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Abstract

postoperative cancer survivorship.

Surgery is one of the most important treatments for bladder cancer, including local tumor excision and radical cystec-
tomy. At present, studies on the causes of death for contemporary survivors, especially women, who have received
different surgical treatments are limited. Therefore, the study used a population-based cohort study in the United
States from 2000 to 2017 to analyze causes of death for women who underwent local tumor excision or radical cys-
tectomy stratified by demographics and tumor stage. standardized mortality ratios (SMRs) were calculated based on
general population data. In total, 24,040 female patients who underwent surgical treatments were assessed. Of those
20,780 patients undergoing local tumor excision, 36.6% died of bladder cancer, while 63.4% died of other causes. The
risk of death from all causes increased in comparation with the general population (SMR 1.85; 95% Cl 1.82-1.87), and
the most common non-tumor cause of death was from heart diseases (16.2%; SMR 1.13; 95% Cl 1.09-1.16). Among
women who receive radical cystectomy, 82.3% of deaths occurred within 5 years after surgery. 66.9% deaths resulted
from bladder cancer, and the risk of death from all causes significantly higher than that in the general people (SMR
4.67;95% Cl 4.51-4.84). Moreover, the risk of death from non- bladder cancer causes also increased, in particular, such
as septicemia (SMR 3.09; 95% Cl 2.13-4.34). Causes of death during bladder cancer survivorship after surgery vary

by patient and tumor characteristics, and these data provide information regarding primary care for women during
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Introduction

Bladder cancer is one of the most common malignant
tumors and the incidence increases steadily worldwide.
More than 500,000 new cases have been confirmed,
which accounts for about 3% of all new cancer diagno-
ses each year, and 200,000 deaths worldwide [1]. Previ-
ous study has suggested a positive association between
the bladder cancer incidence and human development
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index and gross domestic product [2]. Metabolic syn-
drome (MS), a non-negligible public health problem, is
characterized by lipid disorders, abnormal glucose tol-
erance, high blood pressure, and a high mortality rate.
The disorder has been reported to be associated with the
development and the risk of death of bladder cancer. A
retrospective study [3] that involved 169 patients sug-
gested that patients with MS had a higher histological
grade of bladder cancer, as well as the low high-density
lipoprotein levels. The high body mass index (BMI) has
also been considered to be associated with the risk of
bladder cancer [4]. In the American population, more
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than 80,000 new cases are diagnosed each year, repre-
senting 4.6% of all cancer diagnoses, which is greater
than global average. Statistics showed that about 17,900
US patients died of bladder cancer in 2019 [5]. Across the
world, the number of men diagnosed with bladder can-
cer is about four times that of women, and the mortal-
ity rate is similar [6]. However, studies have shown that
for patients with the same stage of bladder cancer, the
prognosis of women is worse than that of men [7]. The
occurrence of bladder cancer is a complex, multifactorial
and multi-step pathological process, which is affected by
both internal genetic factors and external environmental
factors. Hence, bladder cancer contains of various path-
ological types and complex treatment modalities. How-
ever, for the majority of patients, surgery is still the main
means of treatment, including transurethral resection of
bladder tumor, partial cystectomy and radical cystectomy
etc. [8]. Different surgical methods should be rigorously
determined according to the pathological results and the
grading and staging of the disease, because of significant
differences of the quality of life and prognosis of patients.
Hence, understanding the actual causes of death in con-
temporary bladder cancer cases undergoing different
surgical methods can help with a more rigorous surgical
plan and proper health care during survivorship.

Several previous studies have illustrated the causes
of bladder cancer-specific mortality [9-11], however,
the information about causes of death in patients with
bladder cancer after local tumor excision and radi-
cal cystectomy are limited. Simultaneously, most stud-
ies concentrate on patients of all genders, and few
studies pay attention to specific gender, especially female
patients. Factors such as hormone level, lifestyle, occupa-
tional exposure vary widely in male and female popula-
tion, which may result in differences on causes of death.
Hence, understanding the information could guiding
the long-term follow-up and therapeutic strategies, and
we evaluated contemporary, female population-based
data for causes of death during bladder cancer after local
tumor excision or radical cystectomy survivorship in the
United States using SEER database.

