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Abstract.
BACKGROUND: There is insufficient data to recommend screening for bladder cancer (BC). For future BC screening
trials, it is important to understand how and if tumor (T) stage can act as a surrogate outcome marker for overall (OS) and
cancer-specific (CSS) survival.
OBJECTIVE: To characterize OS and CSS between primary tumor (T) stages in non-metastatic bladder cancer (BC) patients.
METHODS: Non-metastatic BC patients were identified in the National Cancer Database (NCDB; 2004-2015) (n = 343,163)
and National Cancer Institute Surveillance, Epidemiology, and End Results database (SEER) (n = 130,751). Cox multivariable
regression compared relationships between T stage (LGTa, HGTa, Tis, LGT1, HGT1, T2-T4) and OS or CSS for all patients
and sub-cohorts.
RESULTS: Compared to stage LGTa as a reference, overall (SEER; NCDB) and cancer-specific (SEER) survival significantly
declined with increasing T stage. Using SEER, OS ranged from HGTa (HR 1.16, CI 1.13–1.21, p < 0.001) to T4 (HR 5.70,
CI 5.41–6.00, p < 0.001) with a steep inflection between HGT1 (HR 1.68, CI 1.63–1.73, p < 0.001) and T2 (HR 3.39, CI
3.30–3.49, p < 0.001), which was verified with NCDB. The association of stage and CSS was even more pronounced: HG
Ta (84% 10 year-CSS, HR 1.94, CI 1.81–2.08, p < 0.001), Tis (82% 10 year-CSS, HR 2.28, CI 2.09–2.47, p < 0.001), LGT1
(84% 10 year-CSS, HR 2.30, CI 2.11–2.51, p < 0.001), HGT1 (72% 10 year-CSS, HR 4.24, CI 4.01–4.47, p < 0.001), T2
(48% 10 year-CSS, HR 12.18, CI 11.57–12.82, p < 0.001), T3 (45% 10 year-CSS, HR 14.60, CI 13.63–15.64, p < 0.001), and
T4 (29% 10 year-CSS, HR 22.76, CI 21.19–24.44, p < 0.001).
CONCLUSIONS: Earlier T stage at diagnosis was associated with better OS largely due to differences in CSS. A clinically
significant difference between Stage I and Stage II was verified herein in multiple cohorts. Therefore, earlier stage at diagnosis,
specifically preventing muscle invasive BC, could potentially improve survival.
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INTRODUCTION

Bladder cancer (BC) is the sixth most common can-
cer in the United States (US) and ninth most common
cancer worldwide. In 2020, it is estimated that 81,400
new cases and 17,980 deaths will occur from BC in
the US alone [1]. While the vast majority of patients
will present with non-muscle invasive disease, 25%
will have locally advanced (muscle invasive) and
10–15% will have metastatic disease at the time of
diagnosis [2, 3]. Depending on stage at diagnosis,
prognosis, management, morbidity and mortality for
BC vary greatly even among patients with locali-
zed disease based on data from large randomized
controlled trials [4–10]. Earlier stage diagnosis (e.g.
non-muscle invasive) is associated with more treat-
ment options, which are less morbid and usually allow
bladder preservation. Patients who present with mus-
cle invasive or metastatic disease have few options
and a much shorter cancer-specific survival (CSS)
[10–12].

The goal of cancer screening is to identify a cancer
at an earlier stage. Screening for BC is not currently
recommended even in the presence of risk factors
(e.g. long-term smoking history or family history)
although there is literature to suggest screening may
improve survival [13]. To date, survival differences
based on T stage in a contemporary cohort of patients
with non-metastatic BC is unknown and could have
implications in determining the potential benefit of
BC screening. Our aim was to characterize overall
(OS) and cancer-specific (CSS) survival differences
between T stages in non-metastatic BC patients using
two large cancer registries in the US.

METHODS

Datasets and patient selection

Data for patients with localized urothelial carci-
noma of the bladder only (International Classification
of Diseases for Oncology codes 8120–8139; M0/x
and N0/x) and follow-up data were queried from the
National Cancer Institute (NCI) Surveillance, Epi-
demiology, and End Results database (SEER; 2004–
2015, n = 131,614) and the National Cancer Database
(NCDB; 2004-2015, n = 379,175). SEER is a popul-
ation-based, cancer registry which collects cancer
incidence and epidemiologic data annually as a col-
laboration between the NCI, the US Center for Dis-
ease Control and Prevention, and regional and state
cancer registries [14]. Data are collected from 18 US

states that are deemed to represent all regions of the
country [14]. We excluded patients in SEER with
missing data on age, sex, race, and T-stage (n = 863,
0.7%).

