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Abstract

Background: Population-based analysis for the short-term non-bladder cancer related mortality among patients
with non-metastatic bladder cancer is currently lacking. The objective of the current study was to assess and
quantify cause of death after bladder cancer diagnosis.

Methods: The custom Surveillance, Epidemiology, and End Results (SEER) dataset for standardized mortality ratios
(SMRs) was utilized to identify 24,074 patients who were diagnosed with nonmetastatic (M0) bladder cancer from
2014 to 2015. SMRs for causes of death were calculated. Risk factors for bladder cancer-specific mortality,
competing mortality, second-cancer mortality, and noncancer mortality were determined using either multivariable
Cox or competing risk regression models.

Results: Among all the 4179 (17.4%) deaths occurred during the follow-up period, almost half of them (44.2%)
were attributed to non-bladder cancer cause, including second non-bladder cancer (10%) and other non-cancer
causes (34.2%). The most common noncancer causes of death were heart diseases followed by chronic obstructive
pulmonary disease. Patients had a higher risk of death from second malignancies (SMR, 1.59; 95% Cl, 1.47-1.74)
compared with death from first malignancies in the US general population, and also had higher risks of death from
heart diseases (SMR, 1.29; 95% Cl, 1.18-1.40) and chronic obstructive pulmonary disease (SMR, 1.52; 95% Cl, 1.29-
1.79) compared with the US general population. Additionally, some risk factors for competing second malignancies
or noncancer mortality were determined, such as age, gender, marital status and treatment modalities.

Conclusions: Death from non-bladder cancer cause contributed to almost half of all deaths in bladder cancer
survivors during the short-term follow-up period. These findings can inform medical management and assist
clinicians in counseling those survivors regarding their short-term health risks.
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Background to the latest cancer statistic report, an estimated 81,190
Bladder cancer is the sixth most common cancer and new cases of bladder carcinoma were expected to be di-
the second commonly diagnosed genitourinary malig- agnosed in 2018 in the United States nationally, with 17,
nancy [1l], accounting for approximately 4.6% of all 240 deaths caused by this disease [2]. Increasing age is
newly diagnosed cancer and for approximately 2.8% of considered as the main risk factor for bladder cancer,
cancer directed deaths in the United States. According and most of the case occur in people aged over 60 [3].
In addition, smoking and exposure to some industrial
- ; : ‘ chemicals also increase the risk of bladder cancer [4, 5].
e o On average, approximately 70% of bladder cancers are
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bladder cancer (NMIBC) at diagnosis, whereas the
remaining ~ 30% are classified as muscle-invasive blad-
der cancer (MIBC) [6]. Hence, due to the early diagnoses
and the development of treatment modalities, bladder
cancer survival rates improved significantly over time
[1]. A previously published large population-based ana-
lysis reported that the 5-year cancer-specific survival
rates was 92 and 50% for localized and regional disease,
respectively [7]. Moreover, about 700,000 patients are
estimated to be living with the disease in the USA [8].
Considering the elder age and improved lifetime expec-
tance of bladder cancer survivor, more attention should
be paid to identify the cancer patients at high risk of
dying from non-bladder cancer cause, as well as their
risk of a particular cause of death.

Prior studies have reported on the non-cancer causes
of death among patients with various cancer (e.g. pros-
tate [9], breast [10], and oropharynx [11]). Moreover,
non-cancer causes of death in long-term bladder cancer
survivors were also investigated in a previously published
study [12]. However, insight regarding the short-term
mortality (e.g. second cancer mortality, and non-cancer
mortality) risk in relation to bladder cancer survivor is
still limited. Moderate treatment modalities and inten-
sive medical management should be considered for pa-
tients who had high risk of dying from competing causes
of either secondary malignancies or noncancer cause.
Therefore, the purpose of the current work is to study
short-term (within 3years) cause of mortality among
survivors of bladder cancer. The results identify patients
who are at higher risk to die from second non-bladder
cancers, as well as who are at higher risk of non-cancer
death (and its specific causes). This information could
be utilized for treatment selection, patient counseling,
and survivorship monitoring.

Methods

Database and case selection

Data was obtained from the custom SEER database [In-
cidence- SEER 18 Regs excluding AK Custom Data (with
additional treatment fields), Nov 2018 Sub (2000-2016)
for SMRs], which collected cancer data that covers ap-
proximately 28% of the United States population [13].
The SEER*Stat software version 8.3.6.1 (National Cancer
Institute, USA) was utilized to access the data from
SEER database. Patients with non-metastatic (M0) blad-
der cancer (Site recode International Classification of
Diseases for Oncology-3 (ICD-O-3)/WHO 2008: Urinary
bladder) with malignant behavior who were diagnosed
between 2014 to 2015 were extracted from the database.
Only patients with a single primary tumor or patients
whose first primary tumor was bladder cancer were in-
cluded. Patients whose diagnosis was made at autopsy or
based on a death certificate were excluded (#=108).

Page 2 of 9

Importantly, to minimize the risk of selection bias, eli-
gible patients who have missing information of variables
in SEER program were also included for subsequent re-
gression analysis of survival data. A flow chart of inclu-
sions and exclusions was shown in Figure S1.

