


Additional file 2. Dual-endpoint prediction model details
Development used 25912 patients diagnosed in 2010–2013; internal temporal validation used 12940 patients diagnosed in 2014–2015. Separate cause-specific Cox models used diagnosis-time stage, age group, sex, race, marital status, grade and diagnosis year. Treatment variables were excluded. Models used Breslow ties. Year was centered at 2010. Unknown categorical values were retained, with no imputation.
IPCW used marginal reverse-Kaplan–Meier censoring survival in the validation cohort. The implemented weights use censoring survival at the observed time. A diagnostic using the left limit for tied death times did not change the three-decimal AUC, Brier, calibration-intercept or calibration-slope values. AUC controls include competing deaths; patients censored before the horizon have unknown outcomes and are excluded from observed-outcome weighted summaries. The Brier score is normalized by the sum of weights.
Table S5. Cause-specific prediction-model coefficients
	Endpoint
	Model term
	Beta
	HR
	SE
	95% CI for HR

	Bladder-cancer death
	Year of diagnosis
	-0.0160
	0.984
	0.0107
	0.964–1.005

	Bladder-cancer death
	stage_0is
	0.5179
	1.679
	0.0695
	1.465–1.923

	Bladder-cancer death
	stage_I
	0.8698
	2.387
	0.0396
	2.208–2.579

	Bladder-cancer death
	stage_II
	1.9077
	6.737
	0.0410
	6.217–7.301

	Bladder-cancer death
	stage_III
	1.9940
	7.345
	0.0557
	6.586–8.192

	Bladder-cancer death
	stage_IV
	2.9241
	18.618
	0.0461
	17.010–20.378

	Bladder-cancer death
	age_group_80-84 years
	0.3148
	1.370
	0.0309
	1.289–1.456

	Bladder-cancer death
	age_group_85-89 years
	0.6288
	1.875
	0.0332
	1.757–2.002

	Bladder-cancer death
	age_group_90+ years
	1.0468
	2.849
	0.0407
	2.630–3.085

	Bladder-cancer death
	Sex_Male
	-0.0157
	0.984
	0.0287
	0.931–1.041

	Bladder-cancer death
	Race recode (W, B, AI, API)_Asian or Pacific Islander
	-0.0509
	0.950
	0.2161
	0.622–1.452

	Bladder-cancer death
	Race recode (W, B, AI, API)_Black
	0.3465
	1.414
	0.2146
	0.929–2.153

	Bladder-cancer death
	Race recode (W, B, AI, API)_Unknown
	-1.4690
	0.230
	0.6123
	0.069–0.764

	Bladder-cancer death
	Race recode (W, B, AI, API)_White
	0.0536
	1.055
	0.2089
	0.701–1.589

	Bladder-cancer death
	Marital status at diagnosis_Married (including common law)
	-0.2495
	0.779
	0.0545
	0.700–0.867

	Bladder-cancer death
	Marital status at diagnosis_Separated
	-0.0512
	0.950
	0.1928
	0.651–1.386

	Bladder-cancer death
	Marital status at diagnosis_Single (never married)
	0.0425
	1.043
	0.0672
	0.915–1.190

	Bladder-cancer death
	Marital status at diagnosis_Unknown
	-0.2160
	0.806
	0.0709
	0.701–0.926

	Bladder-cancer death
	Marital status at diagnosis_Unmarried or Domestic Partner
	-0.3381
	0.713
	0.3373
	0.368–1.381

	Bladder-cancer death
	Marital status at diagnosis_Widowed
	-0.0775
	0.925
	0.0565
	0.828–1.034

	Bladder-cancer death
	Grade Recode (thru 2017)_Poorly differentiated; Grade III
	0.4223
	1.525
	0.0517
	1.378–1.688

	Bladder-cancer death
	Grade Recode (thru 2017)_Undifferentiated; anaplastic; Grade IV
	0.3407
	1.406
	0.0493
	1.277–1.548

