N2 138(8.55) 101(8.95) 37(7.63) HER2ARZ/(H1], %) 0.180 0.671

N3 95(5.89) 71(6.29) 24(4.95) 44 1 426(88.35) 1000(88.57) 426(87.84)

M G/, %) <0.001 0.994|| BHME 188(11.65) 129(11.43) 59(12.16)
MO 1491(92.38)  1043(92.38)  448(92.37) M RS/ (1], %) 0.357 0.550

M1 123(7.62) 86(7.62) 37(7.63) 0 1229(76.15) 855(75.73) 374(77.11)

1 385(23.85) 274(24.27) 111(22.89)
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FET-(FET-41)274 1, XF LUPALN FU2FREAE S MREAH 250 L (P<<0.05). WIFRIIESETPAET 111 ], A= 47

G, ARES . BSWRRAL . R . BREEAMSL. TNM 3744, P4 LA SING g RA 5, k2,

x2 NGMANFBRIENETASEGFEELZARILR

Tab.2 Basic characteristics comparison between survival and death groups in training set and internal testing set

I YIZrEE(m=1 129) PIERIIIELE (n=485)
HE 17 (n=855) BT (n=274) Pii A7 (n=374) HET>(n=111) PiE
IR, MUIQOR)] 65(57.0 ~ 71.0) 67(58.25 ~ 74) 0.003 65(54 ~ 76) 65(52 ~ 78) 0.240
TSRS/ (191, %) <0.001 <0.001
A 598(69.94) 150(54.74) 276(73.80) 62(55.86)
N 147(17.19) 67(24.45) 59(15.78) 23(20.72)
HA 110(12.87) 57(20.80) 39(10.43) 26(23.42)
T/ (5], %) 0.009 0.008
LN 93(10.88) 47(17.15) 38(10.16) 23(20.72)
RVTIPN 53(6.20) 10(3.65) 31(8.29) 5(4.50)
HA 709(82.92) 217(79.20) 305(81.55) 83(74.77)
IR E A, %) 0.077 0.411
frgex; 353(41.29) 123(44.89) 156(41.71) 39(35.14)
FLINEBR 111(12.98) 22(8.03) 50(13.37) 12(10.81)
BN 156(18.25) 43(15.69) 62(16.58) 22(19.82)
oAl 235(27.49) 86(31.39) 106(28.34) 38(34.23)
HLESTHIM], %) <0.001 <0.001
I 123(14.39) 13(4.74) 51(13.64) 7(6.31)
Il 445(52.05) 105(38.32) 204(54.55) 31(27.93)
m 237(27.72) 131(47.81) 94(25.13) 65(58.56)
AR 50(5.85) 25(9.12) 25(6.68) 8(7.21)
T3/, %) <0.001 <0.001
Tl 418(48.89) 44(16.06) 188(50.27) 22(19.82)
T2 375(43.86) 167(60.95) 164(43.85) 52(46.85)
T3 19(2.22) 22(8.03) 9(2.41) 6(5.41)
T4 43(5.03) 41(14.96) 13(3.48) 31(27.93)
NI, %) <0.001 <0.001
NO 518(60.58) 98(35.77) 232(62.03) 34(30.63)
NI 247(28.89) 94(34.31) 107(28.61) 51(45.95)
N2 58(6.78) 43(15.69) 25(6.68) 12(10.81)
N3 32(3.74) 39(14.23) 10(2.67) 14(12.61)
M G- #1151, %) <0.001 <0.001
MO 845(98.83) 198(72.26) 371(99.20) 77(69.37)
Ml 10(1.17) 76(27.74) 3(0.80) 34(30.63)
BRI, %) <0.001 <0.001
To/A 850(99.42) 218(79.56) 372(99.47) 86(77.48)
H 5(0.58) 56(20.44) 2(0.53) 25(22.52)
FEEERS (1, %) <0.001 <0.001
Jo/ARH 855(100) 263(95.99) 374(100) 107(96.40)
A 0(0) 11(4.01) 0(0) 4(3.60)
fiti%E R /(B %) <0.001 <0.001
Jo/ARH 851(99.53) 251(91.61) 374(100) 93(83.78)

H 4(0.47) 23(8.39) 0(0) 18(16.22)
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YIZrEE(m=1 129)

P EBIAIEAE (n=485)

W PRASE H 17 (n=855) BT (n=274) Py A7 (n=374) BT (n=111) PiE
TR/, %) <0.001 <0.001
/A 9(1.05) 54(19.71) 10(2.67) 26(23.42)
= 846(98.95) 220(80.29) 364(97.33) 85(76.58)
BT, %) 0.272 0.024
Jo/ARH 595(69.59) 181(66.06) 274(73.26) 69(62.16)
H 260(30.41) 93(33.94) 100(26.74) 42(37.84)
1637 /(11 %) 0.040 0.001
TR 479(56.02) 134(48.91) 233(62.30) 50(45.05)
A 376(43.98) 140(51.09) 141(37.70) 61(54.95)
i S 43393/ (f51), %) <0.001 0.010
HR+/HER2- 88(10.29) 41(14.96) 39(10.43) 20(18.02)
HER2+ 10(1.17) 11(4.01) 7(1.87) 6(5.41)
HR-/HER2- 757(88.54) 222(81.02) 328(87.70) 85(76.58)
ERRA/(HB], %) 0.002 0215
1 15(1.75) 14(5.11) 11(2.94) 6(5.41)
PR 840(98.25) 260(94.89) 363(97.06) 105(94.59)
PRARZS/(H], %) 0.003 0.012
Y5 58(6.78) 34(12.41) 35(9.36) 20(18.02)
PR 797(93.22) 240(87.59) 339(90.64) 91(81.98)
HER2 AR/, %) 0.034 0.032
[Sh}c 767(89.71) 233(85.04) 335(89.57) 91(81.98)
PR 88(10.29) 41(14.96) 39(10.43) 20(18.02)
2.3 T ERTNEIHEGIE PEREAIBR R BE VA 34, SAEMSET X
Lasso [1 A4 26 AR IS . MOBIAHLUE 400, IRSSIECR (1 4).

