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Construction of a prediction model for patients with prostate cancer
bone metastasis based on the SEER database
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[ Abstract] Objective: To develop a predictive model for bone metastasis in patients with prostate
cancer based on the SEER database, so as to provide a quantitative assessment tool for early
identification of high-risk patients in clinical practice. Methods: A total of 15 055 patients diagnosed
with prostate cancer complicated by bone metastasis between January 1, 2018 and December 31, 2021
were extracted from the SEER database. Stratified random sampling was performed to divide the cohort
into a training set (n=10 538) and an internal validation set (n=4 517) at a ratio of 7 : 3. Cox
proportional hazards regression models were used to screen independent prognostic risk factors
associated with overall survival (OS) and cancer-specific survival (CSS) of prostate cancer

patients with bone metastasis. Nomogram models for OS and CSS were separately constructed based
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on the identified independent prognostic factors. The concordance C-index, receiver operating
characteristic (ROC) curves, calibration curves and decision curve analysis ( DCA) were adopted
to comprehensively evaluate the model performance in terms of discrimination, calibration and
clinical net benefit. Results: Multivariate Cox regression analysis revealed that age =80 years, race,
marital status, Gleason score of 7 -9, T4/TX stage, brain metastasis, liver metastasis, radical
resection, radiotherapy and chemotherapy were independent risk factors for OS in patients with prostate
cancer (all P<0.05). Age 50-59 years, age =80 years, race, marital status, Gleason score of 7-9,
T4/TX stage, brain metastasis, liver metastasis and lung metastasis were independent risk factors for
CSS (all P<0.05). The C-index of the OS nomogram was 0. 710 (95%CI. 0.701-0.718) in the
training cohort and 0. 710 (95%CI; 0. 697-0. 723) in the validation cohort. For the CSS nomogram ,
the C-index was 0. 705 (95%CI: 0. 695-0. 715) in the training cohort and 0. 697 (95%CI. 0. 682—
0.712) in the validation cohort. ROC curves of the OS nomogram yielded AUC values of 0. 75, 0. 72
and 0. 72 for survival at 1, 2 and 3 years in the training dataset, with corresponding values of 0. 74,
0.71 and 0. 70 in the validation cohort. For the CSS nomogram, the AUC at 1, 2 and 3 years were
0.74, 0.71 and 0.71 in the training cohort, and 0.72, 0.69 and 0.69 in the validation cohort.
Calibration curves of the OS nomogram demonstrated favorable consistency between predicted survival
probabilities and actual observed survival probabilities. Similarly, calibration curves of the CSS
nomogram showed strong agreement between predicted cancer-specific survival probabilities and real-
world observations. DCA indicated that both the OS and CSS nomograms achieved higher clinical
benefit. Conclusion: The constructed nomogram model was used to predict the 1, 2 and 3 year OS and

