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Abstract
Agents that target PD- 1 and PD- L1 have been developed in the treatment of bladder 
cancer (BC). However, the diversity of immune cell infiltration in non- muscle- invasive 
BC (NMIBC) and the dynamics of the microenvironment as it progresses to muscle- 
invasive/metastatic disease remains unknown. To assess tumor immune activity, hi-
erarchical clustering was applied to 159 BC samples based on cellular positivity for 
the defined immune cellular markers (CD3/CD4/CD8/FOXP3/CD20/PD- 1/PD- L1/
LAG3/TIGIT), divided into two clusters. There was a “hot cluster” (25%) consisting of 
patients with a high expression of these markers and a “cold cluster” (75%) compris-
ing those without. The expression of CD39, CD44, CD68, CD163, IDO1, and Ki67 
was significantly higher in tumors in the hot cluster. Immunologically, high- grade T1 
tumors were significantly hotter, whereas tumors that had progressed to muscle inva-
sion turned cold. However, a certain number of high- grade NMIBC patients were in 
the cold cluster, and these patients had a significantly higher risk of disease progres-
sion. Using an externally available TCGA dataset, RB1 and TP53 alterations were more 
frequently observed in TCGA hot cluster; rather FGFR3, KDM6A, and KMT2A altera-
tions were common in TCGA cold/intermediate cluster. Analyses of recurrent tumors 
after BCG therapy revealed that tumor immune activity was widely maintained before 
and after treatment, and high FGFR3 expression was detected after recurrence in 
tumors initially classified into the cold cluster. Collectively, we revealed the dynamics 
of the tumor microenvironment in BC as a whole and identified candidate molecules 
as therapeutic targets for recurrent NMIBC, e.g., after BCG therapy.
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1  |  INTRODUC TION

Non- muscle- invasive bladder cancer (NMIBC) is defined as cancer 
confined to the bladder mucosa and submucosa without invasion 
of the muscle layer1,2 and accounts for the majority of BC cases.1 
Patients with NMIBC generally undergo transurethral tumor resec-
tion of bladder tumor (TURBT) and subsequently receive intravesi-
cal therapy.2 However, the risk of recurrence within the bladder or 
progression of the disease to muscle layer- invasive bladder cancer 
(MIBC) varies depending on the grade and depth of invasion of the 
tumor; non- invasive papillary tumors (pathological Ta: pTa), flat tu-
mors referred to as carcinoma in situ (pTis), and tumors invading sub-
epithelial connective tissue (pT1).2

High- grade pT1 tumors have a very high risk of recurrence, with 
more than 20% of patients experiencing stage progression.3,4 These 
high- risk cases undergo TURBT followed by BCG therapy, but often be-
come refractory to any conservative treatment.2–5 The prognosis of pa-
tients with NMIBC once they progress to MIBC is very poor,6 and early 
cystectomy is recommended for patients who are BCG refractory, with 
surgical invasiveness and the reduced quality of life associated with uri-
nary tract changes and sexual dysfunction being inevitable.2,7,8

In recent years, the relationship between the immune environment 
of tumors and the prognosis of patients has become increasingly clear. 
While several immune cells exhibit anticancer activity in many solid 
tumors, molecules that suppress their function have been identified, 
e.g., the immune checkpoint molecules PD- 1 and PD- L1, and have at-
tracted attention as therapeutic targets.9,10 Notably, agents that tar-
get PD- 1 and PD- L1 have been developed and are used widely in the 
treatment of BC.11–13 However, most of these studies and clinical trials 
have focused on MIBC and metastatic BC. Although relationships be-
tween PD- 1 expression and intravesical recurrence14 and the efficacy 
of pembrolizumab in high- risk NMIBC15 have been suggested, the full 
extent of the tumor immune environment in NMIBC has yet to be elu-
cidated in detail. Furthermore, NMIBC may be subdivided by tumor 
grades and stages; however, the diversity of immune cell infiltration 
in NMIBC and the dynamics of the microenvironment as the disease 
progresses to MIBC remain unknown.

