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Abstract

Background: An older age contributes to the development of bladder cancer. However, the relationship between advanced
age at the diagnosis and prognosis of bladder cancer has been few reported. This study aimed to determine the effect of age on
survival in bladder cancer with different subgroups.

Methods: 117,275 patients with bladder cancer, identified from the Surveillance, Epidemiology, and End Results
database during 2004-2015 in America, were divided into 4 age groups (≤54, 55 to 64, 65 to 74, and ≥75 years).
Multivariable Cox proportional-hazards model and competing risk model were conducted according to different age
groups. Heat maps were plotted to show the impact of age on survival in subgroups classified by other clinicopath-
ological variables. Moreover, restricted cubic spline was used to model the association between age and the risk of
death.

Results: Patients aged ≥75 years had shorter overall survival in comparison with those aged ≤54 years (hazard ratio [HR] = 5.36,
95% confidence interval [CI] = 5.13-5.59). Compared with patients aged ≤54 years, patients older than 75 years experienced a
decreased rate of bladder cancer-specific survival (subdistribution HR = 2.15, 95% CI = 2.04-2.25). Heat maps also showed that
older ages were associated with worse overall cumulative mortality and bladder cancer-specific cumulative mortality. Similarly,
restricted cubic spline verified the impact of age on survival of bladder cancer.

Conclusions: Age at diagnosis of bladder cancer was found to be a significant predictor for the worse overall survival and
bladder cancer-specific survival even in an era with more effective therapies. Exploring the reasons why older age contributes to
poor outcomes for bladder cancer will be the focus of future research.
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Introduction

Bladder cancer is the tenth most common malignancy in the
world. According to statistics, in 2020, there were 573,278
new cases and 212,536 deaths worldwide. Bladder cancer is
mainly a male tumor, as the incidence is up to four times that in
women.1 While to some extent, this difference can be at-
tributed to tobacco consumption.2 In the US, bladder cancer
causes 4% of deaths in men and 2% in women. Although men
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are four times more likely to develop the disease than women,
the death rate is only twice as high.3

The mean age at diagnosis of bladder cancer is 73 years old,
which is older than the average age (65 years old) at diagnosis
of all cancers.4 In the US, 90% of bladder cancer diagnoses are
made in people over 55, and 80% are made in people over 65.5

Also, we found that bladder cancer was the fourth leading
cause of cancer deaths in American men over the age of 80
years.3 Previous studies have shown that the 3-year overall
survival rate for bladder cancer was 70%, whereas the 10-year
overall survival rate was only 42%. The age of patients was
divided by 60, and the 10-year overall survival rate of patients
younger than 60 years old was 74%, while that of patients
older than 60 was only 35%.6 Thus, advanced age is one of the
risk factors for bladder cancer.7 This can be explained as
exposure to carcinogens such as tobacco and an age-related
decline in the ability to repair DNA.8

Current studies showed that immune checkpoint inhib-
itors could significantly prolong survival time in patients
with advanced urinary tract tumors. The addition of im-
munomaintenance therapy to first-line chemotherapy has
also demonstrated significant efficacy, but mainly in pa-
tients with positive PD-L1 expression.9-11 However with
the growth in the aging population, treatment and man-
agement of bladder cancer in the elderly can be expected to
become a major challenge. Indeed, little research has been
done on the association of the effect of age on bladder
cancer prognosis. In this study, the age of patients with
bladder cancer was subdivided, and the prognosis of pa-
tients with different ages and stages of bladder cancer were
discussed.

Materials and Methods

Surveillance, Epidemiology, and End Results Database

This retrospective study used the Surveillance, Epidemiology,
and End Results (SEER) Database, which covers about a third
of the US population (https://seer.cancer.gov/). It contains a
total of 18 cancer registries, 9 of which have been in existence
since 1973. The SEER database records tumor-related in-
formation for each cancer patient, such as tumor location,
stage, size, and distant metastases, as well as patient social
information, such as age, sex, marriage, race, income, resi-
dence, etc. In addition, the survival and death status of patients
are recorded. The SEER database is a public database, in
which information about patients is anonymous. Therefore,
our research did not require ethics approval.

