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Abstract: Background: Muscle-invasive bladder cancer (MIBC) is a lethal disease with poor treatment response 
and a high death rate. Immune cells infiltrating the tumor tissues have been shown to play a vital role in tumorigen-
esis and tumor progression, but their prognostic significance in MIBC remains unclear. Objectives: To explore the 
landscape and prognostic significance of tumor-infiltrating immune cells (TIICs) in MIBC, and to develop a model to 
improve the prognostic predictions of MIBC. Methods and Materials: The gene expression profile and clinical data of 
MIBC patients were downloaded from the Gene Expression Omnibus and The Cancer Genome Atlas portal. The frac-
tions of 22 TIIC subtypes were calculated using the Cell Type Identification by Estimating Relative Subsets of RNA 
Transcripts (CIBERSORT) algorithm. A TIICs-based model was constructed using least absolute shrinkage and selec-
tion operator (LASSO) Cox regression in a training cohort and validated in the validation cohort. Results: Ten types 
of TIICs demonstrated different infiltration abundance between MIBC and normal tissue. We also found 11 types of 
TIICs that were significantly associated with overall survival (OS). A TIICs-based model was established, consisting 
of 15 types of immune cells, and an immunoscore was calculated. Significant differences in OS were found between 
the high and low immunoscore groups, in both training (n = 343) and validation (n = 146) cohorts. The model could 
identify patients who would have worse OS despite having similar clinical characteristics. Furthermore, multivariate 
analysis identified the immunoscore as an independent risk factor (hazard ratio, 3.23; 95% confidence interval; 
2.22-4.70) for OS in MIBC patients. Conclusion: The landscape of immune infiltration is different between MIBC and 
normal tissue. The TIICs-based model could provide promising predictive value to complement the existing staging 
system for predicting the OS of MIBC patients.
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Introduction

Bladder cancer is the most common urinary 
tract cancer, with an estimated 549,000 new 
cases and 200,000 deaths in 2018, globally  
[1, 2]. About 25% of patients who have bladder 
cancer are diagnosed with muscle-invasive 
bladder cancer (MIBC) [3], for which radical cys-
tectomy combined with pelvic lymphadenecto-
my is the standard treatment [4]. Despite 
improvements in surgical techniques and ther-
apeutic regimens, the clinical outcome of MIBC 
patients remains dismal, with a 5-year survival 
rate of 40%-60% [4-8]. Traditionally, the dis-
ease progression of MIBC is mainly estimated 
using the Union for International Cancer Control 

tumor-node-metastasis classification system 
[9]. However, in clinical practice, the anatomy-
based system provides useful but incomplete 
prognostic information. Therefore, novel bio-
markers that could improve the prognostication 
of MIBC and facilitate patient management are 
needed.

Tumor-infiltrating immune cells (TIICs) are a 
component of the tumor microenvironment and 
act as a trigger for determining the sensitivity of 
cancer cells to immune system attack [10]. 
Their distribution has been shown to influence 
the prognosis of cancer patients [11]. However, 
their prognostic significance seems to vary in 
different types of tumors or in patients with the 
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same tumor type but different clinical charac-
teristics [12, 13]. Several studies have demon-
strated the clinical importance of infiltrating 
immune cells in bladder cancer. It has been 
reported that high M2 macrophage infiltration 
is associated with poor survival in bladder can-
cer patients [14]. A low density of CD3+ and 
CD8+ T cells at the tumor center and the inva-
sive margin was correlated strongly with a poor 
overall survival (OS) in MIBC patients who 
underwent radical cystectomy [15]. Miyake et 
al. from Japan reported that a high level of regu-
latory T cells (Tregs) or tumor-associated mac-
rophages was associated with a poor progres-
sion-free survival in 71 non muscle-invasive 
bladder cancer (NMIBC) patients [16]. However, 
these studies have been limited by the small 
number of investigated cases or focus on only a 
few types of immune cells. Thus, a comprehen-
sive analysis of TIICs in MIBC with larger sam-
ples is needed.