T/, N, MW, BEBEN. 26T
AR ERRAE. PRIRESFINHE, WE1. HH
R Cox MIHZ R L MO N R LA G257,
5 MBC B E LT KU 3 R (P<0.05). ZHFE
Cox [FIHE RN K 9N R 2B A G225
(P<0.05), WLF3,

2.4 MBC /s =B 3L aE 14k

ROC 7t 7, MIZRE T 14, 3
AF L SARFET FUINAR A Y ROC #h 6T T AL 51N
0.895. 0.853. 0.829, XI L) C-index {H A 0.811;
Y NS IE R TR A0 1 4F | 34F | SAESET TR
LA i ROC M £k F 1 A2 43 31 R 0.858. 0.858.
0.848, XFIj Y C-index {4 0.798, WK 2,

A T 1 2 DAk S8 7S A o il 2R 2 A L B4k
PER OB 5 SEPREL ) A AP IR e R . 5K
it SRR M R 5 SR, o A i 25 AR D
PERER LG B (81 3)

G128 VI ) et T g b ol D, T AR 7Y v 9 AN PR 1
AT N 4254), 5 RFA154 40 ~ 100, HAPAERS 1)
WE R, TNM B AOR S FAR G E B,

2.5 MBC Ff5Fil4= 2 g9 5 EREEIE

B 5 AN AR . MR A
%79 . ER, PR, HER2, {RAPHIZE | K& RIHE .
WRELZEPHE AN, Ki-67. REAEHERNE O . i
SR S AEBE TSR BRI TG4 22 7 (P<0.05).
X AR S AR R A T ARG E, P 5 ARAET
KU ) AUC 47 0.7315 T 10 4F 58 T KU 1) AUC
}0.797(# 5).

3 itig
T MBCHIXTENL,  H Al Bl Al & X MBC

PHANHII A, SERiIRA R R, Hign
MBC &0 M1 0 i T Lo L AR, X
A fig 5 MBC B X LI INRA B | Tl NS AT
KL BeAh, MBC 5 2ot ZL g 04 s R BRAAE
FEAE R AN, 55 B SEER $UHs 28 K A il 42 A
= Bt 55— B= 2 v [l v o3 Bt A 25 R B
MBC & # £ 0 # Z 3 & FH t/HER2 [] #£ (HR+/
HER2-)\V A (5 1t 86.25%, 3:13924), 97.15%[¥)
FEE ER BHME (NI TE T 2 90.9%), X 11.7% 1 i
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o E o 'E T | Tab.3 Univariate and Multivariate Cox proportional
E E I hazards regression analysis results
e ! E I iz H11% Cox 11/ £ % Cox I
%g@ o HR (95% CI) P HR (95% CI)
S i 0.001 1.019(1.008~1.031)  <0.001 1.029(1.018 ~ 1.041)
=T : R YL
E .i..". 1 1.000(Reference) 1.000(Reference)
Lol Hatb L L T T 1 0.018 2.009(1.129 ~3.575)  0.336 1.332(0.742 ~2.391)
e A : ) : ) ) I  <0.001 4.272(2.415~7.555) 0.002 2.457(1.373 ~4.397)
6 2 4 2 = KA <0.001 3.923(2.007 ~7.669)  0.014 2.359(1.190 ~ 4.673)
Log (V)
15 15 11 9 3 T
! L ! ) 2 ! T1 1.000(Reference) 1.000(Reference)
lop E E T2 <0.001 3.770(2.704 ~5.256) <<0.001 2.486(1.761 ~ 3.509)
v \‘\\\\ ! T3 <0.001 8.792(5.262 ~ 14.688) <<0.001 3.605(2.085 ~ 6.231)
05 W he T4 <0.001 6.977(4.556 ~10.684)  0.004 2.069(1.265 ~ 3.383)
w00 - ’ NO 1.000(Reference) 1.000(Reference)
o5l ——— — B N1 <0001 1.855(1.398~2462)  0.048 1.347(1.003 ~ 1.810)
E E N2 <0.001 3.181(2.222 ~4.555) <<0.001 1.936(1.313 ~2.854)
-1.0+ E E N3 <0.001 4.451(3.068 ~6.458) <<0.001 2.461(1.641 ~3.693)
| P . o, \ M 4338
6 -5 4 3 2
Log (A) MO 1.000(Reference) 1.000(Reference)
WA bR RIS (0 R s DAk ZRRAfE M1 <0.001 10.814(8.235 ~ 14.200)  0.004 2.202(1.279 ~ 3.792)
B 1 Lasso EAFIIISHSEI PR FMAER AR 5 F 32 IR
Fig.1 Related factors of Lasso regression prediction training set FRA 1.000(Reference) 1.000(Reference)
clinical prediction model A <0.001 12.085(8.922 ~ 16.370) <<0.001 2.477(1.447 ~ 4.239)
FAR
% HER2 IKH ‘lﬁ(ﬁ I\%B% IE DF‘ j‘:’ 3 8‘6%) © Z: Iﬁj Ei] B ZR ?L Jo/AHN 1.000(Reference) 1.000(Reference)
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