	Bladder-cancer death
	Grade Recode (thru 2017)_Unknown
	0.2988
	1.348
	0.0509
	1.220–1.490

	Bladder-cancer death
	Grade Recode (thru 2017)_Well differentiated; Grade I
	-0.1386
	0.871
	0.0749
	0.752–1.008

	Other-cause death
	Year of diagnosis
	-0.0245
	0.976
	0.0088
	0.959–0.993

	Other-cause death
	stage_0is
	0.0119
	1.012
	0.0456
	0.926–1.107

	Other-cause death
	stage_I
	0.1486
	1.160
	0.0267
	1.101–1.223

	Other-cause death
	stage_II
	0.3350
	1.398
	0.0369
	1.300–1.503

	Other-cause death
	stage_III
	0.3469
	1.415
	0.0638
	1.248–1.603

	Other-cause death
	stage_IV
	0.4109
	1.508
	0.0723
	1.309–1.738

	Other-cause death
	age_group_80-84 years
	0.3772
	1.458
	0.0255
	1.387–1.533

	Other-cause death
	age_group_85-89 years
	0.7926
	2.209
	0.0270
	2.095–2.329

	Other-cause death
	age_group_90+ years
	1.2070
	3.343
	0.0344
	3.126–3.576

	Other-cause death
	Sex_Male
	0.3393
	1.404
	0.0259
	1.335–1.477

	Other-cause death
	Race recode (W, B, AI, API)_Asian or Pacific Islander
	-0.2473
	0.781
	0.2151
	0.512–1.190

	Other-cause death
	Race recode (W, B, AI, API)_Black
	0.1459
	1.157
	0.2146
	0.760–1.762

	Other-cause death
	Race recode (W, B, AI, API)_Unknown
	-1.1749
	0.309
	0.3796
	0.147–0.650

	Other-cause death
	Race recode (W, B, AI, API)_White
	0.0521
	1.054
	0.2089
	0.700–1.587

	Other-cause death
	Marital status at diagnosis_Married (including common law)
	-0.2043
	0.815
	0.0472
	0.743–0.894

	Other-cause death
	Marital status at diagnosis_Separated
	-0.0687
	0.934
	0.1686
	0.671–1.299

	Other-cause death
	Marital status at diagnosis_Single (never married)
	0.0006
	1.001
	0.0594
	0.891–1.124

	Other-cause death
	Marital status at diagnosis_Unknown
	-0.1617
	0.851
	0.0571
	0.761–0.952

	Other-cause death
	Marital status at diagnosis_Unmarried or Domestic Partner
	-0.4205
	0.657
	0.3195
	0.351–1.228

	Other-cause death
	Marital status at diagnosis_Widowed
	0.0151
	1.015
	0.0494
	0.922–1.118

	Other-cause death
	Grade Recode (thru 2017)_Poorly differentiated; Grade III
	0.0694
	1.072
	0.0363
	0.998–1.151

	Other-cause death
	Grade Recode (thru 2017)_Undifferentiated; anaplastic; Grade IV
	0.0167
	1.017
	0.0335
	0.952–1.086

	Other-cause death
	Grade Recode (thru 2017)_Unknown
	0.0994
	1.105
	0.0303
	1.041–1.172

	Other-cause death
	Grade Recode (thru 2017)_Well differentiated; Grade I
	0.0569
	1.059
	0.0383
	0.982–1.141


HR, cause-specific hazard ratio; SE, standard error; CI, confidence interval. The alternate cause of death was censored at its occurrence when fitting each cause-specific Cox model. Reference categories are stage 0a, age 75–79 years and female sex; omitted categorical levels are the corresponding model-matrix reference categories. Full prediction requires both cause-specific baseline hazards and coefficients; this table alone is not a deployable clinical calculator.
Table S6. Bootstrap intervals for temporal-validation metrics
	Endpoint
	Horizon
(months)
	Metric
	Estimate
	Percentile 95% interval
	Replicates

