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Abstract 

Objectives: To develop reliable nomograms to estimate individualized overall survival (OS) and cancer 
specific survival (CSS) for patients with primary small cell carcinoma of the bladder (SCCB) and compare 
the predictive value with the AJCC stages. 
Patients and Methods: 582 eligible SCCB patients identified in the Surveillance, Epidemiology, and End 
Results (SEER) dataset were randomly divided into training (n=482) and validation (n=100) cohorts. 
Akaike information criterion was used to select the clinically important variables in multivariate Cox 
models when establishing nomograms. The performance of nomograms was bootstrapped validated 
internally and externally using the concordance index (C-index) with 95% confidence interval (95% CI) 
and calibration curves and was compared with that of the AJCC stages using C-index, Kaplan–Meier 
curves and decision curve analysis (DCA). 
Results: Two nomograms shared common indicators including age, tumor size, T stage, lymph node 
ratio, metastases, chemotherapy, radiation and radical cystectomy, while marriage and gender were only 
incorporated in the OS nomogram. The C-indices of nomograms for OS and CSS were 0.736 (95%CI 
0.711-0.761) and 0.731(95%CI 0.704-0.758), respectively, indicating considerable predictive accuracy. 
Calibration curves showed consistency between the nomograms and the actual observation. The results 
remained reproducible when nomograms were applied to the validation cohort. Additionally, 
comparisons between C-indices, Kaplan–Meier curves and DCA proved that the nomograms obtained 
obvious superiority over the AJCC stages with wide practical threshold probabilities. 
Conclusions: We proposed the first two nomograms for individualized prediction of OS and CSS in 
SCCB patients with satisfactory predictive accuracy, good robustness and wide applicability. 

Key words: small cell carcinoma of the bladder, nomogram, overall survival, cancer specific survival, decision 
curve analysis 

Introduction 
Small cell carcinoma of the bladder (SCCB) is a 

rare, poorly differentiated and aggressive neuroendo-
crine malignancy [1]. In spite of the proof that SCCB 
might have the same clonal origin as urothelial 
bladder cancer [2], clinicopathological characteristics 
and treatment choices are significantly different 
between these two diseases. SCCB accounts for 
estimated less than 1% of bladder malignancies [3, 4], 
leading to an unclear understanding of this disease. 

Besides, the survival outcomes of patients with SCCB 
reported in the previous studies were very poor, with 
a median survival between 11 months and 23 months 
if treatments were given [5-7]. If patients didn’t 
receive any treatment, the survival could be no more 
than half a year [6]. What’s more, management of 
SCCB, although involving a multimodal approach 
including chemotherapy, radiation and surgery, still 
lacks a standard guideline [8]. Up to now, the 
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characterization and clinical management of the 
disease are based mostly on retrospective reviews and 
case reports [6, 9-15] with few prospective researches 
available. 

Owing to the rarity of this cancer, so far there has 
been a lack of agreement about how to predict 
patient’s survival outcomes. Currently, the AJCC 
staging system for urothelial bladder cancer based on 
tumor, node and metastasis are also used to predict 
survival in SCCB patients [16]. However, previous 
studies didn’t found good predictive value of AJCC 
staging system for SCCB patients [17] and obvious 
overlapping of the survival curves was observed 
among I-IV AJCC stages [5, 10]. Apart from such 
unfavorable results, we should notice that the AJCC 
classification only accounts for three tumor-related 
indicators which reflected the tumor morphology and 
pathology, without taking patients’ clinical features 
and diverse therapeutic regimens in to consideration. 
In addition, the current AJCC classification merely 
classified patients into various groups, but fails to 
estimate the individualized survival outcomes. 

Prognostic nomograms are graphic calculating 
scales for predictive models to maximize the 
predictive accuracy of individual prognosis [18, 19], 
and they have been established for several cancers 
[20-22]. As for urothelial bladder cancer (UBC), 
various nomograms were also developed and has 
been proved to be useful in management of bladder 
cancer [23]. Obvious advantages have been observed 
in nomograms such as better predictive accuracy, 
strong robustness as well as user-friendliness, which 
enhances their potentials in clinical practice [19, 22]. 
Therefore, nomograms have been suggested as 
alternative methods or even as new standard to guide 
the management of cancer patients [24-26]. However, 
in terms of SCCB patients, so far no nomogram that 
predict overall survival (OS) or cancer specific 
survival (CSS) has been established, which might be 
attributed to the limited number of SCCB cases in 
each single institution. 

In this study, SCCB patients recorded in the 
Surveillance, Epidemiology, and End Results (SEER) 
dataset, which is a U.S. population-based cancer 
dataset that collects information of cancer patients in 
18 registries of the U.S. and covers approximately 30% 
of total U.S. population, were identified. We aimed to 
develop validated prognostic nomograms, which 
included their demographic variables (age, gender, 
marital status), clinicopathological information 
(tumor size, T stage, node status, metastasis) as well 
as treatment methods (surgery, radiation, 
chemotherapy) for predicting OS and CSS of SCCB 
patients. And we deeply compared the performance 

of the nomograms with the currently used AJCC 
staging system for bladder cancer. 

