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Background: The benefit of adjuvant chemotherapy remains controversial in muscle-invasive bladder
cancer (MIBC) after radical cystectomy. The present study’s primary objective was to construct a predictive
tool for the reasonable application of adjuvant chemotherapy.

Methods: All of the patients analyzed in the present study were recruited from the Surveillance
Epidemiology and End Results program between 2004 and 2015. Propensity score matching (PSM) was used
to reduce inherent selection bias. Cox proportional hazards models were applied to identify the independent
prognostic factors of overall survival (OS) and cancer-specific survival (CSS), which were further used to
construct prognostic nomogram and risk stratification systems to predict survival outcomes. The prognostic
nomogram’s performance was assessed by concordance index (C-index), receiver-operating characteristic
(ROC) and calibration curves. Decision curve analysis (DCA) was performed to evaluate the clinical net
benefit of the prognostic nomogram.

Results: A total of 6,384 patients with or without adjuvant chemotherapy were included after PSM. Several
independent predictors for OS and CSS were identified and further applied to establish a nomogram for 3-,
5- and 10-year, respectively. The nomogram showed favorable discriminative ability for the prediction of OS
and CSS, with a C-index of 0.709 [95% confidence interval (CI): 0.699-0.719] for OS and 0.728 (95% CI:
0.718-0.738) for CSS. ROC and calibration curves showed satisfactory consistency. The DCA revealed high
clinical positive net benefits of the prognostic nomogram. The different risk stratification systems showed
that adjuvant chemotherapy resulted in better OS (P<0.001) and CSS (P<0.001) than without adjuvant
chemotherapy for high-risk patients; while the OS (P=0.350) and CSS (P=0.260) for low-risk patients were
comparable.

Conclusions: We have constructed a predictive model and different risk stratifications for selecting a
population that could benefit from postoperative adjuvant chemotherapy. Adjuvant chemotherapy was found

to be beneficial for high-risk patients, while low-risk patients should be carefully monitored.
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Introduction

Bladder cancer (BC) is the ninth most commonly diagnosed
malignancy and ranks 13th in terms of the causes of death
worldwide (1). It has been reported that approximately
20-30% of patients have muscle-invasive bladder cancer
(MIBC), which is a poor prognostic stage of BC that
requires radical surgical treatment or chemo-radiation
with intensive surveillance (2-4). Radical cystectomy
(RC) with extended pelvic lymph node dissection is
the gold standard care for MIBC, and is an effective
therapy to improve the survival rate avoid locoregional
recurrence and distant metastasis for these patients (5-7).
Despite RC, approximately 50% of MIBC patients will
develop metastasis in the first 2-3 years of diagnosis and
finally succumb due to pre-existing metastatic disease or
locoregional recurrence (8,9). These survival outcomes
indicated that RC alone may not be completely effective
for controlling the disease, and that the extended use of
systemic therapies should be considered in most locally
advanced MIBC patients (10).

With the development of multidisciplinary approaches
for BC, the application of perioperative (neoadjuvant or
adjuvant) systemic chemotherapy combined with RC has
been intensively studied. Therefore, according to current
international guidelines, the use of neoadjuvant cisplatin-
based chemotherapy is recommended as level of evidence
one (11,12). In clinical practice, neoadjuvant chemotherapy
has been used sparingly for various reasons, and adjuvant
treatment is used more frequently (13-16). Although there
have been several observational retrospective studies (17,18),
meta-analyses (10,19), and randomized clinical trials (20,21)
evaluating the survival benefits of adjuvant chemotherapy
on MIBC patients following RC, the routine use of
adjuvant chemotherapy for MIBC management remains
controversial. Some patients may benefit from adjuvant
chemotherapy, however, it is unclear which patients will
benefit or how to select suitable patients for adjuvant
chemotherapy.

It is generally perceived that not all MIBC patients
after RC should receive adjuvant chemotherapy, but
that this should be limited to patients at high risk of
recurrence. MIBC patients receive with or without adjuvant
chemotherapy following RC include those with pT3-4
stages, lymph node involvement, a lymph node density
>20%, and positive surgical margins, which are commonly
recognized as poor prognostic factors (11,22,23). Although
some previously published studies have assessed the risk
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factors for recurrence and death in MIBC patients, and
established prognostic models according to important risk
factors, these models mainly revealed that the low survival
rate of high-risk patients and the need for more attention,
but they did not provide specific and intuitive personalized
therapy for each patient (15,24-27).

