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Abstract.
BACKGROUND: Bladder cancer is the tenth leading cause of cancer death in the United States (US). Advances in diagnosis,
imaging, and treatments have led to improvements in bladder cancer management.
OBJECTIVE: To evaluate longitudinal bladder cancer mortality trends from 1999–2020 in the US by gender, race, ethnicity,
age, geographic region, and urbanization category.
METHODS: Age-adjusted bladder cancer death and incidence rates of individuals in the US of all ages between 1999–2020
were obtained using the CDC WONDER and NAACCR databases. Trends and average annual percent changes (AAPC) in
age-adjusted Bladder Cancer-Specific Mortality (BCSM) and incidence rates were estimated. Data were analyzed from May
2023 to October 2023.
RESULTS: From 1999–2020, overall BCSM decreased by 0.4% annually, with a dramatic decrease in deaths between
2015–2020 (AAPC: –2.0%[95% CI: –2.6,–1.3]). However, BCSM rates and metastatic malignant bladder cancer incidence
rates from 1999–2020 increased for individuals ≥ 85 years old (AAPC for BCSM: 0.8%[95% CI:0.5,1.1]; AAPC for metastatic
malignant incidence: 2.5%[95% CI: 2.0,2.9]). Increases in BCSM were found for certain years in the South, in rural areas,
and for Non-Hispanic White and Asian or Pacific Islander individuals.
CONCLUSIONS: Overall mortality from bladder cancer has been decreasing in the US over two decades. Upon disaggre-
gation, increasing trends were found for BCSM and for metastatic malignant bladder cancer incidence for individuals ≥ 85
years old from 1999–2020. Further evaluation of these trends is essential to understand how to target specific populations to
improve patient outcomes.
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INTRODUCTION

An estimated 16,710 people in the United States
(US) will die from bladder cancer in 2023, com-
prising 2.7% of all cancer deaths [1]. There will be
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an estimated 82,290 new cases of bladder cancer in
2023, representing 4.2% of all new cancer cases [1].
Compared to other cancers, bladder cancer is the sixth
most common cancer and the tenth leading cause
of cancer death in the US [1]. The 5-year survival
rate in the US has risen over the past five decades
from 71.9% for diagnoses in 1975 to 77.9% for diag-
noses in 2023 [2], likely due to advances in diagnosis,
imaging, and treatments [3].

Bladder cancer is more common in men than
women and is most frequently diagnosed among
people aged 65–74 [1]. The percent of bladder can-
cer deaths is highest among people aged 85 + [1].
Although men are more likely to be diagnosed with
bladder cancer, among patients with bladder cancer,
women are more likely to die from their disease [4–
7]. Previous studies have found that among those with
bladder cancer, overall and bladder cancer-specific
survival is lower among Black patients, compared
to White patients [6–9]. One study found that Black
women had a higher risk of dying from bladder can-
cer compared to other race-sex subgroups [10]. Black
patients were less likely to undergo appropriate can-
cer surveillance, radical cystectomy, or lymph node
dissection [11, 12].

Recent data demonstrate decreasing bladder
cancer-specific mortality (BCSM) rates between
2014–2018 for both men and women [13], how-
ever, these trends have not been further examined
by race, ethnicity, age group, geographical region,
or urbanization. The Centers for Disease Control
and Prevention Wide-ranging Online Data for Epi-
demiologic Research database (CDC-WONDER) is
a publicly available information system that allows
researchers to access mortality data and disaggregate
deaths based on cause of death and demographic fac-
tors [14]. The North American Association of Central
Cancer Registries (NAACCR) database provides can-
cer incidence for North America and can disaggregate
data based on stage at diagnosis and other factors [15].
Using these comprehensive datasets of bladder cancer
mortality and incidence over two decades, we sought
to evaluate differences in rates overall and by gender,
race, ethnicity, age group, location, and urbanization
category in the US.

MATERIALS AND METHODS

The study was considered exempt from guidelines
on human participation in research by the Mass Gen-
eral Brigham institutional review board because it is a

secondary analysis of publicly available deidentified
data. Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guide-
lines were followed. Age-adjusted mortality rates
for bladder cancer (ICD-10 code 67) were obtained
for individuals of all ages in the US from the
Centers for Disease Control and Prevention Wide-
ranging Online Data for Epidemiologic Research
database (CDC-WONDER) from 1999–2020 [14].
BCSM trends were evaluated by gender, ethnicity
(Hispanic and Non-Hispanic), race (Non-Hispanic
American Indian or Alaska Native, Non-Hispanic
Asian or Pacific Islander, Non-Hispanic Black, and
Non-Hispanic White), census region, and urbaniza-
tion category (eTables 1 and 2). For trends evaluated
by 5-year age groups, crude rates of BCSM were
gathered from 1999–2020, and age-adjusted rates per
100,000 population were calculated from the crude
rates (count/population x 100,000) and then weighted
by the proportion of the persons in the correspond-
ing age groups to the standard population (2000 US
standard population).

