
Page 1/24

Development and Validation of a Prognostic
Nomogram Model for Recurrence of Non-Muscle
Invasive Bladder Cancer
Sanhe Liu 

Huazhong Agricultural University
Yongzhi Li 

the Fourth A�liated Hospital of China Medical University
Diansheng Cui 

Hubei Cancer Hospital, Huazhong University of Science and Technology
Yuexia Jiao 

Huazhong Agricultural University
Liqun Duan 

Zhongnan Hospital of Wuhan University
Wei Wang 

Zhongnan Hospital of Wuhan University
Zhiqiang Dong  (  dongz@mail.hzau.edu.cn )

Huazhong Agricultural University
Shaozhong Wei 

Huazhong Agricultural University

Research Article

Keywords: Prognostic Nomogram, Bladder Cancer, postoperative treatment

Posted Date: August 12th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-691739/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-691739/v1
mailto:dongz@mail.hzau.edu.cn
https://doi.org/10.21203/rs.3.rs-691739/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/24

Abstract
Background

Different recurrence probability of non-muscle invasive bladder cancer (NMIBC) requests different
adjuvant treatments and follow-up strategies. However, there is no simple, intuitive, and generally
accepted clinical recurrence predictive model available for NMIBC. This study aims to construct a
predictive model for the recurrence of NMIBC based on demographics and clinicopathologic
characteristics from two independent centers.

Methods

Demographics and clinicopathologic characteristics of 511 patients with NMIBC were retrospectively
collected. Recurrence free survival (RFS) was estimated using the Kaplan-Meier method and log-rank
tests. Univariate Cox proportional hazards regression analysis was used to screen variables associated
with RFS, and a multivariate Cox proportional hazards regression model with a stepwise procedure was
used to identify those factors of signi�cance. A �nal nomogram model was built using the multivariable
Cox method. The performance of the nomogram model was evaluated with respect to its calibration,
discrimination, and clinical usefulness. Internal validation was assessed with bootstrap resampling. X-tile
software was used for risk strati�cation calculated by the nomogram model.

Results

Independent prognostic factors including tumor stage, recurrence status, and European Association of
Urology (EAU) risk strati�cation group were introduced to the nomogram model. The model showed
acceptable calibration and discrimination (area under the receiver operating characteristic [ROC] curve
was 0.85; the consistency index [C-index] was 0.79 [95% CI: 0.76 to 0.82]), which was superior to the EAU
risk strati�cation group alone. The decision curve also proved well clinical usefulness. Moreover, all
populations could be strati�ed into three distinct risk groups by the nomogram model.

Conclusions

We established and validated a novel nomogram model that can provide individual prediction of RFS for
patients with NMIBC. This intuitively prognostic nomogram model may help clinicians in postoperative
treatment and follow-up decision-making.

Background
Bladder cancer (BC), life-threatening disease, is the 9th most prevalent cause of cancer worldwide and the
fourth most common malignancy in men as well as a common malignancy in women [1]. BC ranges from
unaggressive and usually noninvasive tumors that recur and commit patients to long-term invasive
surveillance, to aggressive and invasive tumors with high disease-speci�c mortality [2]. Over 90% BC
patients are categorized as urothelial transitional cell carcinomas, the majority of which are non-muscle
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invasive bladder cancers (NMIBC), which includes papillary urothelial neoplasm of low malignant
potential (PUNLMP), noninvasive papillary carcinoma (Ta), tumor invading subepithelial connective
tissue (T1), and carcinoma in situ (CIS) diseases. However, research interests and efforts have been
focused on muscle-invasive bladder cancer (MIBC) instead of NMIBC due to the severity and bad
prognosis of MIBC. NMIBC should attract more attention as BC patients will gain a good prognosis if
intervened in earlier stage rather than advanced.