Patient Identification

Patients diagnosed with bladder cancer from 2004 to 2015
were extracted from SEER 18 utilizing the SEER*Stat soft-
ware. All data was cleaned and valuable information was left
to analyze. The inclusion criteria were set as follows: (a)

diagnosed as bladder cancer (C67.0-67.9, Histologic Type
ICD-O-3) with positive histological confirmation. (b) com-
plete data were available with age, survival time, cause of
death and follow-up time. The included indicators were social
information (age, race, sex, marital status, median annual
family income, and county type of residence), tumor-related
information (grade and stage), treatment information (radia-
tion, chemotherapy, and surgery), outcome-related informa-
tion (survival status, survival and follow-up time).

Statistical Analysis

We calculated the proportions of bladder cancer patients with
different ages (≤54, 55-64, 65-74, and ≥75 years old) ac-
cording to characteristics including race (white, black, other,
and unknown), sex (female, male), marital status (married,
unmarried, and unknown), median annual family income
(<$66,610, ≥$66,610), county type of residence (metropoli-
tan, nonmetropolitan), grade (I, II, III, IV, and unknown), 6th

AJCC TNM staging (0is, 0a, I, II, III, and IV), surgery (no/
unknown, yes), radiation (no/unknown, yes), survival status
(alive, dead of this cancer, and dead of other cause), median
follow up time.

We used Schoenfeld residuals to test proportional haz-
ards hypothesis by the cox.zph function of R (version 4.1.1)
package “survival” in two included models (Cox
proportional-hazards model and the Fine-Gray sub-
distribution hazard model).12 Based on the finegray func-
tion, the Fine-Gray subdistribution hazard model can be fit
by first creating a special data set and fitting a weighted Cox
proportional-hazards model to the result, and then the
cox.zph function could be used to test proportional hazards
hypothesis of the Fine-Gray subdistribution hazard
model.13,14 Cox proportional-hazards model was subse-
quently conducted to analyze overall survival (OS) and
competing risk model was conducted to analyze cancer-
specific survival (CSS). For Cox proportional-hazards
model, bladder cancer death was labeled 1 and surviving
cases were labeled 0. For competing risk model, bladder
cancer-specific death and other cause-specific death were
labeled 1 and 2 as competing outcomes, respectively, and
surviving cases were labeled 0. Covariates and risk factors
including race, sex, marital status, median annual family
income, county type of residence, grade, 6th AJCC TNM
staging, surgery and radiation were studied in these two
models. The R (version 4.1.1) package “cmprsk” was
performed to plot the cumulative incidence function (CIF)
for different age, and Gray’s test was used to compare the
incidence between the two competing events in the CIF.
Multivariate competing risk survival analysis was per-
formed using the Fine–Gray subdistribution hazard model.
Prognostic factors that affected CIF were evaluated by
subdistribution hazard ratio (SHR) with a 95% CI Kaplan-
Meier and cancer-specific cumulative incidence curves
were plotted in all whole cohort and groups with different
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TNM stages. 3, 5, 10-year overall cumulative mortality
(OCM) and bladder cancer-specific cumulative mortality
(BCSCM) in all whole cohort and different age groups were
calculated and heat maps were used to determine the 5, 10-
year OCM and BCSCM in various subgroups. We used
restricted cubic spline curves based on Cox proportional-
hazards model to evaluate the association between age and
all-cause cumulative mortality. All results were conducted
and analyzed with R (version 4.1.1).

