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Abstract

Objectives: To explore the related genes and clinical characteristics of neoadjuvant che-
motherapy (NAC) in bladder cancer, and to establish the prediction model of NAC response.

Methods: We downloaded the clinical information and gene expression detected by IHC of 
149 patients from the attachment of published paper. Patients were divided into three groups 
according to different pathological reactions of NAC. Then, Chi-square test and independent 
T test were used to compare the clinical features. Kruskal-Wallis test and Kaplan-Meier (K-M) 
survival analysis were used to identify genes that are differentially expressed and associated 
with prognosis. Lasso regression is used to further screen for significant variables. Neural 
network (NN), support vector machine (SVM) and random forest (RF) algorithms were used 
to construct NAC response prediction models for bladder cancer.

Results: Among all clinical characteristics, age, T, N, TURB path LVI, keratinization, CIS, 
Necrosis, RB_alt status, and P16_alt_status are strongly correlated with NAC efficacy. CDH1, 
EPCAM, FOXA1, CCND1, P16, and ZEB2 are related to different NAC pathological reactions 
and tumor prognosis. Ten variables were screened by Lasso regression for further model 
construction. NN, SVM and RF prediction models were constructed, and the NN model has 
higher accuracy (93.8%) and AUC (0.984). 

Conclusions: Our study not only identified some genes and clinical features closely 
associated with bladder cancer NAC and constructed prediction models for the efficacy of 
NAC, but also provided new ideas for the treatment of bladder cancer.

Keywords: Bladder cancer; Machine learning; Neoadjuvant chemotherapy; Prediction 
model.
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Introduction

Bladder cancer is the tenth most commonly diagnosed cancer 
worldwide [1]. The age-standardized incidence rate (per 100,000 
person-years) is 9.5 for men and 2.4 for women worldwide [1]. 
Smoking is the most important risk factor for bladder cancer, 
accounting for slightly less than 50% of cases [2]. Although the 
majority of patients present with non-muscle-invasive disease, 
approximately 30-40% of patients already have MIBC at the time 
of initial diagnosis due to the insignificance of early clinical symp-
toms, with a poor prognosis [3]. The traditional treatments for 
MIBC mainly include radical cystectomy (RC) and chemotherapy, 
but there is a high recurrence rate, and the 5-year overall survival 
(OS) rate remains at 15–20% [4]. Nearly 50% of MIBC patients 
who underwent radical bladder resection still developed meta-
static bladder cancer [5]. However, neoadjuvant chemotherapy 
(NAC) can reduce the risk of death in patients with MIBC after RC 
and improve the OS [6,7]. At present, it has become the standard 
treatment recommended by multiple MIBC guidelines [8].

Although RC has historically been the cornerstone of treatment 
for MIBC, optimizing outcomes with NAC and alternative options 
for bladder preservation strategies have also emerged as treat-
ment options [8,9]. The choice of treatment regimen for MIBC pa-
tients is directly related to the final prognosis, and preoperative 
NAC can create opportunities for subsequent tumor resection. 
There are many NAC schemes for MIBC, among which gemcitabi-
ne combined with cisplatin (GC) and methotrexate, vincristine, 
doxorubicin combined with cisplatin (MVAC) are the two most 
widely used schemes in clinical application [8]. Preoperative NAC 
for MIBC can help control local lesions, reduce tumor stage, re-
duce surgical difficulty, eliminate micro-metastases, and improve 
post-operative long-term survival rate. Compared with RC alone, 
NAC and RC resulted in a 16% increase in the 5-year OS rate [10]. 
As the utilization of NAC for MIBC has increased and post-NAC 
ypT0 rates have remained steady at 35–40%, many have ques-
tioned the need for RC at all [11]. In fact, a recent study concluded 
that while patients who achieved pathological complete response 
(pCR) lived longer, patients who did not achieve pCR had a worse 
prognosis than those who underwent direct RC without NAC [12]. 
As a result, insensitivity to NAC in some patients leads to tumor 
progression, overtreatment, and delayed surgery. Therefore, it is 
an urgent and difficult problem to predict the sensitivity of NAC 
for bladder cancer [13]. Many tentative efforts have been made 
to solve this problem. Soichiro Yoshida et al. investigated whether 
Diffusion-weighted MRI (DW-MRI) could predict NAC sensitivity 
of MIBC and concluded DW-MRI is a potential biomarker [14]. But 
the sample size was too small to draw a wide conclusion. Recent 
evidence suggests that bladder urothelial cancers harboring mu-
tations in DNA damage response (DDR) pathways are associated 
with improved pathologic responses to NAC [15] and prolonged 
survival [16]. Contrary to this, Russell E.N.Baker et al. argued that 
clinical restaging and tumor sequencing are inaccurate indicators 
of response to NAC for MIBC [11]. Thus, predicting the sensitivity 
of NAC for bladder cancer patients has not been solved yet, which 
is a clinical problem to be solved urgently.

