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Prediction of prognosis for lung metastases in bladder cancer using

multiple machine learning models
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Abstract

Objective: To explore the prognostic factors for bladder cancer with lung metastasis (BCLM)
and develop a machine learning-based survival prediction model to provide personalized management
recommendations for clinical practice. Methods: A total of 2 190 BCLLM patients from the SEER data-
base (2010 - 2021) were selected for this study. Univariate and multivariate Cox regression analyses
and competing risk Cox regression were used to identify factors affecting overall survival (OS) and can-
cer-specific survival (BCSS). Five key variables were selected through Lasso regression and logistic
regression. Nine machine learning models were constructed, and their parameters were optimized to
improve prediction performance. Results: Among the nine models, the Random Forest (RF) model
performed the best, with AUC values of 0. 938 0 for 6-month, 0.925 8 for 1-year, and 0. 877 7 for
3-year survival predictions. The overall AUC of the RF model was 0. 814 4, which was higher than
XGBoost (0.807 1), Multilayer Perceptron (0.806 3), CatBoost (0.804 1), and Decision Tree
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(0. 796 8). Multiple metastasis sites, higher N-stage (N2, N3), squamous cell carcinoma (SCC) his-

tology, and non-surgical treatment were identified as poor prognostic factors. Patients with unspeci-
fied tumor grade had a significantly increased mortality risk (HR=1.511, 95%CI: 1.343-1. 700,
P<C0.001). Conclusion: The Random Forest model developed based on BCLM patient data provides

a powerful tool for predicting survival and supporting personalized management.
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Ji¥% B g8 (bladder cancer, BC ) J& 55 PR 56 U K& I
JRAE , 4% BRAEE AR BTS2 W B 2 573 000 9], FE T A %L
k21 U3, W #2024 4K KR . 4
10%~15% Wy s bk B w2 i il B B i
UL Ry 5 R AL O s i IR B R v s e e R
A A AR, R ) 2 il e A BB 3 Y 5 AR AR A AU
5%, M HE SEER B4 1 43 b7, I e 98 Il i B
(bladder cancer with lung metastasis, BCLM) {3 1%
R AAF N T A9 A L P ALEAA IO 3 H
H HATIRIT A B, 3 24 v e o5 I3 42 i) R IR
SR E

SRM , 56T BCLM S35 25 A7 T A i) 455 784 4
Ao B IR S ALY (40 nomograms) BUAR A N
P AEHORS 80 B2 5 A B, 2303 AR 45 4E (ROC)
2 T m A (AUC) 50— M 48 0 (C-index) 29
0.7 P, JF & SRS i i B A B AR e o B Bl
# Bl #% 2 >J (machine learning, ML) 4% R 7£ lIfi F& Jif
g 2 i Tz N L ML AN BE HS Bl 12 WHss O | 8 Be
U 9 2 R O R AR IR T SR AL SRR L AR
FEoR FH 9 R AL &5 2 ) 551 #  BCLM 19 5 35 3000 A%
AL e 2 B L AR MR BA72: (Random Forest, RF) 3
B dE ok SEER $088 & 4 7, AR BIESE U T
20 BCLM 835 il J5 1 G R 3R, O R LA IS 1
Bl AL AR ARG T T AR 64 A VLA 3 AR AR A
HESR . B M T IE IR N T8 e B A () & e DL I
TEPE T A8 IR T RS SR A T ) SCHR

