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Objective: To construct a prognostic model that estimates the probability of overall survival for T1 high-grade bladder cancer patients
after radical cystectomy.
Patients and Methods: We enrolled 801 patients diagnosed with T1 high grade and received radical cystectomy from the
Surveillance, Epidemiology, and End Results (SEER) database (2004–2015). All patients were randomly divided into the development
group (n = 561) and validation group (n = 240) with the ratio of 7:3. Cox proportional hazards regression analyses were used to filter
variables and the Kaplan–Meier method to evaluate survival outcomes. The results of sensitivity analysis determined the variables in
the final model. The performance of the model was internally validated by calibration curves, the receiver operating characteristic
(ROC) curves, and the concordance index (C-index).
Results: The mean survival months were 56.086 in the development group and 58.21 in the validation group. Six variables including
age, marital status, tumour size, tumour sites, region nodes examined, and N stage were incorporated in the final nomogram. The
accuracy of the nomogram for prediction of overall survival was estimated by C-index (0.732; 0.712–0.752) and AUC (0.771 for
3-year; 0.766 for 5-year) in the development group. In the validation group, the C-index of the nomogram was 0.752 (0.723–0.781),
and AUC was 0.761 for 3-year as well as 0.793 for 5-year. These results all showed better performance than the AJCC stage.
Calibration plots for 3- and 5-year overall survival presented good concordance in both the development and validation group.
Conclusion: We have established a prognostic nomogram that provides a more accurate and relevant individualized probability of
overall survival for patients with T1HG bladder transitional cell carcinoma after radical cystectomy. It can contribute to improving
patient counselling and treatment selection.
Keywords: T1 high-grade, SEER, nomogram, prognosis, radical cystectomy, bladder cancer

Introduction
Bladder cancer (BC) was the fourth and ninth most common malignancy in men and women, with estimated 549,000
new cases and 200,000 deaths in 2018, respectively.1,2 Approximately 70% of bladder cancers were classified as non-
muscle-invasive bladder cancer (NMIBC) at diagnosis, and patients with T1 stage accounted for 20%.3

T1 bladder cancer is invasive of the lamina propria and usually high-grade. The International Consultation on
Urologic Diseases (ICUD) bladder pathology guidelines suggested that all T1 stage bladder cancer should be generally
regarded as high-grade regardless of the degree of invasion.4 There has been controversy over the treatment option of
bladder preservation or early radical cystectomy in T1 high grade (T1HG) patients. Recently, the proportion of patients
undergoing radical cystectomy with T1 lesion had increased from 5.5% between 1998 and 2000 to 9.9% between 2010
and 2012.5,6 Meanwhile, early cystectomy was suggested for T1HG tumors with additional risk factors like carcinoma
in situ, lymphatic vessel invasion, variant histology, persistent T1HG on repeat transurethral bladder tumors resection,
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and multiple or large T1HG tumors according to AUA and EAU guidelines.6,7 Radical cystectomy was increasingly
important in the treatment for patients with T1 bladder cancer.

The interest in picking out suitable T1HG patients to receive an early radical cystectomy was gradually increasing. It
was essential to predict clinical and oncologic outcomes of T1HG tumours after RC on the basis of risk factors so as to
pick out patients with poor estimated survival but might be benefited from bladder preservation treatment or potential
clinical trials. Traditionally, the prognosis of tumors was easily assessed by the American Joint Committee of Cancer
(AJCC) stage system with the TNM stage. At the same time, it did not match well with T1HG patients owing to not
considering demographic factors or treatment information, especially for the surgical approach.

Nomogram is a visible and reliable prediction tool and widely used to assess the prognosis of the disease, in which
different variables, such as significant demographic, clinical, pathological, or treatment features are combined and
assigned values according to the magnitude of the effect on the outcome.8 Some nomograms predicting survival outcome
after RC have been previously developed and externally validated.9–11 They all included some representative factors like
age, gender, marital status, tumour size, lymphatic vessel invasion (LVI), and lymph node-positive to improve the
accuracy and applicability of the model. Although acceptable accuracy was obtained in these models, they seemed to fail
to get good applicability for particular patients diagnosed with T1HG bladder cancer and receiving RC. Moreover,
variables in their models like LVI were not generally available, and some vital factors for RC like lymph nodes dissected
failed to enroll. Thus, it is urgent to construct a specific model to evaluate the prognosis of TIHG considering its
particularity. To our knowledge, there was still no study to construct a nomogram to predict overall survival (OS) for
T1HG bladder cancer patients who had received RC.

