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Assessing the prognostic impact of prostatic
urethra involvement and developing
a nomogram for T1 stage bladder cancer
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Abstract

Purpose To investigate prognostic values of prostatic urethra involvement (PUI) and construct a prognostic model
that estimates the probability of cancer-specific survival for T1 bladder cancer patients.

Method and materials \We investigated the national Surveillance, Epidemiology, and End Results (SEER) data-

base (2004-2015) to get patients diagnosed with T1 bladder cancer. An external validation cohort was obtained

from the First Affiliated Hospital of Nanchang University. The Kaplan-Meier method with the log-rank test was applied
to assess cancer-specific survival (CSS) and overall survival (OS). Moreover, the propensity score matching (PSM)

and multivariable Cox proportional hazard model were performed. All patients were randomly divided into the devel-
opment cohort and validation group at the ratio of 7:3. The performance of the model was internally validated by cali-
bration curves and the concordance index (C-index).

Results The PUI group had a lower survival rate of both CSS and overall survival OS before and after PSM when com-
pared to non-involved patients (All P<0.05). Multivariate analysis revealed a poor prognosis in the PUI group for can-
cer-specific mortality (CSM) and all-cause mortality (ACM) analyses before and after PSM (All P<0.05). Seven variables,
including age, surgery, radiotherapy, tumour size, PUl, and marital status, were incorporated in the final nomogram.
The C-index in the development cohort was 0.715 (0.711-0.719), while it was 0.672 (0.667-0.677) in the validation
group. Calibration plots for 3- and 5-year cancer-specific survival showed good concordance in the development

and validation cohorts.

Conclusions PUI was an independent risk factor of ACM and CSM in T1 bladder cancer patients. In addition, a highly
discriminative and precise nomogram that predicted the individualized probability of cancer-specific survival
for patients with T1 bladder cancer was constructed.
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Introduction

Urothelial bladder cancer (UBC) was the 7th most
common cancer in men and the 17th most common
in women worldwide, and it was also the fourth and
ninth most common malignancy in men and women,
respectively, in the Western world [1]. In all patients
diagnosed with bladder cancer, about 75% of patients
were confirmed as non-muscle-invasive bladder cancer
(NMIBC), and 25% of NMIBC patients presented as
T1 stage with an invasion of the subepithelial connec-
tive tissue, which is the lamina propria [2, 3]. Compared
with other styles of NMIBC, T1 bladder cancer (BC)
was common high grade and more likely to progress
locally and spread outside the bladder, which have a
77% 10-year recurrence rate, a 42% 10-year progression
rate, and 15%10-year cancer-specific mortality (CSM)
according to a review [4].

For the majority of patients diagnosed with High-grade
T1 (HGT1) bladder cancer, the initial and preferred treat-
ment option is bladder preservation therapy using bacil-
lus Calmette-Gue’rin (BCG) [3, 5]. Nevertheless, there is
ongoing debate regarding the choice between conserva-
tive therapy and early radical cystectomy due to the high
rate of disease progression in HGT1 tumors and unsat-
isfactory long-term effectiveness of BCG [6]. In order to
make more informed decisions, several prognostic factors
have been investigated to assess the prognosis of patients
with HGT1 bladder cancer, including tumor grade, stage,
previous recurrences, tumor size, multifocality, and the
presence of carcinoma in situ (CIS) [7]. Similarly, some
studies suggested that the prostatic urethra might be a
sanctuary site where tumours have less exposure to intra-
vesical therapy [8, 9]. The efficacy of intravesical therapy
was undermined, and it might cause a higher recurrence
rate. In addition, the prostatic urethra was a part of the
urethra, which was close to the bladder. Following the
direction of urine flow, the tumour of the bladder might
be observed in the urethra, although the condition was
rare [10]. Meanwhile, the tumor in the prostatic urethra
was hard to accurately stage on account that it might
be the early manifestation of metastasis of the prostate.
It was difficult to detect unless the entire prostate was
removed [11]. However, the studies were focusing on
the effect on the prognosis of T1 bladder cancer patients
with prostatic urethra involvement (PUI) were still lack-
ing. Therefore, to fully evaluate the prognosis of T1 blad-
der cancer patients, it is crucial to investigate the impact
of PUI on disease progression and recurrence. This gap
in knowledge is significant as the prostatic urethra may
serve as a sanctuary site for tumours, leading to a higher
recurrence rate and reduced efficacy of intravesical thera-
pies. Moreover, accurately staging tumours in the pros-
tatic urethra can be challenging, making early detection
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and treatment difficult. Understanding the impact of PUI
on T1 bladder cancer patients’ prognosis can help inform
treatment decisions and improve long-term outcomes. It
is thus imperative to explore this aspect in future studies.