1 BRE5HE

1.1 HEHRIBKE A5 =R R
SEER %t & ¢ (www. seer. cancer. gov) H1 A BCLM
BEAG B P 2010—2021 4E 19 3 09541 . SEER
B P vh 26 [ 25 5 [ S 8 AE B 5T BT AR L R A R
14 18 A J T A 1 Y 98 e B 10 AILAE) 1% 9o hE A
0ok T RAE I R R B N B Gt e TR,
LG AL VAR W O R B A R L)
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WA AR S SEAE B o A5 R SEER*Stat 4K
(LA + 8.4.3) , #£ “Incidence. SEER Research
Plus Data, 17 Registries, Nov 2023 Sub (2000—
2021) " kb, 38 F 45 i) “Site code ICD-0-3/WHO
20087 I K J55 e " VE S S g BB AL, B 2 AR BIF 5 Y
A ONBIF B R A OCAE B S AR R M A
T i gRg etk R AL (R 4 B S C67.0-C67.9) iR
RN G B4y G CTNM 43 8 (36 26 g e B G &
U TR TSR RS | DU B 450 1 AT R
HCIT B S8 W A AR . A AR (1) P AL T
5% e (4B C67. 0-C67.9) , 445 4 1 b ik 988 %< 95 43 2%
2 3 (ICD-0-3);(2) 2 Wi A BCLM i i . HEBR
B v < (1) [6) B A8 A 7 Bl A T i 19 R85
(2) TNM 73 3] A B A sl oA 009 9 81 5 A BIF 58 4 5
(bR /R E 35 5 ) IR, B SEER 2 A JF 80 2, 44
AAWIFFE 8 B0 s AR B AR 2 BT i B 44 1
PR, A T A T ZEARAT AL A P 2= D1 2 AL vl
1.2 %it¥AE RARL O 2B, i
H R & : survival , cmprsk | glmnet , stats , randomFor-
est, xgboost, nnet, catboost, rpart, ghm, adabag.
el071 .class . pROC ,care 5 . 7 5 LA & 19 £ 7 4R
SCERFBSIET) W& IR ARG Bl
J& 38 i BAR R 22 A8 i Cox [l A J 2278 4 5 G L
o A5 A B 2 HR B A S8 TR SRR AR A O
JRBERAY I3 N oMU CH RS RS RS b
P PR S F AR, dE— 0, H LASSO [1]
U 132 4 [ U — 2D 0 3 S OC B AR e (i B2 A |
IR RS AT VTR JF M X S AR A A
Bl o BB R0 AR

R AR A, A A R % 72 3 L BB L
YIGREEFIIALE . He R O L AR5 > Bk (RF
XGB MLP.CB.DT.GBDT .AB NB ,KNN)#4 £ i
JE AR S AUC AL S AR Mg . e il
H Shapley Additive Explanations( SHAP ) % i AL 4% /0>
A A BB T ) SR A O AR R E L D
P<<0.05 A2 A Gt E Lo
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2.1 HAMRWEBEFLE 2 1904 BCLM £
AR BN AN . Hoh A7 % 215 1), JE T2 i
1975, AR A AE I ] R 3. 00(1. 00,9. 00) 4~
H A7 B W AR A7 I R 2 8.00(2. 00, 21. 00) 4>

A LT B # 3 3.00(1.00,8.00) ™ H .

GAEE:

AR MA@ (I~ g) R E
(41.01%) . BH BB E LT RE & (30.03%) .
TEVRYT IT T, AR 4L rh 63, 72% (R Z 832 T 1byT
([T A N B S (A Nl - A =1
(61.77%) . FARIGIT D, RZEEHE R IELT %2