Therefore, the present study attempted to comprehensively eval-
uate the tumor immune environment of BC and visualize immune cell 
infiltrates at each tumor stage in order to clarify the dynamics of the 
tumor microenvironment in BC as a whole. We also focused on the 
immune environment of NMIBC, for which medical evidence is limited, 
particularly the efficacy and prognosis of BCG therapy, and aimed to 
identify new therapeutic targets for recurrent NMIBC after BCG ther-
apy, which has become an unmet medical need in clinical practice.

2  |  MATERIAL S AND METHODS

2.1  |  Human tumor samples

After approval by the Institutional Review Board, formalin- fixed 
and paraffin- embedded (FFPE) UC tumor samples were collected 
randomly at Keio University Hospital (Tokyo, Japan) based on the 

pathological T stage and treatments. In total, 159 tumor samples 
were treated surgically. No samples had metastases. Also, no sample 
had a history of neoadjuvant intravenous or intravesical chemother-
apy prior to tissue sampling.2 Basically, BC tumors were resected 
along with adequate muscle layers. Patients with high- grade tu-
mors were treated with BCG therapy postoperatively, except for 
those who had undergone cystectomy. Furthermore, patients with 
T1 tumors underwent a second TURBT to achieve complete resec-
tion prior to BCG therapy. All recurrent samples in the bladder were 
subjected to cystoscopy and TURBT. When direct progression to 
the muscle layer was pathologically confirmed, disease progression 
was diagnosed. Indeed, among progressed cases, only two were 
diagnosed without cystoscopy or TURBT because imaging studies 
showed distant metastases.

Tissue microarrays (TMAs) were created by a well experienced 
board- certified pathologist (S.M.) who specialized in genitourinary 
malignancies and evaluated the suitability of tissue sections for TMA 
construction. The International Union for Cancer Control tumor–
node–metastasis system was used for tumor staging, and nuclear 
grading was performed according to the World Health Organization/
International Society of Urological Pathology grading system. No 
statistical methods were used to predetermine the sample size. To 
avoid researcher bias during tissue preparation and data analysis, 
all samples were numbered for identification. All procedures were 
performed in accordance with the 1964 Declaration of Helsinki and 
current ethical standards, and informed consent was obtained from 
patients for the experimental use of their samples in accordance 
with hospital ethical guidelines. Additionally, we analyzed RNA- 
sequencing, genome, and clinical data from The Cancer Genome 
Atlas (TCGA) database to validate our results.16,17 Data were down-
loaded from cBioPortal.18

2.2  |  Immunohistochemical staining and 
automated single- cell counting

All TMA sections were stained as follows. FFPE samples were cut 
into 4-  to 5- μm- thick sections and placed onto silane- coated glass 
slides. After deparaffinization, sections were processed for antigen 
retrieval. After blocking, sections were incubated overnight with pri-
mary antibodies (Table S1), followed by secondary antibodies conju-
gated to a peroxidase- labeled dextran polymer. Immunohistochemical 
staining was visualized using 3,3′- diaminobenzidine in 50 mM Tris–
HCl (pH 5.5) containing 0.005% hydrogen peroxidase. Sections 
treated with 3,3′- diaminobenzidine were then counterstained with 
hematoxylin. All stained TMA sections were scanned and visual-
ized using a high- resolution digital slide scanner (NanoZoomer- XR 
C12000; Hamamatsu Photonics, Hamamatsu, Shizuoka, Japan). 
Immunohistochemical signals and nuclei in tumor cores were seg-
mented separately with a computerized image analysis system 
(StrataQuest software, Tissuegnostics, Vienna, Austria). Cells with 
overlapping segmented immune signals and nuclei were counted au-
tomatically and normalized as positive cell numbers to the total cell 
number from the same sample region.
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2.3  |  Statistical analysis

Categorical variables between groups were compared using the two- 
sided Fisher's test. Contiguous variables between groups were compared 
using the Student's t- test, the Mann–Whitney U test, the Kruskal–Wallis 
test, and the Dunn–Bonferroni test, when appropriate. Spearman's coef-
ficients were used to identify and evaluate the strength of relationships 
between two sets of data. Hierarchical clustering was performed using 
Ward's linkage methods. The starting point of the present study was the 
time of definitive surgical treatment, while the end point was the time 
of bladder recurrence after TURBT, disease progression, and cancer- 
specific mortality. Survival curves were estimated using the Kaplan–Meier 
method and compared with the Log- rank test. Significance was indicated 
when p- values were < 0.05. All analyses were performed using R sta-
tistical language version 3.0.2 (R Foundation for Statistical Computing, 
Vienna, Austria) and JMP version 17.0 (SAS Institute Inc., Cary, NC, USA).