Patients and Methods 
Patient eligibility and variables 

Patients diagnosed with small cell carcinoma of 
the bladder from 2004 to 2014 were identified from 
Surveillance, Epidemiology, and End Results (SEER) 
database. Only patients who met the following criteria 
were included: 1) age > 18 years; 2) microscopically 
diagnosed with primary SCCB as the first malignancy; 
3) histological type limited to small cell carcinoma or 
combined small cell carcinoma (ICD-O-3 codes: 8002, 
8041-8045); 4) active follow-up with complete date 
and known survival months and known cause of 
death; 5) adequate/consistent information on the 
TNM stages and other variables including age, 
gender, number of regional lymph node removed, 
number of regional lymph node positive, surgery of 
the primary tumor, radiation and chemotherapy. 
Patients were excluded if controversial information 
was recorded (e.g. patients at M0 stage with visceral 
metastases recorded). Covariates of interest extracted 
for each case are age, gender, marriage, pathology, 
TNM stage, surgery of the primary tumor, radiation, 
chemotherapy, sites of metastases and 
metastasectomy. Cancer stages reported using the 6th 
AJCC stages were converted based on the 7th edition 
[16]. Besides, for patients received pelvic 
lymphadenectomy, the number of regional lymph 
nodes dissected and the number of positive lymph 
nodes were retrieved and lymph node ratio (LNR) 
was calculated by dividing the positive node number 
by the examined nodes number. For the purpose of 
properly assessing the prognostic value of lymph 
node ratio in SCCB patients, positive LNR was 
stratified into two categories (cut-off point 0.46) by 
X-tile program, a practical tool for cut-point 
optimization, according to the minimal p-value 
approach [20]. Hence, the variable LNR was finally 
divided into four categories: patients didn’t receive 
lymphadenectomy; LNR=0; 0<LNR≤0.46 and 
LNR>0.46. Using the similar approach, we also 
identified 8.3 cm as the cut-off point for patients with 
definite size of tumor. The follow-up information 
including survival status, survival months and cause 
of death were all extracted from the dataset. The 
primary endpoints of the study were overall survival 
(OS) and cancer specific survival (CSS). Survival time 
was calculated from the date of diagnosis to the date 
of 1) death from any cause (OS); 2) death from SCCB 
(CSS); or 3) the last follow-up. 

After patient identification, 582 eligible patients 
were enrolled and made up the primary cohort of 
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SCCB. The primary cohort was randomized into a 
training cohort (n=482) and a validation cohort 
(n=100) in order to develop and validate the 
nomograms. 

Statistical analysis 
Continuous variable (age) was presented as 

median with range, while categorical variables were 
shown as the number of patient with respective 
percentages. Univariate and multivariate Cox 
proportional hazards regression analyses were 
employed to evaluate the prognostic factors. 
Nomograms for 1- and 3- year OS and 1- and 3-year 
CSS were formulated based on the results of the 
multivariate Cox regression analyses. The backward 
step-down process based on Akaike information 
criterion (AIC) was used to finally recruit 
independent prognostic factors into the constructions 
of the nomograms [27]. Based on the training cohort 
and validation cohort, both internal and external 
validations of the nomograms were completed. The 
performances of the nomograms as well as the AJCC 
staging system were assessed by Harrell’s 
concordance-index (C-index), which is similar to the 
area under curve (AUC) of the receiver operating 
characteristic (ROC) curve, but proved to be more 
suitable for censored data [27]. Comparisons between 
nomogram models and the AJCC staging system were 
performed with the rcorrp.cens function in the Hmisc 
package in R [28]. Calibration curves of the 
nomograms were applied to evaluate the consistency 
between predicted survival and observed survival 
and bootstraps with 1000 resamples were used for the 
validation [24]. In the external validation of the 
nomograms, the total scores of each case in the 
validation cohort were calculated according to the 
established nomograms, and the scores were then 
used as factors in the Cox regression model, from 
which the validation C-index and calibration curves 
were derived [24]. 

To further compare the nomograms with the 
present AJCC stating system, the primary cohort was 
divided in to four quartiles (four nomogroups) (for 
OS: nomogroup I: 0-20; nomogroup II: 20-24; 
nomogroup III:24-29; and nomogroup IV: >29; for 
CSS: nomogroup 1:0-18; nomogroup 2:18-23; 
nomogroup 3:23-28; nomogroup 4:>28) using 
quartile.exc function of Microsoft Excel. After 
grouping, the prognostic discrimination of the 
nomograms as well as the AJCC stages were assessed 
by Kaplan–Meier analysis. Due to the very limited 
number of patients (only 3 patients) with stage 0is (Tis 
patients), they were not included in the Kaplan–Meier 
curves. Furthermore, decision curve analysis (DCA) 
was employed using the rmda package of R to outline 

the ranges of threshold probabilities within which the 
nomograms were clinically applicable [29].  

The primary cohort was randomly allocated 
using the SPSS version 22.0 software (IBM SPSS 
Statistics, Chicago, IL, US). The other analyses were 
processed with the R program (v 3.4.0) using rms and 
the above-mentioned packages and Kaplan–Meier 
curves were drawn using the SPSS 22.0. Two-sided P 
values of less than 0.05 were considered statistically 
significant. All procedures performed in studies 
involving human participants were in accordance 
with the ethical standards of the institutional and 
national research committee and with the 1964 
Helsinki Declaration and its later amendments or 
comparable ethical standards. 

Results 
Patient baseline characteristics 

The baseline characteristics of the primary cohort 
(582 patients), training cohort (482 patients) and 
validation cohort (100 patients) were listed in Table 1. 
400 (68.7%) patients had died by the end of the 
follow-up, among which 326 (56.0%) died from SCCB 
and 74 (12.7%) died from other causes. The median OS 
were 13 months for the training and validation 
cohorts. For both training and validation cohorts, the 
majority of patients were with T2, N0 and M0 stages. 
Besides of chemotherapy, which remained to be the 
main treatment for all patient cohorts, 171 (29.4%) and 
145 (25.4%) of enrolled patients received radiotherapy 
and radical cystectomy (RC), while less than 2% 
patients had metastasectomy. In the primary cohort, 
429 (73.7%) patients didn’t receive lymphadenectomy. 
Results of pelvic lymphadenectomy showed that 98 
were found lymph nodes negative (LNR=0), while 40 
and 15 patients were in “LNR≤0.46” and “LNR>0.46” 
groups, respectively, based on the cut-off point 
determined by the X-tile plots. 

