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Background: Currently, the treatment regimen of bladder cancer depends on the stage and grade. Yet, 
patients with similar histopathological characteristics may have distinct prognosis. Luminal/basal subtyping 
had proved to be a satisfactory subtyping method. Here we intended to evaluate immunohistochemistry, a 
more clinically-practical method, in luminal/basal classification and further risk-stratification.
Methods: Patients diagnosed with urothelial carcinoma of the bladder in Changhai Hospital were 
retrospectively recruited and corresponding formalin-fixed paraffin embedded blocks were acquired. Tissue 
microarrays (TMAs) of these patients were established followed by immunohistochemical (IHC) staining 
of 14 markers. Patients were classified into luminal or basal subtype according to CK5/6, CK14, CK20 
and GATA3 expression. Further subtyping of luminal and basal tumors was performed according to the 
expression of other markers. 
Results: A total of 236 patients were included: 163 and 73 patients were assigned to training and validation 
cohorts, respectively. Patients with basal tumor were related with poorer prognosis compared to those with 
luminal tumor (P=0.025 and 0.008 in training and validation cohorts, respectively). We further revealed 
luminal muscle invasive bladder cancer (MIBC) patients could be further categorized into subgroups with 
different risks. Cytoplasmic YAP1 and CCNB1 were selected as classifier, patients with low expression 
of cytoplasmic YAP1 or CCNB1 were independent risk factor for poorer prognosis (hazard ratio =2.19, 
P=0.04). 
Conclusions: Molecular subtyping into luminal/basal subtype and risk stratification method using a 
2-marker method by immunohistochemistry can be an economical, clinically practical method to predict 
patient prognosis and could help to develop treatment strategy and follow-up schedule in clinical practice.
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Introduction

Bladder cancer is the 7th most commonly diagnosed cancer in 
males; 25% of patients have muscle invasive bladder cancer 
(MIBC) at the time of initial diagnosis (1). Radical cystectomy 
(RC) is the standard treatment for MIBC, neoadjuvant 
chemotherapy and adjuvant immunotherapy have been 
demonstrated to improve the survival of MIBC patients (2,3). 
However, despite the development of treatment strategy, the 
5-year overall survival (OS) rate for MIBC is approximately 
50% (1). Clinicopathological parameters may be insufficient 
to identify patients at high risk of progression, and patients 
with similar histopathological characteristics may belong to 
distinct molecular subgroups with different prognosis (4,5). 
Therefore, clinical-practicable molecular classification may 
help to stratify MIBC patients into different risk groups for 
personalized treatment and follow-up strategy (5). 

Several studies classified MIBC into various distinct 
molecular subtypes using next generation sequencing (6-9).  
There is a general consensus that basal and luminal 
subtypes of MIBC is at the top-level separation (10). The 
basal-subtype MIBC was more aggressive with shorter 
survival compared with the luminal-subtype. On the other 
hand, basal-subtype was more sensitive to cisplatin-based 
chemotherapy and appeared to gain more benefits from 
immunotherapy compared with luminal-subtype (8,10,11). 
A set of immunohistochemical (IHC) markers have been 
developed to classify MIBC into luminal- and basal-

subtypes. The common IHC markers include GATA3 and 
CK20 for luminal-subtype, CK5/6 and CK14 for basal-
subtype (10,12-14). Nevertheless, few studies have evaluated 
the role of these IHC markers in clinical practice. 

In the present study, we aimed to assess the applicability 
of basal/luminal molecular classification using IHC markers 
(GATA3, CK20, CK5/6 and CK14) in an independent 
retrospective cohort of bladder cancer patients. Meanwhile, 
a set of IHC markers that have been demonstrated to have 
prognostic value for MIBC in our previous study were 
explored as additional molecular classifier. We present the 
following article in accordance with the TRIPOD reporting 
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-538/rc).