3  |  RESULTS

3.1  |  Automated single- cell counting and clustering 
according to immune activity

In Table 1, the median age of patients was 73 years, and the majority 
of our cohort was male (82%). In total, 21% of patients had MIBC 
lesions, while 42, 15, and 22% of patients had non- invasive papillary 

tumors (pTa), carcinoma in situ (pTis), and stromal invasive tumors 
(pT1), respectively. In addition, 73% of the cohort had high- grade tu-
mors. Treatment details were as follows: all patients with MIBC un-
derwent total cystectomy. In contrast, 60% of patients with NMIBC 
underwent TURBT followed by BCG therapy, and 5% of patients 
received the intravesical instillation of chemotherapeutic agents. In 
total, 26% of patients with NMIBC underwent TURBT alone, all of 
whom had low- grade pTa tumors. Total cystectomy was performed 
on 8% of patients with NMIBC because they were considered to 
have a very high risk of progression to MIBC.

An automated single- cell count of immunolabeled tumor sec-
tions from 159 BC samples was conducted. In this automated analy-
sis, cells positively staining for acquired immune cell markers (CD3, 
CD4, CD8, CD20, FOXP3, PD- 1, PD- L1, LAG3, and TIGIT) in sam-
ples were counted, as shown in Figure 1. As cell density may vary 
among individual samples, the number of cells that were positive for 
each marker was divided by the total cell number, and we obtained 
marker- positive cell percentages per sample for use in subsequent 
analyses. Hierarchical clustering was then applied to 159 tumor sam-
ples based on the expression levels of the defined immune cell mark-
ers in tumors. There were two clusters, one consisting of patients 
with a high expression of the defined immune cell markers and the 
other without. Each cluster was defined as a “hot cluster” and “cold 
cluster” according to the degree of immune activity (Figure 2).

There were 40 patients (25%) in the hot cluster and 119 (75%) 
in the cold cluster; there were no significant differences in age or 

Variables All

Immune activity

p- valueCold cluster Hot cluster

No. of patients 159 119 40

Sex, n (%)

Female 29 (18%) 17 (14%) 12 (30%) 0.034

Male 130 (82%) 102 (86%) 28 (70%)

Age (years), n (%)

<74 80 (50%) 65 (55%) 15 (38%) 0.069

≥74 79 (50%) 54 (45%) 25 (63%)

Pathologic T stage, n (%)

pTa 67 (42%) 58 (49%) 9 (23%) 0.010

pTis 24 (15%) 15 (13%) 9 (23%)

pT1 35 (22%) 21 (18%) 14 (35%)

≥pT2 33 (21%) 25 (21%) 8 (20%)

Tumor grade, n (%)

Low 43 (27%) 38 (32%) 5 (13%) 0.023

High 116 (73%) 81 (68%) 35 (88%)

Treatment, n (%)

TURBT alone 33 (21%) 29 (24%) 4 (10%) 0.204

TURBT with following 
intravesical chemotherapy

6 (4%) 5 (4%) 1 (3%)

TURBT with following BCG 76 (48%) 53 (45%) 23 (58%)

Cystectomy 44 (28%) 32 (27%) 12 (30%)

TA B L E  1  Clinicopathological 
characteristics associated with tumor 
immune activity.



3966  |    KAMITANI et al.

subsequent treatments between the two groups. However, there 
were more females in the hot cluster than in the cold cluster, and 
pathologically, there were significantly more patients with high- grade 
tumors in the hot cluster (Table 1). The expression of CD39, CD44, 
CD68, CD163, IDO1, and Ki67 was significantly higher in tumors in 
the hot cluster (Figure 2), revealing that these tumors had a high pro-
liferative capacity and formed an immunosuppressive environment, 

while the tumors themselves were infiltrated by numerous immune 
cells. Furthermore, to evaluate the association of the clustering 
with pro- inflammatory factors, we analyzed the expression levels of 
Granzyme B, IFN- γ, and TNF- α in the tumors (n = 43) (Figure S1A–C). 
Granzyme B expression levels were significantly higher in tumors in 
the hot cluster (p = 0.002) (Figure S1D), while no significant differ-
ences were observed in those of IFN- γ or TNF- α (Figure S1E,F).