The primary objective of the present study was to use
the Surveillance Epidemiology and End Results (SEER)
program to construct a predictive model and different risk
stratification systems, determine the risk cutoff point, select
a population that could benefit from postoperative adjuvant
chemotherapy. We hope this predictive tool could provide
an individualized and accurate reference for the reasonable
application of adjuvant chemotherapy. We present
the following article in accordance with the TRIPOD
reporting checklist (available at http://dx.doi.org/10.21037/
tau-20-960).

Methods
Data source

The study participants were recruited from the SEER
database of the National Cancer Institute (NCI) from
2004 to 2015, which is publicly accessible and covers
approximately 30% of the US population (https://www.
seer.cancer.gov/) (28). We used the SEER*Stat version
8.3.6 software to determine the eligible population from
the Incidence-SEER18 Regs Custom Data, Nov2018 Sub
(1975-2016 varying). The inclusion criteria were as follows:
(I) microscopically diagnosed with primary BC as the first
malignancy from 2004 to 2015; (II) confirmed to have
MIBC (pT2-T4); (III) histological subtypes were coded by
the International Classification of Diseases for Oncology,
3rd Edition ICD-0-3) limited to bladder transitional cell
carcinoma (ICD-0O-3: 8120/3, 8122/3, 8130/3, 8131/3);
and (IV) BC patients underwent RC (codes 40, 50, 60, and
70 in the site-specific surgery variable, and the codes 50,
60-64, 70-74, and 80 in the summary variable) (29-31).
A total of 10847 cases were initially eligible for inclusion.
The following exclusion criteria were identified: (I) missing
or incomplete clinical information, such as race, American
Joint Committee on Cancer (AJCC) TNM staging system,
regional nodes examined status and number, regional node-
positive status and number, survival times, and cause of
death; (II) patients who had received pre-operative, intra-
operative or post-operative radiotherapy. (III) age <18 years,
(IV) distant metastases (M1 stage), and (V) survival time

Transl Androl Urol 2021;10(1):356-373 | http://dx.doi.org/10.21037/tau-20-960


http://dx.doi.org/10.21037/tau-20-960
http://dx.doi.org/10.21037/tau-20-960
https://seer.cancer.gov/
https://seer.cancer.gov/

358 Tian et al. Predictive tool for the reasonable application of adjuvant chemotherapy

SEER research database 2004-2015
Registry group: SEER 18 Data
Bladder cancer: N=211,608

Inclusion:
1. As the first malignant primary indicator
2. Muscle-invasive bladder cancer (pT2-T4)

y

\4

3. Bladder transitional cell carcinoma (ICD-O-3:
8120/3, 8122/3, 8130/3, 8131/3)
4. Accept radical cystectomy surgical treatment

Preliminary patients
(N=10,847)

Exclusion: (N=2,347)

1. Younger than 18 years (N=1)

2. Unknown race (N=22)

3. AUCC TNM, 7" Nx (N=82), Mx (N=58), Ml
(N=564)

4. Without regional nodes examined (N=1036),
unknown regional nodes examined status

y

Y

(N=13), unknown regional nodes examined
number (N=253), unknown nodes positive
number (N=2)

5. Treated with pre- operative radiotherapy,
intra-operative radiotherapy or post-
operative radiotherapy (N=258)

6. Survival months less than 1 month (N=11)

. Missing/unknown cause of death (N=47)

~

Patients included
(N=8,500)

Exclusion:

A

\4

Mismatched patients (N=2,116)

Patients propensity sore
matched cohort
(N=6,384)

Y

Y

Non-adjuvant chemotherapy
(N=3,192)

Adjuvant chemotherapy
(N=3,192)

Figure 1 The flow chart of muscle-invasive bladder cancer patients’ selection. AJCC, American Joint Committee on Cancer; ICD-O-3,

International Classification of Disease for Oncology, Third Edition; SEER, Surveillance Epidemiology and End Results; TNM, tumor-

node-metastasis.