NMIBC is more likely to recur and progress to MIBC. The goal of NMIBC treatment is therefore to prevent
recurrence and prevent its development to MIBC. Nowadays, transurethral resection of the bladder tumor
(TUR-Bt) followed by adjuvant intravesical chemotherapy is the �rst-line treatment of NMIBC. The
operation of TUR-Bt is not complicated and similarly good all over the world, thus its establishment
should not be a prognostic factor for NMIBC. On the other hand, the materials and methods for adjuvant
intravesical chemotherapy remain controversial. European Association of Urology (EAU) guidelines has
strati�ed NMIBC patients into low-, intermediate-, and high-risk groups to facilitate the appropriate
applications of adjuvant intravesical chemotherapy or bacillus Calmette-Guérin (BCG) instillations [3].
BCG is recommended to be the preferred choice for intermediate- and high-risk groups. Nevertheless, BCG
has suffered global scarcity for a long time due to supply chain interruptions, and the decreased
production has limited the use of BCG in China as well as other contries [4]. Moreover, the expensive BCG
has been a �nancial barrier for most Chinese patients, and the high rates of adverse effects of BCG and
BCG failure should not be ignored. These elements altogether have blocked its broad applications. As a
result, in China, traditional perfusion drugs such as epirubicin, pirarubicin, mitomycin-c, gemcitabine,
hydroxycamptothecin may be more widely used. In recent years, a new technology named as Bladder
Intracavitary Hyperthermic Perfusion Chemotherapy (BHPC), which delivers hyperthermia to the bladder
wall or circulating chemotherapy and ionization of chemotherapy to improve drug tissue penetration [5],
has been proved effective for the prevention of NMIBC recurrence post-TUR-Bt [6–8]. BHPC may be one of
the alternative treatments for BCG for Chinese patients. We had conducted many BHPCs with
gemcitabine and found that patients could obviously bene�t from the procedure.

Reliable prediction of NMIBC recurrence probability can greatly help the clinicians choose the most
optimal treatment strategy, and thus many prognostic models have been designed. The most popular and
frequently used prognostic model for individual BC patients is the European Organization for the
Research and Treatment of Cancer-Genito-Urinary Cancer Group (EORTC-GUCG) risk scoring system [9,
10], which is designed mainly using the data of European population. Later, a number of studies added
intravesical BCG instillation to modify the EORTC-GUCG risk scoring model [11, 12]. Therefore, the current
available prognostic models are not well suited to Chinese people since the application of intravesical
BCG instillation is fairly limited for Chinese patients as above-mentioned. Here, we have classi�ed
prognostic value of several demographics and clinicopathological characteristics to establish a
nomogram model to predict RFS for individual NMIBC patients after surgery. We further tested the
prediction model with inner data set and gained a good prediction performance.
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Methods
Patients

The baseline demographics, clinicopathological characteristics, treatment and follow-up data of 511
patients diagnosed with NMIBC were retrospectively collected. All patient data came from two
independent urology centers of tertiary �rst-class hospitals, Hubei Cancer Hospital and the Fourth
A�liated Hospital of China Medical University. Patients satis�ed the following criteria were eligible for our
study and incorporated: (1) full data with complete follow-up information were extracted from electronic
medical records; (2) TUR-Bt were conducted followed by intravesical chemotherapy with normal
traditional perfusion drugs (e.g. epirubicin, pirarubicin, mitomycin-c, gemcitabine, hydroxycamptothecin,
…), BCG or BHPC, the protocol of which included immediate and maintenance perfusion as guidelines
recommended; (3) all specimens were histologically con�rmed as urothelial carcinoma; (4) pathological
stage was Ta or T1 without CIS; (5) extra-bladder metastasis diseases were excluded by available chest
Computed Tomography (CT) scan and color doppler ultrasound of abdomen detection, or Positron
Emission Tomography - Computed Tomography (PET/CT) examination; (6) free of other malignant
tumors; (7) patients who had undergone a second TUR-Bt were excluded. This study was approved by the
ethics Review Committee of Hubei Cancer Hospital (Ethics approval number: [2019] KYLL[S04]). Written
informed consent was obtained from all the patients before surgery.

