Chapter 1
Epidemiology of Bladder Cancer: Trends
and Disparities

Check for
updates

Carissa Chu and Sima Porten

Incidence and Natural History

Bladder cancer is most common cancer globally, with over 500,000 new cases per
year [1]. In the United States, it is the sixth most common cancer overall and the
fourth most common cancer in men in 2020 following prostate, lung, and colon
cancers [2]. Bladder cancer accounts for 4.5% of all new cancer diagnoses, with
81,400 new cases estimated for 2020 in the United States [2]. Bladder cancer is
three to four times more common in men than in women, and the median age at
diagnosis is 65-70 years [3].

Using statistical models via SEER, age-adjusted rates for new bladder cancer
diagnoses have been falling on average 1.2% each year over 2008-2017 [2]. Age-
adjusted death rates have been falling modestly on average 0.6% each year over
2009-2018 [2]. Five-year relative survival trends since 2000 are shown in Fig. 1.1.

Bladder cancer incidence and mortality are variable worldwide, as shown on the
heat maps in Figs. 1.2 and 1.3. While North America and Europe have the highest
age-standardized incidence rates, the highest mortality rates appear to be concen-
trated in Northern Africa and parts of Europe. Regional differences in exposure to
known risk factors such as cigarette smoking, occupational exposures, contaminated
drinking water, and endemic chronic urinary infections by Schistosoma haemato-
bium are all thought to be responsible for the observed variability in incidence,
although access to care and the existence of robust registries are also key [4]. In
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Fig. 1.1 Five-year survival trend of bladder cancer (all stages, genders, ethnicities). (Source:
SEER 18 cancer registries. Created by https://seer.cancer.gov/explorer)

contrast, variability in mortality rates is less drastic (Fig. 1.3). Reasons for this are
less clear, perhaps related to less ambiguity in reporting deaths secondary to advanced
bladder cancer related to muscle-invasive disease [5]. Currently, global efforts to
reduce the burden of bladder cancer are centered around smoking cessation [6].

Non-muscle Invasive Bladder Cancer

Malignant urothelial tumors that have not invaded the detrusor muscle layer are
termed non-muscle invasive bladder cancer (NMIBC). About 70-80% of bladder
tumors are NMIBC at presentation. Of these tumors, 70% are present as stage Ta,
20% as T1, and 10% as carcinoma in situ (CIS) [3].
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Fig. 1.2 Age-standardized incidence rates of bladder cancer per 100,000 population globally.
(Data source: GLOBOCAN 2020 Graph production: IARC (http://gco.iarc.fr/today) World Health
Organization)
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Fig. 1.3 Age-standardized (world) mortality rates (per 100,000/year) of bladder cancer. (Data
source: GLOBOCAN 2020 Graph production: IARC (http://gco.iarc.fr/today) World Health
Organization)

NMIBC is associated with a high rate of recurrence, with increasing tumor grade
predicting progression to muscle-invasive disease. For example, low-grade Ta
tumors are associated with a high rate of tumor recurrence (15-70% at 1 year) but a
low rate of progression to muscle-invasive disease (<5%). High-grade Ta tumors
have a 13-40% chance of progressing to lamina propria invasion and a 6-25%
chance of becoming muscle-invasive. T1 tumors have the worst malignant potential
in terms of recurrence (80%) and progression (50% within 3 years). CIS is a nonin-
vasive, high-grade tumor by definition and often coexists with other bladder tumors.
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CIS is associated with high rates of recurrence (82%) and progression (42-83%)
especially if not treated with intravesical therapy.

In the absence of progression to muscle invasion, the long-term disease burden
of NMIBC remains high. NMIBC is associated with a high symptom and health-
related quality-of-life impact despite intravesical treatment. Disease management
incurs high costs to healthcare systems, ranging from $2830 to $9554 per-patient
Medicare expenditures per year [7].

Muscle-Invasive Bladder Cancer

Muscle-invasive bladder cancer (MIBC) is an aggressive disease associated with
significant morbidity and mortality, ranging from T2 (invasion into muscularis pro-
pria) to T4 (local invasion of adjacent organs or musculature). Approximately
20-30% of bladder cancers are muscle-invasive at presentation. Unlike NMIBC,
these cancers are biologically aggressive. 5-year overall survival, left untreated,
approaches 5% [8]. In a population-based series of patients with newly diagnosed
bladder cancer in Sweden, the untreated 5-year incidence of cancer-specific mortal-
ity was 86%, compared to 48% for treated patients. Untreated patients also had a
higher risk of progression to metastatic disease (hazard ratio [HR] 2.40, 95% CI
1.28, 4.51), all-cause mortality (HR 2.63, 95% CI 1.65, 4.19), and cancer-specific
mortality (HR 2.02, 95% CI 1.24, 3.30) [8]. Despite the introduction of neoadju-
vant chemotherapy and innovations in extirpative and bladder preservation thera-
pies, however, overall improvements in mortality for localized and regionalized
disease have not been achieved in the past decade [9].