b5 e DD B R (62.83%0) o YT BT U AR, 2
FZ T B AE L 10.23% (W 1),

JE(TCC) Fe M W (74.57%) , HiZZE R B 0y /E
#1 SEER#IEPFIH BCHiEBBCLM)EENELEE (451 ( 26) s M(Pys, Pys)]
AR BAR (=2 190) 1715 (n=215) BT (n=1 975) P
A1/ H 3.00(1.00, 9.00) 8.00(2.00, 21.00) 3.00 (1.00, 8.00) <0.001
iR =>80% 492 (22.46) 7(17.21) 455 (23.04) 0.142
65~80 % 962 (43.93) 103 (47.91) 859 (43.49)
<65% 736 (33.61) 5(34.88) 661 (33.47)
51 g 698 (31.87) 79(36.74) 619 (31.34) 0.124
o 1492 (68.13) 136(63.26) 1 356 (68.66)
(A RN 219 (10.00) 16 (7.44) 203 (10.28) 0.006
Hfls 140 (6.39) 4(11.16) 116 (5.87)
EELPN 1831(83.61) 175 (81.40) 1656 (83.85)
L 2 i3 0(3.20) 2(5.58) 8 (2.94) 0.033
IR 20 i 88 (SCC) 7(3. 4(1.86) 3(4.20)
BAT AL (TCC) 1633 (74. 167 (77.67) 1466 (74.23)
HoAth 400 (18.26) 2(14.88) 368(18.63)
T AR AR C i 1006 (45.94) 117 (54.42) 889 (45.01) 0.016
T/ B 0/ HA 1 184(54.06) 98 (45.58) 1086 (54.99)
FHEWCA T 5L <54 999 %70 267 (12.19) 20 (9.30) 247 (12.51) 0.075
55 000~74 999 3 7T 719 (32.83) 65 (30.23) 654 (33.11)
75 000~94 999 3 7T 671 (30.64) 82 (38.14) 589 (29.82)
=95 000 2 JT 533 (24.34) 48 (22.33) 485 (24.56)
934 s T 9% 3(0.59) 1(0.47) 12 (0.61) <<0.001
e 11 4% 7(2.60) 3(1.40) 54 (2.73)
22534k 1T 4% 261 (11.92) 7(3.26) 254 (12.86)
Ao IV 2 637 (29.09) 20 (9.30) 617 (31.24)
A 1222 (55.80) 184 (85.58) 1038 (52.56)
T 5349 TO 32 (1.46) 3(1.40) 9(1.47) 0.158
T1 311 (14.20) 35(16.28) 276 (13.97)
T2 766 (34.98) 86 (40.00) 680 (34.43)
T3 139 (6.35) 13 (6.05) 126 (6.38)
T4 358 (16.35) 22 (10.23) 336 (17.01)
TX 584 (26.67) 56 (26.05) 528(26.73)
N 344 NO 1114 (50.87) 116 (53.95) 998 (50.53) 0.762
N1 213(9.7 22 (10.23) 191(9.67)
N2 321 (14.66) 27 (12.56) 294 (14.89)
N3 131 (5. 14 (6.51) 117 (5.92)
NX 411(18.77) 36 (16.74) 375 (18.99)
TR To/ AR H 1549 (70.73) 167 (77.67) 1382(69.97) 0.023
el 1(29.27) 48 (22.33) 593 (30.03)
i e 7% Te/ R H 2099 (95.84) 208 (96.74) 1891 (95.75) 0.606
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ARt SR (=2 190) 1E1% (n=215) SET=(n=1 975) P

el 91 (4.16) 7(3.26) 84 (4.25)

e #% o/ AR A 1609 (73.47) 178 (82.79) 1431(72.46) 0.001
A 581 (26.53) 7(17.21) 544 (27.54)

(% TJo/ R H 1298 (59.27) 8 (36.28) 1220 (61.77) <<0.001
el 892 (40.73) 137 (63.72) 755 (38.23)

Ji¢is T/ KA 1925 (87.90) 193 (89.77) 1732(87.70) 0.439
A 265 (12.10) 2(10.23) 243 (12.30)

WL TR T/ AR 2187 (99.86) 215 (100.00) 1972 (99.85) >0.999
A 3(0.14) 0(0.00) 3(0.15)

JE A PR AR FREIA VB I DI B A 76 (3.47) 9 (4.19) 7(3. <<0.001
Je/ A 738 (33.70) 44(20.47) 694 (35.14)
AR AR AP I DE U B AR 1376 (62.83) 162 (75.35) 1214 (61.47)