<1 month. The detailed eligible population selection process
is shown in Figure 1. Propensity score matching (PSM) of
the adjuvant chemotherapy and non-adjuvant chemotherapy
groups was used to reduce inherent selection bias, 2,116
mismatched patients were excluded, and a total of 6,384
patients were finally included for further analyses. The
study has conformed to the provisions of the Declaration
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of Helsinki (as revised in 2013). The data analyzed in our
current study accessed from SEER database (https://www.
seer.cancer.gov/), which is publicly available and all patient
data are de-identified. We obtained the permission to access
the SEER program with the ID number 17051-Nov2018
via Internet access method. Ethical approval was waived by
the local ethics committee.
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Endpoints

The primary endpoint was overall survival (OS), while
cancer-specific survival (CSS) was a secondary endpoint.
Survival time (in months) was set as the time from BC
diagnosis to death or date of last follow-up time (the
specific definition process of disease survival time in the
SEER database can be obtained at: https://seer.cancer.gov/
survivaltime/3-fields-survival-time-active.pdf). The final
study population were included 8500 cases diagnosed with
MIBC who underwent RC between 2004 and 2015, these
patients were followed-up to December 31, 2015.

Variables

Patients’ demographic and clinical-pathological
characteristics were considered for further analyses,
including age, gender, race, pathological grade, pT stage,
pN stage, lymph nodes harvested (LNH) count, lymph
nodes ratio (LNR), tumor size, adjuvant chemotherapy,
follow-up time, and cause of death. Patients were grouped
as <65, 65-75, and >75 years according to age at diagnosis;
race was classified as Black, White and Others (American
Indian/AK Native, Asian/Pacific Islander); pathological
grade was categorized into well/moderately differentiated
(I711), poorly differentiated (IILI), undifferentiated (IV),
and unknown, based on SEER codes (32); and TNM stage
was regrouped based on the AJCC (7" edition) staging
system codes, respectively. It was reported that 10 LNH
was related to survival outcomes (33-35), in line with
prior reports (31,32), LNH was categorized into <10, and
>10, respectively. LNR was calculated as the number of
positive nodes to the number of nodes harvested, which was
grouped using previously described cutoffs of 0%, 0.1-20%,
and 20% (36-38). Tumor size was divided into <50 mm,
>50 mm, and unknown (30); adjuvant chemotherapy was
denoted as none and yes according to SEER codes.

Statistical analysis

PSM is a statistical tool that matches patients with one or
more control cases according to their propensity scores,
reducing inherent selection bias (39). The matching ratio
was 1:1, and the caliper applied for matching was set at 0.1.
The x’-test was used to contrast the baseline characteristics
between cohorts before and after PSM for the adjuvant
chemotherapy and non-adjuvant chemotherapy groups.
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Univariate and multivariate Cox regression models were
performed to determine the independent prognostic variables
of OS and CSS, which were further applied to construct
a prognostic nomogram and risk stratification systems to
predict survival probabilities. The nomogram’s validation
was performed by using the C-index, ROC curves (40),
calibration curves, and decision curve analysis (DCA) (41).
Concordance index (C-index) and receiver-operating
characteristic (ROC) curves analyses were used to assess the
predictive accuracy and discrimination ability of prognostic
nomogram. Calibration curves (1,000 bootstrap resamples)
were employed to measure the calibration of prognostic
nomogram (42). DCA was used to assess clinical positive
net benefits of the prognostic nomogram. Furthermore, to
verify independent discriminatory ability of the prognostic
nomogram, the low- and high-risk stratification systems for
OS and CSS were constructed according to the total risk
scores of the established nomogram (grouped by the cutoff
values of the median score). The log-rank test and Kaplan—
Meier curves were further applied to determine the OS and
CSS of eligible MIBC patients with or without adjuvant
chemotherapy in different prognostic risk stratification
systems. R version 3.6.1 software (Institute for Statistics and
Mathematics, Vienna, Austria; https://www.r-project.org/)
was used to perform all statistical analyses. P<0.05 indicated
statistical significance.

Results
Patients’ baseline characteristics

The present study included 8500 eligible patients diagnosed
with MIBC following RC without distant metastasis from
2004 to 2015 from the SEER program. A total of 3,809
patients received adjuvant chemotherapy, and 4,691 patients
did not. A total of 2,098 mismatched patients were excluded
after the PSM was utilized. Finally, 6,384 patients were
divided into non-adjuvant chemotherapy (n=3,192) and
adjuvant chemotherapy (n=3,192) for further analyses.
The baseline demographics and clinical-pathological
characteristics of eligible patients before and after PSM
are summarized in 7able 1. The histograms of propensity
scores before and after matching are shown in Figure S1.
The median follow-up time was 32 months (range: 1-
155 months). A total of 4,441 (52.2%) patients had died by
the last follow-up date, of which 3,273 (73.7%) had died
from MIBC and 1,168 (26.3%) from other causes.
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Table 1 Baseline clinicopathological characteristics and treatment experience of all patients with muscle-invasive bladder cancer