Materials and methods

Data source

The data were acquired from Surveillance, Epidemiology,
and End Results (SEER) program which is conducted by
National Cancer Institute covering approximately 48% of
the US population, and the database SEER 18 registries
were accessed from 2000 to 2017 using the SEERx Stat
software 8.3.8. The data used are publicly available and
our study did not require a declaration or approval of
local ethics.
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Study population

We included all female patients with a diagnosis of
bladder cancer between January 1, 2000, and Decem-
ber 31, 2017 in US, and only first malignant neoplasm
was selected. Simultaneously, we excluded data without
surgical treatment. We also exclude patients diagnosed
only through death certificate and autopsy, patients
with unknown follow-up time, survival status, and rea-
sons of death, and patients without general information
including age and race.

SMR

The number of deaths in different variables was meas-
ured for patients with bladder cancer from the SEER
database. Patients were mainly assessed by different
surgical methods including local tumor excision and
radical cystectomy, and then, stratified by age, year of
diagnosis, race, tumor differentiation, and pathological
type. All causes of deaths were considered in our study,
we divided the causes into malignant cancer group,
non-tumor group. Under diseases of the malignant can-
cer, we included the most common malignant diseases
of digestive system, respiratory system, female genital
system, urinary system, and lymphatic system. In the
non-tumor group, simultaneously, we included virus
systematic disorders, such as septicemia, other Infec-
tious and Parasitic Diseases including HIV, diabetes
mellitus, Alzheimer’s, diseases of heart, hypertension
without heart disease, cerebrovascular diseases, other
diseases of arteries, arterioles, capillaries, pneumo-
nia and Influenza, and chronic obstructive pulmonary
disease and allied cond. We counted the numbers of
deaths in different subgroups at each follow-up stage,
and calculated SMR, the ratio of observed-to-expected,
with 95% confidence intervals for each cause of death
after bladder cancer diagnosis undergoing different sur-
gical treatments. From 2000 to 2016, female patients
diagnosed with bladder cancer and underwent surgical
treatment constituted the observed population, while
the expected population consisted of the general popu-
lation who were diagnosed between 1975 and 2016, and
the data were collected from the SEER database.

Statistical analysis

We calculated SMRs with 95% confidence intervals using
the SEER=xStat software 8.3.8 (https://seer.cancer.gov/
seerstat/software/). The higher number of deaths with
bladder cancer than the expected number in the gen-
eral population was regarded as a significantly increased
risk. p-value<0.05 was considered to be statistically
significant.
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Results

Baseline characteristics

24,040 female patients with bladder cancer undergoing
surgical treatments were collected in our study, in which
20,780 patients received local tumor excision, and 3260
underwent radical cystectomy. Table 1 details the num-
ber and SMR with 95% CI of patients by age, year of diag-
nosis, race, tumor differentiation, pathological type and
time period for all deaths by each grouping. The total
excess risk of local tumor excision group was 353.65 per
10,000, while 1137.11 in the radical cystectomy group.

Causes of death for female patients undergoing local
tumor excision

The majority of deaths for women undergoing local
tumor excision occurred inl2 to 59 months after sur-
gery (n=28096 [39%]), Table 1). In this group, as shown in
Table 2 and Fig. 1, deaths from bladder cancer accounted
for 36.6% of the all deaths (#=20,780), which maintained
a relative stable over the different follow-up periods.
Deaths from other malignant cancers and non-tumor
factors were 2933 and 10,239, respectively. In this study,
the most common non tumor cause of death was diseases
of heart, and the number of which was 3359, accounting
16.2% of all deaths, while in the malignant cancer group,
cancers of lung and bronchus composed the majority,
and the number was 1102, which accounted 5.3% of all
deaths. Although the risk of death significantly decreased
after 2—11 month follow-up (SMR 4.18; 95% CI 4.07—
4.29), the risk was higher than that of general population
over the follow-up months (SMR 1.77; 95% CI 1.73-1.81
over 12-59 months, SMR 1.35; 95% CI 1.31-1.39 over
12-59 months and SMR 1.34; 95% CI 1.28-1.39 over
60 months).

Data in Table 1 showed subgroup information of female
patients undergoing local tumor excision. Most of the
deaths were aged 75-84 years, however, compared with
the general population, the risk of death was the lowest
(SMR 1.53; 95% CI 1.49-1.56). With the decrease of age,
the risk level gradually increased, and in the age group
of 15-54 years, the risk level was the highest (SMR 3.85;
95% CI 3.58—4.13). White patients compose the majority
of deaths, and the risk of death was relatively lower with
respect to that of the other three races (n=18,245, SMR
1.77; 95% CI 1.74-1.8). Simultaneously, compared with
general population, poorly differentiated and undifferen-
tiated types increased the risk of death by 2.6 and 3.04
times, respectively. The most common pathological types
were papillary transitional cell carcinoma and Transi-
tional cell carcinoma (NOS), however, the types that were
higher contribution to the risk of death were adenocarci-
noma (NOS), small cell carcinoma (NOS), and squamous
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cell carcinoma (keratinizing, NOS). All year of diagnosis
increased the death risk.