Age-adjusted incidence rates for bladder cancer
(ICD-10 code 67) were gathered for individuals
of all ages in the US from 1999–2020 from the
North American Association of Central Cancer Reg-
istries (NAACCR) database [15]. Cancer incidence
was evaluated by gender, ethnicity (Hispanic and
Non-Hispanic), race (Non-Hispanic American Indian
or Alaska Native, Non-Hispanic Asian or Pacific
Islander, Non-Hispanic Black, Non-Hispanic White
and Non-Hispanic Unknown), and stage at diagno-
sis (in situ malignant, localized malignant, regional
malignant, and metastatic malignant). Crude inci-
dence rates were collected for 5-year age groups and
age-adjusted rates per 100,000 population were cal-
culated as described above.

Joinpoint regression modeling was used to deter-
mine average annual percent changes (AAPCs) in
mortality and incidence rates for bladder cancer with
a maximum of four join points [16]. Two-sided
hypothesis tests were performed using the Joinpoint
Regression Program, Version 4.9.1.0 [17]. The Join-
point Regression Program algorithm starts with the
simplest model (one line) and tests whether adding
another line significantly improves the fit. This pro-
cess is repeated until no additional lines significantly
improve the fit, and the number of join points and
years of the segments are determined by the final
model. AAPCs with p-values<0.05 after correcting
for multivariate tests were classified as statistically
significant [18].
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RESULTS

319,285 people died from bladder cancer in the
US from 1999–2020. The age adjusted BCSM rate
was 4.3 per 100,000 population overall, and 7.5 per
100,000 population for men and 2.2 per 100,000 pop-
ulation for women (Table 1).

From 1999–2020, age-adjusted BCSM rate over-
all decreased by 0.4% per year (95% CI:–0.6,–0.3),
with the largest decrease in 2015–2020 (AAPC:
–2.0%[95% CI:–2.6,–1.3]) (Table 1, Fig. 1). Eval-
uating by gender, women had a slightly larger
decrease in BCSM rates from 1999–2020 than men
(AAPC, women: –0.9[95%CI:–1.3,–0.5]; AAPC,
men: –0.5[95%CI:–0.6,–0.3]). The age-adjusted inci-
dence rate increased from 1999–2020 for both men
and women with metastatic malignant bladder can-
cer (AAPC, men: 1.7%[95% CI:1.1,2.2]; AAPC,
women: 1.4%[95% CI: 1.1,1.7]) (eTable 3).

By ethnicity, overall, Non-Hispanic patients had
a decrease in BCSM from 1999–2020 (AAPC,
Non-Hispanic: –0.3[95%CI:–0.5,–0.2]), while the
decrease for Hispanic patients was not significant by
Holm-Bonferroni correction (Table 2). Non-Hispanic
patients experienced a slight increase in BCSM rates
from 1999–2015 (AAPC: 0.2%[95% CI:0.1,0.3])
followed by a larger decrease from 2015–2020
(AAPC: –1.9%[95% CI:–2.5,–1.3]). The increase
from 1999–2015 was driven by Non-Hispanic men,
who had a significant increase in BCSM rates from
1999–2013 (Table 2). For Non-Hispanic women of
all races, BCSM decreased by 0.4% annually from
1999–2016, which then rapidly reduced to –2.4%
annually from 2016–2020. For Hispanic women,
BCSM showed a decreasing trend from 2001–2020,
however this was not significant by Holm-Bonferroni
correction (Table 2). From 1999–2020, metastatic
malignant bladder cancer incidence increased for
both Hispanic and Non-Hispanic individuals (eTable
4). By race, BCSM rates significantly decreased
for Non-Hispanic Asian or Pacific Islander indi-
viduals and Non-Hispanic Black individuals from
1999 to 2020 (AAPC, Non-Hispanic Asian or
Pacific Islander: –0.4[95%CI:–0.6,–0.2]; AAPC,
Non-Hispanic Black: –0.8[95%CI:–1.1,–0.6]). From
1999–2013, Non-Hispanic Asian or Pacific Islander
individuals had a significant increase in BCSM,
which then decreased from 2013 to 2020. Non-
Hispanic White individuals had an increasing
BCSM rate from 1999–2015, followed by a
decline from 2015–2020 (Table 2). Metastatic
malignant bladder cancer incidence increased from
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Fig. 1. Trends in age-adjusted bladder cancer death rates from 1999–2020 among US population by gender. Observed rates are
presented per 100,000 population and represented by “•”. Modeled trends are represented by “—”. ∗∗ indicates the p-value is significant
after Holm-Bonferroni correction. ∗ indicates the p-value is < 0.05, but not significant after Holm-Bonferroni correction.