F I G U R E  1  Representative images of 
components of tumor immune activity. 
(A–I) Human bladder cancer tumors 
immunolabeled for CD3 (A), CD4 (B), CD8 
(C), CD20 (D), FOXP3 (E), PD- 1 (F), PD- L1 
(G), LAG3 (H), and TIGIT (I).

F I G U R E  2  Overall tumor immune 
activity in bladder cancer. A hierarchical 
clustering heatmap (low, blue; high, red) 
based on the expression levels of the 
indicated immune cell markers in tumors 
divided into two clusters, a “hot cluster” 
and “cold cluster.” The lower panel shows 
comparisons of other immune- related 
molecules between the two clusters.
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3.2  |  Survival analysis

Regarding tumors classified into the “hot cluster” or “cold cluster” 
as depicted by tumor immune activity, the present results showed 
that high- grade pT1 tumors were significantly hotter immunologi-
cally than low- grade pTa, high- grade pTa/pTis, or MIBC diseases 
(p = 0.035) (Figure 3A). This result suggests that among NMIBC, 
high- grade T1 tumors were significantly hotter immunologically, 
while tumors that had progressed to muscle invasion turned cold.

We then investigated whether tumor immune activity was as-
sociated with patient survival after surgery for BC. A Kaplan–Meier 
analysis revealed that the tumor immune cluster did not affect 
progression- free or cancer- specific survival in patients with MIBC 
(p = 0.654 and p = 0.797, respectively) (Figure 3B,C). In contrast, 
a distinct relationship was observed between immune activity in 
and the prognosis of patients with NMIBC: the hot cluster had a 
significantly higher risk of bladder recurrence than the cold cluster 
(p = 0.003) (Figure 3D). However, patients with NMIBC in the cold 
cluster had a significantly higher risk of disease progression, such 
as muscle layer- invasive disease and distant metastases, compared 
with those in the hot cluster (p = 0.049) (Figure 3E).

Indeed, the most hot cluster tumors in NMIBC were high- grade, 
while the cold cluster consisted of various tumors ranging from 
low- grade pTa to high- grade pT1, as shown in Table 1. To further 
understand this heterogeneous cold cluster population, we divided 

the patients into two groups: low- grade tumors in the cold cluster 
and high- grade tumors in the cold cluster. A Kaplan–Meier analy-
sis revealed that there were no significant differences between the 
two groups in the risk of bladder recurrence (p = 0.145) (Figure 3F). 
Conversely, the risk of disease progression was significantly higher 
for high- grade tumors in the cold cluster (p = 0.002) (Figure 3G). 
These results suggest that tumor immune activity affected a subset 
of recurrence types in NMIBC, and among high- grade tumors, those 
that acquired a cold immune environment were considered to have 
a poor prognosis.

3.3  |  TCGA cohort analysis

Using a publicly available confirmation cohort TCGA dataset, we 
externally examined the clinical significance of our clusters due to 
tumor immune activity. We applied hierarchical clustering based on 
the mRNA expression of the same immune molecules to data from 
411 patients. The cohort was divided into three clusters according 
to the degree of immune activity: the “hot cluster,” “cold cluster,” 
and “intermediate cluster” (Figure 4A). The mRNA expression of 
CD39, CD44, CD68, CD163, IDO1, Ki67 (Figure 4A), and Granzyme 
B (Figure S1G) in tumors was significantly higher in the hot cluster 
than in the other two clusters, which was consistent with the results 
shown in Figure 2 and Figure S1D.