Methods

Patients

In  th i s  s tudy,  pat ients  who underwent  RC were 
retrospectively identified from Changhai Hospital between 
2006 and 2016. Patients were divided into training set 
and validation set. Specifically, training and validation sets 
were selected between 2006–2014 and 2011–2016 (patients 
assigned to training cohort were not included), respectively. 
Patients who received neoadjuvant chemotherapy, died 
within 30 days of surgery, had other tumor history, had no 
follow-up information or informed consent were excluded. 
The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the Committee on Ethics of Medicine, Second Military 
Medical University (No. CHEC2019-134). Individual 
consent for this retrospective analysis was waived. 

Immunohistochemistry

Formalin-fixed, paraffin-embedded (FFPE) blocks of all 
patients were obtained from Department of Pathology, 
Changhai Hospital. For each FFPE block, 1 pathologist-
defined tumor core was taken, and tissue microarrays (TMAs) 
of training set and validation set were constructed with 
these cores. Immunohistochemistry (IHC) were performed 
using antibodies for CK5/6 (MXB Biotechnologies, Fuzhou, 
China, MAB-0744), CK14 (MXB Biotechnologies, MAB-
0832), CK20 (MXB Biotechnologies, MAB-0834), GATA3 
(MXB Biotechnologies, MAB-0695), YAP1 (Abcam, 
Cambridge, UK, ab52771), CCNB1 (Abcam, ab72), 
NEK2 (Absin, Shanghai, China, abs133048), p53 (MXB 
Biotechnologies, MAB-0674), ANLN (Abcam, ab211872), 
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CDC20 (Bio-immune, Shanghai, China, BM15656), PD-
L1 (Cell Signaling, Massachusetts, USA, 13684), ARID1A 
(Santa Cruz, Texas, USA, sc-32761), IPO11 (Abcam, 
ab221615), and KLF15 (Abcam, ab22851). Dewaxation  
and rehydration were performed before heat-induced 
epitope retrieval in ethylenediaminetetraacetic acid or citric 
buffer. Slides were incubated with antibodies overnight at 
4 ℃ then referred to secondary antibody incubation for 
30 min at room temperature, followed by incubating in 
DAB solution (MXB Biotechnologies) and counterstaining 
with haematoxylin. Detailed procedures were described 
previously (15). After dehydration and mounting, the slides 
were scanned by Hamamatsu scanner and viewed with NDP.
view software (Ver 2.9.22, Hamamatsu, Shizuoka, Japan). 

Slides were stained and viewed by pathologist who was 
blinded to the patients’ information and prognosis. Staining 
scores were evaluated by both intensity (0–3, 0 for no 
staining, 1 for low staining, 2 for medium staining and 3 for 
strong staining) and percentage of positive cells (0–100%). 
The intensity score was multiplied by percentage score 
and recorded as final IHC score. Nuclear and cytoplasmic 
tumor specific IHC scores were evaluated separately for 
YAP1, CCNB1, NEK2, ANLN, CDC20, and IPO11, 
while others were evaluated only for nuclear, cytoplasmic or 
membrane based on previous reports (16-20). 

Molecular subgrouping based on IHC score

Tumors positive for GATA3 and/or CK20 but negative for 
CK5/6 and CK14 were regarded as luminal, while those 
positive for CK5/6 and/or CK14 but negative for GATA3 
and CK20 were regarded as basal. Tumors positive for both 
luminal markers (GATA3, CK20) and basal markers (CK5/6, 
CK14) were classified based on the higher combined IHC 
scores of the two markers in each subtype (e.g., patient with 
sum scores of GATA3 and CK20 > CK5/6 and CK14 was 
categorized as luminal). For other markers, the best cutoff 
to distinguish patients’ prognosis was determined by X-tile 
software (Ver 3.6.1, Rimm Lab, Yale School of Medicine, 
Connecticut, USA), and the tumors were classified into 
high- and low-expression groups according to cutoff values. 
Significant markers were applied to validation group for 
further verification. 

