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Introduction
Bladder cancer (BCa) is the 11th most common 
type of cancer worldwide.1,2 According to the 
National Cancer Institute, the number of new 
BCa cases and deaths in the United States of 

America are predicted to reach 74,690 and 
15,580, respectively, in 2014.3,4 Urothelial carci-
noma (UC) is the most prevalent pathological 
type of bladder cancer, whereas primary signet 
ring cell carcinoma (SRCC) is a relatively 
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uncommon kind of adenocarcinoma, accounting 
for only 0.24% of all bladder malignancies. Based 
on earlier classification, SRCC is the subtype with 
the worst prognosis.5 Histologically, these tumors 
resemble signet rings. Considering their flat top 
and stamped or embossed mark, signet rings were 
used to seal correspondence. The accumulation of 
cytoplasmic mucin causes the nuclei to migrate to 
the periphery, giving them their signet cell form.6 
Based on observations of SRCC biological activity 
in gastric cancer, theories on how advanced dis-
ease pathology in SRCCs is inherited at the time 
of presentation have been established.7 The dif-
fuse-type tumors do not produce macroscopic or 
fungating lesions and are characterized by poor 
cell adhesion and lack of gland development; these 
tumors originated from signet ring cell, according 
to the Lauren classification developed in 1965.8 In 
addition to their impairment of cell–cell adhesion, 
which results in their diffuse pattern of dissemina-
tion, the two most essential pathogenic aspects of 
SRCCs are mucin accumulation and cell–cell 
adhesion defects.9 During the epithelial-to-mes-
enchymal transition (EMT) process of metastasis, 
the loss of E-cadherin expression is one of the first 
phases during which the damage of cell–cell con-
nections promotes a more plastic cytoskeleton and 
anchorage-independent growth and survival dur-
ing lymphatic and hematogenous cell spread. The 
mutations in the CDH1 gene likely contribute to 
the aggressiveness of SRCC in gastric. It plays a 
role in the onset of early-stage tumors. The pro-
tein called E-cadherin, which is determined by the 
CDH1, was discovered to exhibit truncations in 
diffuse gastric cancers for the first time in 1994.10 
Despite the fact that bladder SRCC is exceedingly 
malignant and commonly presents with a high-
grade and bad prognosis, it is often overlooked 
because of its rarity; bladder cancer treatments are 
predominantly focused on UC.11,12 Large rand-
omized controlled studies are difficult to conduct. 
Thus, consensus on treatment protocols is lack-
ing. SRCC is believed to be resistant to chemo-
therapy and radiotherapy and has been linked to a 
bad prognosis.13 Surgical resection remains the 
first consideration for managing colorectal SRCC 
patients.14

However, few studies focused on the impact of 
treatment modalities on both CSS and OS of 
bladder SRCC. The Surveillance, Epidemiology, 
and End Results (SEER) is a comprehensive pro-
gram that monitors incidence, prognosis, and 
cancer surveillance in the United States (US). 
SEER is funded by the National Cancer Institute’s 

(NCI) Division of Cancer Control and Population 
Sciences’ Surveillance Research Program (SRP) 
(DCCPS). Cancer data are collected through a 
coordinated system in 18 registries located 
throughout the United States. These regional 
registries cover around 35% of the United States’ 
population, representing the entire country’s 
demographics. In 1973, data gathering began 
with a few registrations and quickly expanded to 
encompass different places throughout the United 
States.15,16 We proposed studying treatment 
modalities for bladder SRCC and comparing sur-
gery and non-surgery cases in 1975–2018 in 18 
registries of the United States based on the SEER 
database.

Methods

Data source
Anonymised data were retrieved from the latest 
SEER registry 2018 (www.seer.cancer.gov) with 
additional treatment fields through SEER* Stat 
software (version 8.3.9), which was released on 
April 2021, based on the November 2018 sub-
mission, which almost covers 35% of the United 
States population. The SEER program orderly 
assembles the demographic, clinical, and follow-
up information from 18 cancer registries. We 
applied for access to the SEER database after we 
applied for a signed agreement. Then, we made 
another application for the additional treatment 
fields, which we gained successfully.