Metastatic Bladder Cancer

Approximately 4-5% of patients present with de novo metastatic disease and 50%
progress after local therapy for muscle-invasive bladder cancer at 5 years [10]. An
estimated 12,500 deaths per year in the United States are attributable to metastatic
bladder cancer [11]. Via lymphatic and hematogenous channels, the spread of blad-
der cancer typically begins in the pelvic lymph nodes followed by the lungs, bones,
liver, and brain. Prognosis is poor with cures rarely achieved, and the median sur-
vival of patients at diagnosis of metastatic urothelial cancer is 12 months though
recently, the introduction of immune checkpoint inhibitors has demonstrated longer
median survival compared to traditional chemotherapies.
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Variant Histology

Variant histology comprises a heterogeneous group of tumors which include squa-
mous, sarcomatoid, small cell/neuroendocrine, signet ring, micropapillary, and
adenocarcinoma. Overall, variant histology is associated with worse overall sur-
vival, but these patients are often excluded from clinical trials. Furthermore, the
individual characteristics and biology of each variant are not well understood.
Interestingly, a study of 314,177 patients in NCDB found that younger patients (less
than 40 years old) were more likely to have variant histology and that half of these
cases were overrepresented by women who had worse overall survival [12].

National and Global Trends

In the United States, the overall incidence of bladder cancer is slowly increasing,
likely due to improved diagnostic accuracy. Between 1973 and 2009, incidence
increased from 21.0 to 25.5/100,000 person-years, driven largely by increase
in localized and distant disease and paralleled by an equal decrease in unstaged
disease [9]. Similarly, 5-year cancer-specific survival rates improved from 73.9% to
81.4% [9]. Population-based data show that while mortality rates for men with
localized and regional disease have decreased over time, they have remained stable
for women. Other contemporary studies have shown little change in overall or
stage-specific relative survival, with underuse of neoadjuvant chemotherapy.

Disparities in the Diagnosis and Treatment of Bladder Cancer

Disparities exist in the diagnosis, treatment, and prognosis of bladder cancer nation-
ally and worldwide. Screening rates can vary widely among patients which can lead
to large differences in outcome, even among those with similar disease features.
Currently, hematuria (gross or microscopic) remains the only indication for a blad-
der cancer workup, which consists of cystoscopy and upper tract imaging in the
presence of risk factors [13]. A large proportion of patients are delayed in their
referral for cystoscopy, and improvements in detection of earlier stages of disease
have not occurred in the last three decades. In a recent study, only 42% of patients
with documented hematuria with high-risk features were referred for further evalu-
ation [14]. Access to care, lifestyle characteristics, such as smoking and obesity
status, as well as education, referral patterns, and insurance status likely contribute
to the observed disparities in diagnosis, treatment, and outcome. While differences
in tumor biology may exist, nonbiological factors inevitably account for much of
the variation, leading to health disparities linked to social, economic, and environ-
mental disadvantage.
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Gender

Although bladder cancer is more common among men, women with urothelial can-
cer are often diagnosed at higher tumor stages and tend to have a worse prognosis
[15, 16]. These differences are even larger in squamous cell carcinoma, adenocarci-
noma, and sarcoma of the bladder [17]. The stage migration may be due in part to
delays in diagnosis, as women are more likely to undergo workup for cystitis and
other benign causes before undergoing urology referral for cystoscopy. Women
with bladder cancer are twice as likely to be diagnosed with a urinary tract infection
than men prior to diagnostic workup [18]. Additionally, differences in referral pat-
terns exist between men and women. At a Midwest managed care organization,
28% of women with hematuria were referred for urologic evaluation compared to
47% of men [19]. According to Medicare data, women experience greater geo-
graphic variation in cystoscopy rates than men when restricting to ICD-9 codes for
hematuria only [20]. More recent investigations based on linked Surveillance,
Epidemiology, and End Results (SEER)-Medicare data have corroborated that
women are less promptly referred to a urologist and more likely to experience
delays in hematuria evaluation [14].