In the current study, we sought to understand whether the 
clinical and pathologic tools currently available in clinical practice 
are sufficient to determine individual patient responses to NAC 
accurately and reliably in a retrospective population. We down-

loaded the clinical data and the immunohistochemical results of 
149 bladder cancer patients from the attachment of the paper 
published by Gottfrid Sjodahl et al. [17]. Multiple machine learn-
ing algorithms were used to screen and identify some genes and 
clinical features that were differentially expressed in different 
pathological reactions. Finally, the prediction model of NAC thera-
py for bladder cancer was constructed according to the 10 factors 
included. Our study identified some genes closely associated with 
NAC in bladder cancer and constructed predictive models for the 
efficacy of NAC. Furthermore, this study also provides ideas and 
clues to bladder cancer therapy, and the identified genes could 
also be considered as NAC biomarkers for bladder cancer.

Materials and methods

Data source and Pre-processing

We downloaded the clinical data of 149 bladder cancer pa-
tients and the immunohistochemical results of some genes from 
the attachments of the paper published by Gottfrid Sjodahl et al 

[17], and the data used in this study is attached in supplementary 
data 1. According to the pathological response of NAC, patients 
were divided into pCR, pathological partial response (pPR) and 
no pathological response (no pR) groups, and the clinical baseline 
data of patients in different groups were statistically analyzed and 
sorted out. The independent T test was used for measurement 
data and the Chi-square test was used for enumeration data. 
Among them, the clinical characteristics with P<0.1 were incorpo-
rated into the factors of subsequent model construction. Then, R 
software (R Foundation for Statistical Computing, Vienna, Austria) 
was used for subsequent analyses.

Influence of NAC pathological response on prognosis

There is a close relationship between the efficacy of NAC and 
the prognosis of bladder cancer. To clarify the relationship be-
tween pathological response of NAC and prognosis of bladder 
cancer, the Kaplan-Meier (K-M) analysis for OS, cancer-specific 
survival (CCS) and recurrence free survival (RFS) were proceeded 
based on the NAC pathological response groups with the aid of R 
software and the Log-Rank was utilized to test. The survival curve 
was plotted using the survminer R package.

Identification of genes associated with NAC efficacy

We compared the expression of the 16 genes detected by im-
munohistochemistry (IHC) among the three groups via the Krus-
kal-Wallis test to explore genes closely related to NAC. Finally, 
genes with P<0.1 were selected for mapping and demonstration 
using ggplot2 R package.

Survival analysis for genes related to NAC

To clarify the effect of genes associated with NAC efficacy on 
prognosis, six genes with P<0.1 were selected for K-M survival 
analysis. During the process, the K-M analysis for OS were pro-
ceeded based on the IHC expression of genes whose cut-off level 
was set at the median value with the aid of R software and the 
Log-Rank was utilized to test.

Lasso regression and correlation analysis

To prevent the over-fitting of the prediction model and further 
screen the clinical factors and genes expression, we selected the 
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significant factors for Lasso regression analysis, and analyzed the 
correlation of IHC expression levels of the selected genes. Lasso 
regression was completed using glmnet R package, and the corre-
lation analysis was completed by using corrplot R package. The se-
lected factors were used for the next step of model construction.