A nomogram is a reliable and easily understandable
statistical tool that is extensively utilized to generate
personalized prognostic information based on key fac-
tors identified through screening. By using a prognostic
nomogram, we can assess an individual’s prognosis and
make informed treatment decisions. This helps in tai-
loring treatments according to each person’s unique cir-
cumstances. Prognostic models, such as the EORTC and
CUETO [7, 12], have been developed to assess non-inva-
sive and BCG-treated patients’ prognosis. There were
already some prediction models for the prognosis and
recurrence of T1 stage bladder cancer. However, the pre-
dictive accuracy of these models is relatively insufficient
[13-15]. For instance, Fucai Tang et al. used the SEER
database to construct a nomogram for predicting CSS in
T1 bladder cancer, and the C-indices obtained were 0.700
[14]. Such predictive accuracy is considered relatively
inadequate. This might be attributed to the lack of inclu-
sion of more clinically meaningful variables in the model
and the absence of external data validation, which com-
promises the rigor of the results.

We investigated the national Surveillance, Epidemiol-
ogy, and End Results (SEER) database (2004-2015) to get
all patients diagnosed with T1 stage based on American
Joint Committee on Cancer (AJCC) 7th edition to under-
stand better the prognostic values of PUI and survival
outcomes in T1 bladder cancer patients. Moreover, a
prognostic nomogram predicting individualized CSS of
T1 bladder cancer patients was established.

Materials and methods

Study population

All patients included in this study were sourced from
the Surveillance, Epidemiology, and End Results (SEER)
database, covering the period from 2004 to 2015. The
sample population in this database accurately represents
the demographic characteristics and cancer incidence
rates of the United States. A total of 19,774 patients
were enrolled based on the following inclusion criteria:
(1) registration between 2004 and 2015, (2) male gender
recorded, (3) diagnosed at the T1 stage according to the
7th edition of the American Joint Committee on Can-
cer (AJCC) using CS Extension codes C155 and C160,
(4) positive confirmation of diagnosis through histology,
and (5) histology recorded as transitional cell carcinoma.
The following exclusion criteria were also applied: (1)
unknown follow-up status, (2) cases labeled as T1 with
no additional extension information, (3) stages N1, N2,
and N3, and (4) stage M1.
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We obtained an external validation cohort to assess the
prognostic survival of bladder cancer patients with PUL
This cohort comprised patients diagnosed with bladder
cancer at the First Affiliated Hospital of Nanchang Uni-
versity from 2015 to 2021. All these patients were post-
operatively diagnosed as stage T1 based on pathological
reports. Demographic and clinical data, including age,
sex, grade, chemotherapy, survival time, and survival sta-
tus, were collected.

Definition of variables and endpoints

Patients with stage T1 bladder cancer were catego-
rized into two groups: the non-involved group and the
PUI group. The T1 stage in the non-involved group was
defined as the presence of subepithelial connective tissue,
including tunica propria, lamina propria, and submu-
cosa, which are part of the bladder stroma. The analysis
considered various demographic characteristics such as
age at diagnosis, race, and marital status. Tumor char-
acteristics included histology, grade, and tumor size,
while treatment characteristics comprised information
on surgery, radiotherapy, and chemotherapy. The data
pertaining to radiotherapy and chemotherapy were con-
sistent with the data use agreement. Specifically, con-
tinuous variables like age were converted into categorical
variables, with age groups defined as <50, 50-60, 60-70,
70-80, and >80. Tumor size was categorized into four
groups:< =3 cm, 3-6 ¢cm,>6 c¢m, and unknown. Marital
status was divided into four categories: married, single,
widowed or divorced, and unknown status. The surgical
method was determined based on the “RX Summ-Surg
Prim Site (1998+)” column and included transurethral
bladder tumor resection (TURBT), partial cystectomy
(PC), radical cystectomy (RC), pelvic exenteration (PE),
or no surgery. Other variables considered in the study
were race (white, black, Asian/Pacific Islander, and
American Indian/Alaskan Native), tumor grade (Low,
High, Unknown), radiotherapy (no/unknown, yes), and
chemotherapy (no/unknown, yes).