Covariates

The analysis involved multiple variables including demo-
graphic characteristics (age at diagnosis, gender, race,
marital status and insurance status), disease characteris-
tics (histologic grade, AJCC T and N stage, and SEER
based summary stage which categorizes tumors into lo-
calized, regional, or distant disease), and treatment char-
acteristics (surgery, radiotherapy and chemotherapy).
Our use of the radiotherapy and chemotherapy data in
this study was consistent with the data use agreement
which we signed to obtain those variables. Specially, the
continuous variables, age at diagnosis, were transformed
into categorical variables (0-49, 50-64, and > 64). Mari-
tal status including divorced, single, widowed, separated
and domestic partner were classified into other status.
The SEER Cause of Death Recode was utilized to iden-
tify the causes of death, which was based on the ICD 8-
10 (International Statistical Classification of Diseases
and Related Health Problems) and included both cancer
and non-cancer causes of death. SEER recodes ICD-8
through ICD-10 codes from death certificates and cate-
gorizes deaths from noncancer causes in 26 major
groups. These groups have been defined consistently
over time and include many of the leading causes of
death in the United States, such as pneumonia and influ-
enza, diseases of heart, and suicide and self-inflicted in-
jury [14]. Vital status record recode and cause-specific
death classification were utilized to define the main out-
comes including all-cause mortality and cancer-specific
mortality.

Statistical analysis

Descriptive statistic was utilized to summarize the abso-
lute number and percentage of deaths among bladder
cancer patients within each time period. The standard-
ized mortality ratios (SMRs) were directly estimated by
SEER*Stat software. In detail, the SMRs (adjusted by var-
iables including age, sex, and race) for each cause of
death after bladder cancer diagnosis were defined by cal-
culating the ratio of observed-to-expected (O/E) mortal-
ity, which represents the change in the risk for a specific
cause of death after bladder cancer diagnosis compared
with the risk of the general US population. The observed
mortality represents the observed number of deaths at-
tributed to a specific cause within a specific timeframe,
while the expected mortality represents the number of
death which are expected to attribute to the same cause
in a demographically similar population within the same
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time frame. Subsequently, a multivariable Cox propor-
tional hazards regression model was used to estimate the
hazard ratios (HR) for all-cause mortality. Meanwhile,
multivariable Fine and Gray competing-risk regression
models were built to estimate subdistribution hazard ra-
tios (SHR) for other endpoints, including bladder
cancer-specific mortality, competing-cause mortality,
second cancer mortality, and noncancer mortality.

Descriptive statistic, and multivariate Cox proportional
hazards model were performed using SPSS 24.0 (IBM
Corp). The Fine and Gray competing-risk regression
model was conducted by using R software version 3.6.0.
A 2-sided P value of <0.05 was considered as statistical
significance unless otherwise stated.

Results

Baseline characteristics

Based on the inclusion criteria, a total of 24,074 patients
diagnosed with non-metastatic bladder cancer were ex-
tracted from the SEER database. Most of the patients
who were included were elderly with age > 64 (69.1%).
Most included patients were white (89.0%), and were di-
agnosed with in situ bladder cancer (53.8%). Moreover,
The majority of patients (94.3%) had undergone cancer-
directed surgery, whereas only very few patients (4.2%)
received radiotherapy. Of all the included patients, a
total of 4179 (17.4%) patients were recorded as dead
during the follow-up period, with a mean age at death of
77.93 years. It was noted that 2289 deaths (54.8%) oc-
curred within 1years, while the rest of deaths (1890,
45.2%) occurred range from 1 to 3years. The baseline
characteristics of all patients who were diagnosed with
non-metastatic bladder cancer, as well as the time and
number of deaths were listed in Table 1.

Short-term mortality risks after bladder cancer diagnosis

The proportion of various types of causes of death
within 1year or 1-3years was displayed in Fig. 1.
Among the 2289 patients who died within the first year
after bladder cancer diagnosis, a total of 1278 patients
(55.8%) died directly from bladder cancer, 229 patients
(10.0%) died from other cancers (non-bladder cancer),
and 782 (34.2%) patients died from non-cancer causes. It
was worth mentioning that patients after bladder cancer
diagnosis had a dramatically higher mortality risks
(SMRs = 1.50; 95% CI [1.32-1.71]; P<0.05) from non-
bladder second cancer within the first year in compari-
son with the US general population (Table 2). The most
common non-cancer cause of death within 1 years was
disease of heart (262 death, 11.4%), followed with
chronic obstructive pulmonary disease (71 death, 3.1%),
both of which had higher number of death than ex-
pected death in the US general population, with SMRs
of 1.35 (95% CI [1.19-1.52], P<0.05) and 1.52 (95% CI
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[1.18-1.91], P < 0.05), respectively (Table 2). In addition,
patients with bladder cancer had a significant higher risk
of death from septicemia (SMRs=1.69; 95% CI [1.00—
2.67]; P<0.05), other infectious disease (SMRs = 3.69;
95% CI [2.25-5.69]; P <0.05), pneumonia and influenza
(SMRs = 1.67; 95% CI [1.12-2.40]; P<0.05), hyperten-
sion without heart disease (SMRs = 1.84; 95% CI [1.05—
2.99]; P<0.05), and nephritis, nephrotic syndrome and
nephrosis (SMRs =1.90; 95% CI [1.27-2.72]; P <0.05)
within the first year after cancer diagnosis in comparison
with the US general population.