Predictive model construction and comparison

The significant factors screened via Lasso regression was used 
for model construction to predict the pathological response of 
NAC in patients with bladder cancer. Model construction methods 
include random forest (RF), support vector machine (SVM) and 
neural network (NN). Among which, RF analysis was completed 
via randomForest R package, SVM analysis via e1071 R package, 
and NN analysis via neuralnet R package. All 149 samples were 
used for the training set, and 30% of them were randomly se-
lected as internal validation for the model validation. Then, we 
compared the accuracy, sensitivity, specificity and the area under 
curve (AUC) of the three different prediction models. Finally, we 
select the NN model with better prediction performance, and 
demonstrate the importance of screening factors and the predic-
tion accuracy of the NN model. 

Results

Clinical baseline data

We compared the clinical characteristics of three different 
pathological response groups to NAC, and the detailed results 
were shown in (Table 1). Among them, age, T, N, TURB path LVI, 
keratinization, CIS, Necrosis, RB_alt_status, and P16_alt_status 
are strongly correlated with NAC efficacy. These variables were 
used for further screening and analysis in subsequent Lasso re-
gression.

Influence of NAC pathological reaction on prognosis

Survival analysis and comparison among the no pR, pPR and 
pCR groups showed that the prognosis of patients in the pCR and 
pPR groups was much better than that of patients with no pR for 
OS (Figure 1A), RFS (Figure 1B) and CSS (Figure 1C). This also in-
dicates that the pathological response of NAC plays a very impor-
tant role in the prognosis of bladder cancer patients, so predicting 
the efficacy of NAC therapy is also an urgent problem to be solved.

Table 1: Clinical baseline data.

no pR pCR pPR P

Total 87 48 14

Age (years) 0.125

<60 20 6 5

≥60 67 42 9

Sex (Male) 68 37 11 0.987

T stage 0.0008

  T1 0 1 0

  T2 24 31 4

  T3 49 15 8

  T4 14 1 2

N stage 0.254

N0 75 42 12

N1 9 1 1

N2 3 3 1

N3 0 2 0

M 0.347

M0 87 47 14

M1 0 1 0

TURB path LVI (yes) 37 16 1 0.03

TURB path keratinization (yes) 25 7 1 0.051

TURB path CIS (yes) 19 10 6 0.201

TURB path necrosis (yes) 56 28 5 0.094

Histologic Variant (yes) 16 7 1 0.535

RB_alt_status (mutation) 30 24 4 0.147

P16_alt_status (mutation) 44 13 7 0.026

LundTax IHC subtype 0.388

  Ba/Sq 15 3 0

  GU 27 19 5

  Mes-like 2 1 0

  NE-like 5 4 0

  Uro 37 21 9

Consensus.subtype (%) 0.779

  BASQ 23 8 2

  LumNS 10 4 2

  LumP 20 16 5

  LumU 13 10 2

  NE_like 7 2 0

  StromaRich 14 8 3

NAC protocol 0.818

  GC 51 24 7

  MVAC 34 23 7

  Other 2 1 0

NAC courses 0.815

2 5 1 0

3 57 34 10

4 16 10 4

5 4 1 0

6 5 2 0

Figure 1: Kaplan-Meier analysis for bladder cancer NAC in different 
pathological response groups. (A) Overall survival; (B) Recurrence-
free survival; (C) Cancer specific survival. NAC: neoadjuvant chemo-
therapy; pCR: pathological complete response; pPR: pathological 
partial response; no pR: no pathological response.
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Identification of genes associated with NAC efficacy

The IHC expression values of 16 genes were analyzed and com-
pared among different pathological response groups, and the 
six genes with P<0.1 were selected and showed in (Figure 2A-F). 
These six genes are CDH1, EPCAM, FOXA1, CCND1, P16 and ZEB2, 
respectively. These genes are associated with NAC response in 
bladder cancer, and can be used to predict NAC response. More-
over, these genes are also potential NAC therapy targets for blad-
der cancer.

Figure 2: Comparison of 6 NAC-related genes with the most signifi-
cant differences among three different pathological response groups. 
(A-F) are CDH1, EPCAM, FOXA1, CCND1, P16, and ZEB2 respectively.

Survival analysis for six genes related to NAC

K-M analysis for OS was used to explore the prognostic value 
of the six genes associated with NAC and the results were shown 
in (Figure 3). We found that although these six genes were not 
significant differences with prognosis, there were obvious differ-
ences between high and low expression groups. Therefore, these 
six genes are related to prognosis, and were used for further 
screening and analysis in subsequent Lasso regression.