Study population
We used a case listing session in the SEER data-
base to extract patients if the histology was SRCC 
(ICD-O-3 8490/3). The diagnosis was confirmed 
by positive histology and was their first or only 
cancer diagnosis (a first positive indicator of 
malignancy). We included all microscopically 
confirmed (positive histology, exfoliative cytol-
ogy, immunophenotyping and/or post genetic 
studies, positive microscopic confirm method 
non-specified) cases diagnosed with SRCC, aged 
more than 20 with only active follow up. We have 
measured the prediction ability of our study, and 
report the study based on the STROBE check-list 
for cohort studies (Supplementary Table).

Study primary measurement
This study’s primary measurement is to identify 
the impact of surgery on the CSS and OS of 
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SRCC in the bladder and to conduct a detailed 
study of the survival rates between variables of 
these two groups. The study also aimed to con-
struct a nomogram to predict the variable that 
affects CSS and OS of patients with a primary 
bladder SRCC.

Prognostic variables
The following variables were selected as the prog-
nostic factors in our study: age at diagnosis, race, 
sex, primary site, marital status, grade, SEER his-
toric stage, type of surgery, the reason for non-
cancer-directed surgery, radiation, the sequence 
of radiation with surgery, information on chemo-
therapy treatment, SEER classification of other 
cause of death, lymph node removal, insurance 
status, marital status, and vital status record. The 
study period was calculated until the last update 
of the SEER database. The age groups were des-
ignated according to age at diagnosis (20–69 
and ⩾ 70 years old). The cases were categorized 
according to marital status (married, unmarried, 
and others) and race (white, black, and others). 
The reason for non-cancer-directed surgery was 
used as an indicator of surgical history, and cases 
were grouped according to whether surgery was 
performed or not (not recommended, not per-
formed, and unknown). The cases were also cat-
egorized depending on surgery status, as follows: 
no surgery, TUR-BT (transurethral resection for 
bladder tumors), partial cystectomy, radical cys-
tectomy, pelvic exenteration, and other types of 
surgery. Local tumor destruction fulguration 
includes the use of hot forceps for tumor destruc-
tion. The cases were also categorized depending 
on radiation treatment, as follows: beam radia-
tion, implants, and radiation not otherwise speci-
fied; no radiation; and other. Information on 
chemotherapy treatment, the cause of death by 
the same cancer, or other causes was also 
obtained. The demographic and tumor character-
istics of patients in both groups were compared 
using χ2. OS based on the primary site was esti-
mated by KM, and comparisons among groups 
were carried out by log-rank test. Univariate and 
multivariate Cox proportional hazards models 
were used to determine the effect of a prognostic 
variable on OS. The nomogram was constructed 
in the following manner. To begin, a univariate 
Cox proportional hazards model was used to 
determine the predictive ability of each parame-
ter. Second, using a backward model selection 
approach, factors with a p-value of less than 0.05 
in univariate analysis were further evaluated in a 

multivariate Cox proportional hazards model. 
The final model’s factors were used to construct 
the nomogram and risk classification system. A 
calibration plot was produced to evaluate the 
nomogram’s potential for clinical utility by com-
paring the observed and nomogram-predicted 
survival/recurrence. In addition, the nonadher-
ence nomogram was confirmed by adjusting a 
comparatively corrected Harrell’s concordance 
index C-index using bootstrapping (1000 boot-
strap resamples). The C-index was obtained 
using bootstrapping to determine the likelihood 
that the prognostic nomogram models are similar 
to the actual observed outcomes. The receiver 
operating characteristic (ROC) curves are used to 
compare the nomogram’s capacity to estimate 
patient mortality with that of the scoring criteria 
for OS and CSS in bladder SRCC. SPSS version 
26.0 (SPSS Inc., Chicago, IL, USA) was used to 
determine statistical significance at p < 0.05 and 
had a limit of 0.0001. The predictive concert of 
the nomogram was measured by concordance 
index (C-index) performed in R version 3.3.3 
(http://www.r-project.org/). The key outcome 
measures in this study were cancer-specific sur-
vival (CSS) and overall survival (OS). CSS was 
defined as the amount of time between the diag-
nosis and death due to bladder SRCC. The term 
‘OS’ refers to the period defined as the interval 
between the time of diagnosis and the time of 
death from any cause.

