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Abstract
To investigate the role of previous cancer on overall survival in patients with bladder cancer (BCa) and to establish an effective
prognostic tool for individualized overall survival prediction.
A total of 78,660 patients diagnosed with BCa between 2000 and 2013 were selected from the Surveillance, Epidemiology, and

End Results (SEER) database, among which 8915 patients had a history of other cancers. We compared the overall survival between
patients with and without previous cancer after propensity score matching and we further established a nomogram for overall survival
prediction.
Univariate and multivariate Cox analyses were used to determine independent prognostic factors. The calibration curve and

concordance index (C-index) were used to assess the accuracy of the nomogram. Cox proportional hazards models and Kaplan–
Meier analysis were used to compare survival outcomes.
BCa patients with previous cancer had worse overall survival compared with those without previous cancer (HR=1.37; 95%CI=

1.32–1.42, P< .001). Cancers in lung prior to BCa had the most adverse impact on overall survival (HR=2.35; 95%CI=2.10–2.63;
P< .001), and the minimal impact was located in prostate (HR=1.16; 95%CI=1.10–1.22; P< .001) for male and in gynecological
(HR=1.15; 95%CI=1.02–1.30;P= .027) for female. The shorter interval time between 2 cancers and the higher stage of the previous
cancer development, the higher risk of death. Age, race, sex, marital status, surgery, radiation, grade, stage, type of previous cancer
as the independent prognostic factors were selected into the nomogram. The favorable calibration curve and C-index value (0.784,
95%CI=0.782–0.786) indicated the nomogram could accurately predict the 1-, 3-, and 5-year overall survival rate of BCa patients.
Previous cancer has a negative impact on the overall survival of BCa patients and requires more effective clinical management. The

nomogram provides accurate survival prediction for BCa patients and might be helpful for clinical treatment selection and follow-up
strategy adjustment.

Abbreviations: BCa = bladder cancer, CI = confidence interval, C-index = concordance index, HR = hazard ratio, PSM =
propensity score matching, SEER = Surveillance Epidemiology and End Results, SPC = second primary cancer.
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1. Introduction

Bladder cancer (BCa) is the sixthmost commonmalignancy in the
world.[1] There are significant regional and gender differences in
the incidence of BCa, with the highest incidence rate in Southern
and Western Europe for males and in Northern America for
females and with the lowest incidence rate in South Eastern and
South Central Asia and sub-Saharan Africa for both sexes.[2]Men
are more likely than women to develop bladder cancer, at a rate
of 3.5 to 1.[2] Smoking is one of the most important risk factors
for BCa and increases the recurrence of BCa, the risk is
proportional to the intensity and duration of smoking.[3–4]

Another risk factor for BCa is occupational exposure to aromatic
amines, polycyclic aromatic hydrocarbons and other industrial
chemicals.[5] With the popularization of urine cytology and
cystoscopy, the early diagnosis rate of BCa has greatly improved,
and approximately 75% to 85% of bladder cancers are limited to
mucosa.[6] Meanwhile, advances in treatment have improved
survival in BCa patients, and the 5-year survival rate for BCa has
reached approximately 77%.[7]

With significant improvements of early detection and treat-
ment, the survival rate of cancer patients has greatly improved.
The cancer death rate decreased by approximately 1.5%
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annually from 2005 to 2014.[1] The number of cancer survivors
in the United States was approximately 15.1 million in 2016, and
the number could rise to 20.3 million within a decade.[8] Cancer
survivors are at a high risk of developing a second primary cancer
(SPC), which significantly increases the risk of death among
cancer survivors. According to data statistics, approximately 8%
of cancer survivors may develop a SPC, and patients with 2
primary cancers have a worse prognosis than those with only
1.[9–10] For cancer survivors, men are more than twice as likely as
women to develop another type of primary cancer, while tobacco
and alcohol may contribute to the increased risk of SPC.[11] The
impact of previous cancer on overall survival is inconclusive for
patients with SPC. Previous cancer may not adversely affect the
survival in patients with locally advanced lung cancer, but it do
significantly adversely affect survival in patients with prostate
cancer.[12,13]

Because of the large number of patients with BCa, there is a
high risk that BCa will develop SPC. However, the effect of
previous cancers on the survival of BCa patients is not fully
understood. At the same time, individualized survival in patients
with BCa as the SPC has not been studied. It is necessary to
research the role of previous cancer on survival in BCa patients
and to develop individualized survival predictions for the first
time by population-based large-scale studies.
2. Methods

2.1. DATA acquisition

Data used for analysis were obtained from the largest cancer
database in the United States, the Surveillance, Epidemiology and
End Results (SEER) database. SEER database has 18 cancer
registries covering about 28 percent of the cancer population in
the United States.[14] Extensive information on the SEER
database of tumor patients has contributed significantly to the
epidemiology of cancer.