The primary endpoints of this study were all-cause
mortality (ACM) and cancer-specific mortality (CSM),
which were determined based on data from the SEER
(Surveillance, Epidemiology, and End Results) database.
The Cause of Death Recode in the SEER database was
utilized to identify the causes of death, considering both
cancer-specific and non-cancer-related factors, as indi-
cated by the ICD 8-10 codes. Cancer-specific mortality
(CSM) was recorded specifically for bladder cancer based
on the SEER mortality code. All-cause mortality (ACM)
encompassed deaths caused by bladder cancer as well
as deaths resulting from other causes. Survival time was
defined as the duration from initial diagnosis to death
from any cause or the last follow-up.
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Statistical analysis

Propensity score matching (PSM) and all statistical analy-
ses were conducted using SPSS version 22.0 (IBM Corp,
Armonk, NY) and R statistical software packages (http://
www.R-project.org). PSM was performed separately
for the non-involved group and the PUI group, with a
caliper set at 0.001, using nearest neighbor matching.
Two-tailed p-values were calculated, and a significance
level of P<.050 was used. Continuous variables were
analyzed using Two-sample t-tests, while categorical
variables were analyzed using Pearson’s chi-square tests.
Frequency and proportion were used to represent cate-
gorical variables. The CSS and OS curves were generated
using the adjusted Kaplan—Meier method, with the log-
rank test applied.

To create the predictive nomogram, all patients diag-
nosed with T1 bladder cancer were randomly divided
into a development cohort (70%) and a validation cohort
(30%) using the “caret” package in R. The development
cohort was used to establish the predictive nomogram,
and internal validation was performed in the validation
cohort. Multivariable Cox regression analysis was used
to estimate hazard ratios (HR) and their 95% confidence
intervals (95% CI). Subsequently, variables associated
with CSS were used to construct the predicted nomo-
gram using the “rms” package. The performance of the
prediction model was evaluated using the concordance
index (C-index) and calibration curves, with 100 boot-
strap resamples.

Results

Descriptive characteristics of the study population

before and after PSM

In this study, a total of 19,774 T1BC patients were
enrolled between 2004 and 2015. Prior to propensity
score matching (PSM), 19,520 patients were catego-
rized into the non-involved group, while 254 patients
were in the PUI group. Following PSM, 244 patients
from the non-involved group were selected. The base-
line characteristics of the cohort, both before and after
PSM, are summarized in Table 1. No significant dif-
ferences were observed in terms of age, race, marital
status, number of tumors, radiotherapy, and chemo-
therapy recode between the two groups (P>.050).
However, the non-involved group had a higher per-
centage of high-grade tumors compared to the PUI
group (86.1% vs 75.6%, P <0.001). Additionally, patients
in the PUI group had a slightly higher rate of tumor
size >6cm compared to the non-involved group (3.9%
vs 3.5%). The distribution of surgical approaches dif-
fered significantly between the two groups (P<0.001),
with a greater tendency for radical cystectomy (RC)
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Table 1 Clinicopathological features between Non-involved and PUI before and after propensity score matching
No PSM PSM
Variables Non-involved PUI (n=254) P-value Non-involved (n = 244) PUI (n=254) P-value
(n=19520)
Age (year)
Mean+SD 7231+£105 719+11.16 0532 74.26+10.07 719+11.16 0.014*
Median (25th-75th percentile) 72(67.5-82) 72(67.5-82) 0.764 77.5(67.5-82) 72(67.5-82) 0.024*
Race 0.784 0.215
White 17464(89.5%) 226(89.0%) 205(84.0%) 226(89.0%)
Black 1128(5.8%) 17(6.7%) 18(7.4%) 17(6.7%)
AIAN 53(0.3%) 0(0.0%) 1(0.4%) 0(0.0%)
API 875(4.5%) 11(4.3%) 20(8.2%) 11(4.3%)
Marital status 0418 0.083
Married 11543(59.1%) 148(58.3%) 144(59.0%) 148(58.3%)
Single 2059(10.5%) 33(13.0%) 35(14.3%) 33(13.0%)
Widowed/Divorced 4448(22.8%) 59(23.2%) 40(16.4%) 59(23.2%)
Unknown 1470(7.5%) 14(5.5%) 25(10.2%) 14(5.5%)
Grade <0.001* <0.001*
Low 2705(13.9%) 36(14.2%) 13(5.3%) 36(14.2%)
High 16815(86.1%) 192(75.6%) 231(94.7%) 192(75.6%)
Unknown 0(0%) 26(10.2%) 0(0.0%) 26(10.2%)
Surgery <0.001* 0.154
TURBT 18013(92.3%) 215(84.6%) 211(86.5%) 215(84.6%)
Partial cystectomy 196(1.0%) 3(1.2%) 8(3.3%) 3(1.2%)
Radical cystectomy 428(2.2%) 11(4.3%) 6(2.5%) 11(4.3%)
Pelvic exenteration 443(2.3%) 15(5.9%) 7(2.9%) 15(5.9%)
No surgery 440(2.3%) 10(3.9%) 12(4.9%) 10(3.9%)
Radiotherapy 0489 0.387
No/unknown 19172(98.2%) 248(97.6%) 235(96.3%) 248(97.6%)
Yes 348(1.8%) 6(2.4%) 9(3.7%) 6(2.4%)
Chemotherapy 0.206 0.502
No/unknown 14941(76.5%) 203(79.9%) 189(77.5%) 203(79.9%)
Yes 4579(23.5%) 51(20.1%) 55(22.5%) 51(20.1%)
Tumor size 0.003* 0.087
<3cm 5328(27.3%) 47(18.5%) 43(17.6%) 47(18.5%)
3-6cm 3918(20.1%) 45(17.7%) 32(13.1%) 45(17.7%)
>6Ccm 687(3.5%) 10(3.9%) 3(1.2%) 10(3.9%)
Unknown 9587(49.1%) 152(59.8%) 166(68.0%) 152(59.8%)
Number of tumors 0816 <0.001*
Single 11285(57.8%) 145(57.1%) 57(23.4%) 145(57.1%)
Multiple 8235(42.2%) 109(42.9%) 187(76.6%) 109(42.9%)
Survival time(month) <0.001* <0.001*
Mean 50.69 44.08 54.54 44.08
Median (25th-75th percentile) 50(30-72) 43(15.75-68.25) 53(26.25-83) 43(15.75-68.25)