Figure 3: Kaplan-Meier analysis for 6 NAC-related genes. Kaplan–
Meier survival analysis and log-rank test for the 6 NAC-related genes 
were conducted, and patients were divided into high and low groups 
based on the median value of gene expressions detected by IHC.

Lasso regression and correlation analysis

The results of Lasso regression (Figure 4A-B) showed that 10 
of the 15 NAC-related factors can be used for model construc-
tion, while the other 5 factors may have potential collinearity, 
which would affect the fitting degree of the model. The correla-
tion analysis of the 6 NAC-related genes is shown in Figure 4C, and 
we could find that CCND1 was significantly correlated with FOXA1 

and P16, while CDH1 was significantly correlated with FOXA1 and 
ZEB2. Therefore, CCND1 and CDH1 were excluded by Lasso re-
gression analysis. Figure 4D shows the importance ranking of the 
10 genes included in lasso regression.

Figure 4: Lasso regression and correlation analysis for the 15 signifi-
cant factors. (A) The trajectory of each independent variable. The 
horizontal axis shows the logarithm of lambda, and the vertical axis 
displays the coefficient of lambda. (B) The confidence interval under 
each lambda. (C) The correlation analysis for 6 NAC-related genes. 
Blue represents negative correlation, and red represents positive 
correlation. (D) The importance ranking for Lasso regression analysis 
screened independent variables.

Predictive model construction and comparison

The 10 clinical characteristics or genes expression were used 
to construct the prediction model. The main analysis results of 
RF/SVM/NN models are shown in supplementary data 2, and 
the comparison results of the three models are shown in (Table 
2). Among the three models, the NN model has higher accuracy 
(93.8%) and AUC (0.984). It can predict the efficacy of NAC for 
bladder cancer more accurately.

Table 2: Comparison of prediction results of three prediction 
models in train set.

Correct percentage
 AUC

Train set overall no pR pCR pPR

NN 93.8% 96.3% 97.9% 64.3% 0.984

RF 81.3% 79.3% 83.3% 85.7% na

SVM 89.6% 95.1% 85.4% 71.4% 0.948

Demonstration of prediction results of NN model

The NN model has the best prediction accuracy, so we present 
the main results of the NN model. (Figure 5A) shows the impor-
tance of various predictive factors in the NN model, among which 
age and IHC_FOXA1 were of higher importance. (Figure 5B) shows 
ROC curves of different pathological reactions, and the AUC value 
of no pR, pPR and pCR were 0.985, 0.974 and 0.996, respectively. 
(Figure 5C) shows the confusion matrix of training set and verifi-
cation set. It can be seen that the NN model has high accuracy in 
both training set and internal validation set.
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Figure 5: Demonstration of the results of the neural network model. 
(A) The importance ranking for the significant variables in NN analy-
sis. (B) ROC curves of different pathological reactions, and the AUC 
value of no pR, pPR and pCR were 0.985 0.974 and 0.996 respec-
tively. (C) The confusion matrix of training set and verification set.

Discussion

Currently, the clinical guidelines of the European Association 
of Urology and the American Society of Clinical Oncology have 
recommended NAC for the preoperative treatment of MIBC [18-
20]. Nonetheless, patients may be ineligible for either chemo-
therapy [21] or RC, and selection of the most appropriate therapy 
depends on a staging system that may not accurately determine 
the eligibility of a patient for a specific treatment plan [22]. Thus, 
a more personalized approach to bladder NAC therapy manage-
ment is warranted [13]. 

The results of our study showed that the prognosis of bladder 
cancer patients whose NAC efficacy reached pCR was much bet-
ter than that of patients without pathological reaction, which was 
consistent with previous studies [6,7]. However, for patients with 
no pR, NAC therapy may cause delay of operation time, delay of 
surgery and overtreatment, resulting in the progression and poor 
prognosis of bladder cancer. Therefore, in this study, available 
clinical features and pathological data were used to explore the 
genes and clinical features closely related to NAC for bladder can-
cer, and to construct a prediction model for the efficacy of NAC for 
bladder cancer patients. 