Univariate and multivariate Cox regression of 
the training cohort 

We performed the univariate analyses to identify 
the clinical parameters that were significantly 
associated with OS and CSS. As shown in Table 2, 
age, marital status, T stage, metastases, tumor size, 
radical cystectomy, chemotherapy and LNR were 
significantly associated with OS. For CSS, marital 
status lost its significance while radiation became a 
significant parameter. In the next-step multivariate 
Cox regression, at first all the original factors entered 
into the Cox regression model [21]. For the purpose of 
identifying the independent predictors which were 
strikingly contributed to patients’ prognosis and 
could be admitted into the nomograms, least value of 
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AIC was used to do variable selection in accordance 
with the previous studies [30]. As shown in Table 3, 
ten key indicators for predicting OS were identified 
including age, gender, marital status, T stage, 
metastases, radical cystectomy, radiation, chemother-
apy, tumor size and LNR. As for CSS, gender and 
marital status were also excluded from the selection 
(Table 4). 

 

Table 1. Patient demographics and clinical characteristics 

Variables Primary cohort 
(n=582) 

Training cohort 
(n=482) 

Validation 
cohort (n=100) 

 No. % No. % No. % 
Age (median, range) 71 37-99 71 37-99 70 47-94 
Gender       
 Male 442 75.9 374 77.5 68 68.0 
 Female 140 24.1 108 22.4 32 32.0 
Marital status       
 Married 329 56.5 275 57.1 54 54.0 
 Unmarried 231 39.7 188 39.0 43 43.0 
 Unknown 22 3.8 19 3.9 3 3.0 
Pathology       
 Small cell carcinoma 538 92.4 450 93.4 88 88.0 
 Combined small cell 
carcinoma 

44 7.6 32 6.6 12 12.0 

T stage       
 Tis 3 0.5 3 0.6 0 0.0 
 T1 91 15.6 71 14.7 20 20.0 
 T2 324 55.7 273 56.6 51 51.0 
 T3 92 15.8 77 15.9 15 15.0 
 T4 72 12.4 58 12.0 14 14.0 
N stage       
 N0 465 79.9 381 79.0 84 84.0 
 N1 53 9.1 49 10.2 4 4.0 
 N2 54 9.3 46 9.5 8 8.0 
 N3 10 1.7 6 1.2 4 4.0 
Metastases       
 M0 471 80.9 391 81.1 80 80.0 
 Distant lymph nodes 11 1.9 8 1.7 3 3.0 
 Other organs 81 13.9 66 13.7 15 15.0 
Distant nodes & Organs 19 3.3 17 3.5 2 2.0 
Radical cystectomy       
 No 434 74.6 362 75.1 72 72.0 
 Yes 148 25.4 120 24.9 28 28.0 
Radiation       
 No evidence of 
radiation 

411 70.6 340 70.5 71 71.0 

 Yes 171 29.4 142 29.5 29 29.0 
Chemotherapy       
 Yes 372 63.9 303 62.9 69 69.0 
 No evidence of 
chemotherapy 

210 36.1 179 37.1 31 31.0 

Metastasectomy       
 No 572 98.3 476 98.8 96 96.0 
 Yes 10 1.7 6 1.2 4 4.0 
Tumor size        
 ≤8.3 cm 352 60.5 277 57.5 75 75.0 
 >8.3 cm 30 5.2 26 5.4 4 4.0 
 Unknown 200 34.4 179 37.1 21 21.0 
Lymph node ratio       
 No lymphadenectomy 429 73.7 357 74.1 72 72.0 
 LNR=0 98 16.8 79 16.4 19 19.0 
 0<LNR≤0.46 40 6.9 33 6.8 7 7.0 
 LNR>0.46 15 2.6 13 2.7 2 2.0 
LNR, lymph node ratio 

Table 2. Univariate Cox regression analysis for OS and CSS in 
SCCB patients from the training cohort  

Characteristics Overall survival  Bladder cancer specific 
survival 

Hazard ratio 
(95%CI) 

p 
value 

 Hazard ratio 
(95%CI) 

 p 
value 

Age at diagnosis 1.028(1.018-1.038) <0.001  1.025(1.014-1.036) <0.001 
Gender      
Male Reference   Reference  
Female 0.886(0.682-1.151) 0.364  1.051(0.797-1.386) 0.724 
Marital status      
Married Reference   Reference  
Unmarried 1.317(1.059-1.644) 0.015  1.245(0.975-1.591) 0.079 
Unknown 1.584(0.901-2.784) 0.110  1.568(0.850-2.895) 0.150 
T stage      
Tis 0.590(0.081-4.286) 0.602  0.841(0.115-6.169) 0.864 
T1 Reference   Reference  
T2 1.166(0.842-1.614) 0.355  1.440(0.974-2.127) 0.067 
T3 1.304(0.881-1.930) 0.184  1.621(1.026-2.560) 0.038 
T4 2.048(1.358-3.087) 0.001  2.558(1.591-4.112) <0.001 
Metastases      
M0 0.238(0.139-0.405) <0.001  0.267(0.144-0.496) <0.001 
Distant LNs only 0.323(0.151-0.917) 0.032  0.360(0.125-1.042) 0.059 
Organs other than LNs 0.666(0.377-1.175) 0.161  0.832(0.435-1.594) 0.580 
LNs & Organs References   References  
Radical cystectomy      
No  Reference   Reference  
Yes 0.536(0.409-0.704) <0.001  0.564(0.419-0.760) <0.001 
Radiation      
No evidence of 
radiation 