PUI prostatic urethra involvement, TURBT Transurethral Bladder Tumor Resection, AIAN American/Indian/Alaska/Native, APl Asian/Pacific Islander, PSM Propensity score

matching
* Statistically significant

(4.3% vs 2.2%) and pelvic exenteration (5.9% vs 2.3%)
in the PUI group. After 1:1 PSM, adjusting for age,
race, marital status, grade, tumor size, surgery, radio-
therapy, and chemotherapy, differences in age, grade,

and number of tumors still remained between the two
groups (P<0.05).

The External validation cohort included a total of
159 bladder cancer patients. Among them, 152 cases
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Fig. 2 Cancer-specific survival and overall survival of T1 bladder cancer patients in PUI group and Non-involved group before PSM

belonged to the non-involved group, while 7 cases were
classified under the PUI group. Compared to the non-
involved group, the PUI group showed a significantly
higher percentage of patients who experienced fatal
outcomes (100% vs. 34.9%, P=0.044). Additionally, the
survival time in the PUI group was significantly shorter
than that of the non-involved patients (5.29 vs. 54.69,
P<0.001) (Supplementary Table 2).

Survival analyses in the matched groups

The median follow-up time was 50 months, and a total
of 8412 (43.09%) and 143 (56.3%) deaths from all causes
were recorded in the non-involved group and PUI group,
respectively. Among these deaths, 3588 (18.38%) and 77
(30.31%) patients specifically died from bladder cancer in

the non-involved and PUI groups, respectively. Kaplan—
Meier analysis revealed that after propensity score
matching (PSM), the PUI group had significantly lower
overall survival (OS) and cancer-specific survival (CSS)
probabilities compared to the non-involved group (Fig. 1;
P=0.023 for OS; P<0.001 for CSS). Similar results were
found before PSM (Fig. 2). Subgroup analyses based on
whether patients received chemotherapy showed that
the PUI group had worse OS and CSS outcomes than
the non-involved group in patients without chemother-
apy (Fig. 3). Among patients receiving chemotherapy,
those with PUI had worse CSS compared to those with-
out. Univariate and multivariate Cox regression analyses
were conducted to identify prognostic factors for can-
cer-specific mortality in patients with T1IBC. The results
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indicated that age, marital status, PUI involvement,
tumor size, surgery, and radiation were associated with
CSS. Additional details can be found in Supplementary
Table 2.