1999–2020 for Non-Hispanic Asian or Pacific
Islander men, Non-Hispanic Black men, and Non-
Hispanic White women. In situ malignant bladder
cancer incidence increased from 1999–2020 for
Non-Hispanic American Indian or Alaska Native
men and Non-Hispanic Black men and women
(eTable 5).

All age groups had a significant decline in BCSM
rates from 1999–2020, except for individuals older
than 85 years, which had an increase in BCSM rates
from 1999–2020 (AAPC: 0.8%[95% CI:0.5,1.1])
(eTable 6, Fig. 2). Individuals 80–84 years old
had a significant increase in BCSM rates from
1999–2014 (AAPC: 0.7% [95%CI:0.4,1.0]) (eTable
6). By gender, women older than 85 years did not have
a significant increase in BCSM from 1999–2020,
while men older than 85 years had a significant
increase overall from 1999–2020 (AAPC: 0.6%[95%
CI:0.2,0.9]), driven by an increase from 1999–2016.
The largest decreases in BCSM rates were in the
35–39 and 40–44 years age groups (eTable 6). Inci-
dence rates for metastatic malignant bladder cancer
increased from 1999–2020 for most age groups above
55 years old (except the 70–74 year age group).
In particular, metastatic malignant bladder incidence

increased significantly for the 85 + year age group
for both men and women (AAPC, men: 2.6%[95%
CI:1.9,3.2], AAPC, women: 1.3%[95% CI:0.6,2.0])
(Fig. 3, eTable 7).

By census region, BCSM rates for all indi-
viduals significantly decreased from 1999–2020
for the Northeast and West (AAPC, North-
east: –1.0[95%CI:–1.4,–0.7]; AAPC, West:
–0.4[95%CI:–0.6,–0.2]) (eTable 8). In the South,
there was a significant increase in BCSM rates for
all individuals from 1999–2014 (AAPC: 0.3%[95%
CI:0.1,0.5]), driven by BCSM rates for men in
the South from 1999–2013 (eTable 8).The largest
decreases were in the Northeast from 2016–2020
(AAPC: –4.4%[95% CI:–6.0,–2.7]) and in the
Midwest from 2013–2020 (AAPC: –1.4%[95%
CI:–2.0,–0.8]), both driven by decreases in BCSM
rates for women (eTable 8).

By urbanization, rural areas (non-core) had sig-
nificantly increasing BCSM rates from 1999–2011
(AAPC: 0.9%[95% CI:0.6,1.3]) (eTable 9). By gen-
der, men in rural areas had a significant increase in
BCSM rates from 1999–2011 (AAPC: 0.8%[95%
CI:0.3,1.3]), while women in rural areas had no
significant change in BCSM rates from 1999–2020
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Table 2
Annual Percentage Changes in Bladder Cancer Death Rates by Race, Ethnicity and Gender From 1999–2020 in the US

Race/Ethnicity Average APC from
1999–2020(95%CI)

p value Segment 1 p value Segment 2 p value

All
Hispanic –0.4∗(–0.7,–0.1) 0.023 1999–2020 –0.4∗(–0.7,–0.1) 0.023 NA NA NA
Non-Hispanic
All Races –0.3∗∗(–0.5,–0.2) <0.001 1999–2015 0.2∗∗(0.1,0.3) 0.003 2015–2020 –1.9∗∗(–2.5,–1.3) <0.001
American Indian or Alaska Native 0.8(–0.6,2.1) 0.25 1999–2020 0.8(–0.6,2.1) 0.25 NA NA NA
Asian or Pacific Islander –0.4∗∗(–0.6,–0.2) <0.001 1999–2013 0.2∗∗(0.0,0.4) 0.014 2013–2020 –1.5∗∗(–2.0,–1.1) <0.001
Black –0.8∗∗(–1.1,–0.6) <0.001 1999–2020 –0.8∗∗(–1.1,–0.6) <0.001 NA NA NA
White –0.1(–0.3,0.0) 0.11 1999–2015 0.4∗∗(0.2,0.5) <0.001 2015–2020 –1.8∗∗(–2.5,–1.0) <0.001