In our study, we exploited data from the Surveillance, Epidemiology, and End Results (SEER) database of T1HG BC
patients from 2004 to 2015 considering the few T1HG patients with RC. We intend to establish and internally verified
a prognostic nomogram including some specific and essential relevant prognostic factors to estimate the overall survival
(OS) for T1HG bladder cancer patients after RC. In addition, we hope that this model can select TIHG patients who fail
to obtain survival benefits from RC to consider other potential treatments. Moreover, the nomogram’s discriminative
ability and clinical practicality were also evaluated by comparing with the AJCC stage.

Patients and Methods
Patient Selection
Patient data were obtained from the Surveillance, Epidemiology, and End Results (SEER) which collected patient
demographic and cancer data from the US population, and 801 patients were enrolled in our study. The inclusion criteria
were as follows (n = 942): 1) diagnosed from 2004 to 2014; 2) T stage: T1 high grade; 3) Histology behavior:
Transitional cell carcinoma; 4) Surgical approach: Radical cystectomy (RC) or Pelvic exenteration (PE). The exclusion
criteria were as follows (n = 801): 1) M1 or MX stage; 2) NX; 3) Race unknown; 4) Grade unknown (n = 61); 5)
Regional nodes examined unknown (n = 9); 6) Tumor size unknown (n = 29); 7) Survival month unknown (n = 2); 8) Die
of other cancer (n = 23).

Data Collection and Variables Defined
The variables from the SEER database included: age, sex, race, marital status, histology, tumor size, grade, tumor
size, extension, number of tumors, N stage, systemic therapy, chemotherapy, regional nodes examined, survival
time, and vital status. According to the “RX Summ-Surg Prim Site (1998+)” column in the SEER database, the
surgical approach includes radical cystectomy and pelvic exenteration (code 60–64,70–73,80). Patients with T1
high-grade bladder cancer were contained based on the “CS site-specific factor 1 (Code 20)” column. Age, as
a numeric factor, was divided into four subgroups: < 60, 60–70,70–80, >80 years. The race was classified into three
categories: white, black, others (including American Indian, Alaska Native, Asian, and Pacific Islander). Marital
status was defined as married, separated, divorced or widowed (SDW), and Single. There are two types of histology
containing transitional cell carcinoma and papillary transitional cell carcinoma. The tumor site based on ICD-O-3
topography was divided into two groups: other sites and the posterior wall of the bladder. Extension referred to as
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the column of “CS Extension” was clarified as non-extension and prostatic urethra (PU) or distal ureter (DU)
involvement. N stage coded with the sixth edition of AJCC stages was separated into N0, N1, and N2. Regional
nodes examined were a numeric factor, and for application simplicity, it was converted into three degrees which
included 0 nodes, <10 nodes and ≥10. Other variables included: (1) sex (female, male); (2) grade (grade II, grade
III, grade IV); (3) tumor size (<3 cm, ≥3 cm); (4) number of tumor (single, multiple); (5) systemic therapy (non,
systemic therapy before surgery, systemic therapy after surgery, both before and after surgery, Intraoperative
systemic therapy); chemotherapy (no/unknown, yes).

Endpoints
The primary endpoints were overall mortality (OM) referred to as the death of patients, including any cause. Survival
time was defined as the duration from the initial diagnosis to death from any cause or the last follow-up. Any patients
who died after the study cutoff date still were coded as alive. The unit of survival time was recorded as month.

Statistical Analysis
Patients in this studywere randomly split into development and validation groups at the ratio of 7:3. The significant differences
in patient’s baseline characteristics between the two groups were confirmed by the SPSS 22.0. Continuous variables were
compared using the t-test or Mann–Whitney U-test, while the Chi-square test was used for categorical variables.

The univariate Cox regression analysis was performed in the development group to identify potentially significant
prognostic factors whose p-value of 0.05 or less was included as candidate variables for the multivariate analysis to
determine their independent association with overall survival. The results were presented as hazards ratios (HR) and 95%
confidence intervals (95% CI). Survival analyses were performed using the Kaplan–Meier method and compared using
the Log rank test to evaluate the differences in OS stratified by each factor.