Results

General patient’s characteristics
A total of 595 patients of bladder SRCC (496 
surgery cases; and 99 non-surgery cases) were 
included. For the demographics, the therapeutic 
and tumor characteristics of both groups are sum-
marized in Table 1. Of those who had cancer-
directed surgery, 192 (38.6%) underwent 
TUR-BT alone, and 193 (32.3%) underwent cys-
tectomy (partial or radical). A total of 106 
(17.8%) patients underwent radiation therapy, 
and 150 (25.1%) had sequencing between sur-
gery and radiation. Except for the age at diagno-
sis, race, radiotherapy, and chemotherapy, many 
variables were significantly different between the 
two groups. Males showed high predominance in 
all cases of both groups (p = 0.04). Moderate and 
poor differentiation (III-IV) were shown by the 
majority of patients who underwent surgery (77.2 
vs 58.6, p ⩽ 0.001), had no lymph node removal 
(71.5% vs 66.9%, p < 0.001), had distant-stage 
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Table 1. Demographic characteristics of bladder SRCC surgery and no surgery in the Unites State based on 
SEER database.

No surgery n = 99 
(16.6%)

Surgery n = 496 
(83.9%)

p value

Age 0.4

 25–69 55 (55.6) 282 (56.8)  

  ⩾ 70 44 (44.4) 214 (43.2)  

Race 0.9

 White 80 (80.8) 406 (81.8)  

 Black 13 (13.1) 61 (13.3)  

 Other 6 (6.1) 29 (5.1)  

Sex 0.04

 Female 37 (37.4) 136 (27.3)  

 Male 62 (62.6) 360 (72.7)  

Primary Site 0.0001

 C67.0-Trigone of bladder 4 (4.0) 29 (5.9)  

 C67.1-Dome of bladder 5 (5.0) 52 (10.3)  

 C67.2-Lateral wall of bladder 8 (8) 103 (20.6)  

 C67.5-6Bladder neck and Ureteric orifice 1 (1.0) 22 (4.5)  

 C67.7-Urachus 5 (5.0) 31 (6.4)  

 C67.8-Overlapping lesion of bladder 12 (12.1) 74 (14.9)  

 C67.9-Bladder, NOS 64 (64.6) 185 (37.1)  

Grade 0.0001

 Grade I–II 1 (1.0) 15 (2.8)  

 Grade III–IV 58 (58.6) 383 (77.2)  

 Unknown 40 (40.3) 98 (19.8)  

Seer historic stage 0.0001

 Distant 53 (53.0) 119 (24.3)  

 Localized 12 (12.0) 78 (15.7)  

 Regional 22 (22.0) 287 (57.8)  

 Unstaged 12 (12.0) 12 (2.4)  

Type of Surgery  

 No surgery 90 (100) 0 (0)  

(Continued)
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No surgery n = 99 
(16.6%)

Surgery n = 496 
(83.9%)

p value

 TURBT 0 192 (38.6)  

 Partial cystectomy 0 47 (9.6)  

 Radical cystectomy 0 98 (19.8)  

 Pelvic exenteration 0 95 (19.3)  

 Others 0 64 (12.7)  

Lymph node removal 0.0001

 Non /unknown 93 (92.9) 332 (66.9)  

 More than one 6 (6.1) 164 (32.9)  

Radiation sequence with surgery –

 No sequence – 359 (73)  

 After – 74 (14.9)  

 Before and after – 5 (0.1)  

 Before – 4 (0.1)  

 Other – 54 (10.7)  

Radiotherapy 0.05

 No/unknown 75 (75.7) 414 (83.5)  

 Yes 24 (24.2) 82 (16.5)  

Chemotherapy 0.2

 No/unknown 60 (60.6) 322 (64.9)  

 Yes 39 (39.4) 174 (35)  

Specific cause of death 0.008

 Cancer specific death 60 (60.6) 232 (46.7)  

 Other cause of death 39 (39.4) 264 (53.2)  

Insurance 0.001

 Insured 21 (21.2) 185 (37.3)  

 Others 78 (78.8) 311 (62.7)  

Marital status  

 Married 38 (38.4) 280 (56.5) 0.05

 Not married 49 (49.5) 163 (32.8)  

 Others 12 (12.1) 53 (11.3)  

NOS, not other spacified; TURBT, trans urethral resection of bladder tumour. 

Table 1. (Continued)
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non surgery vs surgery (53.0% vs 24.3%, 
p < 0.001), and had no insurance (65. 5% vs 
67.9% p < 0.001). Cancer-directed surgery was 
conducted on 496 individuals (83.94%). However, 
SRCC demonstrated an independent factor for 
survival. The SRCC exhibited lower OS and CSS 
than the UC (HR = 1.51, 95% CI = 1.39–1.64, 
p  = 0.0001) and CSS (HR = 1.40, 95% 
CI = 1.18–1.65, p = 0.001), as shown in Figure 1.