Overall, there were 210 patients who had undergone TUR-Bt from May 2013 to February 2021 in Hubei
Cancer Hospital and 301 patients who had undergone TUR-Bt from January 2016 to November 2020 in
the Fourth A�liated Hospital of China Medical University enrolled in this study. All the data from these
two centers, 511 cases totally, were combined and integrated analyzed as the treatment of NMIBC
patients were similar. Patients were followed longitudinally with every six months mainly by telephone
and RFS was examined as primary endpoint. Follow-up period began from surgery and ended with
recurrence, failure to follow-up or until March 22, 2021. By the end of the deadline, 166 patients were
diagnosed as recurrence (32.5%); 14 patients (2.7%) lost follow-up; 6 (1.2%) patients died, one for lung
cancer, one for heart disease, and the other 4 due to unknown causes. The collected data comprised
information of ten variables as follows: age at diagnosis; gender; pathological features such as tumor
grade, tumor stage, invasive status, recurrence status (primary = 0 recurrence, recurrence = 1 recurrence,
heavily recurrence = more than 1 recurrence), tumor diameter; the amount of tumor monitored by
cystoscopy; intravesical perfusion drugs and materials after surgery; EAU risk strati�cation group
(classi�ed by European association of Urology [EAU]). Pathological tumor stages were de�ned according
to the 2009 tumor, node, metastasis (TNM) classi�cation system and tumor grade was assessed based
on the 2004 World Health Organization (WHO) grading classi�cation system. And all the above ten
features were adopted to enter the univariate Cox proportion hazard regression model. The baseline
demographics and clinicopathologic characteristics of all patients are presented in Table 1.
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Table 1 Baseline demographics and clinicopathologic characteristics of NMIBC patients in this study.

Characteristics and Variables Value P-Value

Mean (SD, range) age, years 66(11, 27-93)  

Midian (IQR, range) follow-up time, days 631 (983, 40-2104)  

N (%):    

All patients 511 (100)  

age    0.4

  ≤65 y 242 (47)  

≥66&≤75 y 149 (29)  

≥76 y 120 (24)  

Gender   0.2

female 99 (19)  

male 412 (81)  

grade   0.3

  low 400 (78)  

  high 111 (22)  

stage   <2e-16****

  Ta 329 (64)  

  T1 182 (36)  

invasive   0.2

non-invasive 285 (56)  

  invasive 226 (44)  

recurrence   <2e-16****

  primary 274 (54)  

  recurrence 155 (30)  

  heavily recurrence 82 (16)  

diameter   0.3

<3 cm 400 (78)  

≥3 cm 111 (22)  
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amount   0.9

single 233 (46)  

multiple 278 (54)  

perfusion drugs and materials   0.9

normal 428 (84)  

  BCG 32 (6)  

  BHPC 51 (10)  

EAU risk strati�cation group   <2e-16****

low 62 (12)  

intermediate 213 (42)  

  high 236 (46)  

Abbreviations: SD, Standard Deviation; IQR, interquartile range; BCG, Bacillus Calmette-Guérin; BHPC,
Bladder Intracavitary Hyperthermic Perfusion Chemotherapy. EAU, European association of Urology.

Statistical analysis
A few cases with missing data (< 1%) as well as some small samples, such as 3 patients that had CIS
alone or accompanied by Ta or T1 disease, were initially excluded. Due to the good prognosis and limited
follow-up period of NMIBC patients, there were very few people suffered from progression to muscle
invasion, metastasis or death, so progression free survival and overall survival were not used as
endpoints. The single dataset consisting of the whole population in our study was used as the training
set and internally validated. Characteristics and variables were classi�ed as shown in Table 1.
Continuous variables with normal distribution were presented as the mean and standard deviation, while
non-normal distribution variables were presented as the median and interquartile range (IQR). Categorical
variables were presented using frequencies and percentage. Age was converted into categorical variables
and optimal cutoff values were generated by X-tile software (Yale University, 3.6.1 version)
(Supplementary Fig. 1). Baseline characteristics were compared by ANOVA across the variable groups
(Table 1).