Before PSM After PSM
Characteristics Non-adjuvant Adjuvant Non-adjuvant Adjuvant
chemotherapy chemotherapy P value chemotherapy chemotherapy P value
(N=4,691) (%) (N=3,809) (%) (N=3,192) (%) (N=3,192) (%)
Age (years) <0.001 0.002
<65 1,586 (33.8) 1,892 (49.7) 1,406 (44.0) 1,395 (43.7)
65-75 1,726 (36.8) 1,425 (37.4) 1,200 (37.6) 1,305 (40.9)
>75 1,379 (29.4) 492 (12.9) 586 (18.4) 492 (15.4)
Gender 0.694 0.126
Female 1,118 (23.8) 893 (23.4) 730 (22.9) 783 (24.5)
Male 3,573 (76.2) 2,916 (76.6) 2,462 (77.1) 2,409 (75.5)
Race 0.531 0.019
White 4,153 (88.5) 3,396 (89.2) 2,841 (89.0) 2,830 (88.7)
Black 293 (6.2) 216 (5.7) 211 (6.6) 180 (5.6)
Others 245 (5.2) 197 (5.2) 140 (4.4) 182 (5.7)
Pathological grade <0.001 0.091
] 155 (3.3) 69 (1.8) 75 (2.3) 68 (2.1)
I 1,517 (32.3) 938 (24.6) 864 (27.1) 892 (27.9)
\Y 2,835 (60.4) 2,650 (69.6) 2,092 (65.5) 2,127 (66.6)
Unknown 184 (3.9) 152 (4.0) 161 (5.0) 105 (3.3)
pT stage <0.001 0.014
T2 2,290 (48.8) 1,700 (44.6) 1,534 (48.1) 1,424 (44.6)
T3 1,747 (37.2) 1,416 (37.2) 1,161 (36.4) 1,190 (37.3)
T4 654 (13.9) 693 (18.2) 497 (15.6) 578 (18.1)
pN stage <0.001 0.025
NO 3,701 (78.9) 2,391 (62.8) 2,344 (73.4) 2,216 (69.4)
N1 527 (11.2) 703 (18.5) 417 (13.1) 553 (17.3)
N2 445 (9.5) 696 (18.3) 413 (12.9) 411 (12.9)
N3 18 (0.4) 19 (0.5) 18 (0.6) 12 (0.4)
LNH <0.001 0.396
<10 1,749 (37.3) 998 (26.2) 936 (29.3) 968 (30.3)
>10 2,942 (62.7) 2,811 (73.8) 2,256 (70.7) 2,224 (69.7)
LNR <0.001 0.017
0% 3,704 (79.0) 2,450 (64.3) 2,346 (73.5) 2,264 (70.9)
0.1-20% 517 (11.0) 819 (21.5) 453 (14.2) 534 (16.7)
>20% 470 (10.0) 540 (14.2) 393 (12.3) 394 (12.3)

Table 1 (continued)
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Table 1 (continued)
Before PSM After PSM
Characteristics Non-adjuvant Adjuvant Non-adjuvant Adjuvant
chemotherapy chemotherapy P value chemotherapy chemotherapy P value
(N=4,691) (%) (N=3,809) (%) (N=3,192) (%) (N=3,192) (%)
Tumor size (mm) 0.152 0.172
<50 2,271 (48.4) 1,792 (47.0) 1,531 (48.0) 1,440 (45.1)
>50 1,349 (28.8) 1,169 (30.7) 923 (28.9) 967 (30.3)
Unknown 1,071 (22.8) 848 (22.3) 738 (23.1) 785 (24.6)

LNH, lymph nodes harvested; LNR, lymph nodes ratio; PSM, propensity score matching.

Screening of significant prognostic factors for OS and CSS

using univariable and multivariable analyses

The Cox proportional hazards models were used to
determine the independent prognostic factors in the
prediction of OS and CSS. Univariable analyses showed
that a total 10 factors were related to OS and CSS. These
were as follows: age, gender, race, pathological grade, pT
stage, pN stage, LNH, LNR, tumor size, and adjuvant
chemotherapy (Tables 2 and 3). Multivariable Cox analyses
indicated that age, race, pT stage, pN stage, LNH, LNR,
tumor size, and adjuvant chemotherapy were significant
independent prognostic factors of OS (Table 2). Except
pathological grade, these comparable variables were
also significant prognostic risk factors for CSS (Table 3).
Significant independent prognostic factors were integrated
into the predictive models for nomogram and risk
stratification systems.