The Cell Type Identification by Estimating Re- 
lative Subsets of RNA Transcripts (CIBERSORT) 
algorithm is a novel bioinformatic tool that can 
accurately evaluate immune cell subsets using 
RNA specimens from numerous solid tumors. It 
has surpassed other methods by eliminating 
noise, unknown mixed components, and close-
ly related cell types [17]. It has been success-
fully used to assess the composition of TIICs 
and evaluate the prognosis significance in 
breast, lung, and gastric cancer [18-20].

In this present study, CIBERSORT was imple-
mented to assess the fractions of 22 types of 
TIICs in MIBC tissues, and a comprehensive 
landscape of TIICs in MIBC was constructed. 
Least absolute shrinkage selection operator 
(LASSO) [21] Cox regression analysis was per-
formed to establish a TIICs-based model to pre-
dict the prognosis of patients with MIBC. An 
immunoscore calculated by the model could 
identify patients with worse OS expectancy 
despite having similar clinical characteristics. 
Therefore, this immunoscore could be a signifi-
cant complement to the existing staging sys-
tem for predicting the OS of MIBC patients.

Methods and materials

Gene expression and corresponding clinical 
data in the GEO database

To obtain the gene expression data with rele-
vant clinical information on MIBC, systematic 
searches were conducted in the Gene Ex- 

pression Omnibus (GEO) datasets (https://
www.ncbi.nlm.nih.gov/geo/). The series GSE- 
13507, GSE31684, GSE32894, GSE48075, 
GSE48276, GSE70691, and GSE69795 were 
selected, normalized matrix files of these series 
were downloaded directly, and the relevant clin-
ical data were manually organized.

Gene expression and corresponding clinical 
data in the TCGA database

Bladder cancer gene expression and corre-
sponding clinical information data were down-
loaded, with no exclusion criteria applied, from 
The Cancer Genome Atlas (TCGA, https://can-
cergenome.nih.gov/) bladder cancer cohort. 
The dataset included 411 bladder cancer sam-
ples and 19 normal samples.

Evaluation of TIIC fractions

To evaluate the relative fractions of TIIC types 
in each bladder cancer sample, the CIBERSORT 
method was utilized, with the algorithm run 
using the LM22 signature matrix at 100 permu-
tations. The types of TIICs were distinguished 
using the LM22 signature matrix, which 
includes 547 genes and possesses highly sen-
sitive and specific discernment of 22 types of 
TIICs, i.e., macrophages M1, macrophages M2, 
macrophages M0, follicular helper T cells, rest-
ing memory CD4+ T cells, activated memory 
CD4+ T cells, gamma delta T cells, CD8+ T cells, 
Tregs, naive CD4+ T cells, resting natural killer 
(NK) cells, activated NK cells, resting mast 
cells, activated mast cells, memory B cells, 
resting dendritic cells, activated dendritic cells, 
naive B cells, monocytes, plasma cells, neutro-
phils, and eosinophils [17]. For each sample, 
the sum of the infiltrating fractions of the 22 
subtypes of immune cells equaled to 1. 
Assessment of the fractions of TIICs was per-
formed in all samples downloaded, which 
included 1366 bladder cancer tissues and 78 
normal tissues. The statistical significance of 
the deconvolution results of each sample was 
reflected by the CIBERSORT P-value, which pro-
vides a measure of confidence in the obtained 
results. At a threshold of P < 0.05, the results 
calculated by CIBERSORT were considered 
accurate and eligible for further analysis.