Kaplan-Meier cumulative survival analysis was performed to estimate the median RFS of each group (R
package survival [https://cran.r-project.org/package=survival] and survminer [https://cran.r-
project.org/package=survminer]); the Kaplan-Meier curves were then compared with the log-rank test.
Univariate and multivariable Cox proportion hazard regression models were used to screen potential
prognostic factors and estimate their weights with a backward stepwise procedure. P-values, Hazard
ratios (HR) and 95% con�dence intervals (CI) were calculated. Forest plots were employed to visualized
cox results (R package forestplot [https://cran.r-project.org/package=forestplot]). Variables that were



Page 7/24

associated with the RFS at P value less than 0.2 on univariate analysis were considered as entries into
the multivariate models and variables with p value less than 0.05 in the multivariate models were
considered as signi�cant prognostic factors to develop a candidate model represented as a nomogram (R
package regplot [https://cran.r-project.org/package=regplot]). For internal validation and adjustment of
possible internal optimism for both the consistency index (C-index) and some other estimators,
bootstrapping was performed by using 1,000 random subsets. The calibration of the nomogram model,
which measured the dissimilarity between predictions and observed outcomes, was assessed via a
calibration plot (R package rms [https://cran.r-project.org/package=rms]). Furthermore, clinical
usefulness and net bene�t were estimated with decision curve analysis (DCA) (3 years) (R package
DecisionCurve [https://cran.r-project.org/package=DecisionCurve]). Next, another model based on the
EAU risk strati�cation group alone was constructed and compared to our model with the performances of
the Receiver Operator Characteristic (ROC) analysis and the area under the curve (AUC) calculations.
Statistical differences between ROC curves were veri�ed using the DeLong’s test for 2 correlated ROC
curves (R package pROC [https://cran.r-project.org/package=pROC]). Moreover, we calculated the relative
integrated discrimination improvement (IDI) and continuous net reclassi�cation improvement (NRI) (R
package survIDINRI [https://cran.r-project.org/package=survIDINRI]) after 200 repeats of our model and
the EAU risk model. Lastly, X-tile software (Yale University, 3.6.1 version) adopting optimal cutoff values
was used again to stratify the risk points, calculated by R package nomogramEx [https://cran.r-
project.org/package=nomogramEx] and nomogramFomula [https://cran.r-
project.org/package=nomogramFormula] based on our model, into three groups.

Statistical analysis of the data was performed using SPSS 26.0 and R (version 4.0.3, within the R studio
software package for windows [version 1.4.1103]). All statistical tests were two-sided and P values < 0.05
= *, P values < 0.01 = **, P values < 0.001 = ***, P values < 0.0001 = ****.

The methods were carried out in accordance with the relevant guidelines and regulations.

Results
1. Patients with pathological stage T1, increased recurrence status and patients in high EAU risk
strati�cation group tended to have worse RFS

In Table 1, the baseline demographics and clinicopathologic features were balanced (P > 0.05) with the
exception of the pathological tumor stage, recurrence status and EAU risk strati�cation. Kaplan-Meier
survival analysis revealed that patients with a higher pathological stage (T1 vs Ta), increased recurrence
status (heavily recurrence vs recurrence vs primary), and higher EAU risk strati�cation group (high vs
intermediate vs low) had a poorer clinical outcome (Figure 1,2,3). Log-rank p-values were 4.3×10-29,
2.8×10-28, 3.1×10-23 respectively. HR and 95%CI were 6.72(4.81, 9.38), 2.96 (2.44, 3.59), 6.29(4.37,9.04)
respectively. Conversely, age groups (75~93 y vs 66~75 y vs 27~65 y) strati�ed by X-tile analysis based
on optimal cutoff values (Supplementary Figure 1), gender (male vs female), tumor grade (high vs low),
invasive status (invasive vs non-invasive), tumor diameter (≥3 cm vs <3 cm), tumor amount (multiple vs
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single), intravesical perfusion drugs and materials after surgery (BHPC vs BCG vs normal) had no
obvious association with RFS. Notwithstanding these data were not statistically signi�cant, a clear trend
that higher clinicopathologic features would have poorer outcomes than lower ones could be observed
for most time points (Supplementary Figure 2). 