2.2. Study population

This study selected patients diagnosed with BCa in the SEER
database between 2000 and 2013. All cancer patients were
confirmed by pathologically diagnosis. To minimize the
pathological bias, we included only the most common pathologi-
cal subtype of BCa, transitional cell carcinoma. Patients with
missing information on race, sex, age, marital status, stage, grade,
surgery, and radiation were excluded. BCa as second primary
cancer was defined as when there was only one other type of
cancer before BCa.

2.3. Statistical analysis

Kaplan–Meier curves were used to compare the effects of stage,
type of previous cancer and time interval between cancers on
survival. We used propensity score matching (PSM) to balance
the clinical variables and reduce the statistical deviation.
Information on race, sex, age, marital status, stage, grade,
surgery, and radiation was propensity score matched between
BCa patients with and without a previous cancer. Cox
proportional hazards regression models were used for the
multivariate analyses.
We further used univariate and multivariate Cox analyses to

determine independent prognostic factors for the overall survival
of BCa patients. The significant prognostic factors were used to
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develop a nomogram to predict the 1-, 3-, and 5-year overall
survival rates. The accuracy of the prognostic nomogram was
externally verified by the confidence interval (C-index) and
calibration curves (bootstraps with 1000 re-samples). Generally,
C-index value greater than 0.7 indicates that the predictive ability
of the nomogram is satisfactory.[15] In the calibration curves, the
closer the prediction curve is to the observation curve, the more
accurate the prognostic prediction is. All statistical analyses were
performed by R software. A double-tailed P value <.05 was
considered statistically significant.
2.4. Ethical approval

All data in this study were acquired from the SEER database with
the purpose to research, thus the current study did not include
any human participants or animals performed by any of the
authors.
3. Results

A total of 78,660 patients diagnosed with BCa between 2000 and
2013 were screened from the SEER database, among which 8915
patients had a history of previous cancer. Patient information
included age, race, sex, marital status, surgery, radiation, grade
and stage, and all of which showed no difference in distribution
between groups after PSM (P> .05 for all, Table 1). Previous
cancers were classified by tissue system into prostate (46%),
intestine (10%), skin (4%), urinary system (10%), lung (6%),
gynecology (9%), hematologic and lymph (6%) and other types
(9%), among which only 5% were distant-stage cancers.
Approximately 70% of patients were developed a SPC within
5 years, and the average time interval between the previous
cancer and BCa was approximately 4 years. In this study, all
patients with BCa had the pathological type of transitional cell
carcinoma, while only 25 cases of previous cancers (23 cases for
kidney and 2 cases for ovary) had the pathological type of
transitional carcinoma except renal pelvis and ureter.
We made Kaplan–Meier curves to compare the effect of the

stage, type and interval time of previous cancer on overall
survival (Fig. 1). We used PSM to balance the clinical variables
and reduce the statistical deviation, and found that patients with
BCa had the worse overall survival compared with those without
previous cancer (HR=1.37; 95%CI=1.32–1.42; P< .001).
Lung cancer prior to BCa had the most adverse impact on
overall survival (HR=2.35; 95%CI=2.10–2.63; P< .001), and
theminimal impact was located in prostate (HR=1.16; 95%CI=
1.10–1.22; P< .001) for male and in gynecological (HR=1.15;
95%CI=1.02–1.30; P= .027) for female. The shorter interval
time between 2 cancers and the higher stage of the previous
cancer development, the higher risk of death. (Table 2).
The results of the univariable andmultivariable Cox regression

analyses are listed in Table 3. Age, race, sex, marital status,
surgery, radiation, grade, stage and previous cancer, as
significant prognostic factors, were included in the nomogram
(Fig. 2). Older age (compared with <50 years old, > =80 years
old: HR=7.12; 95%CI=6.51–7.79; P< .001) and higher stage
(compared with cancer in situ, distant: HR=13.00; 95%CI=
12.30–13.73; P< .001) were associated with the most significant
influence on overall survival in BCa patients (Table 3). The C-
index value of the nomogram for prediction was 0.784 (95%CI=
0.782–0.786), and the calibration curve showed good agreement
between the prediction and actual observation in the probability



Table 1

Baseline characteristics of bladder cancer patients included from SEER data cohort (N=78,660) and between-group comparisons (No
previous cancer vs previous cancer).