2.2 FMWMBCLM B2EFEMIBREER AR
TR B FR Cox |43 87, DA 5B & 35 52
BCLM H##& SR A A7 19 (OS) (14 1 PR AN A5 B R AE .
B, FATTHE — 25k B PR 2R 3 b b B ) 7 R AT
Z N & Cox 181 9 53 BT, 5e 2 0 & 4 LA 2t <7 300 A
R BHER TR W LT SR N4y
W ORE FAR AL Bk g TR . o Bk AR
Y A O (AL A SE N R AT R A
) N R P K (HR=0.771, 95%CI: 0. 611~
0.972,P=0.028) ., U4k, %R 248 fl 88 (SCC) 2 21
% 2% M (HR=1.761, 95%CI: 1.247~2.486,
P<C0.001) . N 4+ #] " 1y N2 #] (HR=1.168,
95%CI: 1.021~1. 338, P=0.024) #l N3 #] (HR=
1.238,95%CI: 1.018~1. 506, P=0.033) , T A& Jr
A I/ R H T (HR=1.906, 95%CI: 1. 459~
2.491,P<C0.001) , “dE ARG ME DI B R " (HR=
1.396,95%CI: 1.075~1.812, P=0.010) , iF # %
(HR=1.492,95%CI: 1. 343~1.656) , P<<0.001) ,
Wi % % (HR=1.379, 95%CI: 1.099~1.730) ,
P<C0.001) Ry 57 A& 6 K 28 ¥ S Al sr fE s R &R . it
Ab T R 2 5w A AR | A a0 A, FRATT R B B
B ALIT I 4 G LA B N 4y 3 O 52 ) BCLME&%‘
i 6 4 S AR AF I BCSS By g sr I & (WL £ 2)
SR B 5 22 [ #E Cox 01154 \ﬁ?tlﬁﬂmosaﬁ@{iﬁ
FE—B0. AN, IR 43 G AE S 4 RS A5 AU vt 35 B
I P (HR=0. 938, 95% CI: 0. 887~0. 991, P=
0.023),

2.3 BCLMBIEHMBEIRBMERE AR
Wk Ay AT, RBH — R A B E R BCLM B # OS
M BCSS WRHIEAS i, A48 B 7 85 IFEA% %45
fRI7 LGN R Ay G N R R TR O

KDL B FARIBIT (W 2) . R T HT Ty
T J S A e A P L e R L e R P R I o
PE,ABFSE I AT LASSO [ 5 F132 48 W5 #47 £
J2 U I R AE B 3 fIASS()IEIE/%ﬁEP PEFET
Lambda {H & —5. 379, i o i & 5 9 4> H A % 5%
Wi 73 B R AE A8 B (B 1) o B, ik 3K S AR AE , iE 17
T8 0 0E A A, DAV AR X S AR i 5 R b e AR A
OS IR FR . HATRBEH T 545 185 e g il % % 18
G VUG MO RRAE LR R R A B
R YT KT AR J7 A b EE LA 2 S TS A
T A

2.4 ZSWHB[EIFEAHUBSHIE @ CH
A AT A 2T 4G BE AL AR AR (RF) L XGBoost
(XGB) . Z 2B & (MLP) . CatBoost (CB) | Jt 5
B (DT) |\ # B #2 F+ 2 56 B (GBDT) . AdaBoost
(AB) FNZE DL 37 (NB) A K f 31 458 (KNN) JUF L
R B ROC 4 WL IR 2. T A8 5 3 B0 5
73 g 43 R N 2 2 R AR 4 R 1T G 4 A R
A0 TP AG B ALY Z AR BE 1 o BT AT B AL R
FH 10 47 38 SCBIE AR 755 VP B AT SE 4% R 1Y
T M e o AUC AL o 255 oK, RF 58 3% 91
Ak, AUC #0.814 4, H [ 3K # 1.0, F1-Score
0.9522(%3).

2.5 BEHLGZMERNMESHIE MR
MR 1 M RE , FR AT 38 S A% 48 R (Grid Search)
SE TR BL AR MR R AR S (R R AR L, AR X
OSID A] W) . Fe %, FATE T Ui ik J5 19 RF B R4y
# WM R S, I 5] A SMOTE (Synthetic Minority
Oversampling Technique ) R+ A, LA 6 1~ H
TARF 3 4F A [A] 2B A7 390 09 s, T 30 BCLM A&
HAE 6 H LAEF 3AE NI OS, I 2 il Il 25 45 A