Causes of death for female patients undergoing radical
cystectomy

Most deaths for female patients underwent radical cys-
tectomy occurred either 2-11 months (n=1152) or
12-59 months (n =1522) after surgery. Deaths from blad-
der cancer in this group accounted for 66.9% of all deaths,
which composed the majority, while other cancer and
non-tumor disease accounted for 10% and 23.1%, respec-
tively (Table 3, Fig. 1). In comparison with the general
population, the risk of death in female patients under-
going radical cystectomy significantly increased by 4.67
times over all follow-up months (SMR 4.67; 95% CI 4.51—
4.84), which was approximately 2.5 times higher com-
pared with local tumor excision group. Over all follow-up
months, the risk of death from bladder cancer was the
highest (SMR 832.50; 95% CI 797.86—868.26), and was
about 4.4 times higher than that of the local tumor exci-
sion group. Simultaneously, several other causes of death
were elevated in comparison with the general population,
including both other malignant cancers and non-tumor
causes. Of all the non-tumor deaths, the most common
cause was diseases of heart (n=195), which account for
25.9% of all non-tumor deaths. The non-tumor cause of
death with the highest increased risk of death was sep-
ticemia (SMR 3.09; 95% CI 2.13-4.34), and the lowest
was Alzheimer’s (SMR 0.64; 95% CI 0.42-0.94).

Data for subgroups of female patients undergoing radi-
cal cystectomy can be found in Table 1. The most com-
mon death was the 65-74 age group (n=1089), while
compared with the general population, the highest risk
of death was the 15-54 age group (SMR 19.11; 95% CI
17.22-21.15). Simultaneously, the risk of death obviously
increased in all races, and notably, the risk was most ele-
vated in the American Indian/Alaska native group (SMR
19.42; 95% CI 9.69-34.74). The risk of death was similar
among different differentiation groups in comparison
with the general population, and in different pathological
type groups, the transitional cell carcinoma (NOS) com-
posed the majority (n=1813), however, the highest risk
was transitional cell carcinoma (spindle cell) (SMR 10.05;
95% CI 7.8-12.74).

Discussion

In United States, more than 80,500 cases were diag-
nosed as bladder cancer in 2019 year, which accounted
for 4.6% of all cancer diagnoses [12]. Simultaneously,
although women are at lower risk of bladder cancer than
men, they should be taken seriously. At present, most
studies focus on the overall prognosis after diagnosis of
bladder cancer, however, reports on the prognosis and
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(A)

Other Infectious and Parasitic Diseases including HIV, 0.6%\\
\\

Other Diseases of Arteries, Arterioles, Capillaries, 0.3%

\
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Septicemia, 1.1% S
Nephritis, Nephrotic Syndrome and Nephrosis, 1.3";0:77
Accidents and Adverse Effects, 1.3%
Pneumonia and Influenza, 1.4% —
Diabetes Mellitus, 1.5%

Alzheimers, 2.9% —

Cerebrovascular Diseases, 3.8% _—

Diseases of Heart, 16.2%

(B)

Accidents and Adverse Effects, 0.7%

Pneumonia and Influenza, 0.8%
Aizheimers, 0.8%
Nephritis, Nephrotic Syndrome and Nephrosis, 0.8%

Septicemia, 1.0% .
Cerebrovascular Diseases, 1.4% /,//
COPD and Allied Cond, 2.4% ,/; 4
o
Other Cause of Death, 5.8%
Diseases of Heart, 6.0%
Others, 5.6% -

/

Respiratory System,2.2%
Digestive System, 1.2%

Other Urinary System, 1.1% -

Local tumor excision
Others, 11.4%

Non-tumor
causes, 49.3%

o
Others,3.9%

Radical cystectomy

Diabetes Mellitus, 0.6%
Others, 2.9%

on-tumor cause

SMTs, 10.0%

Fig. 1 Proportion of different causes of death after operation, (A) Local tumor excision (B) Radical cystectomy