Survival analysis
In the study of bladder SRCC, the K–M curves 
revealed a significant difference in CSS and OS 
between surgery yes and surgery no. Patients who 
underwent surgery had superior OS and CSS. 
The median months CSS in surgery vs non-sur-
gery were 20-median month CSS = 29.7% vs 
5.0%, 60-median month = 4.4% vs 1.7%, and 
100-median month 0.9% vs 0.0%. The median 
month OS values in surgery vs non-surgery were 
20-median month = 37.6% vs 11.2%, 60-median 
month = 10% vs 2.1%, and 100-median month 
3.4 vs 0% Figure 2. Even after the variables were 
adjusted for age, race, sex, primary site, grade, 
stage, lymph node removal, chemotherapy record, 
radiotherapy record, insurance, and marital sta-
tus in multivariate Cox proportional hazard 
model (HR = 0. 592; 95% CI = 0.449–0.782; 
p = 0.0001), as shown in Figure 3(a). In addition, 
difference was detected in most of the other fac-
tors. Survival advantages were restricted to indi-
viduals who underwent surgery (e.g. male, white, 
black, chemotherapy, and radiotherapy status), as 
shown in Figure 3 and Table 2. The survival 
advantages were recorded in the non-surgery 
group in the following variables (female and site-
trigon of bladder), as shown in Figures 3(b) and 
(f). In the univariate analysis of CSS and OS, we 
included all variables, such as age, race, sex, pri-
mary site, grade, stage, type of surgery, lymph 
node removal, radiation sequenced with surgery, 
surgery performed, radiotherapy record, chemo-
therapy record, insurance, and marital status. 
The variables found to be significant were 
included in the multivariate analysis. In the OS 
group, we found that age, primary site, stage, type 
of surgery, lymph node removal, and surgery per-
formance were significant predictors of OS. In the 
CSS group, age, primary site, stage, type of sur-
gery, chemotherapy, radiation sequence with sur-
gery, surgery, radiation, insurance, and marital 
status were significant predictors of OS 
(p = 0.001). As a result, the surgery was a signifi-
cantly protective factor for survival (CSS: hazard 

ratio (HR) = 0.285, 95% CI: 0.138–0.592, 
p = 0.001, OS: hazard ratio (HR): 0.572, 95% CI: 
0.307–1.065, p ⩽ 0.001), as shown in Table 3.

Treatment modalities
From 1975 to 2018, SEER retrieved data on 
SRCC treatment, which included surgery, radia-
tion, and chemotherapy methods. The majority of 
patients with SRCC of bladder reported in the 
SEER had surgery; they accounted for about 
83.4% of the total number of patients. Regarding 
chemotherapy treatments for patients with SRCC, 
no significant difference was found between 
patients who were administered adjuvant chemo-
therapy and those who were not treated. At the 
same time, radiotherapy variables revealed a 
higher number of cases who did not receive any 
radiation radiotherapy (approximately 71.2%) 
than those who received treatment (approximately 
17.8%), as shown in Table 1. In terms of treat-
ment modalities, no significant differences were 
found in the survival between chemotherapy and 
radiotherapy (p = 0.1, Figure 4(a)). Moreover, in 
the combination therapy, chemo-radio yes vs sur-
gery yes revealed better survival in the surgery 
group. These results indicate that surgery was the 
most effective treatment modality for SRCC in 
the urinary bladder, as shown in Figure 4(b).

Subgroup analysis
Several subgroups were studied further to deter-
mine the effect of surgery on survival. Subgroup 
analysis found that the surgical population out-
performed the non-surgical population in terms 
of OS in virtually all subgroups. Specifically, in 
no/unknown chemotherapy and marital status 
subgroups, patients could significantly benefit 
from surgery in terms of CSS (all p ⩽ 0.05), as 
shown in Figure 5.

Building the novel nomogram for the overall 
survival and cancer-specific survival
A nomogram model was built based on the prog-
nostic factors as significantly positive predictors 
of survival in OS and CSS multivariable cox 
regression. Each prognostic parameter was 
assigned a score based on its prognostic value, 
and the sum total of the scores was used to pre-
dict 1-, 3-, and 5-year survival. The sum of the 
scores for all factors was turned into an estimate 
of the likelihood of death. In the case of SRCC of 
the bladder, the C-indexes of the prognostic 
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Figure 1. (a) Cancer-specific survival and (b) overall survival of patients with SRCC and UC, respectively.
SRCC, primary signet ring cell carcinoma; UC, urothelial carcinoma. (HR = 1.51, 95% CI = 1.39–1.64, p = 0.0001) and CSS (HR = 1.40, 95% 
CI = 1.18–1.65, p = 0.001).