Statistical analysis

The two-tailed Student’s t test was performed 
to assess the statistical relevance between 
groups. The Kaplan-Meier method and log-rank 
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test were performed to analyze the association 
between variables and OS. Hazard ratios (HRs) 
for univariate analyses were calculated using  
a univariate Cox proportional hazards regres-
sion model. For the univariate analysis and the 
construction of the prediction model, immune 
cell fractions were all divided into high and low 
levels according to the optimal cut points, 
which were evaluated based on the associa- 
tion between OS and TIIC fractions in all MIBC 
samples and based on the principle of maxi-
mum standard log-rank statistics using the 
survminer package (https://CRAN.R-project.
org/package=survminer). The patients were 
randomly separated into training and valida- 
tion cohorts in a ratio of 7:3. The LASSO Cox 
regression method was employed to build the 
TIICs-based model in the training cohort, and 
then an immunoscore was calculated on the 
basis of the model. To assess the accuracy of 
the prediction model, time-dependent receiver 
operating characteristic (ROC) curves for OS by 
immunoscore were generated, and then the 
areas under the curves (AUCs), optimal cut-off 
value (selected by the Youden index), sensitivity 
(SE), specificity (SP), positive predictive value 
(PPV), and negative predictive value (NPV) at 
the predicting times of 3 years and 5 years 
were calculated in the training cohort, valida-
tion cohort, and entire cohort. Moreover, sur-

vival curves were generated in these three 
cohorts; in this part, immunoscore was consid-
ered as a binary variable, and patients were 
divided into low and high immunoscore group, 
with a cut-off immunoscore value. The cut-off 
value was calculated on the basis of (i) the 
association between OS and immunoscore in 
the training cohort, using the survminer pack-
age in R software, and (ii) the principle of maxi-
mum standard log-rank statistics. To verify the 
repeatability of our model, we treated the  
cut-off value as a fixed value and did not change 
it in the subsequent analysis. Furthermore, 
multivariable Cox regression analysis with the 
enter method was used to determine indepen-
dent prognostic factors. R software, version 
3.6.1, was used for all statistical analyses. 
P-values < 0.05 were considered statistically 
significant.

Results

Characteristics of included samples

Patients with NMIBC, lacking survival informa-
tion, or receiving neoadjuvant chemotherapy 
were excluded, as well as patients with a 
CIBERSORT P-value > 0.05. By applying these 
exclusion criteria, 489 MIBC and 59 normal 
samples were selected for further analysis. The 
median follow-up time of MIBC patients was 
22.3 months (range from 1 to 250 months). 
Their baseline characteristics are shown in 
Table 1. Of note, all MIBC tissues were obtain- 
ed from radical cystectomy, and a total of 143 
patients received platinum-based adjuvant 
chemotherapy.

Profile of immune infiltration in normal and 
MIBC samples

The profiles of immune infiltration of 59 normal 
samples and 489 MIBC samples are illustrated 
as bar plot in Figure 1A. The proportions of 
immune cells were variable in each sample. 
The differences of each type of TIIC between 
the normal and MIBC samples were further 
analyzed (Figure 1B). We identified 10 types of 
immune cells that were significantly different 
between normal and MIBC samples; the pro-
portions of infiltrating activated memory CD4+ T 
cells, naive CD4+ T cells, activated NK cells, 
macrophages M0, macrophages M1, and acti-
vated dendritic cells were significantly higher in 
MIBC samples than in normal samples, where-

Table 1. Baseline characteristics of patients

Characteristics No. of patients 
(n = 489)

Age (years)
    ≤ 65 166
    > 65 268
    Unknown 55
Primary tumor stage
    T2 166
    T3 210
    T4 62
    Unknown 51
Regional lymph node metastasis
    N0 260
    N+ 145
    Unknown 84
Chemotherapy
    Yes 143
    No 210
    Unknown 136
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as the infiltrating fractions of CD8+ T cells, rest-
ing memory CD4+ T cells, monocytes, and rest-
ing mast cells were lower in MIBC tissues com-
pared to those in normal tissues. These results 
demonstrated a different landscape of TIICs 
between MIBC and normal samples.

Additionally, correlation analysis suggested th- 
at CD8+ T cells had the strongest positive cor-
relation with activated memory CD4+ T cells, 
whereas resting NK cells had the strongest 
negative correlation with activated NK cells. 
The proportions of other immune cell subtypes 
presented weak correlations (Figure 1C).