The NCDB is a hospital-based cancer registry
including over 1,500 US healthcare centers accred-
ited by the American College of Surgeons’ Commi-
ssion on Cancer (CoC) and the American Cancer
Society [15]. In the NCDB, we excluded 36,012
patients (9%) with missing data on T-stage. While
both SEER and NCDB provide data on cystectomy,
only NCDB provides data on treatment including
systemic chemotherapy and radiation. For chemo-
therapy, specifically, there was no data on type,
method, or mode of administration. Our study was
considered Institutional Review Board exempt as we
utilized only publicly available, deidentified data.

Covariates

Covariates included sex, race/ethnicity, Charlson/
Deyo comorbidity index (CCI) (NCDB only), region
of the US, and T-stage at the time of diagnostic
transurethral resection of bladder tumor (TURBT).
Sex was dichotomized as male or female. Race/eth-
nicity was patient-defined and coded as white, black/
African American, Hispanic, or unknown/other. The
CCI was defined by NCDB as 0, 1, 2,≥3 with
0 being no associated comorbidities [16]. NCBD
and SEER regions included Northeast, Midwest,
South/Southeast, and West. T stage was our main
exposure of interest and was defined by the Amer-
ican Joint Committee on Cancer (AJCC) at the time
diagnosis (Ta, Tis, T1-T4) [17]. We further separated
Ta and T1 stages into low and high grade (LGTa,
HGTa, LGT1, HGT1).

Outcomes measured and statistics

Our primary outcome was OS (SEER and NCDB)
and secondary outcomes were CSS (SEER only) and
non-CSS (SEER only). Kaplan-Meier, log-rank, and
multivariable Cox regression analyses were used to
compare OS, CSS, and non-CSS by T-stage. Stata
13.0 (College Station, TX) was used for all analyses.
p < 0.05 was considered significant in two-tailed tests.

RESULTS

Cohort characteristics SEER

SEER data for patients with non-metastatic bladder
cancer were queried from 2004–2015 (n = 130,751).
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Table 1
Cohort characteristics. SEER and NCDB cohorts of non-metastatic BC patients from 2004–2015

SEER NCDB

Total patients 130,751 (100.0) 343,163 (100.0)

Year of diagnosis
2004 10,639 (8.1) 20,610 (6.0)
2005 10,469 (8.0) 20,204 (5.9)
2006 10,421 (8.0) 19,434 (5.7)
2007 10,721 (8.2) 21,578 (6.3)
2008 10,852 (8.3) 28,363 (8.3)
2009 10,692 (8.2) 31,832 (9.3)
2010 11,142 (8.5) 30,875 (9.0)
2011 10,840 (8.3) 31,802 (9.3)
2012 11,231 (8.6) 32,778 (9.6)
2013 11,007 (8.4) 34,487 (10.1)
2014 11,365 (8.7) 35,357 (10.3)
2015 11,372 (8.7) 35,843 (10.4)
Age, year

Median (IQR) 72 (64–80) 71 (62–79)
Sex

Male 100,081 (76.5) 259,817 (75.7)
Female 30,670 (23.5) 83,346 (24.3)

Race/Ethnicity
White 109,135 (83.5) 290,842 (84.8)
Black 6,488 (5.0) 15,270 (4.5)
Hispanic 7,756 (5.9) 8,160 (2.4)
Unknown/other 7,372 (5.6) 28,891 (8.4)

Region
Northeast 25,890 (19.8) 89,542 (26.3)
South/Southeast 13,825 (10.6) 90,035 (26.5)
Midwest 27,686 (21.2) 94,514 (27.8)
West 63,350 (48.5) 66,048 (19.4)

Charlson
Comorbidity
Index (CCI)

0 - 243,019 (70.8)
1 - 71,669 (20.9)
2 - 21,070 (6.1)
≥3 - 7,405 (2.2)