2. Multivariate analyses identi�ed pathological tumor stage, recurrence status and EAU risk strati�cation
group as three independent prognostic factors in NMIBC patients.

Upon all the ten clinicopathologic features that were engaged in the univariate Cox proportion hazard
regression model, pathological tumor stage, recurrence status, EAU risk strati�cation group, gender, and
invasive status were identi�ed statistically signi�cant (P < 0.2) and were included in the multivariable
regression model (Figure 4). Subsequently, further multivariate Cox regression analysis indicated that
pathological tumor stage, recurrence status, and EAU risk strati�cation group were remained statistically
signi�cant (P < 0.05) which were recognized as independent prognostic factors (Figure 5). 

3. Nomogram model and internal validation

The above three signi�cant prognostic factors were employed to construct a nomogram model. Each
factor was assigned a corresponding score according to its value on the nomogram. The total score,
which comes with a corresponding recurrence probability, was calculated by adding up all the scores of
different factors. For example, the 12th patient was a stage T1, heavily recurrence, and high EAU risk
strati�cation group male, and his predicted 365-day, 1000-day, 1600-day recurrence probability were
76.7%, 94.3%, 96.7% respectively (Figure 6). The associated c-index was 0.79 (95% CI: 0.76 to 0.82),
which indicated that about 79% of individual recurrence would be correctly predicted by the nomogram
model.

The bootstrapping method was used for the internal validation of our model. The predictive accuracy
measured by the c-index was 0.81, 0.79, 0.79 for 1-, 3- and 5-year RFS respectively in internal validation.
To assess the accuracy of our model, calibration curves for 1-, 3- and 5-year RFS estimates were drawn,
and the diagonal dashed line represents the performance of an ideal nomogram (Figure 7). The results
revealed acceptable model calibration with good agreement between the RFS predictions from the
nomogram and observed outcomes.

4. Comparison between our model and EAU risk strati�cation group model

To further validate and compare the superiority of the nomogram model to another model based on the
EAU risk strati�cation group alone, we constructed the decision curve plotting the standardized net bene�t
against different decision thresholds for both models. Figure 8 illustrates a weak superiority of our model,
as the decision curve of our model is close to that of the EAU risk strati�cation group. However, the area
under the ROC curve for EAU risk strati�cation group model was signi�cantly lower than the area under
the ROC curve of our model (Figure 9), indicating higher predictive accuracy of our model. This was
further validated by the DeLong’s test which showed a statistically signi�cant difference between the ROC
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curves from these two models (P = 5.77×10-11) and the fact that Youden indexes of our model and the
EAU risk strati�cation group model were 160.9 and 153.8 respectively. Furthermore, Relative integrated
discrimination improvement (IDI) and continuous net reclassi�cation improvement (NRI) were calculated
as 0.118 (P=0.02) and 0.731 (p<0.01) respectively, compared to the EAU risk strati�cation group model.
This demonstrated that discrimination of the nomogram model was superior to the EAU risk strati�cation
group. 

5. Performance of the nomogram model in stratifying risk of patients

The risk points calculated by our nomogram model for each patient were strati�ed into three groups (low-
risk group: ≤8.09; intermediate-risk group: 10.00~13.09; high-risk group:15.36~18.45). Using the X-tile
analysis, optimal cutoff values of different parameters in the prediction of recurrence risk were identi�ed
(Figure 10). As compared to the high-risk population, HR for the intermediate- and low-risk categories
were 0.17 (95% CI: 0.11 to 0.25) and 0.05 (95% CI: 0.03 to 0.08), respectively. The Kaplan Meier curves
disclosed that our nomogram model was more consistent to forecast the probability of RFS in NMIBC
patients.