Within 1 to 3 years after bladder cancer, a total of 914
patients (48.4%) died directly from bladder cancer, 270
patients (14.3%) died from other cancers (non-bladder
cancer), and 706 (37.4%) patients died from non-cancer
causes. In accordance with period of follow-up within 1
year, patients after bladder cancer diagnosis had signifi-
cant higher risk of death from non-bladder second can-
cer (SMRs=1.67; 95% CI [1.48-1.88]; P<0.05),
septicemia (SMRs =1.74; 95% CI [1.06-2.69]; P <0.05),
disease of heart (SMRs =1.23; 95% CI [1.08-1.39]; P<
0.05), chronic obstructive pulmonary disease (SMRs =
1.53; 95% CI [1.21-1.92]; P<0.05) compared with the
US general population. Conversely, deaths from non-
cancer causes including hypertension without heart dis-
ease, pneumonia and influenza, Nephritis, nephrotic syn-
drome and nephrosis, and other infectious disease
within 1-3 years after bladder cancer diagnosis were no
difference with the general population. Interestingly, our
results indicated that patients with bladder cancer had a
statistically significant high risk of death from suicide
and self-inflicted injury within 1 to 3 years after cancer
diagnosis, with SMRs of 2.07 (95% CI [1.04-3.71], P<
0.05), but not within 1 year, with SMRs of 1.41 (95% CI
[0.57-2.90], P >0.05), when compared with US general
population (Table 2).

Multivariable analysis of risk factors for short-term
mortality risk

In order to better understand the possible risk factors
associated with bladder cancer-specific mortality, non-
bladder cancer mortality or non-cancer mortality, multi-
variate Cox analysis or competing risk analysis were con-
ducted (Table 3). The multivariate analysis indicated
that patients with age within 50—64 (vs age < 50; SHR =
1.47; 95% CI [1.13-1.93]; P =0.005), age > 65 (vs age <
50; SHR =2.37; 95% CI [1.82-3.08]; P<0.001), Female
(vs Male; SHR =1.26; 95% CI [1.15-1.38]; P<0.001),
Black (vs White; SHR =1.18; 95% CI [1.02-1.38]; P=
0.030), American Indian (vs White; SHR = 1.70; 95% CI
[1.09-2.63]; P=0.020), T2 (vs T1; SHR =5.82; 95% CI
[5.17-6.55]; P<0.001), T3 (vs T1l; SHR =6.85; 95% CI
[5.89-7.97]; P<0.001), T4 (vs T1; SHR=11.6; 95% CI
[9.87-13.7]; P<0.001), N1 (vs NO; SHR =1.60; 95% CI
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Table 1 Baseline characteristics of all patients with non-metastatic bladder cancer and patients who died according to the time of

death after diagnosis

Timing of deaths after diagnosis

All Deaths <1Year 1-3 Years
Characteristic Total No. of  No. of Mean Age No. of Mean Age No. of Mean Age
Patients Patients (%) at Death, y Patients (%) at Death, y Patients (%) at Death, y

Overall 24,074 4,179 (100) 77.93 2,289 (54.8) 7849 1,890 (45.2) 77.25
Age at diagnosis, y

0-49 1,037 59 (100) 459 31 (52.5) 4531 28 (47.5) 46.56

50-64 6,394 649 (100) 60.49 303 (46.7) 60.13 346 (53.3) 60.81

> 64 16,643 3,471 (100) 81.73 1,955 (56.3) 81.86 1,516 (43.7) 8157
Race

White 21,432 3,639 (100) 78.22 1,991 (54.7) 78.71 1,648 (45.3) 77.64

Black 1,352 306 (100) 73.35 171 (55.9) 74.95 135 (44.1) 71.33

Asian or Pacific Islander 1,201 206 (100) 79.98 108 (52.4) 80.98 98 (47.6) 78.87

American Indian/Alaska Native 89 28 (100) 7459 19 (67.9) 7321 9 (32.1) 7751
Disease stage

In situ 12,940 935 (100) 80.25 403 (43.1) 80.32 532 (56.9) 80.20

Localized 8574 2,051 (100) 79.26 1,154 (56.3) 7991 897 (43.7) 7841

Regional 1,814 839 (100) 72.56 496 (59.1) 74.26 343 (409) 70.11
Histological grade

Grade | 1,970 161 (100) 79.8 63 (39.1) 78.89 98 (60.9) 80.39

Grade Il 6,232 447 (100) 79.07 214 (47.9) 79.18 233 (52.1) 7897

Grade Ill 2278 615 (100) 77.36 357 (58.0) 77.96 258 (42.0) 76.52

Grade IV 9,598 2,244 (100) 76.85 1,236 (55.1) 77.58 1,008 (44.9) 75.96
Cancer-directed surgery

Yes 22,699 3,739 (100) 77.58 1,996 (534) 7813 1,743 (46.6) 76.95
Radiotherapy

Yes 1,000 477 (100) 78.69 259 (54.3) 79.34 218 (45.7) 77.92
Chemotherapy

Yes 7,186 1,290 (100) 73.18 590 (45.7) 73.62 700 (54.3) 7281

[1.33-1.92]; P<0.001), N2 or N3 (vs NO; SHR =2.00;
95% CI [1.72-2.33]; P<0.001), Grade III (vs Grade I;
SHR = 4.68; 95% CI [3.33-6.57]; P <0.001), Grade IV (vs
Grade I; SHR =3.98; 95% CI [2.86—5.53]; P < 0.001), and
Radiation (vs No radiation; SHR = 1.30; 95% CI [1.15-
1.47]; P<0.001) were significantly associated with poor
bladder cancer-specific survival. On the contrary, pa-
tients who had factors like insured (vs uninsured; SHR =
0.65; 95% CI [0.49-0.86]; P =0.003), married (vs single;
SHR = 0.66; 95% CI [0.58-0.74]; P <0.001), surgery (vs
no surgery; SHR =0.54; 95% CI [0.45-0.65]; P <0.001),
and chemotherapy (vs no chemotherapy; SHR = 0.65;
95% CI [0.59-0.71]; P<0.001) were significantly associ-
ated with increased bladder CSS. Moreover, the multi-
variate analysis for overall survival (OS) of those patients
showed consistent result with bladder CSS, expect for
gender (female vs male). Taken together, these results

suggested that patients with older age, female, other race
(black or American Indian), uninsured, single, later stage
of T and N, poorer grader, receiving radiotherapy, and
not receiving surgery or chemotherapy seemed to have
bad clinical outcome.