Prognostic value of TIICs in MIBC patients

The associations between the prognosis of 
MIBC patients and each subtype of TIICs were 
investigated. The optimal cut-off points for the 
fraction of each immune cell subtype were cal-
culated (Table S1), and Kaplan-Meier survival 
curves of the 22 subtypes of TIICs were gener-
ated (Figure S1). Higher proportions of infiltrat-
ing Tregs, resting memory CD4+ T cells, neutro-
phils, monocytes, and resting mast cells were 
found to be associated with shorter OS. 
Furthermore, patients with higher infiltrating 
levels of naive B cells, gamma delta T cells, fol-
licular helper T cells, CD8+ T cells, activated 
memory CD4+ T cells, and plasma cells had lon-
ger OS (the HRs of 22 subtypes of TIICs for OS 
are shown with 95% confidence intervals [CIs] 
in Figure S2). Additionally, multivariate Cox 
regression analysis indicated that monocytes, 
macrophages M2, resting mast cells, and neu-
trophils were independent risk factors for 
shorter OS, whereas naive B cells and resting 
dendritic cells were independent predictors for 
favorable OS in MIBC patients (Figure S3).

Construction and validation of the TIICs-based 
model

The TIICs-based model was constructed using 
LASSO Cox regression analysis in the training 
cohort (Figure 2A, 2B), and for each patient, a 
TIICs-related immunoscore was calculated as 

follows: Immunoscore = (0.0542 × fraction of 
Tregs) - (0.2832 × fraction of naive B cells) - 
(0.0106 × fraction of plasma cells) - (0.2989 × 
fraction of CD8+ T cells) - (0.1168 × fraction of 
naive CD4+ T cells) - (0.1792 × fraction of acti-
vated memory CD4+ T cells) - (0.0605 × fraction 
of gamma delta T cells) + (0.1610 × fraction of 
resting NK cells) - (0.2190 × fraction of activat-
ed NK cells) + (0.1642 × fraction of monocytes) 
+ (0.1152 × fraction of macrophages M2) - 
(0.0031 × fraction of resting dendritic cells) + 
(0.0392 × fraction of resting mast cells) + 
(0.2386 × fraction of eosinophils) + (0.2138 × 
fraction of neutrophils). In this formula, the TIIC 
fraction was valued as 1 or 0. A value of 0 was 
assigned if the fraction of the type of TIIC was 
less than the corresponding cut-off point; oth-
erwise, a value of 1 was assigned (the cut-off 
points of each TIIC subtype are shown in Table 
S1).

To evaluate the prognostic accuracy of the 
model, time-dependent ROC curves for the 
immunscore and OS were generated. The AUCs 
were 0.710, 0.684, and 0.703 at 3 years and 
0.714, 0.718, and 0.717 at 5 years in the train-
ing cohort, validation cohort, and entire cohort, 
respectively. The optimal cut-off values, SE, SP, 
PPV, and NPV at predicting OS for 3 years and 5 
years are shown in Figure 3A-C. Patients in all 
three cohorts were then divided into a high and 
low immunoscore group, based on a cut-off 
value of 0.9189, as calculated by the survminer 
package in the training cohort. Compared with 
patients in the low immunoscore group, 
patients in the high immunoscore group had 
significantly shorter OS, with an HR of 2.69 
(95% CI, 2.00-3.63), 2.56 (95% CI, 1.58-4.14), 
and 2.65 (95% CI, 2.06-3.42) in the training 
cohort, validation cohort, and entire cohort, 
respectively (Figure 3D-F).

To ascertain whether the clinical factors (pri-
mary tumor stage, regional lymph node metas-
tasis, and chemotherapy) could influence the 
predictive accuracy of our model, stratified 
analysis was performed. Again, patients were 
divided into a high immunoscore and low immu-