Reference   Reference  

Yes 0.790(0.624-1.001) 0.051  0.727(0.557-0.948) 0.018 
Chemotherapy      
No evidence of 
chemotherapy 

Reference   Reference  

Yes 0.499(0.403-0.619) <0.001  0.495(0.390-0.629) <0.001 
Tumor size (cm)      
 ≤8.3 Reference   Reference  
>8.3 1.728(1.099-2.716) 0.018  1.805(1.120-2.909) 0.015 
Unknown 1.251(1.001-1.562) 0.049  1.139(0.888-1.463) 0.305 
LNR      
No lymphadenectomy 0.666(0.364-1.220) 0.188  0.683(0.350-1.334) 0.264 
LNR=0 0.293(0.148-0.578) <0.001  0.308(0.145-0.653) 0.002 
0<LNR≤0.46 0.524(0.256-1.073) 0.077  0.584(0.267-1.277) 0.178 
LNR>0.46 Reference   Reference  
Pathology      
Small cell  Reference   Reference  
 Combined small cell 0.858(0.546-1.349) 0.507  0.870(0.525-1.441) 0.588 
Metastasectomy      
 No Reference   Reference  
 Yes 0.808(0.301-2.173) 0.673  1.100(0.409-2.954) 0.851 
N stage      
N0 Reference   Reference  
N1 1.109(0.782-1.571) 0.562  1.260(0.873-1.820) 0.217 
N2 1.409(0.997-1.992) 0.052  1.505(1.035-2.187) 0.032 
N3 2.407(0.991-5.849) 0.052  2.346(0.870-6.328) 0.092 
CI, confidence interval; LNs, lymph nodes; LNR, lymph node ratio 

 

Prognostic nomograms for OS and CSS 
As selected by the AIC, the above-mentioned 

covariates were employed in the nomograms for 1- 
and 3-year OS (Figure 1A) and CSS (Figure 1B). A 
certain score was assigned to each subtype of the 
variables. By adding up the total score from all the 
variables and locating it to the total point scale, we 
could determine the probabilities of the outcomes by 
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drawing a vertical line to the total score. Detailed 
scores of each nomogram predictor were listed in 
Table 5.  

 

Table 3. Multivariate Cox regression analysis for OS in SCCB 
patients from the training cohort  
Characteristics Full  AIC-based 

Hazard ratio 
(95%CI) 

p 
value 

 Hazard ratio 
(95%CI) 

 p 
value 

Age at diagnosis 1.017(1.007-1.028) 0.001  1.017(1.007-1.028) 0.001 
Gender      
Male Reference   Reference  
Female 0.732(0.550-0.9794) 0.032  0.738(0.556-0.979) 0.035 
Marital status      
Married Reference   Reference  
Unmarried 1.289(1.005-1.653) 0.045  1.304(1.020-1.668) 0.049 
Unknown  1.654(0.880-3.111) 0.118  1.725(0.942-3.158) 0.044 
T stage      
Tis 0.867(0.118-6.391) 0.889  0.884(0.120-6.509) 0.903 
T1 Reference   Reference  
T2 1.424(1.013-2.002) 0.042  1.452(1.036-2.035) 0.030 
T3 2.098(1.336-3.293) 0.001  2.134(1.362-3.343) 0.001 
T4 2.211(1.412-3.463) 0.001  2.254(1.445-3.517) <0.001 
Metastases      
M0 0.296(0.165-0.530) <0.001  0.288(0.163-0.511) <0.001 
Distant LNs only 0.325(0.123-0.853) 0.018  0.358(0.141-0.909) 0.031 
Organs other than 
LNs 

0.717(0.396-1.299) 0.273  0.719(0.397-1.305) 0.278 

LNs & Organs References   References  
Radical cystectomy      
No Reference   Reference  
 Yes 0.492(0.285-0.851) 0.011  0.482(0.278-0.835) 0.009 
Radiation      
No evidence of 
radiation 

Reference   Reference  

Yes 0.714(0.550-0.929) 0.012  0.716(0.551-0.930) 0.012 
Chemotherapy      
No evidence of 
chemotherapy 

Reference   Reference  

Yes 0.534(0.418-0.683) <0.001  0.547 
(0.430-0.696) 

<0.001 

Tumor size      
 ≤8.3 Reference   Reference  
>8.3 1.813(1.111-2.958) 0.017  1.857(1.149-3.000) 0.012 
Unknown  0.991(0.783-1.253) 0.947  0.990(0.784-1.251) 0.936 
LNR      
No lymphadenectomy 0.555(0.220-1.401) 0.213  0.500(0.211-1.180) 0.114 
LNR=0 0.397(0.175-0.898) 0.027  0.354(0.171-0.731) 0.005 
0<LNR≤0.46 0.544(0.249-1.190) 0.127  0.538(0.248-1.163) 0.115 
LNR>0.46 Reference   Reference  
Pathology    Not selected  
Small cell  Reference   — — 
 Combined small cell 0.836(0.528-1.322) 0.443  — — 
Metastasectomy    Not selected  
 No Reference   — — 
 Yes 0.811(0.289-2.280) 0.692  — — 
N stage    Not selected  
N0 Reference   — — 
N1 1.112(0.720-1.712) 0.632  — — 
N2 1.095(0.676-1.776) 0.712  — — 
N3 1.562(0.562-4.343) 0.393  — — 
CI, confidence interval; LNs, lymph nodes; LNR, lymph node ratio 