Results

Patient Characteristics

A total of 124,810 bladder cancer patients were included from
the SEER database. Finally, 117,275 eligible patients were
enrolled in our study (Supplemental Figure S1). Of these,
103,058 (87.9%) were over the age of 55, and 38.4% were
over the age of 75. Bladder cancer was nearly three times more
common in men than in women. The proportion of males was
74.0%, while of females was only 26.0%. Married people with
low incomes made up the majority. And on the other hand, we
found that most bladder cancer patients lived in metropolitan
areas, and the number was about seven times higher than that
in unmetropolitan areas (87.6% vs 12.4%). Bladder cancer
was diagnosed primarily in its early-stages, and only less than
10% of patients developed distant metastases. Regardless of
age, about 90% of bladder cancer patients have received
surgery and radiation, while only 20% have received che-
motherapy. These rates of treatment did not rise or fall sig-
nificantly with age. Among patients over 85 years of age, the
survival rate was only 40.0%, much lower than the 83.4%
among young patients (≤54 years old). Among bladder cancer
patients aged over 85 years, the proportion of deaths from
other causes was greater than the deaths from this cancer
(32.5% vs 27.5%) (Table 1).

Outcome Data

In the proportional hazards assumption of two included
models (Cox proportional-hazards model and the Fine-Gray
subdistribution hazard model), there was no statistical
significance for each covariable (P > .05), and global test
was also not statistically significant (P > .05). And factors
that influence hazard ratio (HR) of death in bladder cancer
patients were shown in Table 2. Old patients (≥75 years old)
had about four times the risk of dying compared with young
patients (≤54 years old). Blacks had a higher risk of dying
than whites (HR: 1.2; 95% CI: 1.16-1.25). Those who were
unmarried had about a 47% higher risk of dying than those
who were married (HR: 1.47; 95% CI: 1.44-1.50). In ad-
dition, low-income families living in nonmetropolitan areas
had a higher risk of death. Patients with poorly differen-
tiated, metastatic, and untreated bladder cancer were known
to have a higher risk of death. However, our results

indicated that bladder cancer patients who received radi-
ation therapy had a higher risk of death than those who did
not receive radiation therapy (HR: 1.21; 95% CI: 1.17-
1.25). In order to exclude the influence of other factors on
death in patients with bladder cancer, we developed a
competitive risk model to study the subdistribution hazard
ratio (SHR) of cancer-specific mortality. Moreover, we
found similar results as above, which were shown in Table
3. Compared with young patients (≤54 years old), old
patients (≥75 years old) were twice as likely to die of cancer.

In Figure 1, we found that the risk of all-cause of death and
cancer-specific death increased with age. Patients aged
75 years or older with bladder cancer had a significantly higher
risk of death than those aged 54 years or younger, especially in
terms of all-cause of death (Figure 1A). We subdivided the
bladder cancer patients according to AJCC staging. We found
that age played a significant role in patients with early-stage
bladder cancer. In stage IV patients, however, the difference
between age and mortality risk was not significant (Figures 2
and 3).

In Figures 4 and 5, we used heat maps to visually show
the 5-year total mortality and cancer-specific mortality of
patients with bladder cancer. We found that the 5-year total
mortality for bladder cancer patients aged over 75 years old
was generally greater than 50%, while for those who aged
younger than 54 years old was less than 30%. Of course,
among patients with advanced bladder cancer, the mortality
was higher at all ages (≥86%). In addition, we found that the
cancer-specific mortality in patients with bladder cancer
aged over 75 years was generally greater than 30%. This
ratio was lower than the total mortality. The cancer-specific
mortality continued to increasing age, even in stage IV
cancer patients.

Similarly, in Figures 6 and 7, we found that the 10-year
total mortality was generally greater than 70% for patients
aged over 75 years old, and the cancer-specific mortality was
generally greater than 35%. However, both overall and cancer-
specific mortality were lower in patients younger than 54 years
of age (<30%). In patients with advanced bladder cancer, both
overall mortality and cancer-specific mortality were generally
above 90%. In conclusion, the prognosis of patients with
bladder cancer was related to age.