Bioinformatic analysis

The bladder cancer samples in The Cancer Genome Atlas 
(TCGA) project (n=433) were selected as the external 

validation cohort. Patients who had follow-up time less 
than 30 days, non-muscle invasive bladder cancer (NMIBC), 
non-transitional cell carcinoma, non-primary tumor or 
received neoadjuvant chemotherapy were excluded. After 
scaling the transcripts per million expression levels of 
KRT5, KRT14, GATA3, and KRT20 across tumor samples, 
luminal score (GATA3 + KRT20) and basal score (KRT5 + 
KRT14) were calculated, respectively. Tumors with higher 
luminal score were identified as luminal subtype. To validate 
the combined prognostic value of YAP1 and CCNB1 on 
luminal MIBC, the reverse phase protein array (RPPA) 
data which quantify protein expression were downloaded 
from the TCGA-BLCA project. Patients with valid RPPA 
data were classified into different risk groups and survival 
analysis was performed where the OS was defined as end 
point due to the lack of cancer-specific survival (CSS) data.

Statistical analysis

Statistical analysis was performed with R software (Ver 
4.1.1). Missing data were listwise deleted. Categorical 
data were compared using Chi-square test. Numerical 
data were compared using Student t-test. Time-to-event 
data were analyzed by Kaplan-Meier survival curve and 
log-rank test, and the end point was defined as CSS. 
Pearson’s χ2 test assessed associations between markers. 
Univariable and multivariable cox proportional hazards 
analysis was conducted with a backward step-down Wald 
selection method. P value <0.05 with 2 sides was considered 
statistically significant. 

Results

Patient characteristics

A total of 236 patients who underwent RC had valid 
TMA spots after quality assessment and complete 
clinicopathological information was recorded for analysis. 
Clinical characteristics of the patients were shown in Table 1.  
There were 163 and 73 patients included as training and 
validation cohorts, respectively. The median follow-up 
time is 70.57 [interquartile range (IQR): 66.90–75.83] and 
62.36 (IQR 56.40–65.77) months for training and validation 
cohorts, respectively.

Basal and luminal classification

The IHC scores of TMA cores were analyzed using 
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heatmap, as shown in Figure 1A,1B. It became evident 
that tumors clustered into two categories, corresponding 
to luminal and basal subtypes. The representative 
expression patterns of CK5/6, CK14, CK20 and GATA3 
were illustrated in Figure 1C and Figure S1. The baseline 
patients’ characteristics of the 2 categories were shown 

in Table S1. As shown in Figure 2A,2B, the basal tumors 
were associated with a significantly shorter survival as 
compared to luminal tumors (P=0.025 and 0.0081 in 
training and validation cohorts, respectively). In line with 
previous studies, we identified a small group of tumors 
(n=3, 1.3%) with poor prognosis (median CSS, 6.6 months) 
expressed neither luminal nor basal markers, but were not 
included in further subgroup analysis due to small sample 
size. Subgroup analysis was further performed in MIBC 
subgroup (Figure 2C,2D), patients with basal tumor had 
significantly reduced CSS compared to luminal tumor in 
both training (median survival 47.9 months vs. not reached, 
P=0.045) and validation cohorts (median survival 28.9 
vs. 67.2 months, P=0.024). Regarding NMIBC cohort  
(Figure 2E,2F), basal and luminal subtypes showed no 
correlation with prognosis in both training and validation 
sets (P=0.74 and 0.49). In multivariable analysis, age over 65 
(HR =1.64, 95% CI: 1.02–2.63, P=0.04), MIBC stage (HR 
=5.28, 95% CI: 2.32–12.02, P<0.01) and basal subtype (HR 
=1.91, 95% CI: 1.19–3.05, P<0.01) were independent risk 
factors of CSS (Table S2).

Molecular subtypes of luminal and basal tumors

Correlation between selected IHC markers and CSS of 
luminal or basal MIBC patients were assessed in the training 
cohort. A few markers showed prognostic significance for 
basal tumors based on the IHC marker panel we developed 
(Figure S2). However, we found luminal tumors could be 
further classified into 2 distinct groups when clustered 
according to the IHC scores of these markers (Figure 3A). 
Specifically, lower expression of CCNB1 (cytoplasmic), 
NEK2 (cytoplasmic), YAP1 (cytoplasmic), CDC20 (nuclear), 
KLF15 (nuclear), and p53 (nuclear) was significantly 
correlated with decreased survival (Figure S3 and Table S3)  
in luminal subgroup. Next, these six markers were analyzed 
for correlations to assess if they interact with each other, 
and we revealed the expression of these markers were 
relatively independent (Figure S4). We further performed 
IHC analysis of these six markers on the validation cohort, 
and found patients with low expression of cytoplasmic 
CCNB1 and YAP1 had significantly shorter survival in line 
with the training cohort (Figure S5). Moreover, CCNB1 
and YAP1 were combined to stratify luminal MIBC tumors. 
Patients with high expression of both CCNB1 and YAP1 
were defined as low-risk luminal tumors, and those with low 
expression of either CCNB1 or YAP1 were defined as high-
risk luminal tumors. Representative IHC images were shown 

