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Abstract: Background: Our study aimed to explore the prognostic factors of bladder cancer with
bone metastasis (BCBM) and develop prediction models to predict the overall survival (OS) and
cancer-specific survival (CSS) of BCBM patients. Methods: A total of 1438 patients with BCBM
were obtained from the SEER database. Patients from 2010 to 2016 were randomly divided into
training and validation datasets (7:3), while patients from 2017 were divided for external testing.
Nomograms were established using prognostic factors identified through Cox regression analyses
and validated internally and externally. The concordance index (C-index), calibration plots, and time-
dependent receiver operating characteristic (ROC) curves were used to evaluate the discrimination
and calibration of nomogram models, while decision curve analyses (DCA) and Kaplan-Meier (KM)
curves were used to estimate the clinical applicability. Results: Marital status, tumor metastasis (brain,
liver, and lung), primary site surgery, and chemotherapy were indicated as independent prognostic
factors for OS and CSS. Calibration plots and the overall C-index showed a novel agreement between
the observed and predicted outcomes. Nomograms revealed significant advantages in OS and CSS
predictions. AUCs for internal and external validation were listed as follows: for OS, 3-month AUCs
were 0.853 and 0.849; 6-month AUCs were 0.873 and 0.832; 12-month AUCs were 0.825 and 0.805;
for CSS, 3-month AUCs were 0.849 and 0.847; 6-month AUCs were 0.870 and 0.824; 12-month AUCs
were 0.815 and 0.797, respectively. DCA curves demonstrated good clinical benefit, and KM curves
showed distinct stratification performance. Conclusion: The nomograms as web-based tools were
proved to be accurate, efficient, and clinically beneficial, which might help in patient management
and clinical decision-making for BCBM patients.

Keywords: SEER; prognostic factor; bladder cancer; bone metastasis; survival prediction; nomogram

1. Introduction

Bladder cancer (BCa) is the second most common genitourinary cancer and the fourth
most common male cancer [1]. According to statistics, in 2020, there were 573,278 new BCa
cases worldwide and about 212,536 deaths [2]. Approximately 10–15% of BCa patients
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have already developed metastases at the time of initial diagnosis [3]. Metastatic bladder
cancer (mBC) has a poor prognosis, with a 5-year survival rate of only 10% [4]. Bone is the
most common site of organ metastasis in bladder cancer [5–7]. Bone metastasis can cause
skeletal related events (SREs) and reduce the survival rates of cancer patients [8]. Therefore,
it is of great importance to evaluate the survival and prognosis of bladder cancer with bone
metastasis (BCBM).

The TNM staging system is widely used in the prognostic assessment of cancer
patients and is often used by clinicians to develop treatment plans [9]. Studies have shown
that age, gender, race, and treatment modality can also affect the prognosis of patients
with BCa [10,11]. The TNM staging system does not adequately cover the biological
characteristics of the cancer and the information on the treatment of the tumor, and the
prognosis of BCa patients varies depending on the metastatic organs [12]. Therefore,
the prediction accuracy of the TNM staging system may be reduced for patients with
distant metastases.

As simple, user-friendly statistical prediction models, nomograms have already been
widely utilized for prognosis prediction of cancer patients in recent years [13–16]. By
integrating important demographic and clinicopathological variables, nomograms can
accurately predict individual patient survival. However, to date, no prognostic model has
been developed for patients with BCBM. In this study, we obtained the clinical data of
patients with BCBM from the surveillance, epidemiology, and end results (SEER) database.
We used COX regression analysis to identify overall survival (OS)-related prognostic factors
and cancer-specific survival (CSS)-related prognostic factors. Based on the above results, we
further developed and validated two web-based nomograms for the prognostic prediction
of patients with BCBM.

2. Methods
2.1. Sources of Databases

All registered cases of BCBM diagnosed between 2010 and 2017 were obtained from
the SEER database. SEER contains clinical information on patients from 18 cancer registries
and covers approximately 28% of the whole United States population. Collection of SEER
includes patients’ demographic characteristics, tumor histological characteristics, treatment,
and follow-up information. Ethical approval for this study was not required because the
SEER database contained no private patient information.

2.2. Patient and Public Involvement

Patients and/or the public were not involved in the design, conduct, reporting, or
dissemination plans of this research.

2.3. Inclusion and Exclusion Criteria

Demographic and clinical data available in the SEER database were extracted, in-
cluding age, gender, race (black, white, other race), marital status (married, unmarried),
histological type, tumor grade, T stage, N stage, metastatic sites (brain, liver, and lung),
primary site surgery, radiotherapy, and chemotherapy.

The inclusion criteria were as follows: (1) Bladder site record (C67.0-C67.9) accord-
ing to the Third Edition of International Classification of Diseases for Oncology (ICD-O-3);
(2) Diagnosed with bone metastasis. The exclusion criteria were as follows: (1) Patients with-
out positive diagnostic confirmation; (2) Patients diagnosed with autopsy only; (3) Patients
with more than one primary tumor (for example, prostate cancer, et al.); (4) Unknown cause
of death; (5) Hematologic tumor. The flowchart of this study is shown in Figure 1.
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Figure 1. Workflow of the patient selection and model development.

2.4. Feature Selection

We randomly allocated patients from 2010 to 2016 to a training dataset of 70% patients
and an internal validation dataset of 30% patients. Patients in 2017 were selected for exter-
nal testing, namely the testing dataset. Univariable and stepwise, backward, multivariable
Cox regression analyses were conducted on the training dataset to identify the indepen-
dent prognostic variables. Each variable’s contribution to the final regression model was
measured as the partial chi-square statistic minus the variable degrees of freedom (χ2−df).

2.5. Construction and Validation of The nomograms

Among the important variables selected, visual nomogram models for OS and CSS of
patients with BCBM at 3-months, 6-months, and 12-months were constructed on the training
dataset. We obtained a specific score for each variable in the constructed nomograms
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and quantified patients’ OS and CSS rates as risk scores on a number line. Then, X-tile
software (version 3.5; developed by Yale University, New Haven, CT, USA.) was utilized
to determine the best cut-off values of nomogram total risk scores for OS and CSS, and
patients were categorized into high-risk and low-risk groups according to the cut-off values.
Kaplan–Meier (KM) curves and risk scatterplots were utilized to evaluate the stratification
performance of the risk score and risk distribution in patients with BCBM.