Patient Characteristics No. of total patients No. of patients with previous cancer Unadjusted P value PSM-adjusted P value
∗

Age <.001 .9996
Age < 60 15,652 711
60<=Age< 80 43,478 5592
Age>= 80 19,530 2612

Sex <.001 .9697
Male 59,298 7204
Female 19,362 1711

Race <.001 .9823
White 70,946 8011
Black 4267 582
Other 3447 322

Marital Status <.001 .9996
Married 50,522 6150
Sep/ Div/ Wid 19,272 2042
Single 8866 723
Grade .004 .9997
Well 13,193 1494
Moderately 23,587 2800
Poor 17,297 1857
Undifferentiated 24,583 2764

Stage <.001 .9958
In situ 39,843 4913
Localized 30,710 3268
Regional 5644 518
Distant 2463 216

Surgery <.001 .8234
Yes 76,191 8534
No 2469 381

Radiation <.001 .9679
Yes 3622 322
No 75,038 8593

Death status <0.001
Alive 52,945 5350
Death 25,715 3565
Total

78,660 8915
∗
Comparisons between groups after adjustment for propensity matching score adjustment.

Sep/Div/Wid = separated, divorced, or widowed.

Figure 1. Survival comparison for sites (A), stages (B) and interval times (C) of previous cancers.
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Table 3

Univariate and multivariate analyses of overall survival in bladder
cancer patients.

Multivariable analysis

Patient
Characteristics

Univariable
Analysis P value HR (95% CI) P value

Race .018 <.001
White Reference
Black 1.25 (1.19–1.31) <.001
Other 0.81 (0.76–0.87) <.001

Age <.001 <.001
<50 Reference
50–59 1.45 (1.31–1.60) <.001
59–69 2.04 (1.86–2.24) <.001
69–79 3.52 (3.22–3.86) <.001
>=80 7.12 (6.50–7.79) <.001

Sex <.001 <.001
Male Reference
Female 0.85 (6.50–7.79) <.001

Marital Status <.001 <.001
Married Reference
Sep/ Div/ Wid 1.38 (1.35–1.42) <.001
Single 1.39 (1.34–1.45) <.001

Surgery <.001 <.001
No Reference
Yes 0.68 (0.64–0.73) <.001

Radiation <.001 <.001
No Reference
Yes 1.42 (1.36–1.49) <.001

Grade <.001 <.001
Well Reference
Moderately 1.06 (1.01–1.10) .037
Poor 1.50 (1.43–1.58) <.001

Undifferentiated 1.53 (1.45–1.60) <.001
Stage <.001 <.001
In situ Reference
Localized 1.87 (1.81–1.93) <.001
Regional 4.61 (4.40–4.82) <.001
Distant 13.00 (12.30–13.73) <.001

Previous site <.001 <.001

CI = confidence interval, HR = hazard ratio, Sep/Div/Wid = separated, divorced, or widowed.

Table 2

The comparison of death risk between bladder cancer patients
with and without a previous cancer.

Previous cancer diagnosis (vs None) Death HR (95% CI) Death P value

Site of previous cancer
All site 1.37 (1.32-1.42) <.001
Prostate 1.16 (1.10–1.22) <.001
Intestine 1.26 (1.14–1.39) <.001
Urinary system 1.73 (1.57–1.90) <.001
Kidney 1.64 (1.38–1.95) <.001
Renal pelvis/ ureter 1.78 (1.58–2.00) <.001
Lung 2.35 (2.10–2.63) <.001
Skin 1.16 (0.98–1.38) .076
Gynecologic 1.15 (1.02–1.30) .027
Hematologic/ lymph 1.69 (1.47–1.94) <.001
Other 1.97 (1.78–2.18) <.001

Interval time of previous cancer
< 2 years 1.64 (1.54–1.75) <.001
2∼ 3 years 1.47 (1.38–1.56) <.001
3∼ 5 years 1.35 (1.26–1.45) <.001
> 5 years 1.11 (1.04–1.20) .003

Stage of previous cancer
Unknown 1.63 (1.48–1.80) <.001
Localized 1.21 (1.16–1.27) <.001
Regional 1.65 (1.53–1.79) <.001
Distant 2.52 (2.23–2.83) <.001

Cox regression was used for the death risk comparison after propensity matching score.
CI = confidence interval, HR = hazard ratio.
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of 1-year, 3-year, and 5-year survival rates (Fig. 3). The favorable
C-index value and calibration curve indicated that the prognostic
nomogram could provide accurate 1-, 3-, and 5-year survival
predictions for BCa patients.