After adjusting for age, race, marital status, grade,
tumor size, and number of tumors in model I, PUI was
confirmed as an independent risk factor for all-cause
mortality (HR: 1.446, 95% CI: 1.210-1.726, P<0.001)
and cancer-specific mortality (HR: 1.816, 95% CI:

1.423-2.318, P<0.001) in the multivariate analyses
(Table 2). Similar results were obtained in model II, which
additionally accounted for surgery, radiotherapy, and
chemotherapy (HR: 1.470, 95% CI: 1.231-1.756, P<0.001
for all-cause mortality; HR: 1.817, 95% CI: 1.423-2.320,
P<0.001 for cancer-specific mortality). After 1:1 PSM,
multivariate Cox regression analyses showed a signifi-
cant statistical difference in cancer-specific mortality
(HR: 1.892, 95% CI: 11.255-2.852, P=0.002 for model I;
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Table 2 Univariate and multivariable Cox proportional hazard
model for PUI

Outcomes PUI HR (95% CI) (Non- P-value
involved ref.)

All-cause mortality
Non-adjusted 495(1 .268-1.764) <0.001*
Adjusted model | 446(1.210-1.726) <0.001*
Adjusted model Il 1 470(1 .231-1.756) <0.001*
PSM non-adjusted 1.320(1.037-1.680) 0.024%
PSM adjusted model | 1 520(1 156~ ZOOO) 0.003*
PSM adjusted model I 618(1.224-2.141) 0.001*

Cancer-specific mortality
Non-adjusted 1 880(1 .500-2.357) <0.001*
Adjusted model | 16(1.423-2.318) <0.001*
Adjusted model Il 17(1.423-2.320) <0.001*
PSM non-adjusted 1 870(1 .297-2.696) 0.001*
PSM adjusted model | 1 892(1 .255-2.852) 0.002*
PSM adjusted model I 14(1.382-3.233) 0.001*

Non-adjusted: Univariate cox regression analysis for PUI

model | adjusted for: Age, race, marital status, grade, tumor size, number of
tumors

model Il adjusted for: Age, race, marital status, grade, tumor size, number of
tumors, surgery, radiotherapy, chemotherapy

PUI Prostatic urethra involvement, PSM Propensity score matching
" Statistically significant

HR: 2.114, 95% CI: 1.382-3.233, P=0.001 for model II)
and all-cause mortality (HR: 1.520, 95% CI: 1.156-2.000,
P=0.003 for model I; HR: 1.618, 95% CI: 1.224-2.141,
P=0.001 for model II) between the PUI and non-
involved groups.

Building and validating the nomogram for CSS

A predictive model was used to estimate the 3- and
5-year cancer-specific survival (CSS) rates for patients
with T1 bladder cancer. The results were visually pre-
sented as a nomogram and further validated in a separate
group of patients (Fig. 4). The nomogram incorporated
six risk factors known to be associated with CSS, namely
age, surgery, radiotherapy, tumor size, primary tumor
site, and marital status. Age was found to have the high-
est impact on CSS prognosis.

The nomogram demonstrated a relatively good predic-
tive ability for CSS, with a C-index of 0.715 (0.711-0.719)
in the development cohort and 0.672 (0.667-0.677) in the
validation cohort. The calibration curves (Fig. 5) showed
a consistent match between actual observations and pre-
dicted outcomes for the probability of 3- and 5-year CSS,
indicating good performance and reliability of the model.
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Discussion

Upon extensive analysis of relevant data, it had been
observed that T1 bladder cancer patients with PUI
exhibit a significantly lower OS and CSS in comparison
to patients who do not display PUI (P<.05). Addition-
ally, those with PUI were found to have an elevated risk
of ACM and CSM, affirming the independent risk fac-
tor status of PUI We also have constructed a predictive
model that can provide an accurate estimation of individ-
ualized cancer-specific survival probability for T1 blad-
der cancer patients.