A nomogram was constructed based on the results of multivariate analysis and for visualized prediction of 3- and
5-year survival probability in the development group. The internal validation was performed in the validation group. The
accuracy of the nomogram was evaluated using the concordance index (C-index) and the receiver operating characteristic
(ROC) curves with the calculated area under the curve (AUC). The sensitivity analysis by entering variables was
gradually performed in the final model selection,12 and the model with the largest C-index was adopted. Calibration plots
were performed with the package of RMS in RStudio and used to compare predicted and actual outcomes of 3- and
5-year survival time. Bootstraps with 1000 resample were used for these activities.

All statistical analyses were conducted using SPSS 22.0 (IBM Corp, Armonk, NY) and RStudio version 3.6.3
(https://cran.r-project.org/bin/windows/base/old/3.6.3). All results P-values were two-tailed, and a P < 0.050 was
considered significant.

Results
Patient Characteristics
Eight hundred and one patients diagnosed with T1 high-grade bladder cancer and receiving radical cystectomy or pelvic
exenteration were enrolled in this study. There were 561 patients in the development group and 240 patients in the
validation group (Figure 1). Table 1 reveals the detailed demographic information and clinical characteristics of the
development group and validation group. Demographic characteristics contained age at diagnosis, gender, race, and
marital status. Tumor characteristics included histology, tumor location, grade, tumor size, extension, number of tumors,
and N stage. Treatment information included the systemic therapy, chemotherapy, and regional nodes examined. The
mean survival time of the development group was 56.086 months, while 58.21 in the validation group, respectively. They
all contain the same median survival time (56 months). The 3- and 5-year OS rates were 77.36% and 46.88%,
respectively, in the development group, while they were 80.5% and 46.89% in the validation group. A higher proportion
of papillary transitional cell carcinoma (63.1%vs 54.2%; P = 0.018) was showed in the development group. Statistical
differences in other characteristics between the two groups were not seen.
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Prognostic Factors in the Development Group
The multivariate analysis incorporated six factors according to the results of the univariate Cox regression analysis and the
clinical relevance of factors. It finally determined four independent risk factors as following: Age 70–80 (HR = 2.207, 95%
CI: 1.339–3.639, P = 0.002), Age >80 (HR = 4.430, 95% CI: 2.529–7.760, P < 0.001); tumor size 3–6 cm (HR = 1.647, 95%
CI: 1.133–2.397, P = 0.009); N1 stage (HR = 3.525, 95% CI: 1.896–6.552, P < 0.001), N2 stage (HR = 4.384, 95% CI:
2.598–7.398, P < 0.001); regional nodes examined <10 (HR = 0.612, 95% CI: 0.402–0.931, P = 0.022), regional nodes
examined ≥ 10 (HR = 0.476, 95% CI: 0.329–0.689, P < 0.001). (Table 2) Although these two variables of marital status and
tumor site are not statistically different in the multivariate analysis, we still used them as candidates for the model in order to
obtain a more accurate model. Survival analysis by Kaplan–Meier method revealed different survival outcomes stratified by
each variable (Figure 2). Patients with posterior wall tumor showed better survival outcome than other sites while failing to
represent statistical differences (P = 0.13).

Prognostic Nomogram for OS
As Table 3 shows, six models were constructed by incorporating variables progressively. The model 6 including the most
C-index (0.732, 95% CI, 0.712 to 0.752) and AUC (0.771 for 3-year; 0.793 for 5-year) was defined the most ideal model. The
prognostic nomogram predicting 3- and 5-year OS probability was established based on all significant factors using 561
patients from the development group (Figure 3). N stage and age contributed most to the prognosis of OS, as Figure 3 shows.