In Table 4, we summarized the OCM and BCSCM of
different ages. 3-year, 5-year, and 10-year OCM and BCSCM
all increased with age, especially among 10-year patients. We
found that the 10-year OCM for bladder cancer patients over
75 years old was 77.8%, while for younger patients (≤54 years
old) was only 20.3%. Similarly, age had a greater effect on
OCM than BCSCM. The 10-year BCSCM was 38.7% for
older patients (≥75 years old) and 14.8% for younger patients
(≤54 years old). That was a drop of just 23.9%. However, the
10-year OCM declined by 57.5%. Moreover, restricted cubic
spline curves based on Cox proportional-hazards model
showed that the risk of death increased with age for these
patients older than 70 (Figure 8).
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Table 1. Characteristics of All Whole Cohort and Different Age Groups.

Age at diagnosis, n(%)

Characteristics Overall ≤54y 55-64y 65-74y ≥75y

Total 117275 14217 (12.12) 25093 (21.40) 32926 (22.08) 45039 (38.40)
Race

White 103440 (88.20) 12017 (84.53) 21898 (87.27) 29123 (88.45) 40402 (89.70)
Black 6587 (5.62) 1099 (7.73) 1619 (6.45) 1778 (5.40) 2091 (4.64)
Other 5357 (4.57) 708 (4.98) 1069 (4.26) 1490 (4.53) 2090 (4.64)
Unknown 1891 (1.61) 393 (2.76) 507 (2.02) 535 (1.62) 456 (1.01)

Sex
Female 30543 (26.04) 3602 (25.34) 5850 (23.31) 7906 (24.01) 13185 (29.27)
Male 86732 (73.96) 10615 (74.66) 19243 (76.69) 25020 (75.99) 31854 (70.73)

Marital status
Married 67631 (57.67) 7950 (55.92) 15259 (60.81) 20727 (62.95) 23695 (52.61)
Unmarried 40562 (34.59) 5023 (35.33) 7715 (30.75) 9598 (29.15) 18226 (40.47)
Unknown 9082 (7.74) 1224 (8.75) 2119 (8.44) 2601 (7.90) 3118 (6.92)

Median annual family income
<$66,610 77840 (66.37) 9462 (66.55) 16621 (66.24) 22133 (67.22) 29624 (65.77)
≥$66,610 39435 (33.63) 4755 (33.45) 8472 (33.76) 10793 (32.78) 15415 (34.23)

County type of residence
Metropolitan 102775 (87.64) 12498 (87.91) 21928 (87.39) 28597 (86.85) 39752 (88.26)
Nonmetropolitan 14500 (12.36) 1719 (12.09) 3165 (12.61) 4329 (13.15) 5287 (11.74)

Grade
I 14531 (12.39) 2348 (16.52) 3542 (14.12) 4093 (12.43) 4548 (10.10)
II 29110 (24.82) 4507 (31.70) 6684 (26.64) 8213 (24.94) 9706 (21.55)
III 19877 (16.95) 1920 (13.50) 3954 (15.76) 5274 (16.02) 8729 (19.38)
IV 32993 (28.13) 2961 (20.83) 6550 (26.10) 9472 (28.77) 14010 (31.11)
Unknown 20764 (17.71) 2481 (17.45) 4363 (17.39) 5874 (17.84) 8046 (17.86)

Stage
0is 5480 (4.67) 609 (4.28) 1131 (4.51) 1620 (4.92) 2120 (4.71)
0a 57993 (49.45) 8283 (58.26) 13254 (52.82) 16581 (50.36) 19875 (44.13)
I 26633 (22.71) 2532 (17.81) 5233 (20.85) 7572 (23.00) 11296 (25.08)
II 13341 (11.38) 1054 (7.41) 2250 (8.97) 3320 (10.08) 6717 (14.91)
III 4552 (3.88) 525 (3.69) 953 (3.80) 1280 (3.89) 1794 (3.98)
IV 9276 (7.91) 1214 (8.54) 2272 (9.05) 2553 (7.75) 3237 (7.19)