Table 1 Patient characteristics of two cohorts 

Risk factors
Training  

cohort (n=163)
Validation 

cohort (n=73)
P value

Age (years, mean ± SD) 66.31±10.06 66.05±10.19 0.86

Gender

Male 147 66 1

Female 16 7

Tumor size group

≤3 cm 87 42 0.65

>3 cm 76 31

Tumor grade

Low 36 12 0.41

High 127 61

Tumor number

Single 40 27 0.07

Multiple 123 46

T stage

Ta & T1 64 21 0.42

T2 42 24

T3 39 21

T4 18 7

N stage

Negative 139 57 0.24

Positive 24 16

Recurrent tumor

Primary 109 54 0.35

Recurrent 54 19

Subtype

Luminal 104 44 0.84

Basal 57 28

Double negative 2 1

SD, standard deviation.
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in Figure 3B and examples of different staining intensity were 
shown in Figure S6. Compared to low-risk luminal type, the 
high-risk type was significantly associated with decreased 
CSS both in training (median survival 43.6 months vs. not 
reached, P=0.0084, Figure 3C) and validation cohorts (median 
survival 52.2 months vs. not reached, P=0.04, Figure 3D).  
Multivariable analysis revealed that advanced stage, 
metastasis and molecular subtypes were independent risk 
factors for prognosis of luminal MIBC patients (Table S4). 

External validation of molecular subtypes using TCGA 
data

A total of 265 cases met the inclusion criteria and were 
finally included for validation. 156 were identified as luminal 
tumor due to the higher luminal score (Figure S7A,S7B). 
Among them, RRPA data were available for 125 patients 
in luminal group. The protein expression of YAP1_pS127 
rather than YAP1 was selected because phosphorylated YAP1 
tends to localize in the cytoplasm. Survival curve of YAP1_
pS127 and Cyclin B1 of these patients showed that higher 
levels of either YAP1_pS127 or Cyclin B1 indicate tendency 

of better prognosis, although not statistically significant 
(Figure 4A,4B). While the combination of Cyclin B1 and 
YAP1_pS127 defined a group of patients with significantly 
good survival (Figure 4C), which is consistent with IHC 
result. Although the mRNA and protein expression level 
correlated well (Figure 4D,4E), we did not find the same 
trend at mRNA level (Figure S7C,S7D).

Discussion

RC is currently the standard treatment for MIBC, but it is 
associated with high postoperative complications, impaired 
quality of life, and the 5-year survival of MIBC patients after 
RC is only about 50% (21,22). Conventional pathological 
parameters such as tumor stage and grade have limited 
ability to predict the heterogenous behaviors of bladder 
cancer, especially for tumors with similar stage and grade (4). 
The present study showed that a four-marker IHC panel, 
including GATA3, CK20 as luminal markers, and CK5/6, 
CK14 as basal markers, is valuable to stratify MIBC patients 
into different molecular subgroups. Patients with basal-
type tumor had worse prognosis compared with luminal-
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type tumor. Furthermore, we developed and validated a 
novel two-marker IHC panel (YAP1, CCNB1) to delineate 
luminal type as high-risk and low-risk subgroups. 