Figure 1. Landscape of immune infiltration in MIBC and normal samples. A. Stacked bar chart illustrating devia-
tions in immune infiltration in each sample, 59 normal samples are shown on the left, and 489 MIBC samples are 
shown on the right. B. Difference in proportion of each TIIC type in normal and MIBC tissues. P < 0.05 represents 
statistical significance. C. Correlation matrix of TIIC proportions. The red color represents a positive correlation, and 
the blue color represents a negative correlation. MIBC, muscle-invasive bladder cancer. TIICs, tumor-infiltrating im-
mune cells.
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Figure 2. Fifteen TIIC subtypes selected by LASSO Cox regression analysis. A. Tenfold cross-validation for tuning parameter selection in the LASSO model. The partial 
likelihood deviance is plotted against log(λ), where λ is the tuning parameter. Partial likelihood deviance values are shown, with error bars representing standard 
error. The two dotted vertical lines are drawn at the optimal values by minimum criteria (left) and 1 standard error criteria (right). B. LASSO coefficient profiles of the 
22 TIIC subtypes. The left vertical line is drawn at the optimal value by minimum criteria and results in 15 non-zero coefficients. TIICs, tumor-infiltrating immune cells.
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Figure 3. Validation of the TIICs-based model. (A-C) Time-dependent ROC curves and AUCs. The AUCs for immu-
noscore and OS are 0.710, 0.684, and 0.703 at 3 years and 0.714, 0.718, and 0.717 at 5 years in the training co-
hort, validation cohort, and entire cohort, respectively. (D-F) Kaplan-Meier curves for OS by the immunoscore group, 
in the training cohort (D), validation cohort (E), and entire cohort (F). Patients in all three cohorts were divided into 
high and low immunoscore groups on the basis of a cut-off value of 0.9189. A high immunoscore is associated with 
a shorter OS in the three cohorts. P < 0.05 represents statistical significance. ROC, receiver operating characteris-
tic. AUC, area under the ROC curve. MIBC, muscle-invasive bladder cancer. HR, hazard ratio. CI, confidence interval. 
OS, overall survival. SE, sensitivity. SP, specificity. PPV, positive predictive value. NPV, negative predictive value.
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Figure 4. The association between immunoscore and clinical factors. A high immunoscore was associated with a worse OS when stratified by primary tumor stage 
(A), regional lymph node metastasis (B), and chemotherapy (C). (A) The overall survival of the patients with T2 disease and a high immunoscore was significantly 
shorter than those with T3 disease and a low immunoscore (HR, 1.59; 95% CI, 1.03-2.43). (B) Patients without regional lymph node metastasis in the high im-
munoscore group had shorter overall survival than those with regional lymph node metastasis in the low immunoscore group (HR, 1.65; 95% CI, 1.06-2.56). (C) 
Patients in the high immunoscore group could benefit from chemotherapy (HR, 0.46; 95% CI, 0.28-0.74), however, in the low immunoscore group, no significant 
difference in overall survival was found irrespective of chemotherapy use (P > 0.05). Patients who received chemotherapy with a high immunoscore had a worse OS 
than the patients with a low immunoscore without chemotherapy (HR, 1.63; 95% CI, 1.02-2.60). (D) Multivariate Cox regression analysis of the immunoscore with 
overall survival in 276 patients. The immunoscore is an independent risk factor for OS (HR, 3.23; 95% CI, 2.22-4.70). (E) Time-dependent ROC curves and AUCs at 
5 years of the immunoscore, compared with age, T stage, and N stage. P < 0.05 represents statistical significance. CT, chemotherapy. OS, overall survival. TIICs, 
tumor-infiltrating immune cells. HR, hazard ratio. CI, confidence interval.
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noscore group, with an immunoscore of 0.9189 
as the cut-off value. Compared with patients in 
the low immunescore group, patients in the 
high immunoscore group had a worse OS, 
which revealed that the TIICs-based model was 
still a clinically and statistically significant prog-
nostic tool for OS prediction even when strati-
fied by primary tumor stage (Figure 4A), region-
al lymph node metastasis (Figure 4B), or che-
motherapy (Figure 4C). Indeed, the OS of the 
patients with T2 disease and a high immu-
noscore was significantly shorter than the OS of 
patients with T3 disease and a low immu-
noscore (HR, 1.59; 95% CI, 1.03-2.43). 
Moreover, patients without regional lymph 
node metastasis in the high immunoscore 
group had shorter OS than those with regional 
lymph node metastasis in the low immunoscore 
group (HR, 1.65; 95% CI, 1.06-2.56). Of note, 
although chemotherapy was identified as ben-
eficial for patients with high immunoscore (HR, 
0.46; 95% CI, 0.28-0.74), patients who had a 
high immunoscore and received chemotherapy 
had a worse OS than those with a low immu-
noscore and did not undergo chemotherapy 
(HR, 1.63; 95% CI, 1.02-2.60). Meanwhile, in 
the low immunoscore group, no significant dif-
ferences in OS were found irrespective of che-
motherapy use (P > 0.05). Similar results were 
found in patients with T3/T4 disease or region-
al lymph node metastasis (Figures S4 and S5). 
In addition, for the patients who had complete 
clinical information (with respect to age, prima-
ry tumor stage, regional lymph node status, 
and chemotherapy), multivariate Cox regres-
sion analysis was performed. After adjusting for 
clinical variables, the immunoscore remained 
an independent prognostic factor for predicting 
OS (HR, 3.23; 95% CI, 2.22-4.70), and age > 65 
and a high tumor stage (T3/T4) were indepen-
dent risk factors (Figure 4D). Moreover, the 
prognostic value of the immunoscore was com-
pared with established prognostic factors using 
time-dependent ROC analysis. The AUC was 
0.703 at 5 years, which is superior to that of 
tumor stage (0.635), N stage (0.601), and age 
(0.613) in predicting the OS of MIBC patients 
(Figure 4E). These results revealed a promising 
prediction efficiency of the TIICs-based model.