Surgery
No/Unknown 7788 (6.64) 885 (6.22) 1501 (5.98) 2056 (6.24) 3346 (7.43)
Yes 109487 (93.36) 13332 (93.78) 23592 (94.02) 30870 (93.76) 41693 (92.57)

Chemotherapy
No/Unknown 92526 (78.90) 10941 (76.96) 18944 (75.50) 25303 (76.85) 37338 (82.90)
Yes 24749 (21.10) 3276 (23.04) 6149 (24.50) 7623 (23.15) 7701 (17.10)

Radiation
No/Unknown 111642 (95.20) 13817 (97.19) 24287 (96.79) 31620 (96.03) 41928 (93.07)
Yes 5633 (4.8) 400 (2.81) 806 (3.21) 1306 (3.97) 3121 (6.93)

Survival status
Alive 71981 (61.38) 11856 (83.39) 19491 (77.68) 22630 (68.73) 18004 (39.97)
Dead of this cancer 23527 (20.06) 1803 (12.68) 3741 (14.91) 5571 (16.92) 12412 (27.56)
Dead of other cause 21767 (18.56) 558 (3.92) 1861 (7.42) 4725 (14.35) 14623 (32.47)

Follow up time, Mo 44 (18-84) 67 (29-109) 57 (24-98) 48 (21-86) 32 (12-65)
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Table 2. Cox Proportional-Hazards Model Analysis of Bladder Cancer Patients.

Univariate analysis Multivariate analysis

Clinicopathological variables HR(95%CI) P HR(95%CI) P

Age at diagnosis
≤54y Reference Reference
55-64y 1.46 (1,39-1.53) <.001 1.43 (1.36-1.5) <.001
65-74y 2.23 (2.13-2.33) <.001 2.29 (2.19-2.4) <.001
≥75y 5.42 (5.20-5.66) <.001 5.36 (5.13-5.59) <.001

Race
White Reference Reference
Black 1.41 (1.36-1.46) <.001 1.2 (1.16-1.25) <.001
Other .89 (.85-.93) <.001 .85 (.81-.90) <.001
Unknown .10 (.08-.13) <.001 .16 (.13-.20)

Sex
Female Reference Reference
Male .89 (.87-.90) <.001 1.18 (1.16-1.21) <.001

Marital status
Married Reference Reference
Unmarried 1.72 (1.68-1.75) <.001 1.47 (1.44-1.50) <.001
Unknown .86 (.83-.90) <.001 1.02 (.98-1.06) .354

Median annual family income
<$66,610 Reference Reference
≥$66,610 .87 (.86-.89) <.001 .91 (.89-.93) <.001

County type of residence
Metropolitan Reference Reference
Nonmetropolitan 1.08 (1.05-1.11) <.001 1.09 (1.06-1.12) <.001

Grade
I Reference Reference
II 1.14 (1.10-1.19) <.001 1.05 (1.01-1.10) .008
III 3.00 (2.89-3.12) <.001 1.25 (1.2-1.31) <.001
IV 2.96 (2.85-3.07) <.001 1.2 (1.15-1.25) <.001
Unknown 1.71 (1.64-1.78) <.001 1.24 (1.19-1.29) <.001

Stage
I Reference Reference
0is .65 (.62-.69) <.001 .63 (.59-.66) <.001
0a .51 (.49-.52) <.001 .58 (.57-.60) <.001
II 2.39 (2.33-2.46) <.001 2.31 (2.25-2.39) <.001
III 2.55 (2.45-2.66) <.001 2.8 (2.68-2.91) <.001
IV 6.39 (6.21-6.59) <.001 7.87 (7.62-8.13) <.001

Surgery
No/Unknown Reference Reference
Yes .57 (.56-.59) <.001 .59 (.57-.61) <.001

Chemotherapy
No/Unknown Reference Reference
Yes 1.35 (1.32-1.38) <.001 .75 (.73-.77) <.001

Radiation
No/Unknown Reference Reference
Yes 3.97 (3.85-4.10) <.001 1.21 (1.17-1.25) <.001
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Table 3. Competing Risk Model Analysis of Bladder Cancer Patients.