Regarding overall prognosis, gender-specific differences are also known to exist
in favor of men. White men of higher socioeconomic status have significantly lon-
ger survival times, compared to their non-White, female counterparts [21]. Even
when controlling for stage, however, women appear to fare worse, with a higher risk
of cancer-specific death within the first 3 years of follow-up [22]. In a recent study
of 6809 patients with nonmetastatic MIBC, women were significantly more likely
to receive a cystectomy compared to other bladder-preservation treatments yet
found to have worse bladder cancer-specific survival than men, with no differences
in overall survival [23].

Differences in hormone exposure, sex steroid receptor expression, social
behaviors, environmental factors, and clinical management approach are thought
to account for some of these differences. Importantly, hormonal pathways may
drive subtype difference and thereby prognosis between men and women—in one
study of 1000 bladder tumors, female tumors expressed higher levels of basal and
immune-associated genes, while male tumors expressed higher levels of luminal
markers and demonstrated higher androgen response activity [24]. A meta-analy-
sis of 2049 patients from 13 retrospective studies found that the androgen receptor
(AR) was downregulated in female tumors compared to male tumors, and in high-
grade tumors compared to low-grade tumors [25]. Similarly, the estrogen receptor
beta (ER) expression was higher in high-grade tumors compared to low grade and
in muscle-invasive tumors compared to muscle-invasive. In NMIBC, ER was
associated with worse recurrence-free survival [25].

In contrast, it appears that the use of neoadjuvant chemotherapy may equalize
some of these differences. In a study of 1031 patients including 227 (22%) women,
the female gender was associated with a higher rate of extravesical disease exten-
sion at diagnosis, but after administration of NAC, ypT stage was equally distrib-
uted between sexes. There were no independent associations between gender with
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regard to ypTONO or downstaging rates, overall survival, nor cancer-specific sur-
vival [26].

Race

In alarge cancer registry-based study, black patients presented more frequently with
advanced stage and high grade and experienced significantly worse outcomes.
Multivariable analysis showed that black race, socioeconomic status, and health
insurance status were all independently predictive of poorer survival when control-
ling for age, grade, stage, and gender [27]. Similar to female patients, black patients
have lower cystectomy rates for muscle-invasive disease [28].

Black patients have the poorest cancer-specific survival when compared to
whites and other minorities [9]. Even after accounting for age, tumor characteris-
tics, gender, insurance, geography, and dates of diagnosis, black men and women
with bladder cancer remain at significantly increased risk for death compared to
whites, with black women faring consistently the worst [29]. In a study of over
22,000 patients in the Nationwide Inpatient Sample database, white patients who
underwent cystectomy had a mortality rate of 2.8% compared with 4.2% for black
patients and 3.9% for Hispanic patients. Black patients were also more likely to
have prolonged hospitalization and in-hospital mortality [30]. Treatment differ-
ences may impact late-stage mortality more than early-stage mortality, which could
explain the persistently higher mortality rates in black patients. With respect to non-
muscle-invasive disease, black race, residence in an urban area, and a census area
with low median income correlated with a lower-intensity surveillance regimen
than recommended by guidelines [31].

Insurance

Compared with those with private insurance, uninsured and Medicaid-insured
patients are at least twice as likely to present with regional disease and 60% more
likely to have locally advanced disease at diagnosis [32] while less likely to undergo
radical cystectomy [28]. Large geographic variations also exist, with lower cystec-
tomy rates in the south and northeast of the United States [28]. Bladder cancer
patients who are either uninsured or Medicaid-insured exhibit 50% and 70%
increased risks of death compared with privately insured patients, respectively [29].
In a large study of data from the National Cancer Data Base (NCDB) of nearly
29,000 patients, not only black patients were less likely to receive curative treat-
ments than white patients (OR: 0.74; p < 0.001), but also patients without insurance,
Medicaid beneficiaries, and young Medicare patients when compared to those with
private insurance [33].
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Geography

Physical access to a high-volume center plays a role in bladder cancer outcomes.
In a study of nearly 4000 patients who had undergone radical cystectomy in the
United States, distance to treatment facility was associated with delays in time to
cystectomy (>3 months), but not cancer-specific or all-cause mortality after mul-
tivariable adjustment [34]. In contrast, other studies have shown that delays to
cystectomy are associated with worse outcomes [35]. An NCDB study of over
18,000 patients who underwent surgical treatment for MIBC found lower use of
neoadjuvant chemotherapy in settings of lower hospital cystectomy volume, treat-
ment at a nonacademic facility, lower patient income, and receipt of partial cys-
tectomy—interestingly, neither gender nor race was associated with the use of
NAC [34].