Discussion
Although the European Organization for Research and Treatment of Cancer (EORTC) risk tables[9] and the
Spanish Urological Club for Oncological Treatment (Club Urologico Espanol de Tratamiento Oncologica
[CUETO]) score system [10] have been widely applied and recommended by EAU guidelines, the ethic
difference has been revealed which limits their application in other ethnic population such as Chinese
people. Tullika Garg et., al[13] have reported that EORTC and CUETO models have not been widely
adopted in the United States as their conclusions were derived from clinical trials rather than real-world
practice [14, 15]. The EORTC and CUETO models have also been validated externally by studies from
China [16, 17] and Japan [18] based on Chinese and Japanese patients respectively. In the Japanese
study, the concordance index of the EORTC and CUETO models was 0.514 and 0.576 respectively for
predicting recurrence probability. While Chinese studies had not reported the predicted recurrence
probability yet. Based on the EORTC model, EAU guidelines have put forward the EAU risk strati�cation
group, which is more compressed but loses accuracy. Besides the fact that BCG has not been as widely
used in patients from countries such as China, novel recurrence prediction models are therefore urgently
needed.

Extensive research had shown that risk factors such as advanced age and male sex contributed to the
development of bladder cancer [19–22]. Besides demographics characteristics, several
clinicopathological features had been reported to be associated with clinical outcomes of NMIBC, such
as high tumor grade, recurrence tumors, and multifocal tumors [23–25]. Tumor size had been con�rmed
prognostic value in NMIBC [9]. On the other hand, invasive features and different intravesical
chemotherapy methods might play an important role in the recurrence based on our clinical experience.
Hence, we had introduced ten variables (see methods) into this study. Strati�cation of variables had been
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in accordance with optimal cutoff values or clinical implications. The distribution of variables in each
subgroup was well-balanced except tumor stage, recurrence status, and EAU risk strati�cation group,
which indicated that baseline characteristics are comparable. Male patients incorporated in this study
were about four times as many as female patients, which was just consistent with the incidence of
bladder cancer [20]. Furthermore, Kaplan-Meier survival analysis disclosed apparently separated curves
and all ten variables showed an expected trend that more advanced clinicopathologic features always
had a fairly steeper curve. In addition, the Kaplan-Meier curve of EAU risk strati�cation group, which had
strati�ed all the patients into low-, intermediate-, and high-risk groups, showed that the high-risk group
had the worst RFS and the low-risk group had the best RFS. These results all demonstrated the accuracy
of our patient’s data.

Among the ten variables incorporated in this study, only WHO tumor stage, recurrence status, and EAU
risk strati�cation group showed prognostic values for RFS with extremely statistical signi�cance in the
multivariable results. This means that higher tumor stage, more relapse, and higher EAU risk as
independent prognostic factors will lead to poorer RFS. Bedeir Ali-El-Dein et, al [23] developed a logistic
regression nomogram which showed that tumor stage, multiplicity, history of recurrence and adjuvant
intravesical therapy were signi�cantly associated with recurrence, whereas only tumor grade and size
were signi�cant independent predictors for progression. Their BCG-based cohort had recruited 1019
patients which had a larger population than ours. That might be the reason why the multiplicity was
proved to be a prognostic signature for RFS as there’s while ours are not. Besides, because our study had
absorbed a small population in BHPC and BCG subgroup (10% and 6% respectively), the adjuvant
intravesical therapy had no prediction valve for recurrence. Another Chinese population-based study [24]
with 329 patients found that age, tumor focality (unifocal vs multifocal), WHO 1973 tumor grade, tumor
stage were all independent predictors for RFS. However, their samples, with 9 variables and 129
recurrences, were not su�cient for 1:20 so that the conclusion might not be convincing enough.