As shown in Table 3, increasing age, male, receiving
radiotherapy, and other marital status (divorced, widowed,
separated or domestic partner) were associated with a
greater risk of competing-cause mortality. Patients who
had older age or undertaken radiotherapy were more
likely to die from both second non-bladder cancer and
non-cancer cause (P <0.05), whereas those who had fe-
male gender, or received treatment like surgery or chemo-
therapy were significantly associated with both decreased
second non-bladder cancer mortality and non-cancer
mortality (P < 0.05). Interestingly, our result also suggested
that patients who had married status were less likely died
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A Less than 1 year B 1-3 year C Total

12%
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0
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17%

® Bladder cancer = Diseases of Heart = Cerebrovascular Diseases m Other (Non-cancer) Cause of Death

m Chronic obstructive pulmonary disease = Other Cancers (Non-bladder) Cause of Death = Septicemia

Fig. 1 Cause of death in each latency period following bladder cancer diagnosis are illustrated. a The proportion of various types of causes of
death within 1 year after bladder cancer diagnosis. b The proportion of various types of causes of death within 1-3 year after bladder cancer
diagnosis. € The proportion of various types of causes of death after bladder cancer diagnosis

Table 2 Standardized mortality ratios for each cause of death after bladder cancer diagnosis

Timing of deaths after diagnosis

<1 Year 1-3 Years Total
Cause of death No. Observed® SMR (95% Cl) No. Observed® SMR (95% Cl) No. Observed® SMR (95% Cl)
All causes of death 2289 313 (3.00-326)° 1890 241 (230-252)° 4179 276 (267-284)°
Bladder cancer-specific death 1278 188.61 (178.41—199.24)b 914 12491 (1 16.94—133.28)b 2192 15554 (149.09—162.19)b
Second-cancer death 229 150 (1.32-1.71)° 270 167 (148-1.88)° 499 159 (1.45-1.74)°
Non-cancer causes of death
Septicemia 18 169 (1.00-267)° 20 1.74 (1.06-2.69)° 38 172 (121-236)°
Other infectious diseases 20 369 (2.25-569)° 11 1.94 (0.97-347) 31 279 (1.90-397)°
Diabetes mellitus 30 145 (0.98-2.07) 22 1(062-1.51) 52 1.22 (0.91-1.60)
Alzheimer disease 25 0.76 (049-1.12) 27 0.73 (0.48-1.06) 52 0.74 (0.56-0.98)°
Diseases of the heart 262 135 (1.19-152)° 255 123 (1.08-1.39)° 517 129 (1.18-14)°
Hypertension without heart disease 16 1.84 (1.05-2.99)° 8 0.85 (0.37-1.68) 24 1.33 (0.85-1.97)
Cerebrovascular diseases 47 1.18 (0.87-1.57) 37 0.86 (0.61-1.19) 84 1.02 (0.81-1.26)
Pneumonia and influenza 29 167 (1.12-240)° 16 0.88 (0.5-1.42) 45 1.26 (0.92-1.69)
Chronic obstructive pulmonary 71 152 (1.18-191)° 77 153 (121-192)° 148 152 (1.29-1.79)°
disease
Chronic liver disease and cirrhosis 11 1.67 (0.83-2.99) 9 1.27 (0.58-2.4) 20 146 (0.89-2.26)
Nephritis, nephrotic syndrome 29 1.90 (1.27-2.72)° 16 0.98 (0.56-1.6) 45 143 (1.04-191)°
and nephrosis
Symptoms, signs and ill-defined 6 0.77 (0.28-1.67) 7 0.90 (0.36-1.86) 13 0.84 (044-1.43)
conditions
Accidents and adverse effects 19 0.86 (0.52-1.35) 19 0.80 (0.48-1.24) 38 0.83 (0.59-1.14)
Suicide and self-inflicted injury 7 141 (0.57-2.90) M 207 (1.04-3.71)° 18 175 (1.04-2.77)°
Other cause of death 167 134 (1.14—1.56)b 147 1.09 (0.92-1.29) 314 121 (1.08—1.35)b

Abbreviation: SMR standardized mortality ratio
‘;Values indicate the number of patients with cancer who died from each cause of death
P <0.05
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Table 3 Comprehensive multivariable-adjusted Hazard Ratios for all-cause mortality, bladder cancer-specific mortality, competing-
cause mortality, second-cancer mortality, and Noncancer mortality among patients diagnosed with nonmetastatic bladder cancer

from 2014 to 2015

All-cause mortality

Bladder cancer-

Competing-cause

Second cancer

Noncancer mortality

specific mortality mortality mortality

Characteristic AHR (95% Cl) P AHR (95% Cl) P AHR (95% Cl) P AHR (95% Cl) P AHR (95% Cl) P
Age