Men
Hispanic –0.6∗∗(–1.0,–0.2) 0.008 1999–2020 –0.6∗∗(–1.0,–0.2) 0.008 NA NA NA
Non-Hispanic
All Races –0.4∗∗(–0.6,–0.2) <0.001 1999–2013 0.2∗∗(0.0,0.4) 0.014 2013–2020 –1.5∗∗(–2.0,–1.1) <0.001
American Indian or Alaska Native NA NA NA NA NA NA NA NA
Asian or Pacific Islander 0.0(–0.7,0.6) 0.9 1999–2020 0.0(–0.7,0.6) 0.9 NA NA NA
Black –0.5∗∗(–0.8,–0.1) 0.011 1999–2020 –0.5∗∗(–0.8,–0.1) 0.011 NA NA NA
White –0.2∗∗(–0.4,–0.1) 0.007 1999–2013 0.3∗∗(0.2,0.5) 0.001 2013–2020 –1.4∗∗(–1.9,–0.9) <0.001

Women
Hispanic 0.6(–1.5,2.6) 0.59 1999–2001 14.6(–8.1,43.0) 0.21 2001–2020 –0.8∗(–1.5,–0.2) 0.018
Non-Hispanic
All Races –0.7∗∗(–1.1,–0.4) <0.001 1999–2016 –0.4∗∗(–0.5,–0.2) 0.001 2016–2020 –2.4∗∗(–4.0,–0.8) 0.006
American Indian or Alaska Native NA NA NA NA NA NA NA NA
Asian or Pacific Islander –0.9∗(–1.7,–0.2) 0.016 1999–2020 –0.9∗(–1.7,–0.2) 0.016 NA NA NA
Black –1.5∗∗(–1.9,–1.2) <0.001 1999–2020 –1.5∗∗(–1.9,–1.2) <0.001 NA NA NA
White –0.5∗∗(–0.9,–0.2) 0.001 1999–2016 –0.2∗(–0.4,0.0) 0.027 2016–2020 –2.0∗∗(–3.5,–0.4) 0.015

** indicates the p-value is significant after Holm-Bonferroni correction. * indicates the p-value is < 0.05, but not significant after Holm-Bonferroni correction.
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Fig. 2. Trends in bladder cancer death rates from 1999–2020 among US population 85 years and older by gender. Observed rates are
presented per 100,000 population and represented by “•”. Modeled trends are represented by “—”. ∗∗ indicates the p-value is significant
after Holm-Bonferroni correction. ∗ indicates the p-value is < 0.05, but not significant after Holm-Bonferroni correction.

Fig. 3. Trends in metastatic malignant bladder cancer incidence rates from 1999–2020 among US population 85 years and older by
gender. Observed rates are presented per 100,000 population and represented by “•”. Modeled trends are represented by “—”. ∗∗ indicates the
p-value is significant after Holm-Bonferroni correction. ∗ indicates the p-value is < 0.05, but not significant after Holm-Bonferroni correction.

(eTable 9). BCSM rates significantly decreased from
1999–2020 for individuals in large central metro,
large fringe metro, and medium metro areas (AAPC,
large central metro: –0.9[95%CI:–1.1,–0.6]; AAPC,

large fringe metro: –0.5[95%CI:–0.8,–0.2]; AAPC,
medium metro: –0.5[95%CI:–0.8,–0.2]). The largest
decreases for these areas were in more recent years
(eTable 9).
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DISCUSSION

The overall rate of deaths due to bladder cancer
in the US has steadily decreased from 1999–2020,
driven by the last five years, indicating there may be
recent improvements that have led to decreasing blad-
der mortality. However, bladder cancer death rates
are increasing for individuals over 85 years old, par-
ticularly men. Metastatic malignant bladder cancer
incidence rates are increasing for individuals in age
groups over 55 years, particularly those over 85 years
old. Individuals of certain ethnicities and races and
from certain geographic regions and urbanization cat-
egories had increasing BCSM rates for earlier years,
although the data showed improvements in bladder
cancer mortality in more recent years.