T stage
at diagnostic
TURBT

LGTa 42,445 (37.8) 110,400 (37.0)
HGTa 14,380 (12.8) 37,412 (12.6)
is 6,943 (6.2) 18,138 (6.1)
LGT1 6,549 (5.8) 18,138 (6.2)
HGT1 21,835 (19.4) 60,043 20.1
2 14,860 (13.2) 43,354 (14.5)
3 3,104 (2.8) 5,023 (1.7)
4 2,250 (2.0) 5,326 (1.8)

Treatment
NMIBC
Cystectomy

No 108,507 (98.2) 282,488 (97.6)
Yes 1,563 (1.4) 6,274 (2.2)
Unknown 467 (0.4) 698 (0.2)

Chemotherapy
No - 235,487 (81.4)
Yes - 44,898 (15.5)
Unknown - 9,075 (3.1)
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Table 1
Continued

SEER NCDB

Radiation
No - 285,983 (98.8)
Yes - 1,264 (0.4)
Unknown - 2,213 (0.8)

MIBC
Cystectomy

No 12,898 (63.8) 35,628 (66.3)
Yes 7,255 (35.9) 17,781 (33.1)
Unknown 61 (0.3) 294 (0.6)

Chemotherapy
No - 32,509 (60.5)
Yes - 19,458 (36.2)
Unknown - 1,736 (3.2)

Radiation
No - 44,897 (83.6)
Yes - 8,440 (15.7)
Unknown - 366 (0.7)

Patients were predominantly male (76.5%) and white
(83.5%) with a median age of 72 years at diagnostic
TURBT (Table 1). The majority of patients (82.0%)
presented with non-muscle invasive BC (NMIBC)
(LGTa, 37.8%; HGTa, 12.8%; Tis, 5.3%; LGT1,
5.83%, HGT1, 19.43%), compared to muscle inva-
sive BC (MIBC, 17.9%) (T2, 13.2%; T3, 2.8%; T4,
2.0%). For patients with MIBC, 35.9% underwent
upfront cystectomy within one year of diagnosis com-
pared to 1.4% with NMIBC (Table 1). Data for
chemotherapy and radiation were not available in
SEER.

NCDB

NCDB database from 2004-2015 identified 343,
163 with non-metastatic BC. Patients were predomi-
nantly male (75.7%) and white (84.8%) with a median
age of 71 years at diagnosis (Table 1). Patients pre-
sented with predominantly NMIBC (82.0%) (LGTa,
37.0%; HGTa, 12.6%; Tis, 6.1%; LGT1, 6.2%; HG
T1, 20.1%) versus MIBC (18.0%) (T2, 14.5%; T3,
1.7%; T4, 1.8%). Of patients with NMIBC, only a
small percentage were treated with cystectomy
within the first year of diagnosis (2.2%), systemic
chemotherapy (15.5%), or radiation (0.4%) com-
pared to MIBC (cystectomy, 33.1%; systemic che-
motherapy, 36.2%; radiation, 15.7%) (Table 1).

Overall survival (SEER and NCBD)

Median follow up for survivors in SEER was 5.5
years and 4.3 years in NCDB. Using SEER data

with lowest T stage bladder cancer (LGTa) as a ref-
erence point and controlling for year of diagnosis,
age per 10-year increase, sex, race/ethnicity, CCI and
region in the US on multivariable analysis, OS ranged
from HGTa (HR 1.17, CI 1.13–1.21, p < 0.001) to T4
(HR 5.70, CI 5.41–6.00, p < 0.001) with an inflection
between HGT1 (HR 1.68, CI 1.63–1.73, p < 0.001)
and T2 (HR 3.39, CI 3.20–3.49, p < 0.001), which
was verified using NCDB (Table 2). For both SEER
and NCDB data, separation of OS curve was seen
as early as one-year post-diagnosis with increasing T
stage demonstrating worse OS with each year post-
diagnosis (Table 2; Figure 1). In SEER, 5-year OS
for NMIBC was ∼60–75% while MIBC ranged from
25 to < 50% (Table 2; Fig. 1). For NCDB, 5-year OS
for NMIBC was 50–75% versus ∼25% for MIBC
(Table 2; Fig. 1). Univariate analysis of the asso-
ciation between year of diagnosis, age per 10-year
increase, sex, race/ethnicity, CCI, region in the US or
T stage at diagnosis and OS for SEER and NCDB are
provided in Supplemental Table 1.