CSS in patients with bone metastatic prostate cancer. The model exhibited favorable discrimination
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capacity and possessed prominent clinical application value.
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WUE R OCHR  JE T ve 15 2 Al Sz fa s R 2 Mgt &, W& 1,
F1 JISGAFRIEASBE—BREARLLER Bl (%)
£z BEE(n=15055) YIZ4H (n=10538) HiFZH (n=4517) XHE P
ik % <50 172(1.14) 121(1.15) 51(1.13) 3.37 0. 497
50~59 1 525(10.13) 1 098( 10. 42) 427(9. 45)
60~ 69 4 418(29. 35) 3 087(29.29) 1331(29.47)
70~79 4 693(31.17) 3 277(31.10) 1 416(31.35)
=80 4247(28.21) 2 955(28.04) 1 292(28.60)
ik BRA 2 459(16.33) 1720(16.32) 739( 16. 36) 2.07 0. 355
HAhA 11 437(75.97) 8 028(76. 18) 3 409(75. 47)
HiAh 1 159(7.70) 790(7.50) 369(8.17)
TS HRR A SR/ 9 208(61. 16) 6 420(60.92) 2 788(61.72) 1.69 0. 429
PN 2 851(18.94) 2 024(19.21) 827(18.31)
FoAth 2 996(19.90) 2 094(19.87) 902(19.97)
GS #5437/ 45% 6 88(0.58) 58(0.55) 30(0. 66) 5.17 0.335
7 975(6. 48) 713(6.77) 262(5. 80)
8 2 055(13.65) 1 441(13.67) 614(13.59)
9 4 566(30. 33) 3 178(30. 16) 1 388(30.73)
10 949(6.30) 661(6.27) 288(6.38)
F N 6 422(42.66) 4 487(42.58) 1 935(42.84)
T 438 Tl 2 535(16. 84) 1765(16.75) 770(17.05) 6.24 0.182
T2 4 149(27.56) 2 956(28.05) 1 193(26.41)
T3 1 586( 10. 54) 1 081(10.26) 505(11.18)
T4 1 491(9.90) 1 032(9.79) 459(10. 16)
X 5294(35.16) 3704(35.15) 1 590(35.20)
N 4344 NO 6 894(45.79) 4 823(45.77) 2 071(45.85) 2.05 0. 359
N1 5395(35. 84) 3 806(36.12) 1 589(35.18)
NX 2 766(18.37) 1909(18.11) 857(18.97)
ki i %o & 14 700(97. 64) 10 296(97.70) 4 404(97.50) 0. 85 0. 654
RN 208(1.38) 144(1.37) 64(1.42)
= 147(0.98) 98(0.93) 49(1.08)
iRz s 14 341(95.26) 10 033(95.21) 4 308(95.37) 1.05 0.591
ARAH 168(1.12) 114(1.08) 54(1.20)
2 546(3.63) 391(3.71) 155(3.43)
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iz BE(n=15055) Y4 (n=10538) HiFE4l(n=4517) XE P1H

it 7% 5 13 494(89. 63) 9 441(89.59) 4 053(89.73) 0.44 0. 802
PNl 229(1.52) 157(1.49) 72(1.59)
b 1 332(8.85) 940(8.92) 392(8. 68)

AR SR R 11 815(78.48) 8 252(78.31) 3 563(78. 88) 2.30 0.317
ES| 264(1.75) 177(1.68) 87(1.93)
P 2976(19.77) 2 109(20.01) 867(19.19)

T & 10 963(72. 82) 7 687(72.95) 3276(72.53) 0.28 0. 596
P 4 092(27.18) 2 851(27.05) 1 241(27.47)

([ %id & 12 753(84.71) 8 911(84.56) 3 842(85.06) 0. 60 0. 439
i 2 302(15.29) 1 627(15.44) 675(14.94)

FAIR & 13 766(91. 44) 9 631(91.39) 4 135(91.54) 0.19 0.910
JRri F AR 1.087(7.22) 763(7.24) 324(7.17)
HRIA DB 202(1.34) 144(1.37) 58(1.29)

PSA/(ng/mL) <10 1207(8.02) 856(8. 12) 351(7.77) 0. 69 0. 707
10~50 3479(23.11) 2 423(22.99) 1 056(23. 38)
>50 10 369(68. 87) 7 259(68. 89) 3 110(68. 85)
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BRI ER Cox MIHHTHER , Fl WS IHARAS LGS
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BRI Cox MIHATHER , Fl WS AR LGS
W T 40 N - e % e e i i ik
WL o7 AT TFAR I IR =80 % |
PSA>50 ng/mL BIARTFI IR B % B # CSS WY
MR 2 (P #4<0.05), ZHZE Cox BIHAT IR,
50~59 % =80 & FhiE ISUHARAE .GST~9 41,
T4/TX WA Wi B | 2 7% T i 4 3% Sy 52 il 15 1)
TR AR B E CSS AT fa RS P ZE (P #4<0.05) 5N
I3 AR L SRR TBOT AT L TR I PSA
K5 CSS T EMCHE, WK 3,