Discussion

A hypothesis was advanced by Paul Ehrlich that 
the immune system can detect and kill tumor 
cells before clinical signs appear [22, 23]. TIICs 

are the constituents of the immune system  
infiltrating in tumor tissue, where they exert 
important anti-tumor or pro-tumor effects [24]. 
Intravesical BCG immunotherapy is one of the 
earliest immunotherapies and is still recom-
mended for high-risk NMIBC [25], and a grow-
ing body of evidence highlights the key role of 
TIICs in bladder cancer [26, 27]. However, the 
functions and prognostic significance of TIICs 
in MIBC patients remain ambiguous and 
deserve further analysis [26].

In this study, an overall landscape of immune 
cell infiltration in MIBC samples was construct-
ed, and significant differences in TIIC composi-
tion between MIBC and normal tissues were 
observed. These findings support that the pat-
terns of immune infiltration in tumor and nor-
mal tissues are different [18, 22, 28, 29]. 
Additionally, the correlation between each TIIC 
subtype and the OS of patients with MIBC was 
investigated, and we found that patients with 
higher levels of infiltrating Tregs, resting memo-
ry CD4+ T cells, neutrophils, monocytes, and 
resting mast cells had poor prognoses, where-
as patients with higher levels of infiltrating 
naive B cells, gamma delta T cells, follicular 
helper T cells, CD8+ T cells, activated memory 
CD4+ T cells, and plasma cells had longer OS.

In previous studies, the functions and prognos-
tic significance of several subtypes of TIICs in 
multiple types of cancers have been reported, 
but some of the results have been inconsistent. 
For instance, infiltrating CD8+ T cells are com-
monly regarded as tumor inhibitors that are 
associated with a favorable prognosis in most 
types of cancers [30-33]; however, in renal cell 
carcinoma [34] and prostate cancer [35], CD8+ 
T cells were reported to be associated with 
poor clinical outcomes. In addition, Hald et al. 
[36] reported CD8+ T cells as a predictor of 
good prognosis in non-small cell lung cancer, 
which was contradicted by the findings of Tian 
et al. [37], who found CD8+ T cells serve as a 
predictor of poor prognosis. Similar contradic-
tory findings have also been found in macro-
phages, NK cells, and dendritic cells [11, 13]. 
Considering the specialized functions and prog-
nostic significance of TIICs, additional samples 
with rigorously designed research works are 
needed to confirm the prognostic significance 
of these cells. In this study, 489 patients from 
the TCGA and GEO databases were included, 
and the CIBERSORT algorithm was utilized, 
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which is a significant supplement to the pres-
ent situation.