For the predictive reliability and accuracy of the nomograms, internal validation and
external testing were conducted on the validation datasets and the testing datasets, respec-
tively. Calibration plots were used to validate the nomograms’ calibration. In addition, the
area under the curves (AUC) of the receiver operating characteristic (ROC) curve and the
overall Harrel’s concordance index (C-index) were constructed to reflect the discriminabil-
ity of the nomograms. A decision curve analysis (DCA) was conducted to evaluate the
clinical net benefit of the nomogram. In comparison, the predictive performance of the top
three important indicators was evaluated separately in the same way as the nomogram.
The prediction errors of different models were measured using the integrated Brier score
(IBS), also known as the prediction error rate. A lower IBS indicates a higher prediction
performance. An IBS value of 0.5 or lower means that the model’s predictive ability is
better than a chance.

2.6. Statistical Analysis

All statistical analyses were conducted on R software (version 3.6.1; R Foundation
for Statistical Computing, Vienna, Austria; https://www.r-project.org, accessed on 1 July
2022.). The R packages “mice” and “VIM” were used for imputation of the missing
values, while “rms”, “survival”, “DynNom”, “pec”, and “ggDCA” were used for con-
structing and validating the nomograms. Multiple imputations (100 imputations) were
used to estimate the missing values. All evaluation parameters were calculated with
1000 bootstrap resamples. Categorical variables were reported as counts (percentage), and
continuous variables were summarized as means (standard deviation) and compared using
the Chi-square test and one-way ANOVA, respectively. Two-sided p-value < 0.05 indicated
statistical significance.

3. Results
3.1. Patient Characteristics

A total of 1438 patients with BCBM were extracted for analysis, including 878 patients
in the training dataset, 376 in the validation dataset, and 184 in the testing dataset. As shown
in Table 1, the mean survival time was 7.89 ± 10.85, 8.29 ± 11.11, and 7.76 ± 11.98 months
in the whole dataset, the training cohort, and the validation cohort, respectively. Until the
last follow-up, 77 (5.4%) patients were alive for OS and CSS (34 in the training dataset,
9 in the internal validation dataset, and 34 in the testing dataset), in addition to which
1274 (88.6%) patients died of cancer and 87 (6.1%) patients died of other causes. Cumulative
incidence curves of cancer and noncancer deaths in the whole dataset were demonstrated
in Supplementary Figure S1. The distribution of age is shown in Supplementary Figure S2.
Among all patients, 715 (49.7%) were married and 723 (50.3%) were unmarried; 48 (3.3%)
were diagnosed with brain metastasis, 348 (24.2%) with liver metastasis, and 405 (28.2%)
with lung metastasis; 58 (4.0%) were conducted with a complete cystectomy, 984 (68.4%)
with a non-complete cystectomy, and 682 (47.4%) patients received chemotherapy. De-
mographic and clinical data categorized by different survival outcomes were displayed
in Supplementary Table S1. Imputation of baseline characteristics brought no significant
difference to the whole dataset (p > 0.05), as shown in Supplementary Table S2. Missing
data were described in Supplementary Figures S3 and S4. The differences in baseline
characteristics between the training and validation datasets were checked using statistical
tests and proved to be insignificant (p > 0.05).

https://www.r-project.org
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Table 1. Characteristics of patients in the training dataset, the validation dataset, and the
testing dataset.

Characteristics Level
Whole
Dataset

(N = 1438)

Internal Validation External
Validation

Training
Dataset

(N = 878)

Validation
Dataset

(N = 376)
p-Value

Testing
Dataset

(N = 184)

Survival, months (mean (SD)) 7.89 (10.85) 8.29 (11.11) 7.76 (11.98) 0.45 6.21 (5.92)
OS (%) Alive 77 (5.4) 34 (3.9) 9 (2.4) 0.25 34 (18.5)

Dead 1361 (94.6) 844 (96.1) 367 (97.6) 150 (81.5)
CSS (%) Alive 77 (5.4) 34 (3.9) 9 (2.4) 0.227 34 (18.5)

Death due to cancer 1274 (88.6) 798 (90.9) 341 (90.7) 135 (73.4)
Death due to other

causes 87 (6.1) 46 (5.2) 26 (6.9) 15 (8.2)

Age (%) >80 225 (15.6) 142 (16.2) 61 (16.2) 0.572 22 (12.0)
≤65 597 (41.5) 357 (40.7) 164 (43.6) 76 (41.3)

65–80 616 (42.8) 379 (43.2) 151 (40.2) 86 (46.7)
Gender (%) Female 350 (24.3) 224 (25.5) 83 (22.1) 0.22 43 (23.4)

Male 1088 (75.7) 654 (74.5) 293 (77.9) 141 (76.6)
Race (%) Black 137 (9.5) 82 (9.3) 44 (11.7) 0.34 11 (6.0)

Other 81 (5.6) 46 (5.2) 23 (6.1) 12 (6.5)
White 1220 (84.8) 750 (85.4) 309 (82.2) 161 (87.5)

Marital.status (%) Married 715 (49.7) 446 (50.8) 175 (46.5) 0.187 94 (51.1)
Unmarried 723 (50.3) 432 (49.2) 201 (53.5) 90 (48.9)

Histologic.type (%) Other type 290 (20.2) 179 (20.4) 74 (19.7) 0.842 37 (20.1)
Papillary transitional

cell carcinoma 298 (20.7) 182 (20.7) 74 (19.7) 42 (22.8)

Transitional cell
carcinoma? 850 (59.1) 517 (58.9) 228 (60.6) 105 (57.1)

Grade (%) I 15 (1.0) 8 (0.9) 7 (1.9) 0.507 0 (0.0)
II 74 (5.1) 38 (4.3) 15 (4.0) 21 (11.4)
III 438 (30.5) 283 (32.2) 115 (30.6) 40 (21.7)
IV 911 (63.4) 549 (62.5) 239 (63.6) 123 (66.8)