The molecular classification of urothelial bladder cancer 
has made great progress in the last decade. Gaining insight 
into the biology of bladder cancer with the development 
of next-generation sequencing and bioinformatics analysis, 
distinct molecular subtypes of bladder cancer have been 
revealed. Sjödahl et al. (6) firstly reported five major 
subtypes: urobasal A, urobasal B, genomically unstable, 
squamous cell carcinoma like, and infiltrated. The TCGA 
identified four distinct molecular subtypes of bladder 
cancer (7). Choi et al. (8) classified bladder cancer into three 
categories: basal, luminal and p53-like. Damrauer et al. (9)  
proposed two molecular subsets of high-grade bladder 
cancer, termed luminal and basal-like subtypes. From these 

studies, it is obvious that bladder cancer is a heterogenous 
disease not only by clinicopathological characteristics, 
but also molecular alterations. These molecular subtypes 
revealed different carcinogenesis of bladder cancer and 
could be used to predict the prognosis. Currently, it is 
widely accepted that the top-level classification of bladder 
cancer is basal and luminal subtypes (9). This two-category 
classification resembles that originally identified in breast 
cancer (23). Basal-subgroup MIBC was associated with 
poorer overall- and progression-free survival in comparison 
to luminal subgroup, and basal tumors were found to be 
more sensitive to neoadjuvant cisplatin-based chemotherapy 
and immunotherapy (10,11,24,25). Although identifying 
molecular subtypes of bladder cancer with gene expression 
analysis by sequencing is ideal, it is not economically and 
technically feasible for routine clinical diagnostics. Studies 
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have tried to develop a reliable IHC panel for classifying 
molecular subtypes of bladder cancer and predicting patient 
prognosis, because IHC markers would permit cost-
effective and simple classification (10,12,14,26). 

It has been suggested luminal tumors were positive 
for GATA3 and CK20, and basal tumors were positive 
for CK5/6 and CK14 (10,12). The expression of two 
markers, GATA3 and CK5/6, were sufficient to classify 
bladder cancer into basal and luminal subtypes with over 
90% accuracy (10). In the present study, we used GATA3, 
CK20, CK5/6, and CK14 as surrogate for luminal and basal 
classification. There was significant overlap expression of 

these markers in tumors, with 86.02% expressing both 
luminal and basal markers. We further categorized them 
based on the higher sum of IHC scores of the two sets of 
markers as previously reported (26). In agreement with the 
previous studies (10,11,24,25), basal MIBC was correlated 
with decreased survival compared with luminal MIBC both 
in training and validation cohorts. Multivariable analysis 
revealed that basal/luminal molecular subtypes based on 
IHC classification was an independent risk factor. Although 
several studies revealed basal/luminal subtypes were also 
correlated with the prognosis of NMIBC (27,28), no 
association between subtypes and prognosis of NMIBC 
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were found in the present study, and this might be due to 
small sample size and good prognosis of NMIBC patients, 
thus only a few patients reached end point.

The previous study reported that p53-like tumors was a 
subgroup of both luminal and basal tumors (10). However, 
Dadhania et al. suggested that the so-called p53 phenotype 
may result from the contamination of stromal cells in the 
tumor tissue, and they found no significant difference in 
clinical behavior of tumor with p53-like signature. In our 
previous work, we have discovered and validated a panel of 
IHC markers (TOP2A, ANLN, GTSE1, YAP1, CCNB1, 
etc.) through RNA-sequencing that could potentially 
stratify patients who underwent RC with different 
prognosis. Among these markers, we revealed that both 
YAP1 and CCNB1 could help to further categorize luminal 
MIBC tumor into subtypes with different prognosis. The 
biological function of biomarkers included in the signature 
has been previously reported. Cyclin B1 is a protein related 
with cell cycle, which localizes entirely in the cytoplasm 

during interphase and translocate into nuclear during 
mitosis. High expression of cyclin B1 in cytoplasm may 
suggest lower mitosis rate of tumor cells thus leading to 
a better prognosis (29). YAP1 plays a central role in the 
Hippo pathway, nuclear translocation of YAP1 functions as 
co-activator to multiple transcription factor that regulates 
multiple cell functions such as growth and stemness. While 
cytoplasmic retention of YAP1 results in proteasomal 
degradation, which may explain that high cytoplasmic 
YAP1 suggests better prognosis (30). The combined 
IHC classifier with the two markers was independent of 
TNM-stage, and could stratify luminal MIBC into low- 
and high-risk groups with distinctly different prognosis 
both in training and validation cohorts. The classifier 
was further validated in external cohort generated from 
TCGA database and showed similar results. Our findings 
provide a novel approach to further stratify luminal tumor 
into molecular subtypes using two IHC markers classifier. 
This is the first study to demonstrate that molecular 
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subtypes of luminal MIBC assessed by IHC markers could 
be beneficial for risk stratification. Previously, Robertson  
et al. (11) clustered luminal MIBC into luminal-papillary 
(35%), luminal-infiltrated (19%) and luminal (6%) subtypes 
based on mRNA expression. Luminal-papillary subtype 
was characterized by FGFR3 mutation and low risk for 
progression, low likelihood of neoadjuvant chemotherapy 
responsiveness; while luminal-infiltrated subtype was 
more likely to respond to immune checkpoint therapy but 
resistant to cisplatin-based chemotherapy. 