630 RPN = Q= )] 4T E

RER ROC M2k, 3158 AUCE LA TEAK 300 2 fE (&
3): 64 A AR (M4 . AUC=0. 938; I 4 .
AUC=0.932) ; 1 E A (X 45 . AUC=

0.926; 445 . AUC=0. 924) ; 3 4F H= 17 0 (3t
. AUC=0.878; %4 . AUC=0.905) .

x2 ETHAREBESTEHENERESEMERBCLMMNEREMNEREEZ CoxBRANTRSEEREZSHST

.- AR 2 Cox /My Z N & Cox 43 #r Z R & 3a 4Pk Cox it
HR (95%CI) P HR (95%CI) P HR (95%CI) P
AR 0.986 (0.936~1.037) 0.580
>80 %
65~80 % 0.770(0.687~0.863) <0.001  0.990(0.879~1.115) 0.869
<65% 0.635(0.564~0.717) <<0.001  0.960(0.841~1.095) 0.542
HHH 1.216 (1.094~1.351)  <<0.001
T/ A
H 1.329(1.207~1.464) <0.001  1.269(1.147~1.403)  <<0.001
i 4% %
Jo/ K H
el 1.540(1.237~1.917) <0.001  1.379(1.099~1.73) <£0.001
1J7 0.478 (0.437~0.523)  <C0.001
Jo/ A A
el 0.365(0.333~0.401) <0.001  0.379(0.342~0.419)  <<0.001
P51
E-g 3
B 0.933(0.848~1.026) 0.154
Wi 0.938 (0.887~0.991) 0.023
ol T2 1.035(0.554~1.935) 0.915
thardb s 11 9
22034k 4 1.156(0.862~1.550) 0.334
Aol IV 2% 0.982(0.744~1.297) 0.900
A A 1.205(0.917~1.585) 0.181
L2 HY 0.991 (0.935~1.050) 0.760
it 8
HoAb 1.681(1.274~2.217) <0.001  1.278(0.958~1.704) 0.095
fafe bR 20 9 (SCC) 1.896(1.354~2.654) <0.001  1.761(1.247~2.486) <<0.001
AT AL (TCC) 1.235(0.950~1.606) 0.115  1.154(0.880~1.515) 0.300
iR
El
el 1.691(1.531~1.868) <0.001  1.492(1.343~1.656)  <<0.001
S IR 750 0.983 (0.914~1.057) 0.640
o i 0.747(0.645~0.865) <0.001  0.882(0.759~1.025) 0.102
el / B U5/ H Al 0.951(0.821~1.102) 0.507  0.965(0.831~1.121) 0.639
e 1 UNGEIE
<54 999 3£ 7T 1.016 (0.971~1.063) 0.490
55 000~74 999 % 7t 0.975(0.842~1.129) 0.733
75 000~94 999 27T 0.925(0.797~1.073) 0.305
=95 000 &I 0.999(0.857~1.164) 0.988
N/ 1.050 (1.017~1.083)  <<0.001
NO
N1 1.045(0.895~1.221) 0.574  1.097(0.936~1.286) 0.251
N2 1.037(0.910~1.181) 0.585  1.168(1.021~1.338) 0.024
N3 1.044(0.862~1.265) 0.658  1.238(1.018~1.506) 0.033
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5 B Cox i #r Z N & Cox /¥ ZNFE L4 Cox 4317
HR (95%CI) P HR (95% CI) P HR (95%CI) P
NX 1.195(1.061~1.346) <<0.001  1.011(0.885~1.155) 0.869
e 1.047 (0.971~1.129) 0.230
YL DN
HAlh 0.730(0.581~0.917) <<0.001  0.771(0.611~0.972) 0.028
SECN 0.937(0.810~1.085) 0.385  0.945(0.813~1.098) 0.457
1 Cid
P el
1 0.799(0.699~0.914) <0.001  0.917(0.795~1.057) 0.231
FARITA 0.953 (0.878~1.035) 0.250
HRIA T 195 e BT Bk AR
T/ A 2.545(1.979~3.273) <0.001  1.906(1.459~2.491)  <<0.001
AR AR AR IS e O B A 1.403(1.097~1.795) <0.001  1.396(1.075~1.812) 0.010
LS TR 0.161(0.017~1.497) 0.110
To/ K H
el 3.227(1.039~10.02) 0.040  4.265(1.349~13.483) 0.010
T 4314 1.020 (0.983~1.060) 0.290
TO
T1 0.800(0.546~1.173) 0.254  1.109(0.741~1.660) 0.616
T2 0.684(0.471~0.991) 0.040  1.074(0.723~1.597) 0.724
T3 0.644(0.430~0.965) 0.030  1.044(0.686~1.589) 0.840
T4 0.857(0.586~1.253) 0.426  1.234(0.831~1.832) 0.298
TX 1.041(0.717~1.514) 0.831  1.095(0.744~1.610) 0.646
Lasso|"]J-{Lambda 5 CVM ] Lassol"]J-/Lambda 5 & 5%
9 99 7 7 4 22 1 0 9 9 9 7 7 4 22 1 0
42t _ tor —
\ —
| 05p — 7
41F [ . — i
= : : § — 5 T
O : 2 = 0F 2
40k R é mas —
,.L .L HERETTTTTY Rl — Fhik
9T ‘ \ H 4 —FAHR
—% ) — 5 5 -Los— ” - = - —MEgTFA
log lambda A log lambda B