Cancer specific and non-cancer specific survival
(SEER)

SEER data were used to assess CSS and non-CSS
by T stage. While there were very modest differences
in non-CSS by T stage, the differences in CSS were
substantial and more reflective of OS differences:
HGTa (84% 10 year-CSS, HR 1.94, CI 1.81–2.08,
p < 0.001), Tis (82% 10 year-CSS, HR 2.28, CI
2.09–2.47, p < 0.001), LGT1 (84% 10 year-CSS, HR
2.30, CI 2.11–2.51, p < 0.001), HGT1 (72% 10 year-
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CSS, HR 4.24, CI 4.01–4.47, p < 0.001), T2 (48%
10 year-CSS, HR 12.18, CI 11.57–12.82, p < 0.001),
T3 (45% 10 year-CSS, HR 14.60, CI 13.63–15.64,
p < 0.001), and T4 (29% 10 year-CSS, HR 22.76,
CI 21.19–24.44, p < 0.001) (Table 2, Fig. 2). While
non-CSS was statistically different for LGT1 to T4
compared to LGTa as a baseline, LGT1 to T4 curves
were closely clustered (Table 2, Fig. 3). Univariate
analysis of the association between year of diagno-
sis, age per 10-year increase, sex, race/ethnicity, CCI,
region in the US, or T stage at diagnosis and CSS
or non-CSS for SEER are provided in Supplemental
Table 1.

DISCUSSION/CONCLUSIONS

We analyzed overall and cancer-specific survival
differences between T stages in patients with non-
metastatic BC using two large cancer registries in
the US (SEER and the NCDB). Both SEER and the
NCDB demonstrated similar trends in OS with early
curve separation at one year following diagnosis
for NMIBC (LGTa, HGTa, Tis, LGT1, HGT1) vs. MI
BC (T2-T4) with increasing stage demonstrating
worse OS. This statistically significant trend in OS
was mirrored by that of CSS and suggests that earlier
diagnosis regardless of T stage was essential in the
equation for improving survival for patients with BC.

Cancer screening aims to detect clinically-signifi-
cant cancers at an earlier stage in asymptomatic pat-
ients. Unlike some other cancers, BC is rarely found
at autopsy [18, 19]. Therefore, rates of clinically in-
significant cancer in asymptomatic patients should
be low. Screening should be implemented when ear-
lier diagnosis can significantly impact survival, while
a delay in diagnosis can worsen CSS and expose
patients to more radical, morbid treatment options.
While BC screening is not currently recommended,
prior investigation by Messing et al. suggested that
screening for asymptomatic hematuria in a targeted
population (male patients > 55 years old) led to reduc-
tion in later stage BC diagnosis as well as improved
survival at 14 years of follow up [13]. Patient demo-
graphics herein reflect trends seen in practice with
predominant incidence of diagnosis seen in white
males over age 55 years [1]. Our data suggests that
T stage at diagnosis is critical for both OS and CSS
in BC patients with lower T stages inferring the best
survival. Other targetable risk factors for a potential
screening cohort include tobacco exposure, occu-
pational exposure, and family history which also
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A. SEER