Financial Toxicity

Financial toxicity, defined as the patient-level impact of the costs of care delivered,
merits discussion in the management of both NMIBC and MIBC. Bladder cancer is
the costliest cancer among the elderly, estimated at nearly $4 billion per year, and
has the highest cost of any cancer when categorized on a per-patient basis [36].
NMIBC is particularly costly to treat in the United States, due to the frequency of
surveillance, cost of intravesical chemotherapy, and need for repeat endoscopies
and subsequent surgical treatment [37].

In a regional survey of 138 patients with bladder cancer, about a quarter of
patients endorsed financial toxicity. Patients who were younger, were black, had
NMIBC, and had less than a college degree were more likely to report financial
toxicity including the inability to take time off work or afford general expenses,
resulting in delaying care. Financial toxicity had deleterious effects on perceived
physical and mental health, including cancer-specific health-related quality of life
and functional well-being [38]. Similarly, a national survey of 226 patients demon-
strated that people who were younger, with a household annual income less than
$50,000, not retired, or with insurance that was neither Medicare nor employer-paid
were significantly more likely to have worse financial toxicity. The majority of these
patients would have wished to discuss cost in the context of treatment prefer-
ences [39].

Disparities in Survivorship

In recent years, there has been a growing awareness of not only the oncology but
also the quality of life ramifications of a bladder cancer survivorship which can be
prolonged. Significant declines in health-related quality-of-life (FR-QoL) scores
related to physical health, vitality, and social functioning all decline after bladder
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cancer diagnosis. There is an unmet need for research, long-term support, and sur-
vivorship resources to address this gap. Within survivorship, continued disparities
exist based on gender, race, and other factors [40].

Urinary Diversion

Long-term morbidity associated with radical cystectomy is often tied to urinary
diversion, which remains the most studied HR-QoL domain for BC patients.
Although studies are mixed, continent diversions (CD) such as ileal neobladders are
generally linked to better HR-QoL outcomes, and this is largely affected by conti-
nence rates [41]. In a national study comparing CD with ileal conduit (IC) use in
nearly 70,000 radical cystectomy cases for bladder cancer, white men were more
likely to undergo CD compared to female and black counterparts. CD use was also
regional, with the highest rates on the West coast, at teaching centers, and large
hospitals [42]. Similarly, Hispanic patients were less likely to undergo CD at another
high-volume center [43]. Possible causes for these disparities include clinician bias,
patient preference, communication barriers, and proximity to high-volume centers,
although these factors are not well studied.

Sexual Function

Sexual dysfunction is very common after radical cystectomy. Men after cystectomy
have self-reported rates of erectile dysfunction as high as 80-90% with non-nerve
sparing techniques and as low as 10-30% after nerve sparing techniques [44]. While
much of the anatomical and surgical details of nerve sparing cystectomy in men is
derived from decades of study in the radical prostatectomy literature, female sexual
anatomy and function are much less defined and lack a standardized approach. Post-
cystectomy sexual dysfunction in women can be grouped into female sexual pain
disorders and disorders of orgasm due to damage to the clitoral branches of the
internal pudendal artery [45]. Decline in sexual function also occurs in patients with
NMIBC—in a study of over 200 patients, erectile dysfunction (60%), vaginal dry-
ness (63%), and fear of contaminating sexual partner with intravesical therapy
agents (23%) were most commonly reported, with over half of those interviewed
endorsing sexual dysfunction [46].

Conclusion

Bladder cancer is associated with significant morbidity and only modest improve-
ments in mortality in the past two decades despite the introduction of neoadjuvant
chemotherapy and innovations in definitive local therapies. Progress in improving
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cancer survival has been hindered by existing disparities with respect to gender,
race, and access to care, resulting in delays to diagnosis and leading to other adverse
outcomes. The high financial cost of bladder cancer management and survivorship
in the United States cannot be underestimated—a burden that is often shared with
the patient. In the upcoming decade, with the emergence of novel therapeutics for
bladder cancer, addressing disparities and health-related quality-of-life outcomes
among bladder cancer patients will be of utmost importance.
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