This study had several limitations. First, this is a 
retrospective study with modest sample size. Second, 
although neoadjuvant chemotherapy helps to prolong 
survival for some MIBC patients, it was not routinely 
performed for MIBC patients in our center. Few data 
regarding neoadjuvant chemotherapy limited analysis of 
relationship between molecular subtypes and response to 
chemotherapy. Third, this study was only validated in an 
individual center and public database, external validation 
from multiple centers and across different populations is 
warranted (4). 

Conclusions

This study confirmed basal and luminal molecular subtypes 
of MIBC could be assessed using two sets of IHC markers 
(GATA3, CK20, CK5/6, CK14), and the basal type MIBC 
had worse survival compared with luminal type. We 
developed and validated a two-marker IHC classifier (YAP1 
and CCNB1) allowing selection of patients with poor 
prognosis within luminal MIBC cohort. Molecular subtypes 
of MIBC based on IHC classification is readily available 
and could help to develop treatment strategy and follow-up 
schedule in clinical practice. 
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Supplementary

A B C

Figure S1 Immunohistochemistry staining of 4 markers in TMAs. (A) Overview of training cohort TMAs. (B) Overview of validation cohort 
TMAs. (C) Representative immunohistochemical images of tumors expressing both luminal and basal markers based on the higher score. 
TMA, tissue microarray.
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Figure S2 Kaplan-Meier curves of different markers in predicting prognosis of basal MIBC patient in training cohort. MIBC, muscle-
invasive bladder cancer.
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Figure S3 Kaplan-Meier curve of different markers in predicting prognosis of luminal MIBC patient in training cohort. MIBC, muscle-
invasive bladder cancer.

A B

Figure S4 Correlation heatmaps of immunohistochemical scores of all markers used in training group (A) and validation group (B), the area 
of each circle is proportional to the absolute value of corresponding correlation coefficient.
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Figure S5 Kaplan-Meier curves of different markers in predicting prognosis of luminal MIBC patients in the validation cohort. MIBC, 
muscle-invasive bladder cancer.

Figure S6 Examples of different immunohistochemistry staining intensity of cytoplasmic CCNB1 and YAP1. YAP1, yes 1 associated 
transcriptional regulator; CCNB1, cyclin B1.
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Figure S7 External validation of prognostic model. (A,B) Patients were grouped into luminal- and basal-types by luminal- and basal-score. 
Kaplan-Meier curves of YAP1 (C) and CCNB1 (D) mRNA expression among luminal patients using TCGA database. YAP1, yes 1 associated 
transcriptional regulator; CCNB1, cyclin B1; TCGA, The Cancer Genome Atlas.
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Table S1 Patient characteristics of different subtypes in two cohorts

Risk factors
Training Cohort Validation Cohort

Basal (n=57) Luminal (n=104) P value Basal (n=28) Luminal (n=44) P value

Age (years, mean ± SD) 65.35±8.17 66.52±10.81 0.44 65.46±11.58 66.39±9.44 0.73

Gender

Male 48 98 0.07 26 39 0.44

Female 9 6 2 5

Size group

≤3 cm 23 59 0.13 15 16 0.23

>3 cm 31 45 13 28

Tumor grade

Low 13 23 1 5 7 1

High 44 81 23 37

Tumor number

Single 22 18 0.01 13 14 0.32

Multiple 35 86 15 30

T stage

Ta & T1 16 47 0.003 4 17 0.14

T2 10 31 11 13

T3 21 18 9 11

T4 10 8 4 3

N stage

Negative 45 92 0.16 21 36 0.69

Positive 12 12 7 8

Recurrent tumor

Primary 34 75 0.15 19 34 0.54

Recurrent 23 29 9 10

SD, standard deviation.
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Table S2 Univariable and multivariable Cox regression model for predicting cancer specific survival in training cohort