Validation of the Nomogram
Internal validation was performed for the nomogram of OS. The C-index of the nomogram was 0.732 (0.712–0.752) in the
development group and 0.752 (0.723–0.781) in the validation group. It was significantly higher than that of the AJCC stage,

Figure 1 Flow-chart showing the procedure used to identify patients receiving RC with T1 bladder cancer registered in the SEER database from 2004 to 2015.
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Table 1 Baseline Demographical and Clinicopathological Characteristics of Patients

Characteristics Total Cohort
N (%)

Development Cohort
N (%)

Validation Cohort
N (%)

p value

Number of patients 801 561(70%) 240(30%)

Median age
(25th–75th percentile)

67.5(62–72) 67.5(62–72) 67.5(62–72) 0.843

Age 0.826

<60 182(22.7%) 129(23%) 53(22.1%)

60–70 272(34%) 186(33.2%) 86(35.8%)
70–80 271(33.8%) 190(33.9%) 81(33.8%)

>80 78(9.5%) 56(10%) 20(8.3%)
Sex 0.250

Female 139(17.4%) 103(18.4%) 36(15%)

Male 662(82.6%) 458(81.6%) 204(85%)
Race 0.481

White 704(87.9%) 488(87%) 216(90.0%)

Black 46(5.7%) 35(6.2%) 11(4.6%)
Others 51(6.4%) 38(6.8%) 11(5.4%)

Marital status 0.950

Married 590(73.7%) 415(74%) 175(72.9%)
SDW 116(14.5%) 80(14.3%) 36(15.0%)

Single 95(11.9%) 66(11.8%) 29(12.1%)

Histology 0.018※

TCC 317(36.6%) 207(36%) 110(45.8%)

PTCC 484(60.4%) 354(63.1%) 130(54.2%)

Tumor site 0.167
Other sites 749(93.5%) 529(94.3%) 220(91.7%)

Posterior wall 52(6.5%) 32(5.7%) 20(8.3%)

Grade 0.716
Grade II 13(1.6%) 9(1.6%) 4(1.7%)

Grade III 137(17.1%) 92(16.4%) 45(18.8%)

Grade IV 651(81.3%) 460(82%) 191(79.6%)
Tumor size 0.063

<3cm 339(42.3%) 228(40.6%) 111(46.3%)

3–6cm 325(40.6%) 226(40.3%) 99(41.3%)
>6cm 137(17.1%) 107(19.1%) 30(12.5%)

Extension 0.112

Non 763(95.3%) 530(94.5%) 223(97.1%)
PU or DU involvement 38(4.7%) 31(5.5%) 7(2.9%)

Number of tumor 0.399

Single 359(44.8%) 246(43.9%) 113(47.1%)
Multiple 442(55.2%) 315(56.1%) 127(52.9%)

N stage 0.287

N0 732(91.4%) 510(90.9%) 222(92.5%)
N1 32(4.0%) 21(3.7%) 11(4.6%)

N2 37(4.6%) 30(5.3%) 7(2.9%)

Systemic therapy 0.476
Non 535(66.8%) 374(66.7%) 161(67.1%)

Systemic therapy before surgery 68(8.5%) 45(8.0%) 23(9.6%)

Systemic therapy after surgery 98(12.2%) 67(11.9%) 31(12.9%)
Both before and after surgery 48(6.0%) 39(7.0%) 9(3.8%)

Intraoperative systemic therapy 52(6.5%) 36(6.4%) 16(6.7%)

(Continued)
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which was 0.590 and 0.559, respectively. The calibration curve in the development and validation group showed good
agreement between actual observations and predicted outcomes in the probability of 3-year and 5-year survival (Figures 4
and 5). Meanwhile, ROC curves were used to investigate the discriminative ability of the model (Figures 6 and 7). The
3-year and 5-year AUC in the development group was higher than that of the AJCC stage (0.771 vs 0.614 for 3-year; 0.766
vs 0.594 for 5-year). A similar condition was also seen in the validation group (0.761 vs 0.548 for 3-year; 0.793 vs 0.576 for
5-year). All these results suggested that the nomogram’s better predictive performance was confirmed compared with the
traditional AJCC staging system.

Discussion
Twenty percent superficial bladder tumours are diagnosed with T1 stage at presentation.13 More and more studies have
proposed that all T1 bladder tumors should all be diagnosed as high-grade, although there is still a conclusion of “T1 low
grade” given by some pathologists.14,15 A central review of 98 patients with T1LG bladder cancer found that almost all
patients were not incorrectly classified and diagnosed with an underestimated grade.16 Compared with other styles of
superficial bladder tumours, T1HG tumours were potentially fatal cancers with higher degrees of aggressiveness and
progression rates (30–50%), which might be higher with long-term follow-up and lower survival rate.16–19 Due to the
clinical heterogeneity, there have always been controversies on choosing the best treatment for a patient based on the
aggressiveness of their cancer. For instance, a patient with T1HG treated with BCG and progressing to muscle-invasive
bladder cancer or N1 was undertreated, whereas a patient who could have responded to BUG but received RC was
considered overtreated.19 Early radical cystectomy had taken an increasingly important position in the treatment of T1HG
patients, although BCG therapy remained the current gold-standard adjuvant therapy.18 A tool, which could predict the
prognosis of T1HG patients after RC, was urgently needed to provide recommendations on treatment options.