Univariate analysis Multivariate analysis

Clinicopathological variables SHR(95%CI) P SHR(95%CI) P

Age at diagnosis
≤54y Reference Reference
55-64y 1.21 (1.14-1.28) <.001 1.13 (1.08-1.20) <.001
65-74y 1.40 (1.32-1.47) <.001 1.35 (1.28-1.42) <.001
≥75y 2.41 (2.30-2.54) <.001 2.15 (2.04-2.25) <.001

Race
White Reference Reference
Black 1.73 (1.65-1.81) <.001 1.18 (1.12-1.24) <.001
Others 1.02 (.96-1.08) 0.6 .91 (.86-.98) .007
Unknown .11 (.08-.15) <.001 .27 (.20-.37) <.001

Sex
Female Reference Reference
Male .72 (.70-.74) <.001 .96 (.93-.99) .008

Marital status
Married Reference Reference
Unmarried 1.73 (1.68-1.77) <.001 1.29 (1.25-1.32) <.001
Unknown .77 (.72-.81) <.001 1.04 (.98-1.11) .19

Median annual family income
<$66,610 Reference Reference
≥$66,610 .89 (.86-.91) <.001 .89 (.86-.91) <.001

County type of residence
Metropolitan Reference Reference
Nonmetropolitan 1.06 (1.02-1.10) .003 .94 (.91-.97) <.001

Grade
I Reference Reference
II 1.51 (1.38-1.64) <.001 1.20 (1.11-1.31) <.001
III 8.54 (7.91-9.22) <.001 1.77 (1.63-1.93) <.001
IV 8.31 (7.71-8.95) <.001 1.67 (1.54-1.81) <.001
Unknown 3.61 (3.33-3.92) <.001 1.61 (1.48-1.75) <.001

Stage
I Reference Reference
0is .42 (.38-.47) <.001 .43 (.39-.48) <.001
0a .20 (.19-.21) <.001 .25 (.24-.27) <.001
II 3.28 (3.16-3.41) <.001 2.97 (2.86-3.10) <.001
III 3.88 (3.69-4.07) <.001 3.83 (3.64-4.04) <.001
IV 9.73 (9.38-10.11) <.001 9.62 (9.21-10.06) <.001

Surgery
No/Unknown Reference Reference
Yes .48 (.45-.50) <.001 .60 (.56-.63) <.001

Chemotherapy
No/Unknown Reference Reference
Yes 1.94 (1.89-2.00) <.001 .82 (.79-.85) <.001

Radiation
No/Unknown Reference Reference
Yes 4.93 (4.76-5.10) <.001 1.22 (1.17-1.27) <.001
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Discussion

This study showed that bladder cancer was more likely to
occur in older patients. The incidence of bladder cancer in-
creased with age (≤54 to 55-64 to 65-74 to ≥75) from 12.1% to
21.4% to 22.1% to 38.4%, respectively. Moreover, consistent
with our hypothesis, older patients also had poorer prognosis.
At 5 years, the OCM and BCSCM in elderly patients with
bladder cancer were 55.0% and 30.7%, while in young pa-
tients (≤54) were as low as 15.7% and 12.8%, respectively.
Also during the 10-year follow-up period, the OCM and
BCSCM of older patients were significantly higher than those
of younger patients (77.8% vs 20.3%, 38.7% vs 25.6%,
respectively).