Urinary Bladder
36.6%

__Other Urinary System, 1.3%
~____ Digestive System, 2.3%

____Respiratory System, 4.9%

i\,; Female Genital System, 0.9%

T~ Lymphoma, 0.3%

Leukemia, 0.4% Non-Hodgkin Lymphoma, 0.3%

Urinary Bladder, 66.9%

cause of death of patients who have undergone differ-
ent surgical treatment were limited. There are signifi-
cant differences between radical cystectomy and local
tumor excision, including operative area and operative

procedures [13]. For radical cystectomy, three options
are available, including open radical cystectomy, tra-
ditional and robotic laparoscopy. Open radical cystec-
tomy is considered to be the gold standard because of
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the stably long-term oncological outcomes, however,
the characteristics of long time consuming, more blood
loss, greater trauma, slow postoperative recovery and
high complication rate make people strive for a more
minimally invasive surgical method. Traditional laparos-
copy can effectively decrease these perioperative risks
because of minimally invasive approaches, nevertheless,
four degrees of freedom of movement and poor ergo-
nomics caused problems for surgeons. Compared with
traditional laparoscopy, robotic surgery is characterized
by the wider and clearer vision and more accurate and
flexible control capability, but the high surgical cost and
long learning curve make it controversial. The long-term
oncological outcomes of the minimally invasive surgical
methods are still under study [14—17]. A previous study
[16] that involved 60 patients suggested that minimally
invasive approaches could reach similar oncological out-
comes to the open radical cystectomy by comparing the
five-year recurrence-free survival, cancer-specific sur-
vival and overall survival of patients with bladder cancer
who underwent different surgical methods. Moreover,
the pathological types of bladder cancer are complex.
These factors directly affect the economic burden, spirit-
ual stress, quality of life and prognosis of patients. Hence,
this emphasizes the requirements to optimize the selec-
tion of surgical methods and health management during
survivorship. In our study, we assessed the cause of death
after two surgical treatments of bladder cancer stratified
by patient and tumor characteristics using representative
population-based data from the United States. In female
patients undergoing local tumor excision, approximately
50% death from non-tumor causes and 13.8% death
from other malignant cancers, however, these women
were overall less likely to die of most non-bladder can-
cer causes in comparison with the general population. In
women undergoing radical cystectomy, nearly 82.2% of
deaths occurred in 5 years after surgery, and compared
with general population, the death of risk caused by non-
bladder cancer significantly increased.

Patients with cancer usually have various comor-
bidities, and the status can directly affect the treatment
decision-making, prognosis, and survival outcomes. It
is reported that the severity of comorbidity status has
a strong impact on the survival of patients in a dose-
dependent fashion independent of cancer stage. Coex-
isting diseases can significantly increase the risk of the
mortality of bladder cancer, and the influence degree of
individual comorbidities and combined comorbidity is
different. Simultaneously, the frequency and severity of
perioperative complications increase with comorbidity
rates increasing [18—-20]. In our study, although the risk
of death from heart diseases in all female patients who
underwent surgery was slightly higher than that in the
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general population, it was the most common cause of
death. Simultaneously, the ratio of cardiac death was con-
tinuously higher than the general population over all fol-
low-up years after the surgery. According to the National
Vital Statistics System statistics, 23.4% of the total United
States population died of heart diseases in 2015 [21].
Considering these results, death caused by cardiovascu-
lar events should be concerned and relative risk factors
should be monitored early, such as hyperlipidemia, ciga-
rette smoking, and diabetes mellitus [22]. In patients who
underwent radical cystectomy, the risk of death from sep-
ticemia was significantly increased in comparison with
general population over all follow-up years. Nearly 2/3 of
patients occur complications within 90 days after radical
cystectomy, and the mortality rate ranges between 1.5%
and 2% at 30 days postoperatively [20, 23]. Approximately
25% of the complications are infection, and obstruc-
tion caused by ureteral mesenteric anastomosis stenosis
and urinary retention can lead to hydronephrosis, renal
insufficiency and recurrent urinary tract infection [20].
Therefore, in the management of patients undergoing
cystectomy, many long-term sequelae of urinary diver-
sion should be considered, and the nursing of fistula,
electrolyte balance and vitamin B12 should be monitored
regularly [13]. The choice of the type of urinary diversion
is crucial to the quality of life and prognosis of patients
undergoing radical cystectomy. Failure of the urinary
diversion may lead to the above-mentioned multiple
complications and ultimately threaten the life of patients.
The ideal urinary diversion should optimally maintain
renal function, control urinary outflow, and minimize the
incidence rate of patients. Among three types of urinary
diversion, including orthotopic neobladders, cutaneous
diversions and Ileal conduits, ileal conduits are consid-
ered to be the fastest, easiest, least complication-prone
urinary diversion [24].