Figure 2. (a) Cancer-specific survival and (b) overall survival of patients underwent surgery vs non- surgery among SRCC patients.
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Table 2. Overall survival study using Kaplan-Meier analysis between the variables in the Unites State based on 
SEER database.

Variables
Median survival

No surgery
Months

Surgery
Months

p value

Age (years) at diagnosis

 25–69 6 22 0.0001

 70–>85 3 14 0.0001

Race

 White 9 41 0.0001

 Black 2 14 0.065

 Others 3 31 0.0001

Gender

 Female 15 3 0.0001

 Male 6 18 0.0001

Primary site

 Trigone of bladder 17 6 0.04

 Dome of bladder 3 27 0.06

 Lateral wall of bladder 2 23 0.4

 Bladder neck and Ureteric orifice 0 17 0.01

 Urachus 11 40 0.06

 Overlapping lesion of bladder 3 16 0.0001

 Bladder, NOS 5 13 0.0001

Grade

 Well, moderate differentiated - - -

 Poorly differentiated, Undifferentiated 3 16 0.0001

 Unknown 6 22 0.0001

Seer historic stage

 Distant 5 9 0.02

 Localized 5 39 0.0001

 Regional 4 22 0.0001

 Unstaged 10 13 0.5

Lymph nodes removed

 None 5 16 0.0001

 More than one 6 22 0.2

(Continued)
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Variables
Median survival

No surgery
Months

Surgery
Months

p value

Chemotherapy

 No/unknown 2 21 0.0001

 Yes 7 15 0.0001

 Others 5 20 0.05

Radiotherapy

 No/unknown 3 21 0.0001

 Yes 7 12 0.02

 Others 5 20 0.05

Death cause specific

 Same cancer cause 4 12 0.0001

 Other cause of death 10 34 0.0001

Insurance

 No/unknown 5 19 0.0001

 Insured 6 16 0.0001

 Others 4 14 0.0001

Marital status

 Married 5 20 0.0001

 Not married 4 16 0.0001

 Others 5 20 0.05

NOS, not other spacified; TURBT, trans urethral resection of bladder tumour.

Table 2. (Continued)

nomogram for overall survival and the cancer-
specific survival prediction were 0.70 and 0.73, 
respectively (Figure 6(a) and (b)). The prediction 
model revealed that stage and surgery type were 
the most critical factors influencing prognosis in 
the OS. In CSS, the radiation sequence with sur-
gery was followed by surgery and type of surgery. 
For each variable, a grade was assigned based on 
its level of complexity. Individuals’ total scores 
were calculated in accordance with the scores 
assigned to different values of each variable, and 
the 1-, 3-, and 5-year survival rates of individuals 
were calculated. To evaluate the nomogram’s 
performance, 1-, 3-, and 5-year receiver operating 
characteristic (ROC) curves were created. Figure 
6(c) and (d) illustrate our innovative nomogram 
model. The assessment revealed significantly 

improved prediction accuracy. AUC in OS values 
of 0.77, 0.76, and 0.74 and AUC in CSS values 
of 0.83, 0.80, and 0.79 were obtained for the 1-, 
3-, and 5-year survival nomograms, respectively.

Discussion
SRCC has a poor prognosis and is one of the most 
aggressive malignancies. Signet ring cells are typi-
cally seen in the colon, rectum, stomach, prostate, 
and bladder with several metastatic sites.17 Certain 
adenocarcinomas of the urinary bladder produce 
mucin in large amounts and are referred to as 
mucinous adenocarcinomas or gelatinous or col-
loid carcinomas depending on their location.18 
However, the Signet ring variation was previ-
ously classified in the adenocarcinoma group of 
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Table 3. Univariate and multivariate analyses of cancer special survival (CSS) and overall survival (OS) for 594 patients with bladder 
SRCC treated with surgery in the Unites State based on SEER database.