We then developed a TIICs-based model to pre-
dict the OS of patients with MIBC. The calculat-
ed immunoscore was validated to be an inde-
pendent prognostic factor with a significant 
accuracy for MIBC. Several prognostic tools 
based on immune contexture have been report-
ed and provided a statistically significant pre-
dictive value for prognosis in patients with mul-
tiple types of solid tumors [38]. However, in 
most of these research works, especially in 
bladder cancer [39, 40], immune contexture 
was evaluated mainly by immunohistochemis-
try, and only a limited number of biomarkers 
could be analyzed due to insufficient biopsy 
specimens. Therefore, most of these studies 
included smaller sample sizes and/or mainly 
focused on only a few cell types or biomarkers. 
Additionally, the measurement of the intensity 
of staining may be (i) subjective to a certain 
level of bias or (ii) non-reproducible as these 
mainly depend on the pathologists’ experien- 
ce. In this study, the fractions of TIICs were  
calculated using the CIBERSORT algorithm, 
which has been verified by fluorescence-acti-
vated cell sorting [17], and the results were fil-
tered by the CIBERSORT P-value to ensure a 
high credibility.

Tumor stage and regional lymph node metasta-
sis were previously identified as crucial inde-
pendent variables affecting survival outcomes 
in bladder cancer [8]. However, different clinical 
outcomes among bladder cancer patients with 
the same primary tumor stage or regional 
lymph node metastasis status [41, 42] have 
shown that the use of existing prognostic sys-
tems may be insufficient. In our study, the dif-
ference in OS between patients with the same 
primary tumor stage or regional lymph node 
metastasis status could be distinguished us- 
ing the proposed immunoscore. Notably, the 
European Association of Urology Guidelines on 
muscle-invasive and metastatic bladder cancer 
defined pathological T3/T4 and regional lymph 
node metastasis as high-risk factors, and adju-
vant chemotherapy is recommended for these 
patients [4, 43]. However, according to our re- 
sults, T2 stage tumor patients with high immu-
noscore had a poorer clinical outcome com-
pared with T3 stage patients with low immu-
noscore, and patients in the high immunoscore 
group without regional lymph node metastasis 

had shorter OS than those with regional lym- 
ph node metastasis in the low immunoscore 
group. These results suggest that patients with 
T2 disease or patients without regional lymph 
node metastasis, who were traditionally consid-
ered as low risk, may need additional and indi-
vidualized treatments. These results therefore 
suggest that the immunoscore could be used 
as a complement to existing staging systems 
for scheduling patient follow-up.

Chemotherapy is the first-line regimen for 
advanced or metastatic bladder cancer [43, 
44]. According to our study, patients with a high 
immunoscore could benefit from chemothera-
py. Particularly, in the cluster of high immu-
noscore without regional lymph node metasta-
sis, we found that patients who received che-
motherapy had a favorable OS compared with 
patients without chemotherapy. Considering 
that patients with high immunoscore had a 
worse OS, chemotherapy could be important 
for such MIBC patients. Meanwhile, in the low 
immunoscore group, as no significant differ-
ence in OS was found for patients with T3/T4 
disease or regional lymph node metastasis, 
irrespective of chemotherapy usage, this sug-
gests that for those with low immunoscore, 
chemotherapy could have limited advantages. 
Therefore, for patients in the low immunoscore 
group with T3/T4 disease or regional lymph 
node metastasis, systematic chemotherapy 
seems not to be the optimal treatment regi-
men. Considering the limited number of cases 
in our study, further studies are required to vali-
date these findings. Furthermore, the patients 
who received chemotherapy with a high im- 
munoscore had a worse prognosis than those 
with a low immunoscore without chemothera-
py, revealing that a high immunoscore is a 
strong risk factor, and additional treatment 
strategies are in need.