The clinical factors included in this study are age, T stage, N 
stage, TURB path LVI (lymphatic invasion) and keratinization. Age 
is one of the most important risk factors for cancer, and the oc-
currence and prognosis of cancer patients is highly influenced by 
age and ageing [19,23]. Studies have shown that older patients 
are less likely to receive NAC [24], and this may be one reason for 
the poor prognosis in older patients with bladder cancer. Clini-
cal stages are associated with the indications of NAC therapy and 
RC in bladder cancer patients [9]. NAC with cisplatin-based com-
binations has been standard for decades in patients with resect-
able N0M0-invasive bladder cancer [18]. Moreover, LN-positive 

patients previously treated with NAC have a poor prognosis, sig-
nificantly worse than LN-positive patients subsequently treated 
with AC, and should be considered for protocols using sandwich 
chemotherapy approaches or novel agents [25]. Therefore, NAC 
therapy should not be used in patients with positive lymph nodes. 
Intracavitary keratosis of bladder cancer was also one of the fac-
tors associated with NAC in this study. Hendrik Jütte et.al [20] ret-
rospectively analyzed the association of basal and luminal mRNA 
expression patterns such as Keratin 20 (KRT 20), Keratin 5 (KRT5), 
as well as ESR1 and ERBB2 in patients with MIBC at transurethral 
resection (TUR-BT) with pCR at RC after platinum-based NAC, and 
found that tumors with elevated expression of markers associated 
with intracavity differentiation (KRT20, ERBB2, ESR1) was associ-
ated with a higher incidence of pCR. Therefore, all the clinical fac-
tors included in this study have a certain relationship with bladder 
cancer NAC.

In this study, the four genes screened into the prediction mod-
el are P16, EPCAM, ZEB2 and FOXA1. These genes are closely as-
sociated with NAC efficacy and prognosis of bladder cancer. P16 
is a tumor suppressor gene directly involved in cell cycle regula-
tion, and deletion or mutation of P16 is very common in tumors 
[26,27]. In bladder cancer, the expression of P16 is significantly 
reduced, and it is associated with various molecular subtypes of 
bladder cancer [28]. The molecular subtypes of bladder cancer 
are closely related to the efficacy of NAC therapy [17]. EPCAM 
expression is increased in bladder cancer and is associated with 
lymph node metastasis [29]. EPCAM is mainly involved in bladder 
cancer metastasis and chemotherapy resistance through PI3K/
AKT signaling pathway [30]. Moreover, antibody-drug conjuga-
tions targeting EPCAM represent a novel therapeutic approach 
for urothelial carcinoma [31]. Expression of ZEB2 correlates with 
histopathological grade in papillary urothelial tumors of the uri-
nary bladder [32]. In addition, ZEB2 is involved in the invasion and 
metastasis of bladder cancer [33]. FOXA1 is expressed throughout 
the urothelium, and associated with the urothelial differentiation 
process and the molecular subtypes of bladder cancer. There is 
a near relationship between MIBC tumor subtypes (identified by 
IHC) and the response to NAC and survival [12]. In brief, P16, EP-
CAM, ZEB2 and FOXA1 are well correlated with NAC efficacy and 
prognosis of bladder cancer. 

In this study, three different machine learning algorithms were 
used to construct prediction models for the efficacy of NAC for 
bladder cancer. Among them, the neural network prediction mod-
el has high accuracy. The advantage of this study lies in the use 
of a variety of clinical characteristics and genes expression tested 
by IHC to predict the efficacy of NAC. Secondly, the prediction 
model is highly reliable by comparing various methods. However, 
this study also has shortcomings. The sample size of this study 
is small, and the model is only verified internally, but not exter-
nally. A larger sample size and more scientific research methods 
are needed to predict the efficacy of NAC for bladder cancer in 
the future. 

Conclusion

In this study, available clinical features and gene expression de-
tected by IHC were used to explore factors closely related to NAC 
for bladder cancer, and to construct prediction models to predict 
the efficacy of NAC for bladder cancer patients. This study not 
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only finds several targets for NAC and provides reference for the 
feasibility of NAC therapeutic prediction model for bladder can-
cer, but also provides a new clue for other researchers and clinical 
workers to predict the efficacy of NAC.
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