B. NCDB

Fig. 1. Overall survival by BC T stage. Kaplan-Meier analyses were performed to estimate OS from time of diagnosis to censorings or
death with LGTa as a reference. Blue (LGTa), maroon (HGTa), green (Tis), orange (LGT1), teal (HGT1), red (T2), purple (T3), yellow
(T4). Shading represents 95% CI. (A) For SEER, OS hazard ratios, 95% CI, and p values when compared to LGTa were HGTa (1.17, CI
1.13–1.21, p < 0.001), Tis (1.22, CI 1.16–1.27, p < 0.001), LGT1 (1.35, CI 1.29–1.41, p < 0.001), HGT1 (1.68, CI 1.63–1.73, p < 0.001), T2
(3.39, CI 3.30–3.49, p < 0.001), T3 (3.87, CI 3.68–4.06, p < 0.001), and T4 (5.70, CI 5.41–6.00, p < 0.001). (B) For NCDB, OS hazard ratios,
95% CI, and p values when compared to LGTa were HGTa (1.16, CI 1.14–1.19, p < 0.001), Tis (1.22, CI 1.19–1.26, p < 0.001), LGT1 (1.29,
CI 1.26–1.32, p < 0.001), HGT1 (1.65, CI 1.62–1.69, p < 0.001), T2 (3.22, CI 3.17–3.27, p < 0.001), T3 (4.23, CI 4.08–4.37, p < 0.001), and
T4 (5.13, CI 4.97–5.30, p < 0.001).
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Fig. 2. Cancer-specific survival by T stage. Kaplan-Meier analyses were performed to estimate CSS from time of diagnosis to censorings
or death using SEER data with LGTa as a reference. Blue (LGTa), maroon (HGTa), green (Tis), orange (LGT1), teal (HGT1), red (T2),
purple (T3), yellow (T4). Shading represents 95% CI. For SEER, OS hazard ratios, 95% CI, and p values when compared to LGTa were
HGTa (1.94, CI 1.81–2.08, p < 0.001), Tis (2.28, CI 2.09–2.47, p < 0.001), LGT1 (2.30, CI 2.11–2.51, p < 0.001), HGT1 (4.24, CI 4.01–4.47,
p < 0.001), T2 (12.18, CI 11.57–12.82, p < 0.001), T3 (14.60, CI 13.63–15.64, p < 0.001), and T4 (22.76, CI 21.19–24.44, p < 0.001).

Fig. 3. Trend in Non-cancer-specific survival by BC T stage. Kaplan-Meier analyses were performed to estimate Non-CSS using SEER
data with LGTa as a reference. Blue (LGTa), maroon (HGTa), green (Tis), orange (LGT1), teal (HGT1), red (T2), purple (T3), yellow (T4).
Shading represents 95% CI. For SEER, OS hazard ratios, 95% CI, and p values when compared to LGTa were HGTa (1.01, CI 0.97–1.05,
p = 0.735), Tis (0.99, CI 0.94–1.05, p = 0.812), LGT1 (1.15, CI 1.09–1.21, p < 0.001), HGT1 (1.14, CI 1.10–1.18, p < 0.001), T2 (1.44, CI
1.38–1.50, p < 0.001), T3 (1.39, CI 1.28–1.52, p < 0.001), T4 (1.77, CI 1.60–1.96, p < 0.001).
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have been associated with increased risk of BC [20].
Krabbe et al. found that men older than 60 years with
a smoking history of > 30 pack years were at high-
est risk for BC (rate 2/1,000 persons) using Prostate,
Lung, Colorectal, and Ovarian Cancer Screening
Trial (PLCO) and National Lung Cancer Screening
Trial (NLST) datasets [21]. While the specifics of
screening with regards to who and with what means
needs to be elucidated, these questions represent
future directions in improving BC survival.

This study has several limitations, including those
limitations inherent to all retrospective studies of
large administrate databases. NCDB data should re-
flect systemic chemotherapy only (not intraves-
ical), but there was no means to clarify type,
method, or mode of chemotherapy administration
within the confines of the dataset. CSS could
only be assessed using SEER and therefore a sec-
ondary validating cohort was not possible given
limitations of data available through the NCDB.
Furthermore, while we demonstrated worsening OS
largely due to differences in CSS with increas-
ing T stage which suggests stage migration could
be beneficial, we were unable to assess the true
impact of screening on BC survival using these
datasets. We could not determine who of the
earlier staged patients would have progressed nor
the potential for lead-time bias in the case of BC
screening. Only prospective screening trials can
determine the efficacy of BC screening (e.g. deter-
mining number needed to treat or harm). Despite
these limitations, strengths of our study include uti-
lization of two population-based cohorts with data
from over 500,000 BC patients combined, with study
demographics reflecting patients seen in clinical prac-
tice. While the two datasets differ, we found a
congruence between OS trend: worse OS with each
increasing T stage regardless of dataset. This con-
gruence between datasets was particularly interesting
as one criticism of the NCDB is its selection bias
towards patients who choose and are able to travel
to be treated at CoC accredited hospitals. While this
direct comparison could not be made for CSS or non-
CSS given limitations of the NCDB dataset, CSS
trends reflected that of OS as hypothesized. Further-
more, while SEER captures all cancers diagnosed by
region, NCDB data are queried from over 1,500 eli-
gible hospitals which are predominantly academic or
more comprehensive centers [14, 15]. Continuity of
trend between these two datasets suggested that sur-
vival based on T stage was pervasive despite regional
or institutional differences.
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