Variables CSS OS

Univariate 
analysis

Multivariate  
analysis

Univariate 
analysis

Multivariate  
analysis

P value HR (95%CI) p value p value HR (95%CI) p value

Age at diagnosis  
25–69vs. ⩾ 70

0.001 1.434 (1.105–1.860) 0.007 0.001 1.493 (1.230, 1.812) <0.001

Race 0.796 NI 0.05 0.06

 White Reference  

 Black 1.379 (1.046, 1.817) 0.02

 Other race 0.911 (0.601, 1.380) 0.659

Sex 0.759 NI 0.306 NI

 Female  

 Male  

Primary site 0.01 0.257 <0.001 0.06

 Trigone of bladder Reference Reference  

 Dome of bladder 0.500 (0.250- 1.002) 0.05 0.953 (0.559, 1.622) 0.858

 Lateral wall of bladder 0.669 (0.357, 1.256) 0.2 0.850 (0.535, 1.622) 0.492

 Bladder neck and  
 Ureteric orifice

0484 (0.212, 1.106) 0.08 0.927 (0.501, 1.713) 0.808

 Urachus 0.528 (0.247, 1.129) 0.09 0.642 (0.348, 1.183) 0.155

 Overlapping lesion of  
 bladder

0.728 (0.392–1.351) 0.3 1.088 (0.678, 1.747) 0.762

 Bladder, NOS 0.806 (0.454–1.423) 0.8 1.207 (0.785, 1.853) 0.391

Grade 0.471 NI 0.252 NI

 Grade I/II  

 Grade III/IV  

 Unknown  

Stage  < 0.001 0.006  < 0.001 < 0.001

 Distant Reference Reference  

 Localized 0.452 (0.280, 0.730) 0.001 0.271 (0.195, 0.378) < 0.001

 Regional 0.680 (0.505, 0.917) 0.01 0.487 (0.386, 0.613) < 0.001

 Un-staged 0.991 (0.468, 2.096) 0.980 0.338 (0.207, 0.551) < 0.001

(Continued)
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Variables CSS OS

Univariate 
analysis

Multivariate  
analysis

Univariate 
analysis

Multivariate  
analysis

P value HR (95%CI) p value p value HR (95%CI) p value

Type of surgery  < 0.001 0.005  < 0.001 < 0.001

 No surgery Reference Reference  

 TURBT 1.751 (0.802, 3.820) 0.159 1.420 (0.721, 2.797) 0.310

 Partial cystectomy 0.993 (0.380, 2.593) 0.898 0.567 (0.253, 1.272) 0.169

 Radical cystectomy 1.084 (0.488, 2.408) 0.842 < 0.001 0.756 (0.379, 1.506) 0.426

 Pelvic exenteration 1.306 (0.581, 2.939) 0.518 0.910 (0.453, 1.828) 0.791

 Other type of surgery 0.717 (0.368, 1.396) 0.328 0.973 (0.531, 1.782) 0.929

Lymph nodes removed 
more than one vs. No

0.526 NI 0.002 0.923 (0.685, 1.244) 0.6

Radiation sequenced with 
surgery

0.002 0.485 0.08  

 No sequence at all Reference  

 Sequence after surgery 1.035 (0.499, 2.149) 0.926  

 Sequence before and  
  after surgery

2.660 (0.697, 
10.157)

0.152  

 Sequence before surgery 0.745 (0.150, 3.698) 0.719  

Surgery yes vs. no  < 0.001  < 0.001 0.572 (0.307, 1.065) 0.07

Radiotherapy 0.001 0.762 0.003 < 0.001

 No/unknown Reference Reference  

 Yes 1.107 (0.574, 2.134) 0.762 0.513 (0.467, 0.563)  

Chemotherapy 0.001 < 0.001 0.118 0.132

 No/unknown Reference Reference  

 Yes 0.549 (0.413, 0.728) < 0.001 1.125 (0.965, 1.312)  

Insurance 0.02 1.420 (1.054, 1.914) 0.02 0.450 0.011

 No/unknown Reference Reference  

 Insured 0.898 (0.822, 0.980) 0.898 (0.827, 0.975)  

Marital status  < 0.001 Reference 0.344 0.05 Reference 0.557

 Married 1.042 (0.783–1.388) 0.776 0.987 (0.807, 1.206) 0.895

 Not married 1.444 (0.881–2.366) 0.145 0.806 (0.542, 1.199) 0.287

CI, confidence interval; CSS, cause-specific survival; NI, not indicated; NOS, not other spacified; HR, hazard ratio; OS, overall survival; TURBT, trans 
urethral resection of bladder tumour.