T.stage (%) T0 18 (1.3) 14 (1.6) 2 (0.5) 0.383 2 (1.1)
T1 223 (15.5) 135 (15.4) 59 (15.7) 29 (15.8)
T2 541 (37.6) 341 (38.8) 135 (35.9) 65 (35.3)
T3 112 (7.8) 69 (7.9) 33 (8.8) 10 (5.4)
T4 251 (17.5) 156 (17.8) 63 (16.8) 32 (17.4)
TX 293 (20.4) 163 (18.6) 84 (22.3) 46 (25.0)

N.stage (%) N0 749 (52.1) 469 (53.4) 190 (50.5) 0.598 90 (48.9)
N1 136 (9.5) 77 (8.8) 42 (11.2) 17 (9.2)
N2 243 (16.9) 150 (17.1) 60 (16.0) 33 (17.9)
N3 95 (6.6) 55 (6.3) 23 (6.1) 17 (9.2)
NX 215 (15.0) 127 (14.5) 61 (16.2) 27 (14.7)

Brain.metastasis (%) No 1390 (96.7) 849 (96.7) 360 (95.7) 0.506 181 (98.4)
Yes 48 (3.3) 29 (3.3) 16 (4.3) 3 (1.6)

Liver.metastasis (%) No 1090 (75.8) 677 (77.1) 274 (72.9) 0.125 139 (75.5)
Yes 348 (24.2) 201 (22.9) 102 (27.1) 45 (24.5)

Lung.metastasis (%) No 1033 (71.8) 633 (72.1) 262 (69.7) 0.425 138 (75.0)
Yes 405 (28.2) 245 (27.9) 114 (30.3) 46 (25.0)

Surg. Prim. Site (%) Complete cystectomy 58 (4.0) 37 (4.2) 17 (4.5) 0.955 4 (2.2)
Non-complete

cystectomy 984 (68.4) 604 (68.8) 256 (68.1) 124 (67.4)

None 396 (27.5) 237 (27.0) 103 (27.4) 56 (30.4)
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Table 1. Cont.

Characteristics Level
Whole
Dataset

(N = 1438)

Internal Validation External
Validation

Training
Dataset

(N = 878)

Validation
Dataset

(N = 376)
p-Value

Testing
Dataset

(N = 184)

Surgery.of.lymph.node
(%) No 1361 (94.6) 831 (94.6) 356 (94.7) 1 174 (94.6)

Yes 77 (5.4) 47 (5.4) 20 (5.3) 10 (5.4)
Radiotherapy (%) None/Unknown 973 (67.7) 577 (65.7) 271 (72.1) 0.032 125 (67.9)

Yes 465 (32.3) 301 (34.3) 105 (27.9) 59 (32.1)
Chemotherapy (%) No/Unknown 756 (52.6) 441 (50.2) 203 (54.0) 0.246 112 (60.9)

Yes 682 (47.4) 437 (49.8) 173 (46.0) 72 (39.1)

Resection sites for a complete cystectomy are as follows: prostate, seminal vesicles, perivesical tissues, distal
ureters, and lymph nodes (male); uterus, ovaries, fallopian tubes, surrounding peritoneum, and lymph nodes
(female), which also may include the urethra and vaginal wall.

3.2. Independent Prognostic Variables and Relative Importance

Supplementary Table S3 showed the details of the univariable Cox regression analysis
for OS and CSS. Final variables selected through stepwise multivariable regression analyses
are shown in Supplementary Table S4. Results for OS and CSS were consistent. Based on
univariable Cox regression, significant factors for OS and CSS were age, marital status,
distant metastasis (brain, liver, and lung), primary site surgery, lymph node surgery, and
chemotherapy. Multivariable Cox regression analyses (p < 0.05) identified marital status,
tumor metastasis (brain, liver, and lung), primary site surgery, and chemotherapy as
independent factors for OS and CSS, respectively. Regarding the relative importance,
chemotherapy ranked highest in contribution measurement, followed by liver metastasis,
primary site surgery, marital status, lung metastasis, and brain metastasis (Figure 2A,C).
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3.3. Construction and Validation of The nomograms

Based on the results of the Cox proportional hazards regression model, nomograms
were established to predict the 3-month, 6-month, and 12-month OS and CSS, respectively
(Figure 2B,D). Supplementary Table S5 showed the scores for each variable in the nomo-
grams. The nomograms for OS and CSS were proved to be accurate, efficient, and clinically
beneficial in 3-, 6-, and 12-month survival rate predictions. Calibration plots showed a
novel agreement between the observed outcomes and predicted OS (Figures 3A and 4A)
or CSS (Figures 5A and 6A) in the internal and external validation. Performances of
the top three important single indicators, namely the application of chemotherapy, liver
metastasis, and primary site surgery, were measured and compared with nomograms
by AUCs and c-indexes (Figures 3–6). Nomograms revealed significant advantages over
single indicators in OS and CSS prediction, whose AUCs were listed as follows: for OS,
3-month AUCs were 0.853 and 0.849 for validation and testing datasets, respectively
(Figures 3B and 4B); 6-month AUCs were 0.873 and 0.832 for validation and testing datasets,
respectively (Figures 3C and 4C); 12-month AUCs were 0.825 and 0.805 for validation and
testing datasets, respectively (Figures 3D and 4D); for CSS, 3-month AUCs were 0.849 and
0.847 for validation and testing datasets, respectively (Figures 5B and 6B); 6-month AUCs
were 0.870 and 0.824 for validation and testing datasets, respectively (Figures 5C and 6C);
12-month AUCs were 0.815 and 0.797 for validation and testing datasets, respectively
(Figures 5D and 6D). Table 2 summarizes the sensitivities and specificities of the nomo-
grams in 3-month, 6-month, and 12-month predictions for OS and CSS, which were cal-
culated at the points with the largest Youden indexes. Overall c-indexes distributed by
months of follow-up also made it clear that nomograms possessed better discrimination
than the three indicators, with mean c-indexes of 0.759 and 0.763 for OS in validation and
testing datasets (Figures 3E and 4E), and 0.746 and 0.747 for CSS in validation and testing
datasets (Figures 5E and 6E), respectively. The overall AUCs of the nomograms and single
indicators are presented in Figures 3, 4, 5 and 6F. To evaluate the clinical applicability of
nomograms, DCA curves were conducted and showed that nomograms maximized clinical
net benefit under different risk levels and were able to provide positive clinical net benefit
for high-risk patients (Figures 3, 4, 5 and 6G). The evaluation of nomograms in the training
datasets for OS and CSS are demonstrated in Supplementary Figure S5 and Supplementary
Figure S6, respectively. We also evaluated the predictive errors of nomograms with IBS in
Supplementary Figure S7. Nomograms showed the lowest predictive errors compared to
the three indicators.