®2 HIPIREBREBEE OSH Cox @FSH

AR Cox [

Z A& Cox HIH

HR(95%CI) P1H HR(95%CI) P

G <50 1 1
50~59 0.83(0.58~1.18) 0. 298 0.77(0.54~1.10) 0.154
60~69 1.02(0.72~1.44) 0.910 1.00(0.71~1.41) 0.984
70~79 1.28(0.91~1.80) 0. 156 1.24(0.88~1.75) 0.227
=80 2.27(1.61~3.19) <0. 001 1.84(1.30~2.60) <0. 001

Tt CUDN 1 1
A 0.88(0.81~0.96) 0. 003 0.85(0.77~0.92) <0. 001
HoAth 0.80(0.69~0.92) 0. 003 0.76(0. 66~0. 89) <0. 001

IS ARARAS CIs 1 1
PN 1.20(1.10~1.30) <0. 001 1.26(1.15~1.38) <0. 001
HAth 1.54(1.42~1.67) <0. 001 1.28(1.19~1.39) <0. 001
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2 h PAIRZE Cox 1T Z A& Cox [HIH
' HR(95%CI) Pl HR(95%CI) Py
GS ¥4/ 453 10 1 1
6 0.59(0.34~1.00) 0. 052 0.64(0.37~1.10) 0.105
0.35(0.28~0.43) <0. 001 0.39(0.31~0.48) <0. 001
8 0.41(0.34~0.48) <0. 001 0.43(0.37~0.52) <0. 001
9 0.60(0.52~0.69) <0. 001 0.64(0.55~0.73) <0. 001
FHm 1.36(1.20~1.55) <0. 001 1.07(0.93~1.23) 0.323
T 43 T1 1 1
T2 1.06(0.95~1.19) 0. 285 0.97(0.87~1.09) 0.616
T3 0.83(0.71~0.96) 0.015 0.86(0.74~1.01) 0. 061
T4 1.74(1.53~1.99) <0. 001 1.41(1.23~1.61) <0. 001
X 2.08(1.88~2.31) <0. 001 1.18(1.04~1.33) 0. 007
N 4339 NO 1 1
N1 1.00(0.93~1.08) 0. 996 0.96(0.89~1.03) 0.270
NX 1.47(1.35~1.59) <0. 001 1.09(1.00~1.19) 0. 061
%% 7% w 1 1
A 1.77(1.41~2.22) <0. 001 1.31(0.99~1.74) 0. 060
Pt 1.88(1.42~2.49) <0. 001 1.67(1.26~2.22) <0. 001
%% 7 1 1
A 1.79(1.38~2.32) <0. 001 1.19(0.86~1. 64) 0.299
2= 2.32(2.03~2.67) <0. 001 2.11(1.83~2.43) <0. 001
it ¥ w 1 1
A 1.53(1.20~1.93) <0. 001 1.04(0.76~1.42) 0.819
Pt 1.42(1.28~1.58) <0. 001 1.08(0.97~1.21) 0.148
SO NWEAL T S 1 1
A 1.57(1.25~1.96) <0. 001 1.16(0.87~1.55) 0. 304
= 1.21(1.12~1.31) <0. 001 1.07(0.98~1.17) 0.120
eis 5 1 1
= 0.75(0.69~0.81) <0.001 0.87(0.81~0.95) <0. 001
(4 w 1 1
= 0.73(0. 66~0. 80) <0. 001 0.87(0.78~0.96) 0. 006
FARITA w 1 1
JREB T AR IR 0.93(0.82~1.06) 0. 282 1.07(0.94~1.22) 0.317
MG PEYIER 0.22(0.13~0.37) <0. 001 0.51(0.31~0.86) 0.011
PSA/(ng/mL) <10 1 1
10~50 0.93(0.80~1.09) 0. 382 0.87(0.75~1.02) 0.077
>50 1.53(1.34~1.76) <0. 001 1.10(0.95~1.26) 0.199
*3 HIYREEBHEBESE CSSH Cox HIALH