Previous studies have shown that age was a risk prognostic
factor in patients with bladder cancer, especially in untreated

patients.6,15-17 Luzzago et al explored the effect of age on
prognosis by different disease stages and found that in patients
with regional and metastatic bladder cancer, older age was
associated with lower cancer-specific mortality.18 However,
our study found that in patients with advanced bladder cancer,
both 5-year and 10-year cancer-specific survival and overall
survival increased with age, but not significantly.

Tobacco is a rich source of carcinogenic compounds, in-
cluding polycyclic aromatic hydrocarbons, aromatic amines,
heterocyclic amines and N-nitroso compounds. This chemical
carcinogen causes large adducts, base damage and DNA
strand breaks in bladder epithelial cells. Therefore, smoking is
an important factor associated with bladder cancer, and its
harm increases with the intensity and duration of
smoking.19,20 Smoking may also influence the development of

Figure 1. The risk of all-cause of death (A) and cancer-specific death (B) increased with age.
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bladder cancer, as reflected in disease-specific mortality
among smokers.21 Smoking is more common among men than
women, and the accumulation of chemical carcinogens in the
bladder increases with age.22,23 At the same time, there is a
delay time between exposure factors and the occurrence of
outcomes, the clinical expression of malignant tumors requires
a certain amount of time.24 This is one of the reasons for the
increased incidence and mortality of bladder cancer in older
men.

In addition to external exposure factors, the internal factors
also can not be ignored. In recent years, cancer has come to be
regarded as a disease of the elderly. In the US, about two-thirds
of malignancies occur in people over 65 years old. Patients
older than 65 years old are 15 times more likely to die than
those younger than 65 years old.3 Recently, people have
gradually realized that there was an inseparable relationship
between aging and malignant tumors. With age, the ability of
neutrophils and macrophages to engulf pathogens decreases,

Figure 2. The risk of all-cause of death increased with age about different stage bladder cancer.
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leading to immune disorders that promote the development of
tumors.25 In addition, telomeres shorten as cells age, leading
to the possibility that aging cells are less able to repair mu-
tations in their DNA.26,27 Several studies have shown that
bladder cancer tended to differentiate well in younger patients.

Actually, elderly patients are more likely to be diagnosed with
advanced stages and non-organ confined diseases.28-30 In
younger patients, nearly 40% of cases are papillary urothelial
neoplasms with low malignancy potential, and this proportion
decreases with age.31 As a result, younger patients have lower

Figure 3. The risk of cancer-specific death increased with age about different stage bladder cancer.
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rates of disease recurrence and progression and higher survival
rates.

Of course, the difference in outcomes between older and
younger patients may also be due to the fact that older
patients are less active in treatment and less tolerant to it.
First of all, the basic conditions of elderly patients are poor,
such as cardiovascular disease, diabetes and other diseases,
which make some surgical treatments impossible.32 Sec-
ond, post-treatment complications, such as fever, infection
and blood clots, also complicate the situation in older

people than in younger ones.33 Third, the presence of liver
and kidney disease may affect the optimal dosage of che-
motherapy drugs, thus affecting efficacy.34 Age may also
influence the use of immune checkpoint inhibitors, thereby
affecting patient outcomes.35 Intravesical immunotherapy
with Bacillus Calmette-Guerin (BCG) is a type of effective
treatment for non-muscle invasive bladder cancer.36 The
effectiveness of BCG, however, depends on the ability of
the immune response, which declines with age and so does
the effectiveness of BCG.37

Figure 4. The heat map of 5-year total mortality of patients with bladder cancer.

Figure 5. The heat map of 5-year cancer-specific mortality of patients with bladder cancer.
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Simultaneously, our study found that the cancer-specific
mortality in older patients was higher than the overall mor-
tality. According to the statistics, cardiovascular disease is the
leading cause of death in the US population, accounting for
23% of all deaths, and cancer is the second leading cause of
death at 21%.3 In addition to cardiovascular diseases, other
diseases, such as respiratory diseases and cerebrovascular
accidents, are basically more common in the elderly. There-
fore, non-cancer mortality also accounts for a certain pro-
portion of the aged.