For patients with bladder cancer, age is considered to
be an important prognostic factor. Compared with young
patients, the mortality rate of elderly patients is higher
because of poor histologies, higher recurrence rate, long-
term accumulation of the molecular and genetic aber-
rations, accompanied by comorbidities and decreased
immunity [25]. However, for patients undergoing radi-
cal cystectomy, it is reported that age is an important
prognostic factor but is not irreplaceable, and tumor
stage, grade and comorbidity status play decisive roles
[26]. Our study showed that the risk of postoperative
death in the 15-54 and 55-64 age groups, especially in
the 15-54 age group, was significantly higher than that
both in the other age groups and in the general popula-
tion. This result seems different from previous studies,
which believe that in contrast to those that occur in older
patients, individuals under the age of 40 tend to express
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well-differentiated histologies and behave in a more indo-
lent fashion [27, 28]. However, previous studies have
not updated, and conducted detailed studies on patients
after bladder cancer surgery. Young women who under-
went surgical treatment, especially cystectomy, have high
aggressive and rare pathological types and poor progno-
sis. However, further research is needed. Simultaneously,
the risk of postoperative death in all races was higher
than that in the general population, however, the risk of
death in non-white patients was obviously higher. Previ-
ous study [25] suggested that compared to white females,
fewer disease of African Americans with bladder cancer
confine to the bladder, and present highly invasive, which
may result from socioeconomic status, occupational
exposures, smoking, and differences in metabolism of
toxic substances. Moreover, in addition to the primary
bladder cancer, the death caused by other malignant can-
cers should also raise concern. The change of hormone
level in female patients after operation, or the subsequent
treatment, including chemotherapy and immunotherapy,
will make the patients in a low immune status, and the
combination of other malignant cancers will significantly
increase the mortality of patients, especially those who
have undergone radical cystectomy [29-31].

The prognosis of patients with bladder cancer is rela-
tively poor, especially women. Female patients are usually
diagnosed with more advanced tumors at presentation
and have less satisfactory outcomes after treatment with
higher cancer-specific mortality. Therefore, multimodal
management strategies play important roles in the sur-
vival and prognosis of bladder cancer patients, which
require the cooperation of multidisciplinary teamwork to
take charge of the whole process management of bladder
cancer patients, including urology, radiotherapy, oncol-
ogy, pathology, imaging, nuclear medicine, interven-
tion, anesthesia, nursing and psychotherapy. In addition,
personalized treatment and follow-up strategies for dif-
ferent individuals also play an irreplaceable role in mul-
timodal management, including the selection of surgical
approaches, the choice of radiotherapy, chemotherapy
and immunotherapy at different stages, the improvement
of perioperative surgical management, molecular-based
systemic treatment strategies, accurate tumor burden
assessment, and optimized follow-up policies. Moreo-
ver, the progress of molecular tumor biology, the mod-
ern research of tumor metastasis, and the development
of different approaches has the potential to improve sub-
stantially the oncological outcomes [32, 33].

Despite the useful findings of our study, several limi-
tations in our study are as follows: first, some impor-
tant data lost due to lack of collection in SEER, such as
smoking, which has been proved to be a risk factor for
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bladder cancer prognosis [34]. In addition, this study
was based on the classification of surgical methods,
which enables us to understand the role of surgical
modality in the long-term survival of bladder can-
cer. However, the non-surgical treatment of bladder
cancer is also important for the prognosis of patients.
Moreover, different surgeons may have respective treat-
ment strategies for bladder tumors of the same grade.
The option of treatment and follow-up methods based
on the surgeon’s judgment of the final results and the
choice of the type of technique proposed will directly
affect the prognosis of patients. Finally, the retrospec-
tive nature of the SEER database used in the study may
have, to an extent, weaken the conclusion.

In summary, this study provides contemporary and
comprehensive evaluation of causes of death for female
patients of bladder cancer who have underwent radical
cystectomy or local tumor excision. We found that the
overall risk of death significantly increased for female
patients undergoing radical cystectomy or local tumor
excision in comparison to the general population, and
especially in patients undergoing radical cystectomy.
Simultaneously, bladder cancer remains the leading
cause of death after surgery, but the death caused by
heart diseases could not be ignored, and for patients
undergoing radical cystectomy, the death of risk caused
by non-bladder cancer significantly increased com-
pared with patients undergoing local tumor excision,
such as septicemia. These data highlight the need for
general primary care for these female patients during
postoperative cancer survivorship.
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