 
 
 

Table 4. Multivariate Cox regression analysis for CSS in SCCB 
patients from the training cohort  

Characteristics Full  AIC-based 
Hazard ratio 
(95%CI) 

p 
value 

 Hazard ratio 
(95%CI) 

p 
value 

Age at diagnosis 1.014(1.002-1.025) 0.020  1.014(1.003-1.026) 0.014 
Gender     Not selected  
Male Reference   — — 
Female 0.931(0.685-1.266) 0.651  — — 
Marital status    Not selected  
Married Reference   — — 
Unmarried 1.142(0.866-1.506) 0.348  — — 
Unknown 1.564(0.769-3.182) 0.217  — — 
T stage      
Tis 1.230(0.164-9.202) 0.840  1.198(0.160-8.949) 0.860 
T1 Reference   Reference  
T2 1.808(1.204-2.715) 0.004  1.831(1.227-2.735) 0.003 
T3 2.591(1.542-4.352) <0.001  2.609(1.562-4.360) <0.001 
T4 2.828(1.695-4.720) <0.001  2.884(1.733-4.799) <0.001 
Metastases      
M0 0.337(0.172-0.659) 0.001  0.303(0.157-0.586) <0.001 
Distant LNs only 0.339(0.110-1.041) 0.059  0.364(0.123-1.078) 0.068 
Organs other than LNs 0.920(0.467-1.813) 0.809  0.883(0.449-1.738) 0.719 
LNs & Organs References   References  
Radical cystectomy      
No Reference   Reference  
 Yes 0.502(0.271-0.930) 0.028  0.518(0.280-0.959) 0.036 
Radiation      
No evidence of 
radiation 

Reference   Reference  

Yes 0.672(0.501-0.900) 0.008  0.688(0.515-0.918) 0.011 
Chemotherapy      
No evidence of 
chemotherapy 

Reference   Reference  

Yes 0.496(0.379-0.651) <0.001  0.508 
(0.391-0.661) 

<0.001 

Tumor size      
 ≤8.3 Reference   Reference  
>8.3 1.980(1.177-3.332) 0.010  2.051(1.238-3.400) 0.005 
Unknown  0.892(0.686-1.159) 0.392  0.894(0.688-1.161) 0.400 
LNR      
No lymphadenectomy 0.718(0.258-1.996) 0.525  0.595(0.229-1.549) 0.288 
LNR=0 0.493(0.202-1.200) 0.119  0.402(0.181-0.895) 0.026 
0<LNR≤0.46 0.629(0.268-1.475) 0.286  0.671(0.290-1.556) 0.353 
LNR>0.46 Reference   Reference  
Pathology    Not selected  
Small cell  Reference   — — 
 Combined small cell 0.842(0.505-1.403) 0.508  — — 
Metastasectomy    Not selected  
 No Reference   — — 
 Yes 1.071(0.384-2.985) 0.896  — — 
N stage    Not selected  
N0 Reference   — — 
N1 1.342(0.848-2.125) 0.209  — — 
N2 1.237(0.740-2.067) 0.417  — — 
N3 1.300(0.403-4.190) 0.661  — — 
CI, confidence interval; LNs, lymph nodes; LNR, lymph node ratio 

 

Internal and external validation of the 
nomograms 

The C-index of the nomograms for predicting OS 
and CSS were 0.736 (95%CI 0.711-0.761) and 0.731 
(95%CI 0.704-0.758) respectively in the training cohort 
(Table 6). When the validation cohort was applied to 
the nomograms for OS and CSS, the C-index were 
0.713 (95%CI 0.650-0.775) and 0.766 (95%CI 
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0.708-0.823), respectively, which were all greater than 
0.7 [31], indicating the suitability of the established 
nomograms for patients with SCCB. The C-indices, 
AIC and log-likelihood values of the nomograms for 
OS and CSS were all listed in Table 6. Internal and 
external calibration plots for 1- and 3-year OS and CSS 
also showed fair agreement between nomograms’ 
prediction and observed outcomes in the training 
cohort (Figure 2A-D) and validation cohort (Figure 
2E-H), suggesting appreciable reliability of the 
nomograms.  

 

Table 5. Detailed scores of all predictors in the nomograms 

Variables Nomogram Points 
OS CSS 

Gender   
 Female 0 Not selected 
 Male 2  
T stage   
 Tis 0 2 
 T1 1 0 
 T2 4 5 
 T3 7 8 
 T4 7 9 
Radiation   
 Yes  0 0 
No evidence of radiation 3 3 
Chemotherapy   
 Yes 0 0 
 No evidence of 
chemotherapy 

5 5 

Metastases   
No 0 0 
Distant nodes only 2 1 
Other organs 7 9 
Distant nodes & Organs 10 10 
LNR   
 No lymphadenectomy 3 3 
 LNR = 0 0 0 
 LNR ≤ 0.46 3 4 
 LNR > 0.46 8 7 
Tumor size   
 ≤ 8.3 cm 0 1 
 > 8.3 cm 5 7 
 Unknown 0 0 
Radical cystectomy   
 No 6 5 
 Yes 0 0 
Marriage   
 Married 0 Not selected 
 Unmarried 2  
 Unknown 5  
Age (continuous variables)    
 35  0 0 
 45  1 1 
 55  3 2 
 65  4 4 
 75  5 5 
 85  7 6 
 95  8 7 
LNR, lymph node ratio 

 

Comparison of nomograms with AJCC staging 
system 

We do a comprehensive comparison between 
SCCB nomograms for OS/CSS and the widely used 
7th AJCC staging system. First, the nomograms 
yielded larger log-likehoods and C-indices along with 
smaller AIC values for both OS and CSS in all cohorts 
compared with the AJCC stages (Table 6), with all 
between-group p values <0.001. These results implied 
that our nomograms were more robust than the 
existing AJCC stages in predicting 1- and 3-year 
survival outcomes. 