Elderly patients with bladder cancer is a population that
needs attention, and doctors need to tailor treatment for
them. By studying the relationship between age and bladder
cancer, this article can make doctors pay more attention to
the elderly group. Necessary assessment and supportive
care for older patients before treatment may lead to better
survival outcomes for them. Of course, to find more suitable
treatment for elderly patients is the direction of current
efforts, and the efficacy of immune checkpoint inhibitors is
also being gradually explored in this population. At the

Figure 6. The heat map of 10-year total mortality of patients with bladder cancer.

Figure 7. The heat map of 10-year cancer-specific mortality of patients with bladder cancer.
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same time, further understanding of the molecular and
histological subtypes of bladder cancer and their potential
prognostic outcomes will also have a certain impact on
decision-making.

The effect of age on the prognosis of bladder cancer was
carefully discussed in this study. However, some limita-
tions should not be ignored. First of all, this is a retro-
spective and descriptive study, and there are some
unavoidable factors of bias, such as the accuracy and
completeness of data recording. Second, the SEER

database lacks important treatment information, like the
use of intravesical therapies, specific radiotherapy, che-
motherapy and surgical treatment, or any other information
related to treatment intensity. In addition, some factors that
can affect the prognosis of patients, such as smoking,
weight, physical status are absent. Third, no information
regarding diabetes, hypertension and other comorbidities is
available in the SEER database. Most importantly, our data
comes from a public database and lacks further validation
with external data.

Table 4. 3, 5, 10-Year Overall Cumulative Mortality and Bladder Cancer-Specific Cumulative Mortality in All Whole Cohort and Different
Age Groups.

Overall n = 117275
(95%CI)

≤54y n = 14217
(95%CI)

55-64y n = 25093
(95%CI)

65-74y n = 32926
(95%CI)

≥75y n = 45039
(95%CI)

3-year OCM .278 (.275-.281) .131 (.126-.137) .170 (.165-.175) .219 (.215-.224) .428 (.423-.433)
5-year OCM .355 (.352-.358) .157 (.151-.163) .209 (.204-.214) .282 (.277-.287) .550 (.545-.555)
10-year OCM .506 (.503-.509) .203 (.197-.210) .285 (.280-.291) .433 (.428-.438) .778 (.774-.782)
3-year BCSCM .184 (.182-.186) .112 (.107-.117) .136 (.132-.140) .150 (.146-.154) .262 (.258-.266)
5-year BCSCM .213 (.211-.215) .128 (.123-.134) .155 (.151-.160) .177 (.173-.181) .307 (.303-.311)
10-year BCSCM .256 (.254-.258) .148 (.142-.154) .178 (.173-.183) .220 (.216-.225) .387 (.383-.392)

Figure 8. Restricted cubic spline curves showed the risk of death increases with age.
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Conclusion

In conclusion, our study provides more clarity on the effect of
age on bladder cancer. The high incidence and poor prognosis
of bladder cancer are associated with increasing age. Elderly
bladder cancer is a progressive phenomenon. Because of its
particularity, it faces great clinical challenges. The treatment of
older patients needs to strike a balance between undertreat-
ment and overtreatment, focusing on therapeutic efficacy
while not neglecting complications and quality of life.
Therefore, it is urgent to carry out a large observational study
on elderly patients with bladder cancer and conduct clinical
management in a scientific way.

Appendix

Abbreviations

BCG Bacillus Calmette Guerin
BCSCM bladder cancer-specific cumulative mortality
BCSS bladder cancer-specific survival
CIF cumulative incidence function
CI Confidence interval
CSS cancer-specific survival; HR hazard ratio
OCM overall cumulative mortality
OS overall survival
RCS Restricted cubic spline
SHR Subdistribution hazard ratio
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