


Additional file 1. Age-stratified estimates and sensitivity analyses
The primary cohort contains one earliest eligible record per patient. Crossover intervals are conditional percentile intervals calculated only among bootstrap samples with an eligible finite crossover. Detection proportions must be read alongside those intervals. Stable estimates require a finite point estimate and at least 80% bootstrap detection.
Table S1. Age-stratified cumulative incidence estimates
	Stage
	Age
(years)
	n
	Cancer
deaths
	Other
deaths
	12 mo
Cancer
	12 mo
Other
	36 mo
Cancer
	36 mo
Other
	60 mo
Cancer
	60 mo
Other
	84 mo
Cancer
	84 mo
Other

	0a
	75–79
	6959
	576
	2286
	1.07%
	4.49%
	3.66%
	13.51%
	5.95%
	23.29%
	8.34%
	33.12%

	0a
	80–84
	5895
	652
	2663
	1.63%
	6.88%
	5.53%
	19.57%
	8.69%
	33.04%
	11.13%
	45.50%

	0a
	85–89
	3825
	595
	2180
	3.40%
	9.85%
	8.31%
	28.03%
	12.29%
	43.67%
	15.66%
	57.41%

	0a
	≥90
	1519
	296
	1017
	5.61%
	14.71%
	12.68%
	37.97%
	17.13%
	55.85%
	19.61%
	67.46%

	0is
	75–79
	699
	105
	207
	1.86%
	4.44%
	6.88%
	13.62%
	12.07%
	20.25%
	15.12%
	29.84%

	0is
	80–84
	632
	111
	270
	3.16%
	7.75%
	9.83%
	20.61%
	14.61%
	31.59%
	17.67%
	43.04%

	0is
	85–89
	389
	86
	212
	5.40%
	10.80%
	13.38%
	26.74%
	18.54%
	44.04%
	22.17%
	54.66%

	0is
	≥90
	156
	52
	83
	16.09%
	10.96%
	26.42%
	34.20%
	32.29%
	47.23%
	33.61%
	53.95%

	I
	75–79
	3270
	703
	1078
	5.24%
	6.65%
	13.88%
	15.29%
	18.67%
	24.87%
	21.66%
	33.27%

	I
	80–84
	3091
	818
	1288
	7.23%
	9.05%
	17.73%
	21.89%
	23.28%
	32.76%
	26.64%
	42.00%

	I
	85–89
	2229
	706
	1110
	11.33%
	11.78%
	22.41%
	27.72%
	28.83%
	39.84%
	31.83%
	50.12%

	I
	≥90
	1220
	496
	646
	19.70%
	14.37%
	34.51%
	33.38%
	38.89%
	45.93%
	40.82%
	53.32%

	II
	75–79
	1565
	703
	434
	22.01%
	9.66%
	38.42%
	17.61%
	42.53%
	23.08%
	45.07%
	27.90%

	II
	80–84
	1625
	885
	481
	31.47%
	12.38%
	47.45%
	20.15%
	52.71%
	25.66%
	54.57%
	29.70%

	II
	85–89
	1441
	854
	473
	36.81%
	13.36%
	53.91%
	23.20%
	57.70%
	29.10%
	59.55%
	33.07%

	II
	≥90
	814
	499
	301
	43.98%
	17.57%
	57.49%
	30.10%
	60.84%
	34.94%
	61.37%
	37.20%

	III
	75–79
	512
	276
	121
	26.57%
	9.77%
	45.96%
	16.04%
	51.84%
	19.37%
	54.02%
	23.74%

	III
	80–84
	488
	283
	126
	30.99%
	9.23%
	49.60%
	15.65%
	55.44%
	21.07%
	58.41%
	26.16%

	III
	85–89
	295
	176
	97
	43.73%
	14.92%
	55.99%
	24.48%
	59.42%
	27.90%
	59.76%
	33.04%

	III
	≥90
	126
	69
	55
	38.38%
	22.36%
	50.40%
	33.58%
	54.41%
	39.99%
	55.21%
	43.99%

	IV
	75–79
	846
	663
	122
	54.67%
	10.30%
	72.81%
	12.56%
	76.80%
	13.53%
	78.74%
	14.50%

	IV
	80–84
	698
	555
	105
	62.03%
	8.47%
	76.13%
	11.78%
	78.72%
	13.65%
	79.74%
	15.12%

	IV
	85–89
	399
	321
	63
	69.07%
	11.55%
	78.38%
	13.57%
	80.14%
	15.33%
	80.65%
	15.83%

	IV
	≥90
	159
	136
	22
	76.56%
	10.76%
	83.53%
	12.03%
	84.80%
	13.93%
	86.07%
	13.93%


Cancer and Other denote bladder-cancer and other-cause cumulative incidence, respectively. Death counts refer to the 84-month observation window. CIF, cumulative incidence function. Cumulative incidences account for the alternate death as a competing event.
Table S2. Sensitivity to smoothing bandwidth
	Bandwidth
(months)
	Stage
	n
	Point estimate
(months)
	Detection
proportion
	Conditional 95%
interval (months)
	Interpretation