<50 1.0 (Ref) 0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

50-64 172 (132-2.24) <001 147 (1.13-193) <005 283 (1.50-534) <001 108 (76-148) <001 230 (1.21-4.37) 0011

65+ 366 (2.83-4.73) <001 237 (1.82-3.08) <001 876 (4.70-163) <001 333 (29.0-382) <.001 749 (403-13.9) <.001
Gender

Male 1.0 (Ref) 0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

Female 1.03 (096-1.11) 0412 1.26 (1.15-1.38) <001 0.71 (0.64-0.81) <.001 0.68 (049-0.94) 0021 0.72 (063-0.82) <.001
Race

White 1.0 (Ref) 0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

Black 1.16 (1.03-1.31) 0013 1.18 (1.02-1.38) 0.030 098 (0.79-1.21) 0850 0.82 (045-1.52) 053 0.99 (0.79-1.25) 0.970

Asian or Pacific islander 0.95 (0.83-1.09) 0485 0.88 (0.74-1.06) 0.180 1.05 (0.84-1.30) 0.680 1.12 (0.64-1.96) 069 1.04 (0.82-132) 0.740

American Indian 1.69 (1.16-246) 0006 1.70 (1.09-2.63) 0020 1.30(0.62-2.70) 0490 281 (0.72-109) 0.14  1.05 (045-2.48) 0910
Insurance status

Uninsured 1.0 (Ref) 0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

Any Medicaid 096 (0.73-1.27) 0776 0.77 (0.57-1.04) 0.092 1.85(0.94-364) 0740 147 (034-6.25) 0600 2.05 (0.96-4.40) 0.065

Insured 0.72 (0.55-0.94) 0017 065 (049-0.86) 0.003 1.30 (067-2.52) 0440 149 (0.38-5.93) 0570 140 (0.66-2.97) 0370

Unknown 0.72 (0.53-098) 0.039 1.12 (0.64-1.26) 0.530 082 (040-1.67) 0.580 0.85(0.18-3.98) 0.840 0.90 (0.40-2.00) 0.790
Marital status

Single 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

Married 067 (0.60-0.73) <001 0.66 (0.58-0.74) <.001 0.74 (063-0.87) <.001 1.03 (0.66-1.60) 0910 0.71 (0.60-0.85) <.001

Other status 1.10 (0.99-1.21) 0070 0.99 (0.87-1.12) 0820 1.27 (1.07-1.50) 0.006 159 (0.99-2.53) 0054 1.26 (1.06-1.51) 0.010

Unknown @ 0.69 (0.59-0.80) <.001 0.65 (0.53-0.80) <.001 0.83 (0.66-1.05) 0.120 091 (047-1.74) 0.770 0.84 (0.65-1.07) 0.160
T stage

Tis, Ta or T1 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

T2 370 (340-4.02) <001 582 (5.17-655) <001 140 (1.20-1.63) <001 068 (0.43-1.07) 0.096 154 (1.31-1.82) <.001

T3 3.94 (349-444) <001 6.85(589-797) <001 1.05(0.80-139) 0.730 1.06 (0.94-2.13) 0860 1.05(0.77-141) 0.780

T4 6.16 (542-7.01) <001 6 (9.87-13.7) <001 0.78 (0.54-1.13) 0.190 1(0.14-1.19) 0.100 0.6 (0.58-1.27) 0.440

Unknown 202 (1.64-248) <001 3.25(243-435) <001 1.15(081-1.63) 0430 0.74 (036-149) 0390 1.23(0.84-1.82) 0.290
N stage

NO 1.0 (Ref) 0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

N1 146 (1.24-173) <001 160 (1.33-1.92) <001 0.79 (048-1.30) 0350 0.76 (0.19-3.09) 0.710 0.79 (046-1.34) 0370

N2 or N3 1.93 (1.69-2.22) <001 200 (1.72-233) <001 1.11(0.76-1.62) 0600 083 (0.27-254) 0.740 1.14 (0.76-1.70) 0.530

Unknown 1.08 (0.90-1.31) 0406 1.16 (0.89-152) 0280 1.17(0.84-1.63) 0340 2.16(1.18-3.95) 0013 1.05 (0.72-1.53) 0.800
Histological grade

Grade | 1.0 (Ref) 0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

Grade Il 096 (0.80-1.14) 0610 145 (1.02-2.07) 0380 0.80 (0.65-0.99) 0.037 0.76 (045-1.28) 0300 081 (0.65-1.02) 0.070

Grade Il 205 (1.72-245) <001 468 (3.33-657) <001 1.07 (0.85-1.35) 0570 1.42(0.80-2.52) 0.230 4 (0.80-1.34) 0.780

Grade IV 1.83 (1.55-2.15) <001 3.98 (2.86-553) <.001 1.09 (0.89-132) 0400 1.00 (0.62-1.63) 0.990 1.12 (0.90-1.38) 0320

Unknown 150 (1.26-1.78) <001 2.82 (2.01-396) <001 1.09 (0.89-1.34) 0390 1.39(0.84-2.30) 0.200 1.06 (0.85-1.33) 0.620
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Table 3 Comprehensive multivariable-adjusted Hazard Ratios for all-cause mortality, bladder cancer-specific mortality, competing-
cause mortality, second-cancer mortality, and Noncancer mortality among patients diagnosed with nonmetastatic bladder cancer

from 2014 to 2015 (Continued)