Table 3. (Continued)
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Figure 4. K-M In terms of treatment modalities, (a) there were no significant differences in the survival between chemotherapy and 
radiotherapy p = 0.1. (b) Moreover, in combination therapy, chemo-radio yes vs surgery yes revealed better survival in the Surgery yes group.

Figure 5. Subgroup analysis demonstrated superior OS populations underwent surgery than the non-surgery 
group in nearly all subgroups. Specifically, in no/unknown chemotherapy and marital status subgroups, 
patients could significantly benefit from surgery in terms of CSS (all p < 0.05).

variations in the earlier classification in 2004. It 
has recently been grouped with the plasmacytoid 
variety as a distinct entity in the 2016 WHO  

classification of urothelial carcinoma; the most 
significant differential diagnoses for SRCC is plas-
macytoid urothelial carcinoma.19,20
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The CDH1 (Cadherin-1) gene and its protein 
E-cadherin are responsible for the aggressiveness 
of gastric SRCC; Cadherin-1 mutations contrib-
ute to tumor initiation early in the disease 
course.21 Given the rarity of CDH1 mutations, it 
is challenging to associate them with SRCC loca-
tions. Colorectal SRCC, for example, has more 
BRAF and KRAS gene aggregation than pre-
dicted tumors, but it has been linked to a history 
of inflammatory colitis. Methylation of the CDH1 
promoter is found in 93% of dysplastic biopsies, 
compared with 6% of non-dysplastic biopsies in 
ulcerative colitis patients.22 Given the rarity of 
SRCC, previous research has focused on case 
studies and singular institutional experiences, 
which may not adequately reflect the natural his-
tory of ‘real world’ patients. Large cancer referral 
centers may have a higher number of advanced 
and recurring cancers than smaller centers, but 
they also have a larger healthy population that can 
attend these facilities.23,24 We used the latest 
update of the SEER program. This study exam-
ined the largest collection of bladder SRCC 
reported to date, and this investigation was veri-
fied by the unfinished results previously through 
case series and limited database studies.25,26 In 
the study of prognosis of SRCC, variables such as 
age, primary site, stage, type of surgery, surgery 
performance, radiotherapy, and lymph node 
removal were significantly positive prognostic fac-
tors. However, when multivariate variables, such 
as age, surgery, and distant stage, were included, 
highly significant survival predictions were 
obtained. In addition, in comparison with UC, 
SRCC had a significantly lower OS. The findings 
revealed that SRCC might be an independent 
prognostic factor in patients with urinary bladder. 
In comparison with the study by Jin et al.,26 our 
study included more patients, for example, 
females with SRCC (29%, 172/595 vs 27.4%, 
86/318). Regarding treatment, our study popula-
tion provided extensive descriptions of chemo-
therapy and surgery, which was one of the 
previous study’s limitations.26 It is vital to use a 
multidisciplinary approach in the therapy of blad-
der SRCC to establish the most effective treat-
ment choices based on the natural history and the 
tumor’s prognostic characteristics. As of this 
moment, an effective treatment for SRCC of the 
urinary bladder is lacking.25 SRCC of the urinary 
bladder is resistant to typical chemotherapy regi-
mens used to treat advanced urothelial carci-
noma. Investigations evaluating various 
chemotherapy regimens for this uncommon neo-
plasm are lacking due to the small number of 

cases. In our study, chemotherapy enhanced the 
OS for the SRCC, p = 0.001, but it has a negative 
prediction for CSS survival (1.125; 0.965, 1.312; 
p = 0.1), which could be explained by the high 
metastatic rate of this kind of tumor. Similar to 
our study, Luzzago et al.27 found that chemother-
apy had a negligible effect on survival in patients 
with no distant cancer. However, chemothera-
peutic regimens, including cisplatin and gemcit-
abine or methotrexate, vinblastine, cisplatin, and 
doxorubicin, which are being used in the treat-
ment of advanced urothelial carcinoma, are 
examples of conventional treatments. SRCC has 
demonstrated resistance to therapy.28 Moreover, 
some individuals did not react to standard plati-
num-based chemotherapy regimens, including 
capecitabine or 5-fluorouracil-based regimens, 
despite that colon cancer type regimens have high 
therapeutic benefit. We found that chemotherapy 
is a negative predictor for both OS and CSS.29 
Interestingly, we found that the combination of 
radiotherapy and chemotherapy treatment 
modalities showed lower survival than surgery 
(p < 0.001); this may be explained by the radio-
sensitivity of urinary bladder SRCC.30,31 In our 
study, patients with urinary bladder SRCC who 
underwent surgery showed significantly better OS 
and CSS compared with those that did not 
undergo surgery. Even after we adjusted all the 
variables in the multivariable test, the group that 
underwent surgery preserved the high signifi-
cance. Most of the patients with bladder SRCC 
underwent surgery (81.1%).25 TUR-BT is the 
most common procedure, followed by partial and 
radical cystectomy. However, patients who 
received TURBT had a median survival of 
11 months, whereas those who underwent partial 
and total cystectomy had better survival (median, 
43 months). This raises the possibility that cystec-
tomy is underutilized in this population. 
Considering that the cystectomy recommenda-
tion is based on expert opinion rather than data 
from randomized clinical studies, the urological 
community may seriously doubt the most appro-
priate clinical therapy for patients with SRCC 
due to the lack of adequate evidence to support 
the recommendation. Some scholars proposed 
that we should follow the treatment procedures 
for gastric SRCC, in which surgery is the first 
choice of treatment; such proposal is based on the 
studies that bladder and gastric SRCCs are 
comparable.32,33