4. Discussion

Prostate cancer was found to be the most common cancer prior to
BCa in this study, with a prevalence of 46% (n=4072). In this
study, the pathological types of bladder cancer were all
transitional cell carcinoma, while prior prostate cancer was all
non-transitional cell carcinoma. A study based on the SEER
database reported that when prostate cancer as a SPC, prior BCa
accounted for the largest proportion of all previous cancer types
(28%), among which all prostate cancers were prostate
adenocarcinoma, and only 1% of BCa was bladder adenocarci-
noma.[13] A long follow-up study reported that prostate cancer
patients had an 18-fold higher risk of developing BCa, while BCa
patients had a 19-fold higher risk of developing prostate cancer
after age matched.[16] BCa and prostate cancer had a high
incidence in both directions, possibly due to the similar genetic
backgrounds at the gene and protein levels (e.g., expression of
p53 and pRb, overexpression of the UROC28 protein, and repair
of N-acetyltransferase).[17–19] Moreover, recurrent chronic
inflammatory infections caused by factors such as urinary
retention may also be a common risk factor for BCa and
prostate cancer.[20]

Interestingly, when prostate cancer as the SPC, the previous
cancer located in bladder had themost adverse impact on survival
(HR=5.00, 95%CI=4.65–5.37, P< .001), followed by lung
cancer (HR=4.23, 95%CI=3.64–4.91, P< .001).[13] However,
in this study, previous cancer located in the prostate had a
minimal impact on survival for males when BCa was observed as
4

the SPC. Why do changes in the sequence of prostate cancer and
BCa affect survival so differently? We conjecture that the surgical
modality may be one of the major influencing factors. The
development of prostate cancer after BCa indicated that the
prostate was not resected at the time of BCa development.
However, when prostate cancer is followed by BCa, many
patients may undergo radical prostatectomy when prostate
cancer develops. Radical prostatectomy is the gold standard and
first-choice treatment for prostate cancer within the located stage,
and the surgical indications for surgery have gradually expand-
ed.[21] In the present study, there were 4072 BCa patients with a
history of prostate cancer, among whom 3559 (87%) cases were
within the located stage. We speculate that a large proportion of
patients underwent radical prostatectomy when prostate cancer
developed. It has previously been reported that patients with
bladder transitional cell carcinoma are more prone to develop
prostate infiltration, leading to prostate adenocarcinoma, and the
prognosis is significantly worse than those of patients who
undergo prostate resection.[22] Lymphatic metastasis is more
likely to occur when bladder transitional cell carcinoma invades
the prostate, which seriously affects the prognosis of patients.[23]



Figure 2. Survival nomogram for bladder cancer patients. (To use the nomogram, place the patients information on each variable axis, and draw a line to determine
the points of the variable. The sum of the points is located on the total score axis. Next, draw a line down to the survival axis to determine 1-, 3-, and 5-year survival
probability.).

Wang et al. Medicine (2020) 99:38 www.md-journal.com
However, detailed surgical information of patients is not
available in the SEER database, we could not complete further
statistical analysis to verify our conjecture, which we hope to
confirm in future targeted studies.
Our study found that a history of previous cancer had a

negative impact on overall survival in BCa patients, while
previous cancer located in the lung had the most significant effect
(compared with no previous cancer: HR=2.35; 95%CI=2.10–
Figure 3. Calibration curves to predict 1-year (A), 3-year (B), and 5-year (C) surviva
is plotted on the X axial, and the actual overall survival possibility is plotted on th
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2.63; P< .001). Lung cancer is known to be particularly deadly
and is the first leading cancer-related causes of death in the
world.[1] According to a study reported about SPCs, a diagnosis
of lung cancer was the most lethal among patients with 2
malignancies, and lung cancer as the first primary cancer in all
types of SPCs had the highest mortality rate.[9] A prior history of
cancer does not even affect overall survival in patients with
locally advanced lung cancer.[12] In the present study, patients
l in bladder cancer patients. The nomogram-predicted overall survival possibility
e Y axial.