Bladder cancer-
specific mortality

All-cause mortality

Second cancer
mortality

Competing-cause
mortality

Noncancer mortality

Characteristic AHR (95% Cl) P AHR (95% Cl) P

AHR (95% Cl) P AHR (95% Cl) P AHR (95% Cl) P

Surgery

No surgery 1.0 (Ref) 1.0 (Ref)

Surgery 0.50 (044-0.57) <001 0.54 (045-0.65) <.001
Chemotherapy

No chemotherapy 1.0 (Ref) 1.0 (Ref)

Chemotherapy 0.61 (0.57-0.66) <.001 065 (0.59-0.71) <.001
Radiotherapy

No radiation 1.0 (Ref) 1.0 (Ref)

Radiation 131 (1.18-145) <001 130 (1.15-147) <.001

1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
0.57 (047-0.70) <001 0.51 (0.29-0.88) 0.015 058 (0.47-0.72) <.001
1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
064 (0.56-0.72) <001 0.70 (0.50-096) 0.028 063 (0.55-0.72) <.001
1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
138 (1.11-1.71) 0003 191 (1.05-347) 0034 1.34(1.07-1.69) <.001

Abbreviations: AHR adjusted hazard ratio, Ref reference category
“other status including divorced, widowed, separated or domestic partner

from non-cancer mortality than single status (SHR = 0.71;
95% CI [0.60—0.85]; P<0.001). On the contrary, other
marital status including divorced, widowed, separated or
domestic partner were exhibited as risk factors for ele-
vated non-cancer mortality (SHR=1.26; 95% CI [1.06—
1.51]; P =0.010).

Discussion

The current study analyzed the short-term mortality in
patients diagnosed with bladder cancer. Numerous pre-
viously published retrospective studies have analyzed the
malignant causes of bladder cancer-specific mortality
[15, 16]. Nevertheless, few studies have concentrated on
the non-malignant causes of death, especially in the first
few years after cancer diagnosed. Although bladder can-
cer was the most common cause of death during the ini-
tial 3 year follow-up, our result showed that non-bladder
cancer cause accounted for approximately one-half of
early death. In addition, although bladder cancer survi-
vors were at a relatively higher risk to die from second
primary malignancies compared with the US general
population, non-cancer deaths accounted for the major-
ity of (74.9%) the competing-cause deaths. It was noted
that previously published large epidemiological studies
generally consider all-cause mortality as the main end-
point for bladder cancer [17, 18]. Hence, our results im-
plied that Hazard Ratios from those epidemiological
studies might overestimate effects of the bladder cancer
disease on survival of patients with bladder cancer, espe-
cially within the initial 3 years after diagnosis during
which cancer was often considered as the most common
cause of death. Therefore, it is of great significance to
address mortality from non-bladder cancer causes when
counselling those patients about short-term prognosis.

To the best of our knowledge, this is the first
population-based study to evaluate the causes of early
mortality among patients diagnosed with bladder cancer
in USA. Patients who had high risk of dying from com-
peting causes of either secondary malignancies or non-
cancer cause should not consider intensive treatment
modalities or need intensive medical management dur-
ing and after treatment. Hence, our findings may help
clinician to individualize risk profiles for specific early
mortality events, thus contributing to more individual-
ized clinical decision making as well as survivorship
planning.

We found a relatively higher risk of a subsequent ma-
lignancy among patients with bladder cancer than US
general population. We suspect that unhealthy lifestyle,
depression, genetic abnormalities, as well as treatment
complications may be potential contributing factors. The
most common non-cancer causes of death for bladder
cancer patients was cardiac disease, of which the SMR
was significantly higher than US general population.
This could be attributed to the long-term intravesical
chemotherapy with anthracyclines [19], which had dose-
dependent cardiotoxicity and thus resulted in the devel-
opment of cardiomyopathy and heart failure [20]. Add-
itionally, since a large proportion of bladder cancer cases
can be attributed to modifiable lifestyle factors, un-
healthy lifestyle and consequent diagnosis of diabetes
type II or other metabolic diseases might also play a role
in deaths from cardiovascular disease. It was demon-
strated that chronic obstructive pulmonary disease was
the secondly most common non-cancer death, with a
significantly high SMR both within 1year or 1-3years
after cancer diagnosis. This result concur with the previ-
ous finding that noted higher rates of death from non-
malignant pulmonary disease in long-term bladder
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cancer survivors [12]. This result may be explained due
to the long-term tobacco smoking, which is well demon-
strated as the main risk factor for bladder cancer [16,
21]. Moreover, a significant high risk of death from
septicemia and other infectious disease within the first
year after cancer diagnosis was also showed in this co-
hort, largely because of the chemotherapy-induced neu-
tropenia which can lead to the development of sepsis. In
addition, our result also indicated that the SMR of sui-
cide increases rapidly within 1-3 years after bladder can-
cer diagnosis. This result was consistent with previously
published studies concentrating on investigating suicide
among cancer patients, which noted higher suicide rates
in bladder cancer survivors [22, 23]. This could be at-
tributed to the high incidence of depression induced by
poor quality of life among these patients [24]. Screening
for mental disorders as well as suicidal ideation is of
great importance during and after the course of medical
treatment for bladder cancer patients.