Table 2. Sensitivity and specificity to assess the performance of the nomograms.

Outcome Dataset
3-Month Prediction 6-Month Prediction 12-Month Prediction

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

Overall survival
(OS)

Training dataset 0.827 0.733 0.771 0.729 0.668 0.754
Validation dataset 0.825 0.743 0.762 0.875 0.691 0.892

Testing dataset 0.818 0.738 0.824 0.721 0.758 0.701

Cancer-specific
survival (CSS)

Training dataset 0.835 0.705 0.746 0.738 0.67 0.726
Validation dataset 0.837 0.689 0.803 0.838 0.672 0.907

Testing dataset 0.662 0.847 0.864 0.67 0.774 0.657
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(A) 3-, 6-, and 12-month calibration plots of nomogram; (B) 3-month; (C) 6-month; and (D) 12-
month area under the curve (AUC) for receiver operating characteristic (ROC) curves of nomogram,
chemotherapy, liver metastasis, and primary site surgery; (E) overall concordance index (c-index) of
nomogram, chemotherapy, liver metastasis, and primary site surgery; (F) overall AUC of nomogram,
chemotherapy, liver metastasis, and primary site surgery; (G) 3-, 6-, and 12-month decision curve
analysis (DCA) of nomogram, chemotherapy, liver metastasis, and primary site surgery.
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Figure 4. Evaluation of the nomogram on an external testing dataset for overall survival (OS).
(A) 3-, 6-, and 12-month calibration plots of nomogram; (B) 3-month; (C) 6-month; and (D) 12-
month area under the curve (AUC) for receiver operating characteristic (ROC) curves of nomogram,
chemotherapy, liver metastasis, and primary site surgery; (E) overall concordance index (c-index) of
nomogram, chemotherapy, liver metastasis, and primary site surgery; (F) Overall AUC of nomogram,
chemotherapy, liver metastasis, and primary site surgery; (G) 3-, 6-, and 12-month decision curve
analysis (DCA) of nomogram, chemotherapy, liver metastasis, and primary site surgery.
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3.4. Risk Discrimination and Web-Based Applications

Patients were divided into two groups (high-risk and low-risk) according to the best
cutoff points (142.4 points for OS and 142.5 points for CSS) of the nomograms’ calculated
total points determined by X-tile software, as shown in Supplementary Figure S8. KM
curves and scatterplots of the risk scores showed that the survival trend prediction of
different risk groups was well distinguished in the training (Supplementary Figure S9),
internal validation, and testing datasets (Supplementary Figure S10). In addition, we
demonstrated subgroup KM survival curves for patients in different risk groups stratified
by surgery and chemotherapy status (Supplementary Figures S11 and S12). We found that
chemotherapy performed excellent discrimination (log-rank p < 0.05) of patients’ survival
in different risk groups among the three datasets. Besides, none of the patients in the
high-risk group had received chemotherapy. However, the primary site surgery did not
show satisfactory stratification in different risk groups. We found that patients with a
complete cystectomy had a higher survival probability than those with a non-complete
cystectomy or no surgery, in most situations, especially in the high-risk group.
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To take advantage of the accuracy, intuitiveness, and clinical benefit of nomograms,
we developed online applications for prognostic prediction and clinical decision-making
in patients with BCBM (Supplementary Figure S13). The web tools are accessible at
https://vincent-y.shinyapps.io/Online_nomogram_for_BCBM_prediction_OS/ (accessed
on 1 July 2022.) for OS prediction and https://vincent-y.shinyapps.io/Online_nomogram_
for_BCBM_prediction_CSS/ (accessed on 1 July 2022.) for CSS prediction. Examples of
hypothetical patients with estimated survival profiles from the online calculators are shown
in Supplementary Figures S14 and S15.

4. Discussion

To date, few studies have focused on BCBM, and no corresponding predictive model
has been developed to evaluate the prognosis of patients with BCBM. In the present study,
we used Cox regression analyses to investigate the prognostic factors for OS and CSS,
including brain metastasis, lung metastasis, liver metastasis, marital status, chemotherapy,
and surgery, and thus developed two nomograms for the prognostic prediction of OS and
CSS in BCBM patients. Finally, we constructed two web-based applications, which greatly
improved the clinical applicability of the nomograms.

We found that tumor metastatic sites (brain, liver, and lung) were poor prognostic
factors for OS and CSS in BCBM patients. This was consistent with previous studies
showing multi-site metastases can predict worse OS and CSS [17]. This had also been
confirmed in several other metastatic malignancies [18,19]. However, other studies had
shown that multi-site metastases was not an independent prognostic factor for OS and
CSS [20]. Further studies are needed to elucidate how the number of metastatic sites affects
the outcomes of patients with BCBM. Zhang et al. showed that advanced age is a poor
prognostic factor in patients with BCBM [21]. However, in our study, age was found to be a
prognostic factor in univariate regression for OS and CSS but not in multivariate regression.
This may be related to the uneven age distribution of the selected population, as shown
in Supplementary Figure S2. We also found that marital status was an independent factor
in patients with BCBM, with both OS and CSS being worse in unmarried patients than in
married patients. Several mechanisms may explain the association between cancer survival
and marital status, which is often considered a marker of social support. Married patients
may enjoy more financial resources, have access to social support, have a higher quality of
life, and have a healthier lifestyle [22,23]. In addition, married patients could receive better
treatment than unmarried patients [24].