sk AR Cox M1 Z % Cox [F17
HR(95%CI) P HR(95%CI) Py
s % <50 1 1
50~59 0.73(0.51~1.06) 0. 096 0.69(0.48~0.99) 0. 049
60~ 69 0.84(0.59~1.19) 0.331 0.84(0.59~1.20) 0. 341
70~79 1.02(0.72~1.44) 0.930 1.01(0.71~1.44) 0.936
=80 1.74(1.23~2.47) 0. 002 1.49(1.05~2.12) 0. 027
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. KR Z Cox []IF ZHNE Cox 05
HR(95%CI) Pl HR(95%CI) Py
Tz ELIUN 1 1
SEUIDN 0.92(0.83~1.02) 0.108 0.90(0. 81~0.99) 0. 042
HoAth 0.76(0.64~0.91) 0. 002 0.74(0. 62~0. 88) <0. 001
WS IR L 1 1
PSS 1.18(1.07~1.30) <0. 001 1.23(1.11~1.36) <0. 001
HoAth 1.49(1.37~1.64) <0. 001 1.27(1.16~1.39) <0. 001
GS #4357/ 4% 10 1 1
6 0.58(0.33~1.04) 0. 068 0.67(0.37~1.20) 0. 174
7 0.26(0.20~0.34) <0. 001 0.30(0.23~0.39) <0. 001
8 0.36(0.30~0.43) <0. 001 0.39(0.32~0.47) <0. 001
9 0.56(0.48~0.65) <0. 001 0.59(0.51~0.69) <0. 001
KA 1.21(1.05~1.39) 0. 008 0.96(0.83~1.12) 0. 623
T 43 T1 1 1
T2 1.08(0.95~1.23) 0.236 0.98(0.86~1.11) 0.707
T3 0.89(0.75~1.05) 0.178 0.90(0.75~1.07) 0.225
T4 1.84(1.59~2.13) <0. 001 1.41(1.21~1.65) <0. 001
TX 2.05(1.83~2.31) <0. 001 1.16(1.01~1.33) 0. 030
N 434 NO 1 1
N1 1.07(0.98~1.16) 0. 134 0.99(0.91~1.08) 0. 790
NX 1.47(1.33~1.61) <0. 001 1.10(1.00~1.22) 0. 059
Wi%% 7 7 1 1
A 1.77(1.37~2.29) <0. 001 1.24(0.89~1.73) 0. 207
2 1. 80( 1. 30~2.49) <0. 001 1.49(1.08~2.07) 0.016
45 i 1 1
KA 1.88(1.41~2.51) <0. 001 1.24(0.83~1.85) 0.295
2 2.49(2.14~2.90) <0. 001 2.13(1.82~2.50) <0. 001
[ifi%% 7 i 1 1
KA 1.56(1.20~2.04) 0. 001 1.08(0.76~1.53) 0. 669
I 1.54(1.37~1.73) <0. 001 1.18(1.04~1.33) 0. 008
IOy SN S 1 1
RH0 1.58(1.23~2.04) <0. 001 1.14(0. 82~1.58) 0. 437
P 1.26(1.16~1.38) <0. 001 1.07(0.97~1.18) 0.184
1 Eig o 1 1
2 0.81(0.74~0.88) <0. 001 0.94(0.86~1.03) 0.173
7 & 1 1
2 0.82(0.74~0.91) <0. 001 0.92(0.83~1.03) 0. 157
FAI K & 1 1
SRRV 0.96(0.83~1.11) 0. 586 1.08(0.93~1.25) 0. 325
G IR 0.26(0.16~0.45) <0. 001 0.59(0.34~1.00) 0. 051
PSA/(ng/mL) <10 1 1
10~50 0.92(0.78~1.10) 0. 365 0.88(0.74~1.05) 0. 151
>50 1.55(1.33~1.80) <0. 001 1.14(0.97~1.33) 0.110
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