The most statistically signi�cant risk factors were incorporated into the multivariable Cox proportion
hazard regression model in this study to develop a nomogram so as to directly visualize the individual
probability of recurrence for every patient. The associated c-index of the nomogram model was 0.79 (95%
CI: 0.76 to 0.82), and the modi�ed c-indexes had not declined after internal validation of the model using
a bootstrapping method. Further ROC analysis indicated that the area under the ROC curve was 84.5.
Besides, calibration plots showed good agreement between the RFS predictions from the nomogram
model and observed outcomes. Therefore, the nomogram model based on the three risk factors showed
favorable predictive accuracy in the internal veri�cation cohort. To further evaluate the e�cacy of speci�c
clinical usefulness of our model, DCA curve was created to check out the potential clinical effects of the
nomogram model which compared to EAU risk strati�cation group alone. Although the curves were not
clearly separated, ROC curves indicated the areas under the ROC curves and Youden indexes were
signi�cantly different and the DeLong’s test was positive. This is somewhat a reassuring result and
indicates a useful and applicable outlook for the nomogram. The same effect can be con�rmed by the
successful strati�cation of the risk points calculated by our nomogram.
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There are some limitations of our nomogram model. First, this is a retrospective, two-center study and is
subject to inherent limitations associated with retrospective analyses. Second, interpretation and
application of our study is limited by the small sample size and some subgroup like CIS has been
excluded, which may have limited our ability to detect between-group differences in certain parameters
such as BHPC and BCG e�ciency. Third, our model lacks of external validation. Fourth, molecular and
gene signatures are not considered. Thus, future studies demand prospectively external validation with
more molecular and gene signatures.

Conclusion
The present study employed several clinicopathological features as independent prognostic factors to
predict RFS of NMIBC patients from a Chinese population-based cohort, which is more in line with the
actual situation in China. Our nomogram model contains tumor stage, recurrence status, and EAU risk
strati�cation group and could provide guidance to the clinicians.
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Figure 1

The baseline demographics and clinicopathologic features were balanced (P > 0.05) with the exception of
the pathological tumor stage, recurrence status and EAU risk strati�cation. Kaplan-Meier survival analysis
revealed that patients with a higher pathological stage (T1 vs Ta), increased recurrence status (heavily
recurrence vs recurrence vs primary), and higher EAU risk strati�cation group (high vs intermediate vs
low) had a poorer clinical outcome.
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Figure 2

The baseline demographics and clinicopathologic features were balanced (P > 0.05) with the exception of
the pathological tumor stage, recurrence status and EAU risk strati�cation. Kaplan-Meier survival analysis
revealed that patients with a higher pathological stage (T1 vs Ta), increased recurrence status (heavily
recurrence vs recurrence vs primary), and higher EAU risk strati�cation group (high vs intermediate vs
low) had a poorer clinical outcome.
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Figure 3

The baseline demographics and clinicopathologic features were balanced (P > 0.05) with the exception of
the pathological tumor stage, recurrence status and EAU risk strati�cation. Kaplan-Meier survival analysis
revealed that patients with a higher pathological stage (T1 vs Ta), increased recurrence status (heavily
recurrence vs recurrence vs primary), and higher EAU risk strati�cation group (high vs intermediate vs
low) had a poorer clinical outcome.
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Figure 4

Upon all the ten clinicopathologic features that were engaged in the univariate Cox proportion hazard
regression model, pathological tumor stage, recurrence status, EAU risk strati�cation group, gender, and
invasive status were identi�ed statistically signi�cant (P < 0.2) and were included in the multivariable
regression model.
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Figure 5

further multivariate Cox regression analysis indicated that pathological tumor stage, recurrence status,
and EAU risk strati�cation group were remained statistically signi�cant (P < 0.05) which were recognized
as independent prognostic factors.
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Figure 6

The 12th patient was a stage T1, heavily recurrence, and high EAU risk strati�cation group male, and his
predicted 365-day, 1000-day, 1600-day recurrence probability were 76.7%, 94.3%, 96.7% respectively.
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Figure 7

To assess the accuracy of our model, calibration curves for 1-, 3- and 5-year RFS estimates were drawn,
and the diagonal dashed line represents the performance of an ideal nomogram.
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Figure 8

To further validate and compare the superiority of the nomogram model to another model based on the
EAU risk strati�cation group alone, we constructed the decision curve plotting the standardized net bene�t
against different decision thresholds for both models.
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Figure 9

illustrates a weak superiority of our model, as the decision curve of our model is close to that of the EAU
risk strati�cation group. However, the area under the ROC curve for EAU risk strati�cation group model
was signi�cantly lower than the area under the ROC curve of our model.
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Figure 10

Using the X-tile analysis, optimal cutoff values of different parameters in the prediction of recurrence risk
were identi�ed.
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