A previous retrospective study has indicated that pro-
static urethral involvement may be an independent risk
factor for all-cause mortality in patients with non-muscle
invasive bladder cancer (NMIBC), A previous retrospec-
tive study has indicated that prostatic urethral involve-
ment may be an independent risk factor for all-cause
mortality in patients with NMIBC, with inferior recur-
rence-free, cancer-specific, and overall survival rates
observed in patients with prostatic urethral involvement
[16]. Similarly, there was an analysis of 146 patients who
were confirmed with T1G3 stage concluded that having
CIS in the prostatic urethra was concerning the higher
risk of recurrence, progression, and CSM [17]. However,
the number of patients in the study was insufficient to
do more statistical analysis like propensity score match-
ing (PSM). In addition, it might not be suitable to treat
Ta, Tis, and T1 bladder tumours as a whole, considering
the heterogeneity between them. Similar to our study,
we attempted to investigate the prognostic significance
of tumors extending to the prostatic urethra and found
the worse disease outcome in these patients. Some con-
jectures based on these results were constructed that
whether survival outcome differences existed between
PUI and non-involved patients. Unlike previous stud-
ies, our study only focused on bladder cancer patients
diagnosed with T1 stage because the current guidelines
on the treatment of T1 bladder cancer patients were still
ambiguous, and convincing shreds of evidence selecting
T1 patients to undergo radical cystectomy were lacking
[18, 19].

Tumours in the prostatic urethra were difficult to
detect in consideration of transurethral biopsy that was
not routinely taken in the surgery of TURBT. So diagnos-
tic transurethral biopsy and radical cystectomy remov-
ing prostate and bladder were the two main diagnosis
methods [9, 16]. In our study, most patients with PUI
were confirmed with the method of diagnostic transure-
thral biopsy due to the utilization of radical cystectomy
for T1 bladder cancer patients being relatively rare in our
study (10.2%). Notably, according to a single-center ret-
rospective study, roughly 25% of high-grade non-muscle
invasive bladder cancer patients were diagnosed with the
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PUI using the transurethral biopsy when recrudescent
bladder tumours were found [9]. However, these patients
did not receive the transurethral biopsy, and we failed to
know whether the tumor in the prostatic urethra was sur-
gical residue or a recurring tumor. Therefore, relatively a
part of patients had a tumor in the prostatic urethra but
was neglected. In addition, cystoscopy was the primary
approach to detect recrudescence, while the utilization of
the transurethral biopsy in the cystoscopy procedure was
relatively infrequent [9]. Therefore, PUI might be a com-
mon and easily overlooked problem for bladder cancer
patients. The first cystoscopy was often performed in the
period of three months after TURBT. The transurethral
biopsy of the prostatic urethra as a regular operation in
the first cystoscopy might be considerable and beneficial
for patients.

Furthermore, our study established and internally
validated a highly accurate and discriminating nomo-
gram based on risk factors associated with CSS, includ-
ing demographic, tumour characteristics, and treatment
data for T1 bladder cancer patients. The risk factors were

filtered by the univariate and multivariate Cox regression
analysis. This method finally generated a highly accurate
and informative model, which only incorporated influen-
tial variables without sacrificing accuracy. Compared to
the EORTC and CUETO?7 prognostic models, our devel-
oped prognostic nomogram is specifically designed to
predict the cancer-specific survival (CSS) of T1 bladder
cancer patients, whereas the EORTC and CUETO7 mod-
els were developed for non-invasive and BCG-treated
patients. We could acquire the exact probability of CSS
for T1 bladder cancer at a specific time like 3-year and
5-year. Compared to the traditional using a notion of
relative risk, the nomogram could quantify risk and
give a convincing result. Furthermore, the nomogram
model was made to the risk referring to characteristics
of personal cancer, which was more closely related to the
patient. Moreover, the nomogram’s advantage was vari-
ous assessment methods like the C-index and the calibra-
tion curve to evaluate the predictive model’s performance
and applicability [20, 21]. Several nomograms, which
were used to predict survival outcomes of patients with
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bladder cancer, had been constructed [22, 23]. However,
a prediction model specially designed for T1 bladder can-
cer patients was imperative regarding varied prognoses
and controversy on the treatment for T1 bladder cancer
patients [4]. Precise prediction could play a role in indi-
vidual patient counselling and follow-up schedule.

This study presented several noteworthy strengths.
Firstly, we successfully recruited a substantial sample size
of 20,370 patients with T1 bladder cancer by utilizing the
SEER database, facilitating thorough and comprehen-
sive analysis. Moreover, we employed PSM methodol-
ogy to address potential selection bias and confounding

variables. Additionally, we developed a highly accurate
and informative nomogram tailored specifically to assist
in treatment decisions and patient counseling for individ-
uals with T1 bladder cancer. However, some limitations
should be acknowledged. Firstly, being a retrospective
cohort design, our study may have been susceptible to
selection bias. Furthermore, even after PSM adjustment,
important factors like age, grade, and tumor quantity
remained statistically significant. Additionally, vital fac-
tors such as lymphatic vessel invasion, detailed patholog-
ical records, diagnostic methods, and more information
on tumor grade were not available in the SEER database.
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Furthermore, the number of patients with prior urinary
infections (PUI) was relatively low compared to those
without (254 vs 19,520). Finally, although our nomograms
exhibited impressive accuracy, external and prospective
validation is necessary before widespread application.