In many metastatic urinary or non-urinary cancers, surgical removal of the primary
tumor is an integral part of multimodal treatment [25,26]. Our study showed that surgery
was an independent factor for OS and CSS in patients with BCBM, which was consistent
with previous studies [27,28]. According to previous studies, chemotherapy was con-
sidered an important treatment option for metastatic bladder cancer [29]. In our study,
chemotherapy was the most important variable in the prognosis prediction of patients
with BCBM. Although new advances such as immunotherapy and targeted therapy can
improve the survival outcome of patients with metastatic bladder cancer, chemotherapy
can still bring survival benefits to patients with BCBM. The subgroup KM survival curves
based on chemotherapy also demonstrated that patients who received chemotherapy had
a better prognosis than those who did not, as shown in Supplementary Figure S12. The
2018 National Comprehensive Cancer Network (NCCN) guidelines also recommended
platinum-based chemotherapy as the standard treatment for patients with metastatic blad-
der cancer, with an OS of 9 to 15 months [30].

Although studies have reported the impact of these independent prognostic factors,
prediction models incorporating these factors into the analysis are lacking. Nomogram
has great advantages in integrating different variables that affect the prognosis of patients
and has been extensively utilized for the prognostic prediction of patients with malignant
tumors [31,32]. The variables used to construct the nomograms in this study included liver
metastasis, lung metastasis, brain metastasis, marital status, surgery, and chemotherapy,

https://vincent-y.shinyapps.io/Online_nomogram_for_BCBM_prediction_OS/
https://vincent-y.shinyapps.io/Online_nomogram_for_BCBM_prediction_CSS/
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which can be easily collected in clinical practice. We assessed the performance of nomo-
grams using C-index, calibration curves, and ROC curves and assessed clinical utility using
DCA and KM survival curves. The nomograms were proved to be more accurate than
the top three indicators in predicting 3-, 6-, and 12-month OS and CSS in the internal and
external validation cohorts. In addition, our risk stratification systems divided patients
into high- and low-risk groups according to their total nomogram scores, which could help
in identifying the high-risk patients, thereby providing accurate therapeutic intervention
and monitoring. Furthermore, the web-based nomograms could make it more convenient
for the clinical application of our nomograms to assist in treatment decision-making. As
demonstrated in Supplementary Figures S14 and S15, patients who received radical cystec-
tomy in combination with chemotherapy had a better 12-month survival prognosis than
those who received either radical cystectomy or chemotherapy alone.

However, there are still some limitations to our study. First, some important variables
could not be obtained from the SEER database, such as molecular markers, gene expression
signatures, information on adjuvant immunotherapy, targeted therapy, systemic therapy,
etc., which had been reported in several studies [33–37]. Future studies should focus on
integrating multidimensional data to predict the prognosis of BCBM patients, which may
improve the practicality and accuracy of the nomograms. Second, multiple imputations
were performed for variables with missing values in this study, which might weaken the
predictive performance. To minimize this impact, we included only variables with less
than 30% missing values, and 100 imputations were executed to improve the robustness.
Finally, the datasets we analysed in this study were derived from the single SEER database,
although we had performed external validation with the data from 2017. Because the
collected population of the SEER dataset is mainly American, validation using data from
other countries is required before further application to increase the generalization ability
of the models.

5. Conclusions

In brief, we comprehensively identified individual prognostic factors for patients with
BCBM, including marital status, tumor metastatic sites (brain, liver, and lung), primary
site surgery, and chemotherapy. We first established prognostic nomograms for patients
with BCBM based on the SEER database. The nomograms were proved to be accurate,
efficient, and clinically beneficial. We further developed them as web-based tools to predict
OS and CSS for patients with BCBM. These might help in patient management and clinical
decision-making for BCBM patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12020726/s1, Supplementary material A: Table S1. Char-
acteristics of patients stratified by survival outcome in whole dataset; Table S2. Characteristics of
patients before and after imputation in whole dataset; Table S3. Univariable cox proportion hazards
regression analyses for overall survival (OS) and cancer-specific survival (CSS) in training dataset;
Table S4. Final selected variables for overall survival (OS) and cancer-specific survival (CSS) in
stepwise, backward, multivariable cox proportion hazards regression analyses; Table S5. Score
assignment for variables included in the nomograms of overall survival (OS) and cancer-specific
survival (CSS); Figure S1. Cumulative incidences curves of cancer and noncancer death in whole
dataset; Figure S2. Frequency distribution histogram and density curve of age in whole dataset;
Figure S3. Pattern of missing values in whole dataset before imputation; Figure S4. Proportion
and combinations of missing values in whole dataset before imputation; Figure S5. Evaluation of
the nomogram on training dataset for overall survival (OS). (A) 3-, 6- and 12-month Calibration
plots of Nomogram. (B) 3-month (C) 6-month and (D) 12-month Area Under the Curve (AUC) for
Receiver Operating Characteristic (ROC) curves of Nomogram, Chemotherapy, Liver metastasis
and Primary site surgery. (E) Overall Concordance Index (c-index) of Nomogram, Chemotherapy,
Liver metastasis and Primary site surgery. (F) Overall AUC of Nomogram, Chemotherapy, Liver
metastasis and Primary site surgery. (G) 3-, 6- and 12-month Decision Curve Analysis (DCA) of
Nomogram, Chemotherapy, Liver metastasis and Primary site surgery; Figure S6. Evaluation of the
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nomogram on training dataset for cancer-specific survival (CSS). (A) 3-, 6- and 12-month Calibration
plots of Nomogram. (B) 3-month (C) 6-month and (D) 12-month Area Under the Curve (AUC) for
Receiver Operating Characteristic (ROC) curves of Nomogram, Chemotherapy, Liver metastasis
and Primary site surgery. (E) Overall Concordance Index (c-index) of Nomogram, Chemotherapy,
Liver metastasis and Primary site surgery. (F) Overall AUC of Nomogram, Chemotherapy, Liver
metastasis and Primary site surgery. (G) 3-, 6- and 12-month Decision Curve Analysis (DCA) of
Nomogram, Chemotherapy, Liver metastasis and Primary site surgery; Figure S7. The prediction
error curves for different models based on the integrated Brier score (IBS). (A) Training dataset of
overall survival (OS). (B) Internal validation dataset of overall survival (OS). (C) External testing
dataset of overall survival (OS). (D) Training dataset of cancer-specific survival (CSS). (E) Internal
validation dataset of cancer-specific survival (CSS). (F) External testing dataset of cancer-specific
survival (CSS); Figure S8. Cut-off values of nomogram total points calculated by X-tile. (A) Training
dataset of Overall survival (OS). (B) Training dataset of cancer-specific survival (CSS); Figure S9.
Kaplan-Meier survival curves of patients stratified by risk score and scatterplot of the risk score for (A,
C) Training dataset of overall survival (OS). (B, D) Training dataset of cancer-specific survival (CSS);
Figure S10. Kaplan-Meier survival curves of patients stratified by risk score and scatterplot of the risk
score for (A, E) Internal validation of overall survival (OS). (B, F) External testing dataset of overall
survival (OS). (C, G) Internal validation dataset of cancer-specific survival (CSS). (D, H) External
testing dataset of cancer-specific survival (CSS); Figure S11. Kaplan–Meier curves of patients with
different surgery in low- (A-C) and high-risk (D-F) group for Overall survival (OS) and low- (G-I) and
high-risk (J-L) group for Cancer-specific survival (CSS); Figure S12. Kaplan–Meier curves of patients
with different chemotherapy in low- (A-C) and high-risk (D-F) group for Overall survival (OS) and
low- (G-I) and high-risk (J-L) group for Cancer-specific survival (CSS); Figure S13. The web survival
rate calculator for (A) Overall survival (OS). (B) Cancer-specific survival (CSS); Figure S14. The web
survival rate calculator estimated overall survival (OS) of a hypothetical patient (Married; No brain
metastasis, liver, or lung metastasis) based on different treatment strategy. (A) Survival curves of
different treatments. (B) 12-month survival probability with 95%CI of different treatments. Abbrevi-
ations: CC, complete cystectomy; CT, chemotherapy; Figure S15. The web survival rate calculator
estimated cancer-specific survival (CSS) of a hypothetical patient (Married; No brain metastasis, liver,
or lung metastasis) based on different treatment strategy. (A) Survival curves of different treatments.
(B) 12-month survival probability with 95%CI of different treatments. Abbreviations: CC, complete
cystectomy; CT, chemotherapy; Supplementary material B: STROBE Statement for Checklist of items
that should be included in reports of cohort studies; Supplementary material C: TRIPOD Checklist
for Prediction Model Development and Validation.