	Bladder-cancer death
	12
	IPCW AUC
	0.8551
	0.8454–0.8664
	200

	Bladder-cancer death
	12
	IPCW Brier score
	0.0855
	0.0820–0.0891
	200

	Bladder-cancer death
	12
	Risk-scale intercept
	-0.0193
	-0.0250–-0.0135
	200

	Bladder-cancer death
	12
	Risk-scale slope
	1.2349
	1.1829–1.2877
	200

	Bladder-cancer death
	36
	IPCW AUC
	0.8224
	0.8131–0.8308
	200

	Bladder-cancer death
	36
	IPCW Brier score
	0.1240
	0.1208–0.1277
	200

	Bladder-cancer death
	36
	Risk-scale intercept
	-0.0095
	-0.0162–-0.0010
	200

	Bladder-cancer death
	36
	Risk-scale slope
	1.0686
	1.0311–1.1081
	200

	Bladder-cancer death
	60
	IPCW AUC
	0.7995
	0.7918–0.8083
	200

	Bladder-cancer death
	60
	IPCW Brier score
	0.1429
	0.1395–0.1464
	200

	Bladder-cancer death
	60
	Risk-scale intercept
	0.0016
	-0.0065–0.0093
	200

	Bladder-cancer death
	60
	Risk-scale slope
	1.0037
	0.9709–1.0346
	200

	Other-cause death
	12
	IPCW AUC
	0.6295
	0.6154–0.6458
	200

	Other-cause death
	12
	IPCW Brier score
	0.0765
	0.0737–0.0800
	200

	Other-cause death
	12
	Risk-scale intercept
	0.0074
	-0.0040–0.0177
	200

	Other-cause death
	12
	Risk-scale slope
	0.9188
	0.7800–1.0757
	200

	Other-cause death
	36
	IPCW AUC
	0.6324
	0.6210–0.6425
	200

	Other-cause death
	36
	IPCW Brier score
	0.1539
	0.1502–0.1576
	200

	Other-cause death
	36
	Risk-scale intercept
	-0.0008
	-0.0161–0.0169
	200

	Other-cause death
	36
	Risk-scale slope
	1.0168
	0.9249–1.1015
	200

	Other-cause death
	60
	IPCW AUC
	0.6437
	0.6330–0.6526
	200

	Other-cause death
	60
	IPCW Brier score
	0.1994
	0.1965–0.2027
	200

	Other-cause death
	60
	Risk-scale intercept
	-0.0128
	-0.0346–0.0115
	200

	Other-cause death
	60
	Risk-scale slope
	1.0663
	0.9827–1.1424
	200


Intervals used 200 validation-sample resamples. Censoring weights were recalculated but models were not refitted, so these are not optimism-corrected intervals. Calibration intercept and slope are descriptive weighted linear-regression summaries on the risk scale, not conventional logit-scale calibration parameters.
Table S7. Calibration-decile data in the temporal-validation cohort
	Endpoint
	Horizon
(months)
	Decile
	n
	Mean predicted risk
	IPCW observed risk