 

Table 6. Comparison of nomograms with 7th AJCC staging 
system 

 Nomogram AJCC classification P 
Training cohort, OS    
 AIC 3606 3696 — 
 Log-likelihood -1784 -1840 <0.001 
C-index(95% CI) 0.736(0.711-0.761) 0.620(0.589-0.651) <0.001 
Training cohort, CSS    
 AIC 2983 3045 — 
 Log-likelihood -1472 -1514 <0.001 
C-index(95% CI) 0.731(0.704-0.758) 0.633(0.599-0.667) <0.001 
Validation cohort, OS    
AIC 437 464 — 
 Log-likelihood -218 -225 <0.001 
C-index(95% CI) 0.713(0.650-0.775) 0.604(0.528-0.680) <0.001 
Validation cohort, CSS    
AIC 349 387 — 
 Log-likelihood -174 -187 <0.001 
C-index(95% CI) 0.766(0.708-0.823) 0.607(0.525-0.689) <0.001 

 
Moreover, as shown in the Kaplan–Meier curves 

of the primary cohort (Figure 3), although both the 
AJCC stages and the nomogroups showed good 
prognostic stratification (p<0.001 for all cases), the 
nomogroups still showed much better prognostic 
discrimination than the AJCC stages. For example, the 
overall survival of AJCC stage I could not be 
differentiated from those of the stage II (p=0.368) and 
III (p=0.051), and no difference could be observed 
between stage II and III (p=0.134). Besides, some 
overlapping of the survival curves for the AJCC 
stages was observed (Figure 3C). As for cancer 
specific survival, the difference of AJCC stage I vs II 
(p=0.058) and stage II vs III (p=0.130) was still not 
significant (Figure 3D). However, the nomogroups 
performed consistently much better for both OS 
(Figure 3A) and CSS (Figure 3B). They could 
accurately stratify patients into the 4 risk groups with 
significant differences in the 1- and 3-year OS and CSS 
rates (1-/3-year OS rate: 80.8/55.4% in nomogroup I, 
67.5/40.9% in nomogroup II, 39.9/22.7% in 
nomogroup III, 17.2/4.2% in nomogroup IV; 
1-/3-year CSS rate: 84.9/66.2% in nomogroup 1, 
73.4/49.3% in nomogroup 2, 44.3/29.8% in 
nomogroup 3, 21.1/2.4% in nomogroup 4). 
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Figure 1. Nomograms estimating 1- and 3-year (A) overall survival and (B) cancer specific survival of primary SCCB patients. Instruction of the nomograms: Firstly, 
each covariate of an individual patient is located on the corresponding axis, by drawing a vertical line from that variable to the points scale, we could obtain its point. 
Second, we need to add up the points of each characteristic to obtain a total point, then by drawing a vertical line from the Total points scale to the 1- and 3-year OS 
or CSS scale, we can get the estimated probabilities of survival. RC, radical cystectomy; LNR, lymph node ratio; OS, overall survival; CSS, cancer specific survival 
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Figure 2. The calibration curves of 1- and 3-year OS (A, C) and CSS (B, D) for training cohort and OS (E, G) and CSS (F, H) for validation cohort. 
Nomogram-predicted probability of survival is plotted on the x-axis, and the actual survival is plotted on the y-axis. Dashed lines through the point of origin represent 
the perfect calibration models where the predicted probabilities are identical to the actual probabilities. OS, overall survival; CSS, cancer specific survival 
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Figure 3. Kaplan–Meier curves of risk group stratification for OS and CSS in the primary cohort. A, nomogram for OS; B, nomogram for CSS; C, AJCC staging 
system for OS; D, AJCC staging system for CSS. 

 
Additionally, decision curve analysis (DCA) was 

applied to render the clinical validity to the 
nomograms using the primary cohort. The results 
strengthened good clinical applicability of the 
nomograms in predicting OS and CSS of patients with 
SCCB due to the wide and practical ranges of 
threshold probabilities (Figure 4). When further 
comparing to the conventional AJCC stages, the 
nomograms still showed superiority over the AJCC 
system based on the fact that the net benefits for 
patients was enhanced in a rather wide range of 
threshold probabilities when using the nomograms 
compared with using the AJCC stages (Figure 4A and 
4B). 

Discussion 
In the present study, using a large patient cohort 

of SCCB from the SEER dataset, we establish two 
novel, comprehensive and convenient nomograms for 
estimating individual overall survival and cancer 
specific survival outcomes for patients with a very 
rare cancer—primary SCCB. The nomograms showed 
satisfactory accuracy and robustness when applied to 
both training and validation cohorts, which indicated 
good clinical applicability of the nomograms for this 
rare genitourinary tumor.  
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Figure 4. Decision curve analysis of nomograms and AJCC staging system for 
predicting OS (A) and CSS (B). 