Author Contributions: S.H., X.L. and G.F. designed the study and critically revised the manuscript.
S.Y. was responsible for project implementation and administration. H.Z. performed statistical
analyses. C.F. extracted the data and performed data preprocessing. N.X. wrote the original draft.
Y.F. performed the data visualization. Z.Z. interpreted results. Y.X. edited the figures and tables. All
authors reviewed and edited the final manuscript for submission. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was funded by the Science and Technology Commission of Shanghai Municipal-
ity (Grant no. 19JC1414300), the National Natural Science Foundation of China (Grant no. 82102640),
and the National Key Research and Development Program of China (Grant no. 2022YFC3602203).
The funders had no role in the study design, data collection, data analysis, interpretation, writing of
this report, and in the decision to submit the paper for publication.

Institutional Review Board Statement: Ethical review and approval were waived for this study,
because the SEER database contains no private patient information.

Informed Consent Statement: Patient consent was waived because the SEER database contains no
private patient information.

Data Availability Statement: The data analyzed in this study is available on the SEER database
(http://seer.cancer.gov/, accessed on 1 July 2022.).

Acknowledgments: The authors thank the SEER database for the availability of the data.

Conflicts of Interest: The authors declare no conflict of interest.

http://seer.cancer.gov/


J. Clin. Med. 2023, 12, 726 15 of 16

Abbreviations

BCa: bladder cancer; mBC, metastatic bladder cancer; SREs, skeletal related events; BCBM,
bladder cancer with bone metastases; SEER, surveillance, epidemiology, and end results; OS, overall
survival; CSS, cancer-specific survival; ICD-O-3, Third Edition of International Classification of
Diseases for Oncology; HR, hazard ratio; CI, confidence interval; KM, Kaplan–Meier; AUC; area
under the curve; ROC, receiver operating characteristic; C-index, concordance Index; DCA, decision
curve analysis; IBS, integrated Brier score; NCCN, National Comprehensive Cancer Network.

References
1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [CrossRef] [PubMed]
2. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

3. Luzzago, S.; Palumbo, C.; Rosiello, G.; Pecoraro, A.; Deuker, M.; Tian, Z.; Shariat, S.F.; Saad, F.; de Cobelli, O.; Karakiewicz, P.I.
The effect of radical cystectomy on survival in patients with metastatic urothelial carcinoma of the urinary bladder. J. Surg. Oncol.
2019, 120, 1266–1275. [CrossRef]

4. Anderson, B. Bladder cancer: Overview and management—Part 2: Muscle-invasive and metastatic bladder cancer. Br. J. Nurs.
2018, 27, S8–S20. [CrossRef]

5. Shinagare, A.B.; Ramaiya, N.H.; Jagannathan, J.P.; Fennessy, F.M.; Taplin, M.E.; Van den Abbeele, A.D. Metastatic pattern of
bladder cancer: Correlation with the characteristics of the primary tumor. AJR Am. J. Roentgenol. 2011, 196, 117–122. [CrossRef]
[PubMed]

6. Bianchi, M.; Roghmann, F.; Becker, A.; Sukumar, S.; Briganti, A.; Menon, M.; Karakiewicz, P.I.; Sun, M.; Noldus, J.; Trinh,
Q.D. Age-stratified distribution of metastatic sites in bladder cancer: A population-based analysis. Can. Urol. Assoc. J. 2014, 8,
E148–E158. [CrossRef]