Previous studies found similar trends in bladder
cancer mortality by gender, as Islami et al. found a
decline among men starting in 2013, and a steady
decline among women throughout 2001–2018 [13].
The decline in mortality rates is paired with a decline
in bladder cancer incidence. Siegel et al. found a
decline in incidence since the mid-2000 s, which
accelerated from –0.6% per year to –1.8% per year
during 2015–2019, although this was not broken
down by stage at diagnosis [19]. However, they noted
variation in incidence by race and ethnicity, and an
increase by 1.3% per year in American Indian and
Alaskan Native individuals [13, 19]. Although there
was an upward trend in bladder cancer mortality
in Non-Hispanic American Indian or Alaska Native
from 1999–2020 in our study, the AAPC was not
significant. Among men, our findings of declines in
BCSM rates from 1999–2020 may be attributed to
declines in incidence of bladder cancer as noted by
Islami et al. from 2013–2017 in White, Asian or
Pacific Islander, and Hispanic men, potentially due
to declines in cigarette smoking [13]. Incidence rates
for bladder cancer were stable among Black men [13].

In men aged 80 years and older, bladder can-
cer was the fourth leading cause of cancer death
in the United States in 2020 [13]. There may be
gender differences in BCSM rates among the older
age group due to the lower prevalence of smoking
among women than men in the older birth cohorts
[20]. Risk of mortality from smoking related diseases
are comparable for men and women in more recent
birth cohorts [21]. Age is now widely accepted as
the greatest single risk factor for developing bladder
cancer [22]. The increase in bladder cancer mortal-
ity rates from 1999–2020 for individuals older than
85 is concerning, as 85 years and older is the fastest

growing segment of the population and is projected
to increase to 18.2 million by 2050 [23]. Some groups
have observed lower rates of disease recurrence and
progression with better survival in younger patients,
and these differences in outcomes may be due to more
advanced stage at diagnosis and the administration of
less aggressive and effective therapies in the elderly
[22, 24]. Age-related declines in performance status
and medical comorbidities significantly affect the risk
of treatment-related toxicity [25]. For example, treat-
ments with intravesical bacillus Calmette-Guerin,
radical cystectomy, and perioperative chemotherapy
are less well tolerated and have poorer response in
elderly patients [25–27]. Proper selection of elderly
patients for treatment may improve outcomes in this
cohort.

We found significant increases in BCSM rates from
1999–2014 in the South, particularly among men
from 1999–2013, as well as increases in BCSM rates
from 1999–2011 in rural (non-core) areas. Our find-
ings in the South may be related to the large burden of
smoking-attributable cancer mortality in the South-
ern states [28]. Other researchers investigated how
temporal, socioeconomic, and environmental factors
associate with bladder cancer mortality in the US and
found that an increase in bladder cancer mortality was
associated with multiple environmental exposures,
such as smoking, air pollution, well water, urban res-
idence, and mining employment [29]. It is unclear
why there was an increase in BCSM rates in rural
(non-core) areas. A study comparing bladder cancer
stage and mortality in urban vs. rural residency from
2004–2016 found that patients residing in rural areas
were not diagnosed at a later stage or with higher
bladder cancer grade, although the number of patients
with rural residency was extremely low [30].

Study limitations include lack of information about
cancer stage at diagnosis, age at diagnosis/death,
treatments received, and stage at time of death. There
may be inaccuracies in the race and ethnicity data, and
we are unable to account for how race and ethnicity
data is captured. Due to limitations of the dataset,
the current study does not disaggregate broad racial
and ethnic groups into subgroups. We were unable
to account for the impact of individuals who migrate
from one geographic location to another. Other fac-
tors that may influence bladder cancer mortality rates
were not accounted for in CDC-WONDER, such as
income, insurance, employment, smoking status, and
exposure to air pollution.

Using comprehensive data on BCSM in the
US over two decades, we demonstrate that the
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overall mortality rate from bladder cancer has been
decreasing. However, when disaggregating BCSM by
gender, race, ethnicity, age groups, census regions,
and urbanization categories, increasing mortality
trends were found from 1999–2020 for individ-
uals older than 85. Increasing incidence trends
were found for metastatic malignant bladder can-
cer from 1999–2020 for older individuals. This trend
is particularly worrisome considering the aging US
population, and the high morbidity and mortality of
the standard treatment regimens in older patients.
Increasing BCSM rates were found for certain years
for Non-Hispanic Asian or Pacific Islander and Non-
Hispanic White individuals and individuals in the
South and in rural areas, however these trends demon-
strated improvement in recent years. Further studies
are needed to create solutions targeting specific pop-
ulations to improve BCSM and overall outcomes for
all patients with bladder cancer.
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