Establishment and validation of the novel prognostic
nomogram

A prognostic nomogram for predicting 3-, 5-, and 10-year
OS and CSS in MIBC patients in the entire cohorts after
PSM was developed (Figure 2). These predictive tools were
established to predict the probabilities of 3-, 5-, and 10-year
OS and CSS for MIBC patients by calculating the
total points of each significant prognostic factors. The
performance of the prognostic nomogram was further
validated for discrimination and calibration. The prognostic
nomogram C-index for the prediction of OS and CSS was
0.709 (95% CI: 0.699-0.719) and 0.728 (95% CI: 0.718-
0.738), respectively, demonstrating relatively good model
discriminative ability. Besides, time-dependent ROC analyses
for 3-, 5-, and 10-year OS and CSS were used to validate the
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prognostic nomogram, which revealed good discrimination
in predicting the prognosis of MIBC patients (Figure S2A,B).
Calibration curves for OS and CSS probabilities of 3-, 5-, and
10-year showed satisfactory consistency of the constructed
prognostic nomogram (Figure S2C,D). Moreover, DCA was
used to assess the effectiveness and advantages of predictive
models, which identify and compare the clinical application
value for the prognostic nomogram by calculating the clinical
positive net benefits among all of the threshold probabilities
at 3-, 5-, and 10-year time points. Accordingly, the high
clinical positive net benefits were achieved by assessing OS
and CSS at different threshold probabilities in our prognostic
nomogram (Figure 3).

Comparisons of OS and CSS for patients in different risk
stratification systems

To determine the independent discrimination of the novel
prognostic nomogram, the low- and high-risk stratification
systems for OS and CSS were constructed according to
the total risk scores of the established nomogram (grouped
by the cutoff values of the median score). The cohort
was divided into the low-risk (3,107/6,384, 48.7%, score
0-120.1), and high-risk groups (3,227/6,384, 51.3%, score
>120.1) for OS, and into the low-risk (3,191/6,384, 50.0%,
score 0-106.3), and high-risk groups (3,193/6,384, 50.0%,
score >106.3) for CSS. Furthermore, the log-rank test and
Kaplan—-Meier curves were further applied to determine
the OS and CSS of MIBC patients in different prognostic
risk stratification systems, the prognostic nomogram could
discriminate MIBC patients with different risk stratification
systems (Figure 4). Group adjuvant chemotherapy showed
significantly better OS (P<0.001) and CSS (P=0.033) than
group non-adjuvant chemotherapy before risk stratification
(Figure 5A,B). Furthermore, the different risk stratification
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Table 2 Univariate and multivariate analyses of prognostic factors associated with overall survival of patients with MIBC

Characteristics

Univariate analysis

Multivariate analysis

HR (95% Cl) P value HR (95% Cl) P value

Age (years)

<65 1 (ref) 1 (ref)

65-75 1.261 (1.166-1.364) <0.001 1.267 (1.171-1.371) <0.001

>75 1.988 (1.812-2.181) <0.001 1.711 (1.557-1.880) <0.001
Gender

Female 1 (ref) NA NA

Male 0.946 (0.872-1.026) 0.180 NA NA
Race

White 1 (ref) 1 (ref)

Black 1.481 (1.299-1.689) <0.001 1.395 (1.222-1.593) <0.001

Others 0.922 (0.782-1.087) 0.331 0.885 (0.750-1.044) 0.148
Pathological grade

/1l 1 (ref)

1] 1.246 (0.979-1.585) 0.074 NA NA

\Y 1.116 (0.880-1.413) 0.365 NA NA

Unknown 1.021 (0.760-1.371) 0.893 NA NA
pT stage

T2 1 (ref) 1 (ref)

T3 2.373 (2.189-2.573) <0.001 1.876 (1.723-2.043) <0.001

T4 3.390 (3.085-3.725) <0.001 2.470 (2.234-2.731) <0.001
pN stage

NO 1 (ref) 1 (ref)

N1 2.310 (2.115-2.523) <0.001 0.901 (0.556-1.460) 0.673

N2 3.548 (3.242-3.883) <0.001 1.175 (0.724-1.907) 0.513

N3 6.456 (4.440-9.390) <0.001 2.002 (1.087-3.686) 0.026
LNH

<10 1 (ref) 1 (ref)