Our study showed that the average C-index val-
ues of the existing models of both OS and CSS 

https://journals.sagepub.com/home/tau


Therapeutic Advances in Urology 14

16 journals.sagepub.com/home/tau

were 0.70 and 0.73, respectively. This is consid-
ered a unique model, because to the author’s 
knowledge, this is the first study that discusses the 
prediction of the OS and CSS of bladder SRCC. 
A nomogram model of OS and CSS was built 
using two independent prognostic predictors in 
association with age, primary site, stage, surgery 
type, lymph node removal, and surgery in OS, 
whereas age, primary site, stage surgery type, 
chemotherapy, radiation sequence with surgery, 
radiation, surgery, insurance, and marital status 
in CSS were used to predict the 1-, 3-, and 5-year 
events. We confirmed that the novel nomogram 
model had a much greater capability of predicting 
events after 1, 3, and 5 years. To explain CSS, the 
case of a 70-year-old patient who was single and 
had a TUR-BT was considered. By calculating 
the patient’s nomogram, the patient’s 1-year risk 
of death (AUC of 0.83) was nearly 20%, the 
3-year risk of death was nearly 45%, and the 
5-year risk of death was nearly 60%.

Numerous limitations were inherent in our 
research. First, there was selection bias in this 
study, because it was a retrospective analysis.34 
The effects of checkpoint inhibitors and genetic 
research provide a reason for optimism in the 
treatment of bladder cancer, and these have not 
yet been thoroughly investigated.35 Extramural 
vascular invasion and obstruction/occlusion sta-
tus, as well as microsatellite stability/instability 
(MSS/MSI) status, are all missing from the SEER 
database. Although further details would be pref-
erable, we assumed that the currently available 
SEER database data would be adequate for our 
research. Future research should address the 
aforementioned concerns. Our research had some 
benefits. Prior to doing any multiform analysis, 
we collected enough samples from 594 patients 
with SRCC of the urinary bladder who presented 
between 1975 and 2018. Subgroup, univariate, 
and multivariate analyses were performed to 
investigate potential confounding factors. 
Moreover, our findings demonstrated that sur-
gery had a significant impact on bladder SRCC 
survival, thereby highlighting the significant and 
consistent effect of surgery, especially when the 
majority of the patients had advanced stages of 
the disease.

Conclusion
Our study revealed that surgery was an inde-
pendent predictive factor of bladder SRCC 
patients. Patients who underwent surgery had 

higher CSS and OS than those who did not 
undergo surgery. An alternative approach was 
taken. We developed and validated a new nomo-
gram model to predict the overall survival and 
cancer-specific survival of patients with SRCC 
urinary bladder tumors. Using this model in clin-
ical practice can allow health professionals to 
assess patients’ long-term survival status more 
objectively and to develop more individualized 
therapeutic approaches for specific patients. Our 
study revealed that surgery is an independent 
predictive factor in bladder SRCC patients. 
Surgery patients had higher CSS and OS than 
those who did not undergo surgery. Chemo-
radio yes vs surgery yes in combo therapy dem-
onstrated improved survival in the surgery yes 
group. These findings suggested that surgery was 
the most effective treatment strategy for SRCC 
in the urinary bladder. Our findings on subtype-
related disparities in survival have important 
implications for customized cancer therapy and 
call for more research to provide this group of 
patients with better treatment alternatives.
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