	3
	0a
	18198
	Near diagnosis
	1.00
	0.5–0.5
	Stable

	3
	0is
	1876
	Near diagnosis
	1.00
	0.5–0.5
	Stable

	3
	I
	9810
	Near diagnosis
	1.00
	0.5–18.5
	Stable

	3
	II
	5445
	43.5
	1.00
	34.5–47.5
	Stable

	3
	III
	1421
	55.5
	1.00
	35.5–62.5
	Stable

	3
	IV
	2102
	76.5
	0.54
	43.5–77.5
	Unstable

	6
	0a
	18198
	Near diagnosis
	1.00
	0.5–0.5
	Stable

	6
	0is
	1876
	Near diagnosis
	1.00
	0.5–0.5
	Stable

	6
	I
	9810
	Near diagnosis
	1.00
	0.5–15.5
	Stable

	6
	II
	5445
	40.5
	1.00
	36.5–45.5
	Stable

	6
	III
	1421
	56.5
	1.00
	49.5–61.5
	Stable

	6
	IV
	2102
	77.5
	0.42
	50.5–77.5
	Unstable

	12
	0a
	18198
	Near diagnosis
	1.00
	0.5–0.5
	Stable

	12
	0is
	1876
	Near diagnosis
	1.00
	0.5–0.5
	Stable

	12
	I
	9810
	Near diagnosis
	1.00
	0.5–5.5
	Stable

	12
	II
	5445
	42.5
	1.00
	39.5–46.5
	Stable

	12
	III
	1421
	53.5
	1.00
	46.5–60.5
	Stable

	12
	IV
	2102
	Not identified
	0.33
	63.5–77.5
	Unstable


Each analysis used 200 patient-level bootstrap replicates. All six consecutive monthly points had to satisfy risk-set thresholds of at least 100 patients and 5% of the baseline stratum. Intervals exclude resamples without a finite crossover and do not include the probability of no crossover. Near diagnosis refers to the first evaluation point at 0.5 months.
Table S3. Record-level extreme-case assignments of unknown-cause deaths
	Scenario
	Stage
	Tumor records
	Crossover (months)

	Unknown assigned as cancer
	0a
	18363
	Near diagnosis

	Unknown assigned as cancer
	0is
	1898
	Near diagnosis

	Unknown assigned as cancer
	I
	10414
	Near diagnosis

	Unknown assigned as cancer
	II
	5691
	40.5

	Unknown assigned as cancer
	III
	1469
	56.5

	Unknown assigned as cancer
	IV
	2176
	76.5

	Unknown assigned as other
	0a
	18363
	Near diagnosis

	Unknown assigned as other
	0is
	1898
	Near diagnosis

	Unknown assigned as other
	I
	10414
	Near diagnosis

	Unknown assigned as other
	II
	5691
	40.5

	Unknown assigned as other
	III
	1469
	56.5

	Unknown assigned as other
	IV
	2176
	76.5


Two independent scenarios assigned unknown-cause deaths to bladder-cancer death or other-cause death. These earlier record-level analyses used origin-reflected smoothing and retained multiple eligible records per patient. They are supportive sensitivity checks, not direct replications of the patient-level estimator; finite late estimates here are not evidence of a stable stage IV crossover.
Table S4. Patient-level stage crossover estimates
	Stage
	n
	Point estimate
(months)
	Detection
proportion
	Conditional 95%
interval (months)
	Interpretation

	0a
	18198
	Near diagnosis
	1.00
	0.5–0.5
	Stable

	0is
	1876
	Near diagnosis
	1.00
	0.5–0.5
	Stable

	I
	9810
	Near diagnosis
	1.00
	0.5–15.5
	Stable

	II
	5445
	40.5
	1.00
	36.5–45.5
	Stable

	III
	1421
	56.5
	1.00
	48.5–62.5
	Stable

	IV
	2102
	77.5
	0.42
	46.9–77.5
	Unstable


Each analysis used 300 patient-level bootstrap replicates. All six consecutive monthly points had to satisfy risk-set thresholds of at least 100 patients and 5% of the baseline stratum. Intervals exclude resamples without a finite crossover and do not include the probability of no crossover. Near diagnosis refers to the first evaluation point at 0.5 months.
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