	Bladder-cancer death
	12
	1
	1294
	0.0195
	0.0132

	Bladder-cancer death
	12
	2
	1294
	0.0263
	0.0124

	Bladder-cancer death
	12
	3
	1294
	0.0328
	0.0248

	Bladder-cancer death
	12
	4
	1294
	0.0410
	0.0247

	Bladder-cancer death
	12
	5
	1294
	0.0551
	0.0388

	Bladder-cancer death
	12
	6
	1294
	0.0712
	0.0590

	Bladder-cancer death
	12
	7
	1294
	0.0971
	0.0797

	Bladder-cancer death
	12
	8
	1294
	0.1568
	0.1799

	Bladder-cancer death
	12
	9
	1294
	0.2473
	0.3328

	Bladder-cancer death
	12
	10
	1294
	0.4616
	0.5348

	Bladder-cancer death
	36
	1
	1294
	0.0415
	0.0303

	Bladder-cancer death
	36
	2
	1294
	0.0554
	0.0413

	Bladder-cancer death
	36
	3
	1294
	0.0680
	0.0629

	Bladder-cancer death
	36
	4
	1294
	0.0843
	0.0790

	Bladder-cancer death
	36
	5
	1294
	0.1107
	0.0918

	Bladder-cancer death
	36
	6
	1294
	0.1426
	0.1386

	Bladder-cancer death
	36
	7
	1294
	0.1900
	0.1987

	Bladder-cancer death
	36
	8
	1294
	0.2894
	0.3239

	Bladder-cancer death
	36
	9
	1294
	0.4340
	0.4836

	Bladder-cancer death
	36
	10
	1294
	0.6712
	0.6853

	Bladder-cancer death
	60
	1
	1294
	0.0562
	0.0476

	Bladder-cancer death
	60
	2
	1294
	0.0744
	0.0625

	Bladder-cancer death
	60
	3
	1294
	0.0898
	0.0918

	Bladder-cancer death
	60
	4
	1294
	0.1103
	0.1098

	Bladder-cancer death
	60
	5
	1294
	0.1424
	0.1421

	Bladder-cancer death
	60
	6
	1294
	0.1842
	0.1901

	Bladder-cancer death
	60
	7
	1294
	0.2406
	0.2587

	Bladder-cancer death
	60
	8
	1294
	0.3520
	0.3764

	Bladder-cancer death
	60
	9
	1294
	0.5137
	0.5234

	Bladder-cancer death
	60
	10
	1294
	0.7281
	0.7145

	Other-cause death
	12
	1
	1294
	0.0409
	0.0388

	Other-cause death
	12
	2
	1294
	0.0498
	0.0380

	Other-cause death
	12
	3
	1294
	0.0553
	0.0604

	Other-cause death
	12
	4
	1294
	0.0623
	0.0705

	Other-cause death
	12
	5
	1294
	0.0700
	0.0603

	Other-cause death
	12
	6
	1294
	0.0776
	0.0866

	Other-cause death
	12
	7
	1294
	0.0897
	0.1172

	Other-cause death
	12
	8
	1294
	0.1054
	0.1131

	Other-cause death
	12
	9
	1294
	0.1262
	0.1124

	Other-cause death
	12
	10
	1294
	0.1664
	0.1518

	Other-cause death
	36
	1
	1294
	0.1024
	0.0999

	Other-cause death
	36
	2
	1294
	0.1288
	0.1334

	Other-cause death
	36
	3
	1294
	0.1401
	0.1315

	Other-cause death
	36
	4
	1294
	0.1507
	0.1562

	Other-cause death
	36
	5
	1294
	0.1715
	0.1669

	Other-cause death
	36
	6
	1294
	0.1891
	0.1765

	Other-cause death
	36
	7
	1294
	0.2083
	0.2385

	Other-cause death
	36
	8
	1294
	0.2442
	0.2679

	Other-cause death
	36
	9
	1294
	0.2795
	0.2684

	Other-cause death
	36
	10
	1294
	0.3530
	0.3538

	Other-cause death
	60
	1
	1294
	0.1478
	0.1429

	Other-cause death
	60
	2
	1294
	0.2056
	0.2004

	Other-cause death
	60
	3
	1294
	0.2245
	0.2160

	Other-cause death
	60
	4
	1294
	0.2381
	0.2340

	Other-cause death
	60
	5
	1294
	0.2642
	0.2701

	Other-cause death
	60
	6
	1294
	0.2934
	0.3068

	Other-cause death
	60
	7
	1294
	0.3143
	0.3238

	Other-cause death
	60
	8
	1294
	0.3524
	0.4118

	Other-cause death
	60
	9
	1294
	0.4106
	0.4066

	Other-cause death
	60
	10
	1294
	0.5004
	0.5068


Deciles were defined separately for each endpoint and horizon. The n column gives the full decile size. Mean predicted risk uses the full decile; observed risk is the weighted proportion of target deaths among patients with known outcome at the horizon. Patients censored before that horizon are excluded from this observed-risk denominator; competing deaths remain known non-target outcomes. Values correspond to Figure 6.
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