There were several limitations to this study. 
First, the patients’ information was download-
ed from public databases, and clinical informa-
tion for each patient was incomplete. Second, it 
is desirable to assess the immune status in  
different regions of a sample, for instance in 
the core of the tumor and the invasive margin; 
however, the CIBERSORT algorithm is based on 
the gene expression profiles, and information 
about the exact location of the infiltrating cells 
is not contained. Finally, although a total of 489 
MIBC patients were included in our study for 
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the retrospective observations regarding the 
associations between the immunoscore and 
chemotherapy, further prospective studies are 
required to validate these findings.

In conclusion, our study revealed the compre-
hensive landscape of TIICs in MIBC tissue and 
investigated the prognostic significance of 22 
subtypes of TIICs in patients with MIBC. This 
study improves our understanding of the 
effects of TIICs in bladder cancer and will help 
in the design of novel diagnostic and prognos-
tic tools as well as treatments. More important-
ly, the TIICs-based model was validated to be a 
practical and reliable prognostic tool for MIBC; 
it could distinguish the difference in surviv- 
al between patients with the same primary 
tumor stage or regional lymph node metastasis 
status, indicating that the model is a promis- 
ing complement for the existing staging sy- 
stem of MIBC. Finally, the model has the poten-
tial to guide physicians to make more informed 
treatment decisions for patients after radical 
cystectomy.
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Table S1. Cut-off points of 22 TIIC subtypes
TIIC subtype Cut-off value
Naive B cells 0.010384
Memory B cells 0.003644
Plasma cells 0.020973
CD8+ T cells 0.1158
Naïve CD4+ T cells. 0.006616
Resting memory CD4+ T cells 0.115949
Activated memory CD4+ T cells 0.093831
Follicular helper T cells 0.025089
Regulatory T cells (Tregs) 0.015243
Gamma delta T cells 0.052026
Resting natural killer (NK) cells 0.045458
Activated NK cells 0.04404
Monocytes 0.004083
Macrophages M0 0.12021
Macrophages M1 0.047876
Macrophages M2 0.067353
Resting dendritic cells 0.005379
Activated dendritic cells 0.11194
Resting mast cells 0.033443
Activated mast cells 0.037974
Eosinophils 0
Neutrophils 0.025106
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Figure S1. Kaplan-Meier survival curves of 22 TIIC subtypes in MIBC (n = 
489). Higher proportions of infiltrating Tregs, resting memory CD4+ T cells, 
neutrophils, monocytes, and resting mast cells were associated with a 
shorter OS, whereas higher proportions of infiltrating naive B cells, gamma 
delta T cells, follicular helper T cells, CD8+ T cells, activated memory CD4+ 
T cells, and plasma cells were associated with a longer OS. P < 0.05 repre-
sents statistical significance. MIBC, muscle-invasive bladder cancer.
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Figure S2. Forest plots showing the associations between 22 TIIC types and OS in 489 MIBC patients. Unadjusted 
HRs are shown with 95% CIs. P < 0.05 represents statistical significance. MIBC, muscle-invasive bladder cancer. 
TIICs, tumor-infiltrating immune cells. OS, overall survival.
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Figure S3. Multivariate Cox regression analysis of 22 TIIC subtypes and OS in 489 patients. Monocytes, M2 macro-
phages, resting mast cells, and neutrophils were independent risk factors for OS, whereas naive B cells and resting 
dendritic cells were independent predictors for OS in MIBC patients. Unadjusted HRs are shown with 95% CIs. P 
< 0.05 represents statistical significance. MIBC, muscle-invasive bladder cancer. TIICs, tumor-infiltrating immune 
cells. OS, overall survival.
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Figure S4. For the patients with low immunoscores and T3/T4 stage disease, no significant difference in OS was 
found irrespective of chemotherapy use (P > 0.05). OS, overall survival. CT, chemotherapy.

Figure S5. For the patients with low immunoscores and regional lymph node metastasis, no significant difference in 
OS was found irrespective of chemotherapy use (P > 0.05). OS, overall survival. CT, chemotherapy.