Our study established and internally validated a highly accurate and discriminating nomogram based on several
factors, including demographic, tumour characteristics, and treatment data to predict OS for TIHG bladder cancer
patients after RC. The most accurate and ideal nomogram predicting OS was based on the reduced model, which deleted
some non-essential and noninformative variables. The univariate and multivariate Cox regression analysis firstly filtered
influential variables as candidates for the final model. We performed sensitivity analysis by entering variables gradually
into the model, with the C-index, 3-year AUC and 5-year AUC as the measure of accuracy (Table 3). This method
generated a highly accurate and informative model, which only included practical factors without sacrificing accuracy.
The nomogram offered a friendly interface to obtain the exact probability of OS at a specific time instead of using the
notion of relative risk. For example, the clinicians usually use conventional histopathology like tumour grade and stage to

Table 1 (Continued).

Characteristics Total Cohort
N (%)

Development Cohort
N (%)

Validation Cohort
N (%)

p value

Chemotherapy 0.905

No/unknown 593(74%) 416(74.2%) 177(73.8%)

Yes 208(26%) 145(25.8%) 63(26.3%)
Regional nodes examined 0.454

0 148(18.5%) 106(18.9%) 42(17.5%)

<10 197(24.6%) 131(23.4%) 66(27.5%)
≥10 456(56.9%) 324(57.8%) 132(55%)

Survival time (month)
Mean 56.72 56.086 58.21 0.324

Median

(25th–75th percentile)

56(39–80) 56(39–78) 56(39–84) 0.365

Notes: Other race, American Indian, Alaska Native, Asian, and Pacific Islander; SDW, separated, divorced or widowed; other site: trigone of bladder, dome of bladder,
lateral wall of bladder, anterior wall of bladder, Bladder neck, Ureteric orifice, overlapping lesion of bladder, bladder, NOS. ※Statistical significance.
Abbreviations: TCC, transitional cell carcinoma; PTCC, papillary transitional cell carcinoma; PU, prostatic urethra, DU, distal ureter.
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Table 2 Univariate and Multivariate Regression Analyses for ACM

Characteristics Univariate Analysis p value Multivariate Analysis p value
HR (95% CI) HR (95% CI)

Age
<60 Ref. Ref.

60–70 1.136(0.805–2.153) 0.273 1.467(0.884–2.434) 0.138

70–80 1.880(1.173–3.012) 0.009※ 2.207(1.339–3.639) 0.002※

>80 4.494(2.661–7.589) <0.001※ 4.430(2.529–7.760) <0.001※

Sex
Female Ref.
Male 0.916(0.626–1.341) 0.652

Race
White Ref. Ref.
Black 1.938(1.172–3.206) 0.01※ 1.753(0.975–3.154) 0.061

Others 0.595(0.279–1.272) 0.180 0.904(0.418–1.956) 0.798
Marital status
Married Ref. Ref.

SDW 1.593(1.063–2.386) 0.024※ 1.465(0.967–2.219) 0.072
Single 1.959(1.296–2.969) 0.002※ 1.419(0.896–2.249) 0.136

Histology
TCC Ref. Ref.
PTCC 1.458(1.047–2.030) 0.026※ 1.330(0.940–1.881) 0.107

Tumor site
Other sites Ref.
Posterior wall 0.512(0.21–1.246) 0.140

Grade
Grade II Ref.
Grade III 0.491(0.188–1.285) 0.147

Grade IV 0.598(0.245–1.459) 0.258

Tumor size
<3cm Ref. Ref.

3–6cm 1.813(1.254–2.261) 0.002※ 1.647(1.133–2.397) 0.009※

>6cm 2.722(1.803–4.108) <0.001※ 1.534(0.968–2.432) 0.069
Extension
Non Ref.