Our analysis showed that elderly patients were at a
higher risk for all types of cause of death. Patients who
were married had lower risk of bladder cancer-specific
mortality and other non-cancer mortality in compari-
son with patients with single status. This may be
partly explained by the fact that marriage provides so-
cial support, which has been applied to buffer the ef-
fects of stress [25]. The only exception was that the
second non-bladder cancer mortality of married pa-
tients was similar to single patients. This might be ex-
plained by the fact that the incidence of cancer would
not change with marital status. In addition, The data
showed that the female was associated with higher
risks of bladder cancer-specific mortality. This is in
contrast to previously published SEER-based studies
concentrating on the long-term survivors of bladder
cancer [12]. Moreover, our data also suggested that
radiotherapy could offer a short cancer-specific sur-
vival for bladder cancer patients. This uncommon re-
sult may be explained due to the fact of the
controversial role of adjuvant radiotherapy in patients
with bladder cancer. A randomized phase II trial dem-
onstrated a significant improvement in DFS and OS
for chemoradiation compared with chemotherapy
alone [26]. On the contrary, a recent systematic review
concluded that there was no clear benefit of adjuvant
radiation after radical surgery in bladder cancer [27].
Considering the limited data recently, further pro-
spective studies are needed to confirm the exact role
of adjuvant radiotherapy in bladder cancer patients. In
addition, we also found that patients who had under-
gone radiotherapy were more likely to die from either
second non-bladder cancer or non-cancer cause when
compared with those who had not, which could be at-
tributed to the side-effect of radiation.
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Inevitably, there are several limitations to this study.
Firstly, this analysis is limited by the intrinsic weaknesses
of retrospective databases wherein selection bias is in-
herent. Secondly, using the SEER classification of death
could introduces the possibility of error, albeit the SEER
minimized error in death attribution by means of using
additional patient data, such as primary site and known
comorbidities. Additionally, previous studies also have
proved the high degree of accuracy of this variable com-
pared to the use of death certificates [28]. Thirdly, the
inferences surrounding treatment effects in this study
might be biased because SEER program limited clinical
data (e.g. comorbidities) that would allow us to control
for selection bias. Further relevant prospective studies
are warranted. Given that our study conducted a focused
analysis of short-term mortality after cancer diagnosis,
further studies would be needed to determine how those
factors change over time.

Conclusion

In summary, death from non-bladder cancer cause con-
tributed to almost half of all deaths in bladder cancer
survivors within < 3 years after diagnosis. Second malig-
nancies and cardiac disease were the most common
causes of non-bladder cancer deaths during this follow-
up periods. Some risk factors for competing second-
cancer and noncancer mortality were also identified.
These findings can provide important insight into the
medical management for non-metastatic bladder cancer
patients and assist clinicians in counseling those survi-
vors regarding their short-term health risks.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-020-07655-x.

[ Additional file 1: Figure S1. The flowchart of case selection. ]

Abbreviations

SEER: Surveillance, Epidemiology, and End Results; SMRs: Standardized
mortality ratios; NMIBC: Non-muscle-invasive bladder cancer; MIBC: Muscle-
invasive bladder cancer; HR: Hazard ratios; SHR: Subdistribution hazard ratios;
CSM: Cancer-specific mortality

Acknowledgements

The authors acknowledged the efforts of the Surveillance, Epidemiology, and
End Results (SEER) Program tumor registries in the creation of the SEER
database.

Authors’ contributions

MHZ, XC and XG designed the study. MHZ, YGJ, XJY, ZLT wrote and revised
the manuscript. XW, CYT, YTW, SC, KC and XG revised the manuscript. All
authors read and approved the final manuscript.

Funding
Not appliable.


https://doi.org/10.1186/s12885-020-07655-x
https://doi.org/10.1186/s12885-020-07655-x

Zhai et al. BMC Cancer (2020) 20:1148

Availability of data and materials

The datasets generated and/or analysed during the current study are
available in the Surveillance, Epidemiology, and End Results Program
repository, https://seer.cancer.gov/data/.

Ethics approval and consent to participate

All analyses of human data conducted in this study were approved by the
Institutional Review Board of the second affiliated hospital of Jiaxing
University and in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards. Informed consent
was exempted because of the retrospective nature of this study. All authors
signed authorization forms and received permission from SEER to access and
use the dataset.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 2 June 2020 Accepted: 17 November 2020
Published online: 25 November 2020

References

1. Sung JM, Martin JW, Jefferson FA, Sidhom DA, Piranviseh K, Huang M,
Nguyen N, Chang J, Ziogas A, Anton-Culver H, et al. Racial and
socioeconomic disparities in bladder cancer survival: analysis of the
California Cancer Registry. Clin Genitourin Cancer. 2019;17(5):€995-e1002.

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;
63(1):7.

3. None. Bladder cancer: diagnosis and management of bladder cancer. BJU
Int. 2017;120(6):755-65.

4. Ugnat AM, Luo W, Semenciw R, Mao Y. Occupational exposure to chemical
and petrochemical industries and bladder cancer risk in four western
Canadian provinces. Chronic Dis Can. 2004;25(2):7-15.

5. Mommsen S, Aagaard J. Tobacco as a risk factor in bladder cancer.
Carcinogenesis. 1983;4(3):335-8.

6. Jordan B, Meeks JJ. T1 bladder cancer: current considerations for diagnosis
and management. Nat Rev Urol. 2019;16(1):23-34.

7. Abdollah F, Gandaglia G, Thuret R, Schmitges J, Tian Z, Jeldres C, Passoni
NM, Briganti A, Shariat SF, Perrotte P, et al. Incidence, survival and mortality
rates of stage-specific bladder cancer in United States: a trend analysis.
Cancer Epidemiol. 2013;37(3):219-25.