Risk factors
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age group (≤65 years as referent)

>65 years 1.63 1.02-2.59 0.04* 1.64 1.02-2.63 0.04*

Tumor Grade (low as referent)

High 3.2 1.47-6.97 <0.01** 1.76 0.78-3.98 0.18

Subtype (Luminal as referent)

Basal 2.18 1.39-3.43 <0.01** 1.91 1.19-3.05 <0.01**

Gender (female as referent)

Male 0.77 0.38-1.55 0.46 NA

Recurrent tumor (primary as referent)

Recurrent 1.16 0.71-1.88 0.55 NA

T stage (NMIBC as referent)

MIBC 7.83 3.59-17.07 <0.01** 5.28 2.32-12.02 <0.01**

N stage (negative as referent)

Positive 2.46 1.477-4.12 <0.01** 1.32 0.77-2.26 0.31

Tumor size (≤3 cm as referent)

>3 cm 1.69 1.06-2.68 0.03* 1.42 0.87-2.30 0.16

Tumor number (single as referent)

Multiple 1.736 1.08-2.79 0.02* 1.07 0.65-1.77 0.80

* P<0.05; ** P<0.01. CI, confidence interval; HR, hazard ratio; NA, not available; MIBC, muscle invasive bladder cancer; NMIBC, non-
muscle invasive bladder cancer.
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Table S3 Immunohistochemical markers and cancer specific survival in luminal MIBC patients

Expression Median survival 95%CI P value

Cytoplasmic CCNB1

Low 22.0 21.0-NR 0.012

High NR 98.6-NR

Cytoplasmic YAP1

Low 43.6 41-NR 0.025

High NR NR

Cytoplasmic NEK2

Low NR 41.0-NR 0.0049

High NR 98.6-NR

Nuclear p53

Low 57.2 42.8-NR 0.025

High NR NR

Nuclear KLF15

Low 57.4 42.8-NR 0.045

High NR NR

Nuclear CDC20

Low 57.4 37-NR 0.02

High NR NR

Cytoplasmic CDC20

Low 43.6 41.0-NR 0.15

High NR NR

Cytoplasmic ANLN

Low NR 98.6-NR 0.33

High 57.4 33.8-NR

Cytoplasmic ARID1A

Low 98.6 42.8-NR 0.18

High NR NR

Membrane PD-L1

Low NR 98.6-NR 0.33

High NR 54.8-NR

CI, confidence interval; NR, not reached; MIBC, muscle invasive bladder cancer.
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Table S4 Univariable and multivariable Cox regression model for predicting cancer specific survival in luminal MIBC patients

Risk factors
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age group (≤65 years as referent)

>65 years 1.22 0.75-3.24 0.23

Tumor Grade (low as referent)

High 2.80 0.67-11.73 0.16

Gender (female as referent)

Male 0.41 0.10-1.73 0.22

Recurrent tumor (primary as referent)

Recurrent 0.58 0.24-1.40 0.22

T stage (T2 as referent)

T3-4 2.73 1.32-5.67 <0.01** 2.31 1.06-5.01 0.03*

N stage (Negative as referent)

Positive 1.42 0.66-3.07 0.37

M stage (M0 as referent)

M1 2.74 1.05-7.13 0.04* 2.82 1.07-7.48 0.04*

Tumor size (≤3 cm as referent)

>3 cm 1.84 0.87-3.89 0.11

Tumor number (single as referent)

Multiple 1.74 0.84-3.62 0.14

Risk (low as referent)

High 2.93 1.46-5.89 <0.01** 2.19 1.04-4.62 0.04*

* P<0.05; ** P<0.01. CI, confidence interval; HR, hazard ratio; MIBC, muscle invasive bladder cancer.