>10 0.772 (0.718-0.830) <0.001 0.832 (0.771-0.898) <0.001
LNR

0% 1 (ref) 1 (ref)

0.1-20% 2.360 (2.161-2.577) <0.001 1.970 (1.215-3.194) 0.006

>20% 3.779 (3.455-4.133) <0.001 2.539 (1.564-4.122) <0.001

Table 2 (continued)
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Table 2 (continued)
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Characteristics

Univariate analysis

Multivariate analysis

HR (95% Cl) P value HR (95% Cl) P value

Tumor size (mm)

<50 1 (ref) 1 (ref)

>50 1.402 (1.296-1.518) <0.001 1.280 (1.181-1.387) <0.001

Unknown 0.868 (0.792-0.950) 0.002 1.017 (0.927-1.115) 0.725
Adjuvant chemotherapy

No 1 (ref) 1 (ref)

Yes 0.851 (0.794-0.913) <0.001 0.731 (0.681-0.784) <0.001
LNH, lymph nodes harvested; LNR, lymph nodes ratio; MIBC, muscle-invasive bladder cancer.
Table 3 Univariate and multivariate analyses of prognostic factors associated with cancer-specific survival of patients with MIBC

Univariate analysis Multivariate analysis
Characteristics
HR (95% ClI) P value HR (95% ClI) P value

Age (years)

<65 1 (ref) 1 (ref)

65-75 1.114 (1.018-1.218) 0.019 1.109 (1.013-1.214) 0.025

>75 1.652 (1.482-1.841) <0.001 1.373 (1.229-1.533) <0.001
Gender

Female 1 (ref) 1 (ref)

Male 0.833 (0.761-0.912) <0.001 0.905 (0.825-0.993) 0.034
Race

White 1 (ref) 1 (ref)

Black 1.482 (1.274-1.724) <0.001 1.315(1.128-1.533) 0.001

Others 0.987 (0.820-1.187) 0.888 0.927 (0.770-1.116) 0.423
Pathological grade

Vi 1 (ref) 1 (ref)

1] 1.462 (1.085-1.968) 0.044 1.239 (0.919-1.669) 0.160

\% 1.259 (0.939-1.688) 0.199 1.172 (0.873-1.573) 0.292

Unknown 0.996 (0.691-1.435) 0.892 1.041 (0.721-1.502) 0.831
pT stage

T2 1 (ref) 1 (ref)

T3 2.879 (2.612-3.173) <0.001 2.147 (1.937-2.379) <0.001

T4 4.276 (3.830-4.774) <0.001 2.891 (2.571-3.251) <0.001

Table 3 (continued)
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Table 3 (continued)

Univariate analysis

Multivariate analysis

Characteristics

HR (95% ClI) P value HR (95% ClI) P value

pN stage

NO 1 (ref) 1 (ref)

N1 2.828 (2.561-3.123) <0.001 1.036 (0.619-1.734) 0.893

N2 4.345 (3.931-4.803) <0.001 1.351 (0.806-2.265) 0.254

N3 8.109 (5.492-11.973) <0.001 2.329 (1.221-4.442) 0.010
LNH

<10 1 (ref) 1 (ref)

>10 0.749 (0.689-0.814) <0.001 0.823 (0.753-0.899) <0.001
LNR

0% 1 (ref) 1 (ref)

0.1-20% 2.841 (2.572-3.137) <0.001 1.977 (1.181-3.309) 0.009

>20% 4.718 (4.272-5.210) <0.001 2.616 (1.560-4.385) <0.001
Tumor size (mm)

<50 1 (ref) 1 (ref)

>50 1.473 (1.347-1.612) <0.001 1.304 (1.190-1.428) <0.001

Unknown 0.835 (0.750-0.929) 0.001 1.004 (0.900-1.120) 0.938
Adjuvant chemotherapy

No 1 (ref) 1 (ref)

Yes 0.916 (0.846-0.993) 0.033 0.764 (0.704-0.829) <0.001

LNH, lymph nodes harvested; LNR, lymph nodes ratio; MIBC, muscle-invasive bladder cancer.

subgroups showed that adjuvant chemotherapy had better
OS (P<0.001) and CSS (P<0.001) than without adjuvant
chemotherapy for high-risk patients (Figure 5C,D); while
the OS (P=0.350) and CSS (P=0.260) for low-risk patients
were comparable (Figure SE,F).