8. Bhanvadia SK. Bladder Cancer survivorship. Curr Urol Rep. 2018;19(12):111.

9. Newschaffer CJ, Otani K, McDonald MK, Penberthy LT. Causes of death in
elderly prostate cancer patients and in a comparison nonprostate cancer
cohort. J Natl Cancer Inst. 2000;92(8):613-21.

10.  Afifi AM, Saad AM, Al-Husseini MJ, Elmehrath AO, Northfelt DW, Sonbol MB.
Causes of death after breast cancer diagnosis: a US population-based
analysis. Cancer. 2020;126(7):1559-67.

11.  Fullerton ZH, Butler SS, Mahal BA, Muralidhar V, Schoenfeld JD, Tishler RB,
Margalit DN. Short-term mortality risks among patients with oropharynx
cancer by human papillomavirus status. Cancer. 2020;126(7):1424-33.

12. Kong J, Diao X, Diao F, Fan X, Zheng J, Yan D, Huang J, Qin H, Lin T. Causes
of death in long-term bladder cancer survivors: a population-based study.
Asia Pac J Clin Oncol. 2019;15(5):e167-74.

13. Cronin KA, Ries LA, Edwards BK. The surveillance, epidemiology, and end
results (SEER) Program of the National Cancer Institute. Cancer. 2014;
120(Suppl 23):3755.

14. Surveillance E, and End Results (SEER) Program. SEER cause of death recode
1969+ (03/01/2018) SEER data reporting tools. Accessed 1 July 2019: https://
seer.cancer.gov/codrecode/1969_d0301 2018/index.html.

15. Abel EJ, Linder BJ, Bauman TM, Bauer RM, Thompson RH, Thapa P, Devon
ON, Tarrell RF, Frank |, Jarrard DF, et al. Perioperative blood transfusion and
radical cystectomy: does timing of transfusion affect bladder cancer
mortality? Eur Urol. 2014,66(6):1139-47.

16. Antoni S, Ferlay J, Soerjomataram |, Znaor A, Jemal A, Bray F. Bladder cancer
incidence and mortality: a global overview and recent trends. Eur Urol.
2017;71(1):96-108.

Page 9 of 9

7. Ervik M, Soerjomataram |, Ferlay J. GLOBOCAN 2012 estimated cancer
incidence, mortality and prevalence worldwide in 2012; 2015.

18.  Froehner M, Koch R, Heberling U, Novotny V, Oehlschlaeger S, Hibler M,
Baretton GB, Hakenberg OW, Wirth MP. Decreased overall and bladder
cancer-specific mortality with adjuvant chemotherapy after radical
cystectomy: multivariable competing risk analysis. Eur Urol. 2016,69(6):984-7.

19. Joice GA, Bivalacqua TJ, Kates M. Optimizing pharmacokinetics of
intravesical chemotherapy for bladder cancer. Nat Rev Urol. 2019;16(10):
599-612.

20.  Swain SM, Whaley FS, Ewer MS. Congestive heart failure in patients treated
with doxorubicin: a retrospective analysis of three trials. Cancer. 2003;,97(11):
2869-79.

21, Cumberbatch MGK, Jubber |, Black PC, Esperto F, Figueroa JD, Kamat AM,
Kiemeney L, Lotan Y, Pang K, Silverman DT, et al. Epidemiology of bladder
cancer: a systematic review and contemporary update of risk factors in
2018. Eur Urol. 2018;74(6):784-95.

22, Zaorsky NG, Zhang Y, Tuanquin L, Bluethmann SM, Park HS, Chinchilli VM.
Suicide among cancer patients. Nat Commun. 2019;10(1):207.

23. Misono S, Weiss NS, Fann JR, Redman M, Yueh B. Incidence of suicide in
persons with cancer. J Clin Oncol. 2008;26(29):4731-8.

24, Chochinov HM. Depression in cancer patients. Lancet Oncol. 2001;2(8):499-505.

25. Goodwin JS, Hunt WC, Key CR, Samet JM. The effect of marital status on stage,
treatment, and survival of cancer patients. JAMA. 1987;258(21):3125-30.

26.  Zaghloul MS, Christodouleas JP, Smith A, Abdallah A, William H, Khaled HM,
Hwang WT, Baumann BC. Adjuvant sandwich chemotherapy plus
radiotherapy vs adjuvant chemotherapy alone for locally advanced bladder
cancer after radical cystectomy: a randomized phase 2 trial. JAMA Surg.
2018;153(1):e174591.

27. lwata T, Kimura S, Abufaraj M, Janisch F, Karakiewicz PI, Seebacher V,
Rouprét M, Nasu Y, Shariat SF. The role of adjuvant radiotherapy after
surgery for upper and lower urinary tract urothelial carcinoma: a systematic
review. Urol Oncol. 2019;37(10):659-71.

28. Howlader N, Ries LA, Mariotto AB, Reichman ME, Ruhl J, Cronin KA.

Improved estimates of cancer-specific survival rates from population-based

data. J Natl Cancer Inst. 2010;102(20):1584-98.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://seer.cancer.gov/data/
https://seer.cancer.gov/codrecode/1969_d0301%202018/index.html
https://seer.cancer.gov/codrecode/1969_d0301%202018/index.html

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Database and case selection
	Covariates
	Statistical analysis

	Results
	Baseline characteristics
	Short-term mortality risks after bladder cancer diagnosis
	Multivariable analysis of risk factors for short-term mortality risk

	Discussion
	Conclusion
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