7. Tao, L.; Pan, X.; Zhang, L.; Wang, J.; Zhang, Z.; Zhang, L.; Liang, C. Marital Status and Prognostic Nomogram for Bladder Cancer
with Distant Metastasis: A SEER-Based Study. Front. Oncol. 2020, 10, 586458. [CrossRef]

8. Selvaggi, G.; Scagliotti, G.V. Management of bone metastases in cancer: A review. Crit. Rev. Oncol. Hematol. 2005, 56, 365–378.
[CrossRef]

9. Burke, H.B. Outcome prediction and the future of the TNM staging system. J. Natl. Cancer Inst. 2004, 96, 1408–1409. [CrossRef]
10. Wang, W.; Liu, J.; Liu, L. Development and Validation of a Prognostic Model for Predicting Overall Survival in Patients with

Bladder Cancer: A SEER-Based Study. Front. Oncol. 2021, 11, 692728. [CrossRef]
11. Yang, Z.; Bai, Y.; Liu, M.; Hu, X.; Han, P. Development and Validation of Prognostic Nomograms to Predict Overall and Cancer-

Specific Survival for Patients with Adenocarcinoma of the Urinary Bladder: A Population-Based Study. J. Investig. Surg. 2022, 35,
30–37. [CrossRef]

12. Shou, J.; Zhang, Q.; Zhang, D. The prognostic effect of metastasis patterns on overall survival in patients with distant metastatic
bladder cancer: A SEER population-based analysis. World J. Urol. 2021, 39, 4151–4158. [CrossRef] [PubMed]

13. Yuan, C.; Hu, Z.; Wang, K.; Zou, S. Development and Validation a Nomogram for Predicting Overall Survival in Patients with
Intrahepatic Cholangiocarcinoma. Front. Surg. 2021, 8, 659422. [CrossRef] [PubMed]

14. Hua, K.C.; Hu, Y.C. Establishment of predictive model for patients with kidney cancer bone metastasis: A study based on SEER
database. Transl. Androl. Urol. 2020, 9, 523–543. [CrossRef]

15. Zheng, H.; Li, Z.; Li, J.; Zheng, S.; Zhao, E. Construction, Validation, and Visualization of Two Web-Based Nomograms to
Predict Overall and Cancer-Specific Survival in Patients with Gastric Cancer and Lung Metastases. J. Oncol. 2021, 2021, 5495267.
[CrossRef]

16. Yang, Z.; Yang, F.; Yang, M.; Qi, Y.; Jiang, M.; Xuan, J.; Liu, Y.; Tao, H.; Liu, Y.; Wang, F. Prediction of overall survival in patients
with Stage I esophageal cancer: A novel web-based calculator. J. Surg. Oncol. 2021, 124, 767–779. [CrossRef] [PubMed]

17. Chen, C.; Hu, L.; Chen, Y.; Hou, J. The prognostic value of histological subtype in patients with metastatic bladder cancer.
Oncotarget 2017, 8, 28408–28417. [CrossRef]

18. Fan, Z.; Huang, Z.; Huang, X. Bone Metastasis in Renal Cell Carcinoma Patients: Risk and Prognostic Factors and Nomograms.
J. Oncol. 2021, 2021, 5575295. [CrossRef]

19. Hu, C.; Yang, J.; Huang, Z.; Liu, C.; Lin, Y.; Tong, Y.; Fan, Z.; Chen, B.; Wang, C.; Zhao, C.L. Diagnostic and prognostic nomograms
for bone metastasis in hepatocellular carcinoma. BMC Cancer 2020, 20, 494. [CrossRef]

20. Dong, F.; Shen, Y.; Gao, F.; Xu, T.; Wang, X.; Zhang, X.; Zhong, S.; Zhang, M.; Chen, S.; Shen, Z. Prognostic value of site-specific
metastases and therapeutic roles of surgery for patients with metastatic bladder cancer: A population-based study. Cancer Manag.
Res. 2017, 9, 611–626. [CrossRef] [PubMed]

21. Zhang, C.; Liu, L.; Tao, F.; Guo, X.; Feng, G.; Chen, F.; Xu, Y.; Li, L.; Han, X.; Baklaushev, V.P.; et al. Bone Metastases Pattern in
Newly Diagnosed Metastatic Bladder Cancer: A Population-Based Study. J. Cancer 2018, 9, 4706–4711. [CrossRef]

http://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1002/jso.25717
http://doi.org/10.12968/bjon.2018.27.18.S8
http://doi.org/10.2214/AJR.10.5036
http://www.ncbi.nlm.nih.gov/pubmed/21178055
http://doi.org/10.5489/cuaj.787
http://doi.org/10.3389/fonc.2020.586458
http://doi.org/10.1016/j.critrevonc.2005.03.011
http://doi.org/10.1093/jnci/djh293
http://doi.org/10.3389/fonc.2021.692728
http://doi.org/10.1080/08941939.2020.1812776
http://doi.org/10.1007/s00345-021-03721-6
http://www.ncbi.nlm.nih.gov/pubmed/34028594
http://doi.org/10.3389/fsurg.2021.659422
http://www.ncbi.nlm.nih.gov/pubmed/34079814
http://doi.org/10.21037/tau.2020.01.24
http://doi.org/10.1155/2021/5495267
http://doi.org/10.1002/jso.26594
http://www.ncbi.nlm.nih.gov/pubmed/34263466
http://doi.org/10.18632/oncotarget.16083
http://doi.org/10.1155/2021/5575295
http://doi.org/10.1186/s12885-020-06995-y
http://doi.org/10.2147/CMAR.S148856
http://www.ncbi.nlm.nih.gov/pubmed/29180897
http://doi.org/10.7150/jca.28706


J. Clin. Med. 2023, 12, 726 16 of 16

22. Lindstrom, M. Social capital, economic conditions, marital status and daily smoking: A population-based study. Public Health
2010, 124, 71–77. [CrossRef] [PubMed]