 

Distinct from urothelial bladder cancer, several 
unique features of primary SCCB should be 
mentioned. First, the extremely low incidence led to 
blurry understanding of SCCB [9]. Besides, the 
majority of SCCB patients presented with either 
locally advanced or metastatic disease [5], which was 
associated with very poor prognosis [5, 14]. Naito et al 
reviewed 31 patients with primary SCCB between 
2001 and 2014, and showed a median survival time of 
only 12.7 months, which was in line with the results of 
our study. As for treatment, management of primary 
SCCB involves multimodal methods [32]. Up till now 
there are no standard guidelines of SCCB and no 
multicenter randomized controlled trials are available 
to guide treatment decisions. Hence, patients’ 
survival might be significantly influenced by their 
choices of therapies. Owing to the particularity of this 
malignancy, so far there was no staging system or 
predicting model that was specially designed for 
primary SCCB or was widely accepted. Currently, the 
7th AJCC staging system based on T, N and M 
information for urothelial cancers was also applied to 
SCCB. However, Mackey et al did not observe any 

correlation between AJCC staging and patient’s 
survival when 106 SCCB patients were analyzed 
retrospectively [17]. Koay et al also revealed obvious 
overlapping of the survival curves of the I-IV AJCC 
stages [5], suggesting that SCCB should be differently 
staged in comparison with other bladder 
malignancies. Additionally, the staging systems of 
AJCC that depend solely on pathological 
characteristics retain limited prognostic impact on 
SCCB because of ignoring the effect of diverse 
treatments on patients’ survival.  

Prognostic nomograms are the visualization of 
complicated statistical model that were used to 
predicting individual survival outcomes, and 
numerous advantages were observed in prognostic 
nomograms including good accuracy, user-friendli-
ness and comprehensibility, allowing for wide 
application in clinical practice [18, 19, 22]. As for 
bladder malignancies, several nomograms had been 
established for patients with urothelial bladder cancer 
[33-35]. Using population-based data, our study for 
the first time applied the nomograms to evaluating 
the prognosis of patients with primary small cell 
bladder cancer, which might be considered an update 
and extension of the previously published researches 
that also used population-based data but failed to 
establish a robust prognostic prediction model for 
SCCB patients [5, 36]. Via the establishment of two 
nomograms, we validated some clinicopathological 
factors as important prognostic predictors for OS and 
CSS. Some of these predictors are worth noting here. 
Age at diagnosis showed strong impact on both OS 
and CSS. This finding was also revealed in Koay et 
al’s study, in which age at diagnosis was identified as 
an independent prognostic factor for OS [5]. Based on 
the AIC values, gender was included in the OS 
nomogram but not in the CSS nomogram, and male 
patients was found to have a significantly greater risk 
of overall mortality compared with female. The role of 
gender in predicting prognosis of SCCB patients 
seemed to be totally different from that in patients 
with urothelial bladder cancer. Numerous studies 
proved that female patients were associated with 
higher cancer specific mortality in urothelial bladder 
cancer [37-39]. Such disparity might be a reflect of 
differences between SCCB and UBC in genetic, 
hormonal, societal, and environmental factors, which 
all had significant impact on gender-related cancer 
prognosis [40]. Additionally, this is the first time that 
marital status was introduced to prognostic 
nomogram for SCCB. In the present study, marriage 
was proved to make a prognostic difference and 
deserved more attention since it might include 
complicated mechanisms for the enhancement of 
overall survival. 
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It’s reasonable to deduce that some 
tumor-related factors like infiltration depth, 
metastatic status, lymph nodes status and tumor size 
were to some extent associated to overall survival and 
cancer specific survival. They are typical features of 
tumor development and are closely related to patient 
death at various but statistically significant levels. The 
AJCC staging system is based on three elements: T 
stage which reflects infiltration depth, N stage which 
reflects nodes status and M stage which reflects 
metastatic status. Our nomograms also include T 
stage of SCCB and the roles it played in nomograms 
were similar to those in the AJCC classification (T1 
represented the best prognosis while T4 represented 
the worst). As for the metastatic status, previous 
study had already pointed out that in SCCB patients, 
distant lymph nodes were much more common 
metastatic foci compared with other organs [10]. Our 
study innovatively subdivided the M1 stage into three 
different levels: 1) distant nodes only; 2) other organs 
and 3) distant node & organs, which were 
consequently proved to have different prognostic 
value and were all embedded in the two nomograms 
together with M0 stage. Lymph node status was one 
of the most controversial among these tumor-related 
factors in our study. Out of our expectation, the 
present N classification was not an independent 
prognostic indicator for OS and CSS and was not 
included in our nomograms via the AIC-based 
selections of factors. Lymph node ratio (LNR) has 
been proposed as a quality indicator in urothelial 
bladder cancer and might has superiority over the N 
staging system [41-43]. In view of LNR’s potential 
value in predicting prognosis, we paid a special 
attention to the roles it played in our study. According 
to the results of multivariate analysis, patients with 
LNR=0 had a significantly better OS and CSS than 
patients with LNR>0.46, indicating its applicability in 
SCCB. Simultaneously, the AIC-based selection 
incorporated LNR into the established nomograms, 
which became the representative of lymph node 
status and made up for the absence of N stages. 