PU or DU involvement 1.228(0.648–2.328) 0.529
Number of tumor
Single Ref. Ref.

Multiple 1.381(1.008–1.893) 0.044※ 1.141(0.821–1.585) 0.432
N stage
N0 Ref.

N1 4.635(2.751–7.810) <0.001※ 3.525(1.896–6.552) <0.001※

N2 4.649(2.952–7.322) <0.001※ 4.384(2.598–7.398) <0.001※

Systemic therapy
Non Ref.
Systemic therapy before surgery 1.053(0.603–1.837) 0.856

Systemic therapy after surgery 1.270(0.822–1.962) 0.282

Both before and after surgery 1.079(0.580–2.006) 0.811
Intraoperative systemic therapy 0.766(0.374–1.571) 0.467

Chemotherapy
No/unknown Ref.
Yes 1.091(0.773–1.539) 0.622

(Continued)
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provide some prognostic stratification and suggestions for therapy.19 However, the nomogram method was evaluated with
C-index, a global measure of model accuracy and provided individual estimates of overall survival at specific time points
after cystectomy.9,20,21 Furthermore, the nomogram model was tailored to the risk referring to characteristics of personal
cancer, which was more relevant to the patient. Precise prediction could act on individual patient counselling and follow-
up schedule.

We also compared the clinical value of our nomogram with that of the AJCC classification using the C-index and
AUC. We excluded M stage patients and only focused on T1HG patients due to the particularity of our research. The
N stage was the only remaining variable in the AJCC system. The nomogram showed better discriminative ability and
accuracy than the AJCC stage in the development and validation groups with higher C-indices and AUCs.12 Meanwhile,
there had been several predictive and verified models for bladder cancer after RC and the International Bladder Cancer
Nomogram Consortium (IBCNC) and the Bladder Cancer Research Consortium (BCRC) nomograms were the most
common to perform prognostic prediction after RC.9–11,22–25 IBCNC was used for recurrence, while BCRC was used for
cancer-specific, overall, and recurrence-free survival after RC. Good model performance with better discriminative
ability and accuracy was confirmed in the internal and external verification.24,25 However, they all seem not to be tailored
to the special groups who had T1HG tumours after RC. First, patients with T1HG tumours had a small proportion in all
patients receiving RC. Thus, a model containing all patients after RC might not be a good choice for T1HG patients. In

Table 2 (Continued).

Characteristics Univariate Analysis p value Multivariate Analysis p value
HR (95% CI) HR (95% CI)

Regional nodes examined
0 Ref. Ref.
<10 0.588(0.390–0.888) 0.011※ 0.612(0.402–0.931) 0.022※

≥10 0.412(0.289–0.589) <0.001※ 0.476(0.329–0.689) <0.001※

Notes: Other race: American/Indian/Alaska/Native/Asian/Pacific Islander; SDW: separated, divorced or widowed; other sites: trigone of bladder, dome of bladder, lateral
wall of bladder, anterior wall of bladder, bladder neck, ureteric orifice, overlapping lesion of bladder, bladder, NOS. ※Statistical significance.
Abbreviations: TCC, transitional cell carcinoma; PTCC, papillary transitional cell carcinoma; PU, prostatic urethra; DU, distal ureter.

Figure 2 Kaplan–Meier plots for describing overall survival in T1HG patients after radical cystectomy stratified by factors: (A) age (<60 vs 60–70,70–80 or >80); (B)
N stage (N0 vs N1 or N2); (C) node examined (0 vs<10 or ≥10); (D) tumor size (<3 cm vs 3–6 cm or >6 cm); (E) marital status: (married vs SDWor single); (F) tumor site
(other sites vs posterior wall).
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addition, uncommonly recoding factor-like lymphovascular invasion, as well as uncommonly applied factor-like adjuvant
radiotherapy, could limit their applicability.