A.Lasso [AlJH 9 lambda 53¢ LB IE % 22 (CVM) 1 56 R &l ; B.Lasso [ 5 7 AR [6] lambda 4548 8 R A AR & .
1 LASSO HAF ST =

2.6 BENHZHRERESTEENITS L SHAP B
2R AT SHAP B & 5 1k P Al 4 5 AE X
BCLM g # il 5 #9240, 45 5% BoR 75 6 41 H
{14 0 109 25 A7 00 b e R 43 2R fe LR e o i B

E

IS4
w

R HUOEATT o X T VAR 3 AR A A7 F0 bR o3
PAMRIRZ EFINER HREZ 0 N R A BT 24 . 4R
A AT R B BRSO 2 B AR T 3 AR AR AT T
AT IS R B D 2 (1B 4)

IS4
W
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1.00 =
— oG —— AdaBoost TEST: (AUC = 0.786)
P / o —— CatBoost TEST: (AUC = 0.804)
0.75 ’
/ 4 Desicion TreeTEST: (4UC = 0.797)
2 Lr/ il —— GBDT TEST: (AUC= 0.788)
i RF TEST: (tl;kr‘éshold =0.877)
g 050 //| KNNC TEST: (threshold= 0.7) KNNC TEST: (4UC = 0.742)
2 NB7 TEST: (threshold = 0.459)
) AdaBeost TEST: (threshold= 0.551) — MLP TEST: (AUC = 0.806)
7 GBDT TEST: (threshold = 0.888)
DesicionTree TEST: (threshold = 0.895) NB TEST: (AUC = 0.753)
0.25 }/ + CatBoost TEST: (threshold = 0.885)
1/ .7 XGB TEST: (threshold = 0.883) S . C
(’ i MLP TEST: (threshold = 0.89) K TEST: LUCSTRLD
)/// ’ XGB TEST: (AUC = 0.807)
o/
71 | | | |
0

0.25 0.50 0.75
1-Specificity

1.00

2 9FMHLRFEIEEI ROC M &
W AUC. Z R TAERHE 4 T AL MLP. 2 2828 s XGB. Ml i B 5 $2 71 5 CatBoost. 2842 It ; Decision Tree. B3R # ; GBDT.
o B HR TF UL S M 5 AdaBoost. [ & I 2 T s NB. AN D13 s KNNCT.K 4873 25 8% s RE . BEHL AR K

R3 NFF2IEEEUIMTNEREN KB HE EHRA

FE RIS R # I 5 Fl-Score  EEHiAH 2 R AL AUC LR RS Sk IErES
MLP 0.899 5 0.908 7 0.986 6 0.946 9 0.046 9 0.806 3 0.910 4 0.033 3 0.013 4
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