23. Gritz, E.R.; Demark-Wahnefried, W. Health behaviors influence cancer survival. J. Clin. Oncol. 2009, 27, 1930–1932. [CrossRef]
24. Merrill, R.M.; Johnson, E. Benefits of marriage on relative and conditional relative cancer survival differ between males and

females in the USA. J. Cancer Surviv. 2017, 11, 578–589. [CrossRef]
25. Sooriakumaran, P.; Karnes, J.; Stief, C.; Copsey, B.; Montorsi, F.; Hammerer, P.; Beyer, B.; Moschini, M.; Gratzke, C.; Steuber, T.;

et al. A Multi-institutional Analysis of Perioperative Outcomes in 106 Men Who Underwent Radical Prostatectomy for Distant
Metastatic Prostate Cancer at Presentation. Eur. Urol. 2016, 69, 788–794. [CrossRef]

26. Mejean, A.; Ravaud, A.; Thezenas, S.; Colas, S.; Beauval, J.B.; Bensalah, K.; Geoffrois, L.; Thiery-Vuillemin, A.; Cormier, L.;
Lang, H.; et al. Sunitinib Alone or after Nephrectomy in Metastatic Renal-Cell Carcinoma. N. Engl. J. Med. 2018, 379, 417–427.
[CrossRef]

27. Li, R.; Kukreja, J.E.B.; Seif, M.A.; Petros, F.G.; Campbell, M.T.; Nguyen, J.V.; Gonzalez, G.M.N.; Kamat, A.M.; Pisters, L.L.; Dinney,
C.P.; et al. The role of metastatic burden in cytoreductive/consolidative radical cystectomy. World J. Urol. 2019, 37, 2691–2698.
[CrossRef] [PubMed]

28. Wang, P.; Zang, S.; Li, G.; Qu, W.; Li, S.; Qiao, Q.; Jiang, Y. The role of surgery on the primary tumor site in bladder cancer with
distant metastasis: Significance of histology type and metastatic pattern. Cancer Med. 2020, 9, 9293–9302. [CrossRef]

29. Rosenberg, J.E.; Carroll, P.R.; Small, E.J. Update on chemotherapy for advanced bladder cancer. J. Urol. 2005, 174, 14–20. [CrossRef]
[PubMed]

30. Flaig, T.W.; Spiess, P.E.; Agarwal, N.; Bangs, R.; Boorjian, S.A.; Buyyounouski, M.K.; Downs, T.M.; Efstathiou, J.A.; Friedlander,
T.; Greenberg, R.E.; et al. NCCN Guidelines Insights: Bladder Cancer, Version 5.2018. J. Natl. Compr. Cancer Netw. 2018, 16,
1041–1053. [CrossRef] [PubMed]

31. Iasonos, A.; Schrag, D.; Raj, G.V.; Panageas, K.S. How to build and interpret a nomogram for cancer prognosis. J. Clin. Oncol.
2008, 26, 1364–1370. [CrossRef]

32. Caulfield, S.; Menezes, G.; Marignol, L.; Poole, C. Nomograms are key decision-making tools in prostate cancer radiation therapy.
Urol. Oncol. 2018, 36, 283–292. [CrossRef]

33. Eggers, H.; Seidel, C.; Schrader, A.J.; Lehmann, R.; Wegener, G.; Kuczyk, M.A.; Steffens, S. Serum C-reactive protein: A prognostic
factor in metastatic urothelial cancer of the bladder. Med. Oncol. 2013, 30, 705. [CrossRef]

34. Tan, Y.G.; Eu, E.W.C.; Huang, H.H.; Lau, W.K.O. High neutrophil-to-lymphocyte ratio predicts worse overall survival in patients
with advanced/metastatic urothelial bladder cancer. Int. J. Urol. 2018, 25, 232–238. [CrossRef] [PubMed]

35. Miyake, H.; Hara, I.; Yamanaka, K.; Muramaki, M.; Gleave, M.; Eto, H. Introduction of insulin-like growth factor binding protein-2
gene into human bladder cancer cells enhances their metastatic potential. Oncol. Rep. 2005, 13, 341–345.

36. Pasqualini, M.E.; Heyd, V.L.; Manzo, P.; Eynard, A.R. Association between E-cadherin expression by human colon, bladder and
breast cancer cells and the 13-HODE:15-HETE ratio. A possible role of their metastatic potential. Prostaglandins Leukot. Essent.
Fatty Acids 2003, 68, 9–16. [CrossRef] [PubMed]

37. Ehdaie, B.; Smith, S.C.; Theodorescu, D. Personalized medicine in advanced urothelial cancer: When to treat, how to treat and
who to treat. Can. Urol. Assoc. J. = J. L’assoc. Urol. Can. 2009, 3, S232–S236. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.puhe.2010.01.003
http://www.ncbi.nlm.nih.gov/pubmed/20181369
http://doi.org/10.1200/JCO.2008.21.3769
http://doi.org/10.1007/s11764-017-0627-y
http://doi.org/10.1016/j.eururo.2015.05.023
http://doi.org/10.1056/NEJMoa1803675
http://doi.org/10.1007/s00345-019-02693-y
http://www.ncbi.nlm.nih.gov/pubmed/30864005
http://doi.org/10.1002/cam4.3560
http://doi.org/10.1097/01.ju.0000162039.38023.5f
http://www.ncbi.nlm.nih.gov/pubmed/15947569
http://doi.org/10.6004/jnccn.2018.0072
http://www.ncbi.nlm.nih.gov/pubmed/30181416
http://doi.org/10.1200/JCO.2007.12.9791
http://doi.org/10.1016/j.urolonc.2018.03.017
http://doi.org/10.1007/s12032-013-0705-6
http://doi.org/10.1111/iju.13480
http://www.ncbi.nlm.nih.gov/pubmed/29094397
http://doi.org/10.1016/S0952-3278(02)00230-2
http://www.ncbi.nlm.nih.gov/pubmed/12538085
http://doi.org/10.5489/cuaj.1204
http://www.ncbi.nlm.nih.gov/pubmed/20019992

	Introduction 
	Methods 
	Sources of Databases 
	Patient and Public Involvement 
	Inclusion and Exclusion Criteria 
	Feature Selection 
	Construction and Validation of The nomograms 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Independent Prognostic Variables and Relative Importance 
	Construction and Validation of The nomograms 
	Risk Discrimination and Web-Based Applications 

	Discussion 
	Conclusions 
	References