The nomogram for OS probability prediction incorporated six factors: age, marital status, tumor size, tumor site,
region nodes examined, and N stage. Two factors, including marital status and tumour site, were failed to gain
statistical differences in the multivariate Cox regression analysis (P > 0.05). Nevertheless, they all showed differences
before all patients splitting into the development and validation groups in the multivariate analysis (P < 0.05). This
outcome might result in an insufficient sample size in the development group. Table 3 reveals that model 6 possessed

Table 3 Results of Sensitivity Analysis by Enter Factor Gradually

Model C-index AUC (3-Year) AUC (5-Year)

Model 1 0.590 0.614 0.594
Model 2 0.681 0.724 0.700

Model 3 0.708 0.742 0.733

Model 4 0.714 0.755 0.746
Model 5 0.728 0.769 0.761

Model 6 0.732 0.771 0.793

Model 1: N stage

Model 2: N stage+ Age
Model 3: N stage+ Age+ Regional nodes examined

Model 4: N stage+ Age+ Regional nodes examined+ tumor size

Model 5: N stage+ Age+ Regional nodes examined+ tumor size + Marital status
Model 6: N stage+ Age+ Regional nodes examined+ tumor size + Marital status+ tumor site

Figure 3 Nomogram predicting 3- and 5-year bladder overall survival probability for T1HG patients after radical cystectomy. Variables include age, marital status, tumour
size, tumour site, region nodes examined, N stage. Use: locate patient values at each axis. Draw a vertical line to the “Point”axis to determine how many points are
attributed for each variable value. Sum the points for all variables. Locate the sum on the “Total Points” line. Draw a vertical line towards the 3Yrs.Surv. Prob. and 5Yrs. Surv.
Prob, Prob. axes to determine respectively the 3-, and 5-year survival probabilities.
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the best discriminative ability and accuracy owing to higher C-index and AUCs. It is always an interesting study on
the tumour site of the bladder, while there was not still a unanimous and convincing conclusion.26,27 We found that
patients with a tumour on the posterior wall of the bladder demonstrated better overall survival than other sites. Easily
spotted by cystoscopy and getting treatment earlier might be the reason for this result. Tao obtained the result that
being married was an indicator of lower all-cause mortality compared with SDW and single status.28 Lymph node
metastasis was always a risk factor for bladder cancer.13 In addition, tumor size was also related to the prognosis of
cancer.29,30 Regional lymph node dissection (LND) is a crucial part of RC and evidence in recent years has suggested
that a more extended LND and more lymph nodes removed provide therapeutic benefits in radical cystectomy.22,31,32

All in all, the variables used to create the model were statistically reliable as well as included based on previous
research results.

There are some limitations to our study. First and most significant are the limitations in all retrospective analyses. We
excluded the patients who lacked some variables information and M1 stage patients, creating selection bias. In addition,

Figure 4 The development group. (A) Calibration plots of the nomogram for 5-year; (B) calibration plots of the nomogram for 3-year.

Figure 5 The validation group. (A) Calibration plots of the nomogram for 3-year; (B) calibration plots of the nomogram for 5-year.
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SEER was a public database that collected information on patients in multiple regions and hospitals. Different degrees of
surgical techniques and pathological evaluation standards were also the cause of bias. Moreover, some vital factors like
LVI and CIS, which were proven to be related to T1HG bladder cancer, were lacking in the SEER database.
Simultaneously, surgical techniques and methods, such as nerve-sparing radical cystectomy, degree of extent of lymph
node dissection, and robot-assisted surgery, are gradually improving with time going by. More subgroup analysis was
needed to evaluate the effect of these changes. Lastly, the accuracy of our nomograms is not perfect, and it is a defect of

Figure 6 (A) ROC curves of the nomogram predicting 3-year OS of the development group; (B) ROC curves of the nomogram predicting 5-year OS of the development
group.
Abbreviation: ROC, receiver operating characteristic.

Figure 7 (A) ROC curves of the nomogram predicting 3-year OS of the validation group; (B) ROC curves of the nomogram predicting 5-year OS of the validation group.
Abbreviation: ROC, receiver operating characteristic.
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all prognostic models. Our model could provide a survival rate in a defined period based on the results of similar patients,
but we could not confirm it will occur. Therefore, large prospective clinical trials are needed for external validation.

Conclusion
We constructed a discriminative and precise nomogram that predicts the individualized probability of overall survival for
patients with T1HG bladder transitional cell carcinoma after radical cystectomy. The nomogram showed a significant
improvement in discriminating and accurate prediction compared to the AJCC system. Meanwhile, our model was more
suitable for T1HG patients than other predicting nomograms. This nomogram may help clinicians decide treatment,
patient counselling, and follow-up schedule for T1HG patients. Nonetheless, external and prospective validation is
needed for wide application.
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