Discussion

RC with urinary diversion and pelvic lymph nodes
dissection is the gold standard treatment for MIBC patients
(5,43). It includes the removal of micrometastases to
prevent local recurrence and increase the chance of healing,
thereby achieving local tumor control (44,45). Despite
these advantages, the rate of postoperative complications in
RC is 31-51%, and approximately half of MIBC patients

will develop metastasis in the first 2-3 years after diagnosis

© Translational Andrology and Urology. All rights reserved.

and finally succumb due to pre-existing metastatic disease
or locoregional recurrence (8,9,46,47). This highlights
the need for effective adjuvant therapy in the treatment of
MIBC to eradicate subclinical diseases that may be arise at
the time of diagnosis, thereby improving survival outcomes.
There have been significant advances in adjuvant therapy
in recent years, and several researches have assessed and
validated the curative effect of neoadjuvant or adjuvant
systemic chemotherapies before or after surgical resection
(12,20,21,48,49). However, which patients will benefit
or how to select the most suitable patients for adjuvant
chemotherapy remains controversial. Therefore, we
carried out an in-depth quantitative exploration of the
prognostic factors of MIBC patients using a nomogram.
We constructed a predictive model and different risk
stratification systems, determined the risk cutoff point,
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Figure 2 The nomogram for predicting 3-, 5-, and 10-year probabilities of OS (A) and CSS (B) in patients with MIBC. LNH, lymph nodes

harvested; LNR, lymph nodes ratio; MIBC, muscle-invasive bladder cancer; OS, overall survival; CSS, cancer-specific survival.
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Figure 3 Decision curves of the nomogram predicting OS and CSS. (A,B,C) The 3-, 5-, and 10-year OS nomograms decision curves,

respectively; (D,E,F) the 3-, 5-, and 10-year CSS nomograms decision curves, respectively. The X-axis represents the threshold probabilities,

and the Y-axis measures the net benefit calculated by adding the true positives and subtracting the false positives. The horizontal black line

along the X-axis assumes that death occurred in no patients, whereas the solid gray line assumes that all patients will have death at a specific

threshold probability. The blue color solid line represents the clinical positive net benefit of using the prognostic nomogram. OS, overall

survival; CSS, cancer-specific survival.

selected a population that could benefit from postoperative
adjuvant chemotherapy, and provided a guide for further
follow-up strategies.

In our current large retrospective cohorts, recruited
from the SEER program, several demographic and clinical-

© Translational Andrology and Urology. All rights reserved.

pathological factors were found to be significantly related
to the prognosis of OS and CSS, including age, gender,
race, p1 stage, pN stage, LNH, LNR, and tumor size. In
the present study, approximately 60% of MIBC patients
were >65 years, these patients had poorer OS and CSS than
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Figure 4 Kaplan-Meier curves of OS and CSS in the different risk stratification systems. (A) The comparisons of OS for low- and high-risk

groups patients; (B) the comparisons of CSS for low- and high-risk groups patients. OS, overall survival; CSS, cancer-specific survival.
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Figure 5 Kaplan-Meier curves of OS and CSS for different risk stratification patients between adjuvant chemotherapy and non-adjuvant
chemotherapy. Comparisons of OS (A) and CSS (B) for the entire patients between adjuvant chemotherapy and non-adjuvant chemotherapy.
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overall survival; CSS, cancer-specific survival.
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younger MIBC patients. Previously published studies have
also noted that elderly patients have greater postoperative
comorbidities and mortality, and a worse prognosis than
younger MIBC patients (50-53). Although, males have
almost a 3 times higher incidence than females (1,4), the
prognosis of females patients is generally poorer than that
of males (54,55). Gender differences in anatomy, heredity,
hormone receptors, tumour biology, diagnosis, and therapy
are considered hypotheses about the presumable prognostic
impact (52,56). The influence of race on the incidence
of BC has not yet been determined. It has been reported
that the risk of BC among Black Americans is much lower
compared with White Americans, but the overall survival
rate was worse (57,58). Socioeconomic status and access
to medicaid insurance can contribute to these prognostic
racial disparities (59,60). Several prior studies have found
that lymph node counts are independently related to the
survival outcomes of BC patients with negative or positive
lymph nodes (22,38,61). Some researchers use the LNR as
a quality indicator for predicting the prognosis of patients
with urothelial BC and consider it to be superior to the N
staging system (37,62,63). It has been reported that an LNR
>20% is a poor prognostic factor in patients who underwent
RC after with or without adjuvant chemotherapy (22,23).
Tumor size has been validated as an independent prognostic
factor in BC patients in previous studies, with large tumors
having poor prognostic outcomes (30,64), this was also
found in the present study. Additionally, higher pT and pN
stages are associated with worse prognostic outcomes, which
have also been confirmed in previously published studies
(65-67). In the present study, demographic and clinical-
pathological variables combined with the AJCC TNM
staging system, were included in the prognostic nomogram
and the risk stratification systems, which may guide more
intuitive and accurate clinical decisions-making.