The proposed nomograms included three 
treatment factors: radical cystectomy, chemotherapy 
and radiation, which performed well in predicting the 
survival outcomes of SCCB patients. Among all 
therapies, chemotherapy as adjuvant or neoadjuvant 
therapy still appeared to be the major treatment 
modality for SCCB patients [8]. The common regimen 
for SCCB is platinum based chemotherapy which was 
associated with significantly improved survival [17]. 
Moreover, radiation was also an option for some 
patients. Several previous studies showed the benefits 
of the combination of radiation with chemotherapy 
[12, 44]. A literature review in 2015 concluded that 

radiation seemed to work only when given in a 
sequential manner following chemotherapy [32]. We 
gave this issue a supplementary explanation that 
according to the results of our multivariate analyses, 
radiation seemed to be a totally independent 
prognostic factor for both OS and CSS. Hence, further 
studies are needed to fully reveal the therapeutic roles 
of radiation in SCCB and to discover its synergistic 
effect with chemotherapy as well as surgeries. In 2004, 
Cheng et al asserted that radical cystectomy alone had 
no curative function in the majority of cases [9]. 
However, a Mayo Clinic study found that if metastatic 
disease is absent, RC should be performed [10]. Our 
study also confirmed the significant prognostic value 
of RC. It is now believed that neo adjuvant 
chemotherapy followed by surgery appears to be the 
optimal treatment, since it could completely resect all 
tumor burden, downstage the cancer and improve 
patients’ survival [7, 10, 45]. 

The C-index, log-likehood value and calibration 
curves were regular methods to do the validation of a 
nomogram [20, 30, 31]. Our study also produced some 
novel results using various methods. Above all, based 
on the nomograms of OS and CSS, four nomogroups 
were established and could efficiently classified 
patients into different risk groups with a single 
predictive score. Such risk classification was even 
superior to the current AJCC classification and might 
be quite useful for clinicians to identify patients with 
high risks in order to give intensified follow-up. The 
nomogroups also helped to figure out the degree of 
survival heterogeneity in AJCC stages, which 
frequently brought confusion and uncertainty to 
patient consulting. We need to realize that the optimal 
thresholds for risk classification of the nomograms 
might be individualized, so further validations and 
optimization of our nomograms by us as well as other 
urologists all over the world are definitely needed to 
maximize nomograms’ clinical potential. Besides, we 
should note that high predictive accuracy does not 
necessarily mean better usefulness in clinical practice. 
In fact, well performed models might also have 
limited applicability when the threshold probabilities 
of the net benefits are impractical [18, 29]. Therefore, 
we introduced DCA which was recommended by 
previous studies and was used in evaluating 
nomograms [35, 46-48]. The results proved the clinical 
validity of our nomograms. 

Generally speaking, the new nomograms in our 
study are innovative in the following aspects. First 
and most importantly, no prognostic nomogram has 
been designed for SCCB patients before. We 
established the first two nomograms for these patients 
and made the individualized prediction of prognosis 
become possible. Second, we revealed that the current 
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AJCC stages for bladder cancer was actually not quite 
suitable for small cell carcinoma. Hence, we 
established a novel nomogroup system based on the 
scores of the nomogram and further proved that the 
new-established nomogroup could easily divided 
patients into different risk stratifications. Third, 
enlightened by one of our previous study [49], we for 
the first time revealed that in SCCB patients, distant 
lymph node metastasis represented better survival 
outcomes compared with other organ metastases. 
Hence, in the “metastasis” item of the nomograms, we 
creatively divided it into four categories (M0; distant 
node only; other organs; distant node & other organs), 
which increased the predictive accuracy. Fourth, we 
for the first time proved that lymph node ratio was 
more suitable as a node-related index for SCCB 
patients in terms of prognosis prediction, and was 
imbedded into our nomograms. Fifth, as we 
mentioned above, it was the first time that marital 
status was shown to have prognostic value for SCCB 
patients and was included into the nomograms for OS 
prediction. Last but not least, decision curve analysis, 
a relatively new approach for analyzing net benefit, 
was applied to our nomograms and revealed that the 
new nomograms had wider clinical applicability than 
the current AJCC stages.  

Although to the best of our knowledge, these are 
the first two prognostic nomograms for OS and CSS in 
primary SCCB patients using population-based data, 
some potential limitations should still be considered. 
The major limitation came from the SEER dataset 
itself. For example, the recently updated SEER dataset 
used “No/Unknown” as one inseparable group in 
terms of chemotherapy and radiation, which referred 
to patients with no evidence of chemotherapy or 
radiation in the medical records. This led to the 
limitations of the completeness of the variables and 
might cause other relevant bias. To show our 
acknowledgement and understanding of the 
limitations of the SEER radiation and chemotherapy 
data, we specially included the description about this 
issue in our study and used group named “no 
evidence” rather than “no” as the counterpart of “yes” 
for chemotherapy and radiation. As for the 
establishment of nomograms, improved model 
accuracy sometimes comes at the cost of increased 
complexity. It’s not easy to balance the tradeoffs 
between comprehensiveness and comprehensibility, 
which is a common issue in developing new 
nomograms. Considering this, we only chose 
variables that were clinically essential and practical 
with high reproducibility and low time-varying 
effects. Moreover, because of the limited number of 
patients in the validation cohort, the calibration 
curves of 3-year CSS showed slightly reduced level of 

agreement. Frankly speaking, it’s a recognized 
problem that the validation cohort of nomograms for 
rare diseases sometimes contained too few people 
[24]. For the purpose of minimizing the bias caused by 
limited validation cases, the validation cohort was set 
with 100 SCCB patients which was a recommended 
standard by previous study [50]. Additionally, the 
study was conducted retrospectively and selection 
bias might exist. 

Conclusion  
In conclusion, we established and validated the 

first two nomograms predicting individual overall 
and cancer specific survival for patients with primary 
SCCB. The proposed nomograms in our study 
showed consistently reliability and clinically 
practicality with wide threshold probabilities. 
Besides, the nomograms outperformed the current 
AJCC classification and offered a useful tool for 
patient counseling and clinical assessments. Further 
external valuations by other independent patient 
groups are still required. 
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