Conclusion

The prognosis of T1 bladder cancer involving pros-
tatic urethra was worse for survival outcome than those
non-involved. Prostatic urethra involvement was an
independent risk factor of ACM and CSM in T1 blad-
der cancer patients. In addition, we constructed a highly
discriminative and precise nomogram that predicted the
individualized probability of cancer-specific survival for
patients with T1 bladder cancer. This nomogram could
work on the decision on treatment, patient counselling,
and follow-up schedule for T1 bladder cancer patients.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512894-023-01342-2.

Additional file 1: Supplement Table 1. Basic characteristics of bladder
cancer patients with T1 stage in the First Affiliated Hospital of Nanchang
University.

Additional file 2: Supplementary Table 2. Univariate and multivariate
regression analyses for CSM after PSM.

Acknowledgements

This statement is to certify that all authors have approved the manuscript
being submitted, have contributed significantly to the work, attest to the
validity and legitimacy of the data and its interpretation.

Authors’ contributions

Liu Yang and Li Yu work for data analysis and collation, Zhan Xiangpeng and
Hao Wan work for drafting the article or revising it. Xuwen Li, Xinxi Deng, Bin
Fu and Jun Deng work for revising manuscript.

Funding
Provincial Natural Youth Fund Project (20202BAB216026).

Availability of data and materials
The data in this article comes from the SEER database This data can be found
here: //seer.cancer.gov/data-software/documentation/seerstat/nov2020/.

Declarations

Ethics approval and consent to participate
The data from SEER is publicly available and de-identified. Consent is not
requested.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Urology, The First Affiliated Hospital of Nanchang University,
Nanchang, Jiangxi Province, China. 2Department of Cardiology, The Second
Affiliated Hospital of Nanchang University, Nanchang, Jiangxi Province, China.

Page 10 of 11

*Department of Urology, Jiu Jiang NO.1 People’s Hospital, Jiujiang, Jiangxi
Province, China.

Received: 22 February 2023 Accepted: 16 October 2023
Published online: 10 November 2023

References

1. Burger M, Catto JW, Dalbagni G, Grossman HB, Herr H, Karakiewicz P,
et al. Epidemiology and risk factors of urothelial bladder cancer. Eur Urol.
2013,63(2):234-41.

2. van Rhijn BW, van der Kwast TH, Alkhateeb SS, Fleshner NE, van Leenders GJ,
Bostrom PJ, et al. A new and highly prognostic system to discern T1 bladder
cancer substage. Eur Urol. 2012,61(2):378-84.

3. Babjuk M, Burger M, Comperat EM, Gontero P, Mostafid AH, Palou J, et al.
European Association of Urology Guidelines on Non-muscle-invasive
Bladder Cancer (TaT1 and Carcinoma In Situ) - 2019 Update. Eur Urol.
2019;76(5):639-57.

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

5. Roupret M, Babjuk M, Burger M, Capoun O, Cohen D, Comperat EM, et al.
European association of urology guidelines on upper urinary tract urothelial
carcinoma: 2020 update. Eur Urol. 2021;79(1):62-79.

6. Chang SS. Re: Improving selection criteria for early cystectomy in
high-grade T1 bladder cancer: a meta-analysis of 15,215 patients. J Urol.
2015;194(5):1230.

7. Sylvester RJ,van der Meijden AP, Oosterlinck W, Witjes JA, Bouffioux C, Denis L,
et al. Predicting recurrence and progression in individual patients with stage
TaT1 bladder cancer using EORTC risk tables: a combined analysis of 2596
patients from seven EORTC trials. Eur Urol. 2006;49(3):466-5; discussion 75-7.

8. Herr HW. Extravesical tumor relapse in patients with superficial bladder
tumors. J Clin Oncol. 1998;16(3):1099-102.

9.  Lightfoot AJ, Rosevear HM, Nepple KG, O'Donnell MA. Role of routine
transurethral biopsy and isolated upper tract cytology after intravesical
treatment of high-grade non-muscle invasive bladder cancer. Int J Urol.
2012;19(11):988-93.