Next, we calculated each patient's total risk score for OS
and CSS according to the established nomogram. The low-
and high-risk stratification systems for OS and CSS were
constructed based on the established nomogram’s total risk
scores. We evaluated the OS and CSS outcomes of MIBC
patients in different prognostic risk stratification systems
with and without adjuvant chemotherapy. The outcomes
showed that the prognostic nomogram could discriminate
between different risk stratification systems for OS and CSS
of MIBC patients. However, in the low-risk group, patients
receiving adjuvant chemotherapy showed a comparable
OS and CSS to those who did not receive adjuvant
chemotherapy, indicating that adjuvant chemotherapy may
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not improve OS and CSS outcomes for low-risk patients.
The results are consistent with those of previously published
studies (17,24,27,68), where high-risk patients were found
to benefit more from adjuvant chemotherapy than low-
risk patients, while patients in the low-risk group should
be considered monitored. However, these studies had a
common aspect: they categorized each prognostic factor
after screening into the same risk level, which may not be
suitable for clinical settings. Therefore, we constructed and
implemented a simplified and implemented nomogram for
assigning points to each prognostic risk factor reasonably.
Moreover, DCA is widely applied to evaluate the
effectiveness and advantages of predictive models (69-71),
and demonstrated high clinical positive net benefits for
assessing OS and CSS at different threshold probabilities in
the prognostic nomogram.

Admittedly, there are still some potential limitations
in our current study. First, despite a large cohort in our
study, we excluded a significant number of patients with
incomplete demographic characteristics and clinical-
pathological information according to the exclusion
criteria, which may result in selection bias. Second,
although we tried to include all prognostic variables that
are significantly associated with MIBC patients into the
analyses, not all prognostic risk variables were included in
the predictive models. Some positive prognostic variables
were not included in our models, and there were no
corresponding records obtained in the SEER program,
such as smoking, neutrophil-lymphocyte ratio, the specific
adjuvant chemotherapy information, surgical marginal
status, vascular invasion, and comorbidities, which are
significant prognostic factors related to OS and CSS
outcomes. Third, many pathological variables included
in the prognostic nomogram, which can only be acquired
following surgery. Therefore, our hypothesis only applies to
the pathological TNM stage, but it is invalid for the clinical
TNM stage or post-neoadjuvant TNM stage. Fourth,
although the prognostic nomogram and risk stratification
systems were established using a large population, the
larger independent external cohorts or further randomized
clinical and multicenter trials need to be further validated
to support our findings. Besides, the absence of data
regarding administration of neoadjuvant chemotherapy for
c¢I2a-4NOMO BC patients in current study. We hope that
future studies could establish predictive model and different
risk stratification systems for BC patients with neoadjuvant
chemotherapy. Finally, the predictions calculated by the
nomogram are only for the clinician’s decision-making, as
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do not have an absolutely accurate prognostic value.

Conclusions

In conclusion, we have constructed a predictive model
and different risk stratification systems, determine the
risk cutoff point, select a population that could benefit
from postoperative adjuvant chemotherapy, provide an
individualized and accurate reference for the reasonable
application of adjuvant chemotherapy. When the patients
after RC judged by nomogram are in the low-risk group,
adjuvant chemotherapy-induced toxicity and discomfort
may be monitored. Our risk score stratification systems may
be served as one of a complementary reference for clinical
decision making or prospective randomized clinical trial in
the future.
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Figure S2 The discrimination and calibration curves of nomogram for 3-, 5- and 10-year OS and CSS. (A) and (B) show the ROC curves
of the 3-, 5-, and 10-year OS and CSS nomogram, respectively. C and D show the calibration curves of 3-, 5-, and 10-year OS and CSS

nomogram, respectively. The 45-degree dashed line represents a perfect match between the nomogram-predicted survival (X-axis) and actual

survival (Y-axis). The perpendicular line represents 95% confidence intervals (CI) of actual survival. AUC, area under the curve; OS, overall

survival; CSS, cancer-specific survival; ROC, receiver operating characteristic.
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