http://www.md-journal.com
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with lung cancer prior to bladder cancer had the worst survival
might not seem to be distinct.
The treatment of previous cancers did impact overall survival

in BCa patients after PSM-adjusted (surgery: none vs yes, HR=
1.26, 95%CI=1.17–1.36; P< .001; radiotherapy: yes vs. none,
HR=1.09, 95%CI=0.82–1.43; P= .552; Tables not shown).
However, due to the limited number of patients, we could not
analyze the impact of treatment in each system of previous cancer
on overall survival of BCa patients (e.g., only 15 cases not
undergo surgery and 17 cases received radiotherapy in previous
cancers of urinary system). Therefore, we chose the stage and
interval time of the previous cancer for analysis and found that
the shorter interval time between 2 cancers and the higher stage of
the previous cancer development, the higher the risk of death.
Nomogram, a statistical tool, has been widely used in recent

years by combining clinicopathological factors to individually
predict survival in cancer patients.[24–26] Therefore, we aim to
develop a prognostic nomogram that can effectively predict the
overall survival of patients with BCa and help clinicians in more
effective individualized clinical management. As a result, a
nomogram for 1-, 3-, and 5-year overall survival was established,
and the C-index value of the nomogram for prediction and the
calibration curve showed good agreement between the prediction
and actual observation, which indicated that the proposed
nomogram could accurately predict the 1-, 3, and 5-year overall
survival rates of BCa patients. The prognostic nomogram could
help clinicians evaluate the prognosis of BCa patients more
intuitively and effectively and might be helpful in developing
treatment strategies and adjusting follow-up plans. For example,
for BCa patients with a poor prognosis, we could expand the
treatment intensity and reduce the follow-up time to treat and
monitor the disease more effectively.
Our study showed that race, age, sex, marital status, surgery,

radiation, grade, stage, and previous cancer, as independent
prognostic factors, could impact the survival of BCa patients.
Stage had the most significant effect on survival in patients with
BCa, followed by age. A previous study reported that black BCa
patients had a higher risk of death than those from other races
after age, sex, grade and stage matched, which may be related to
economic income.[27] Regarding the effect of gender on survival
of BCa patients, it had been reported that males with BCa had a
higher risk of death than female BCa patients, which may be
related to smoking.[3] A population-based study showed that the
survival rate of married BCa patients in the United States was
higher than that of single or divorced BCa patients.[28] The effects
of race, sex, andmarital status on overall survival of BCa patients
in our study were consistent with those previous reports, which
could also prove the validity of our nomogram.
This study still has some limitations. First, different treatment

regimens for the previous cancers may have affected the survival
of patients. For example, chemotherapy may cause low tolerance
or reduced therapeutic effects, and the missing treatment
information may have introduced bias to our study. Second,
due to the limited number of patients with previous cancers, we
classified SPCs by the tissue system, and the survival rates of
patients with different cancers in the same tissue system may be
significant different. Although the average time interval between
the previous cancer and BCa was approximately 4 years, there is
still the possible that the 2 cancers actually developed in reverse
order. Last, this study is retrospective in nature, and further
prospective studies are needed to verify our results.
6

5. Conclusion

It is the first time to study the effect of previous cancer in BCa and
establish an effective individualized overall survival prediction
tool for BCa patients by a large-scale data set. We found a history
of previous cancer has a negative impact on overall survival in
BCa patients. This negative impact of previous cancer on overall
survival was the most significant in lung cancer and had a
minimal impact on survival in males with prostate cancer and in
females with gynecological cancer. The shorter interval time
between 2 cancers and the higher stage of the previous cancer
development, the higher risk of death. The prognostic nomogram
has been shown to accurate predict 1-, 3-, and 5-year overall
survival rate in BCa patients. The proposed nomogram might be
helpful to choose individualized clinical treatment and adjust
follow-up strategies for BCa patients. BCa and prostate cancer
patients may have a high incidence in both directions. When
prostate cancer as a SPC, prior BCa had the most adverse impact
on overall survival. However, prostate cancer prior to BCa had
the minimal impact on overall survival for males. This may be
related to whether the patient has undergone radical prostatec-
tomy. Due to the limitations of this study, more targeted and
further prospective studies are needed to validate our conjecture.
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