10. Freeman JA, Esrig D, Stein JP, Skinner DG. Management of the patient with
bladder cancer Urethral recurrence. Urol Clin North Am. 1994;21(4):645-51.

11. Huguet J, Crego M, Sabate S, Salvador J, Palou J, Villavicencio H. Cystectomy
in patients with high risk superficial bladder tumors who fail intravesical
BCG therapy: pre-cystectomy prostate involvement as a prognostic factor.
Eur Urol. 2005;48(1):53-9; discussion 9.

12. Fernandez-Gomez J, Madero R, Solsona E, Unda M, Martinez-Pifeiro L, Gon-
zalez M, et al. Predicting nonmuscle invasive bladder cancer recurrence and
progression in patients treated with bacillus Calmette-Guerin: the CUETO
scoring model. J Urol. 2009;182(5):2195-203.

13.  Asimakopoulos AD, Colalillo G, Telesca R, Mauriello A, Miano R, Di Stasi SM,
etal. T1 Bladder Cancer: Comparison of the Prognostic Impact of Two Sub-
staging Systems on Disease Recurrence and Progression and Suggestion of
a Novel Nomogram. Frontiers in surgery. 2021;8:704902.

14. Tang F, He Z, Lu Z, WuW, Chen, Wei G, et al. Application of nomograms
in the prediction of overall survival and cancer-specific survival in patients
with T1 high-grade bladder cancer. Exp Ther Med. 2019;18(5):3405-14.

15. LuM, Chen'S, Zhou Q Wang L, Peng T, Wang G. Predicting recurrence of
nonmuscle-invasive bladder cancer (Ta-T1): A study based on 477 patients.
Medicine. 2019;98(28):e16426.

16. Brant A, Daniels M, Chappidi MR, Joice GA, Sopko NA, Matoso A, et al. Prog-
nostic implications of prostatic urethral involvement in non-muscle-invasive
bladder cancer. World J Urol. 2019;37(12):2683-9.

17. Palou J, Sylvester RJ, Faba OR, Parada R, Pena JA, Algaba F, et al. Female gender
and carcinoma in situ in the prostatic urethra are prognostic factors for recur-
rence, progression, and disease-specific mortality in T1G3 bladder cancer
patients treated with bacillus Calmette-Guerin. Eur Urol. 2012;62(1):118-25.

18. Babjuk M, Burger M, Zigeuner R, Shariat SF, van Rhijn BW, Comperat E, et al.
EAU guidelines on non-muscle-invasive urothelial carcinoma of the bladder:
update 2013. Eur Urol. 2013,64(4):639-53.

19. Woldu SL, Bagrodia A, Lotan Y. Guideline of guidelines: non-muscle-invasive
bladder cancer. BJU Int. 2017;119(3):371-80.


https://doi.org/10.1186/s12894-023-01342-2
https://doi.org/10.1186/s12894-023-01342-2

Wan et al. BMC Urology

20.

21.

22.

23.

(2023) 23:182

Shariat SF, Karakiewicz PI, Palapattu GS, Amiel GE, Lotan Y, Rogers CG, et al.
Nomograms provide improved accuracy for predicting survival after radical
cystectomy. Clin Cancer Res. 2006;12(22):6663-76.

Yang Z, Bai Y, Liu M, Hu X, Han P Development and validation of a prognos-
tic nomogram for predicting cancer-specific survival after radical cystec-
tomy in patients with bladder cancer: A population-based study. Cancer
Med. 2020,9(24):9303-14.

Wang J, WuY, He W, Yang B, Gou X. Nomogram for predicting overall
survival of patients with bladder cancer: A population-based study. Int J Biol
Markers. 2020;35(2):29-39.

TaoL, Pan X, Zhang L, Wang J, Zhang Z, Zhang L, et al. Marital Status and
Prognostic Nomogram for Bladder Cancer With Distant Metastasis: A SEER-
Based Study. Front Oncol. 2020;10:586458.

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

Page 11 of 11

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

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




	Assessing the prognostic impact of prostatic urethra involvement and developing a nomogram for T1 stage bladder cancer
	Abstract 
	Purpose 
	Method and materials 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Definition of variables and endpoints
	Statistical analysis

	Results
	Descriptive characteristics of the study population before and after PSM
	Survival analyses in the matched groups
	Building and validating the nomogram for CSS

	Discussion
	Conclusion
	Anchor 18
	Acknowledgements
	References