F I G U R E  3  Tumor immune microenvironment dynamics and outcomes in bladder cancer. (A) Percent distribution of the inferred cluster 
types within each grade and stage of bladder cancer. (B, C) Kaplan–Meier survival curves for progression- free survival (B) and cancer- specific 
survival (C) following total cystectomy in patients with MIBC based on the inferred cluster types. (D–G) Kaplan–Meier survival curves for 
bladder recurrence- free survival (D) and progression- free survival (E) following TURBT in patients with NMIBC. Kaplan–Meier survival 
curves for bladder recurrence- free survival (F) and progression- free survival (G) following TURBT in cold cluster patients with NMIBC 
divided into two groups; low- grade tumors in the cold cluster (LG cold) and high- grade tumors in the cold cluster (HG cold).
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In addition, we used TCGA genomic dataset to identify the ge-
nomic alterations responsible for our clusters by tumor immune 
activity. RB1, TP53, and KMT2A alterations were more frequently 
observed in TCGA hot cluster (p = 0.023, p = 0.053, and p = 0.004, 
respectively) (Figure 4B). Conversely, FGFR3 and KDM6A alterations 
were significantly more common in TCGA cold and intermediate 
clusters, while only a few were detected in the hot cluster (p < 0.001 
and p = 0.006) (Figure 4B). Furthermore, FGFR3 mRNA expression 
levels were significantly higher in tumors with altered than in tumors 
without altered FGFR3 (Figure S2A). Interestingly, FGFR3 mRNA ex-
pression levels were negatively correlated with the mRNA levels of 
CD3 (r = −0.258, p < 0.001) and CD8 (r = −0.349, p < 0.001) (Figure 
S2B,C); therefore, tumors with high expression levels of FGFR3 had 
a cold immune microenvironment. As FGFR3 is a candidate molecule 
for drug development as a therapeutic target for BC,19,20 we then 
focused our analysis on FGFR3 expression as a novel target in high- 
grade tumors in the cold cluster that has progressed despite BCG 
therapy.

3.4  |  Sequential analysis of bladder recurrent 
tumors before and after BCG therapy

Treatment for recurrent tumors after BCG therapy does not cur-
rently exist, particularly in our analysis, where tumors in the cold 
cluster were less responsive to BCG therapy. Therefore, we herein 
investigated whether the instinctive immune activity of tumors 
was similar at recurrence and performed a longitudinal analysis of 
matched tumor samples before and after BCG therapy. Of 31 pa-
tients with high- grade NMIBC who developed bladder recurrence 
after BCG therapy, 21 had sufficient TURBT samples of the recur-
rent tumor. Of these, seven patients were initially classified into 
the hot cluster and 14 into the cold cluster (Figure 5A). Using im-
munostaining for CD3, CD8, FOXP3, PD- L1, CD68, and CD163 we 
examined the tumor immune microenvironment before and after 
BCG therapy (Figure 5A).

An analysis of samples after BCG therapy showed that tumor 
samples initially classified into the cold cluster showed significantly 
lower infiltrates of CD3- , CD8- , and FOXP3- positive cells after recur-
rence compared with tumor samples initially classified into the hot 
cluster (p < 0.001, p = 0.004, and p = 0.045, respectively) (Figure 5B–
D), while no significant differences were observed in those of CD68 
or CD163 (Figure S3A,B). Furthermore, a comparison of matched 
tumor samples before and after BCG therapy showed a correlation 
with PD- L1 expression (r = 0.436, p = 0.048) (Figure 5E). Therefore, 
as tumor immune activity may be widely maintained before and after 

BCG therapy, repeated BCG may be less effective for tumors recur-
ring after BCG therapy.

We also investigated whether oncogenic FGFR3 represents a 
novel therapeutic target for recurrent tumors after BCG therapy 
since they were often observed in the cold cluster of TCGA, as 
shown in Figure 4B. Immunostaining for FGFR3 (Figure 5F) revealed 
high FGFR3 expression in more than 40% of cases only in recurrent 
tumors initially classified into the cold cluster (Figure 5G), although 
no relationship was observed between the timing of recurrence 
after BCG and FGFR3 expression levels in the 21 recurrent tumors. 
Therefore, tumors classified into the cold cluster may be therapeutic 
targets for FGFR3- based precision medicine if they recur after BCG 
therapy.

4  |  DISCUSSION

In recent years, the tumor immune environment has become a tar-
get for treatment in many solid tumors. Immune checkpoint inhibi-
tors, e.g., pembrolizumab and avelumab, have proven to be effective 
treatment options for advanced urothelial carcinoma treated with 
platinum- based chemotherapy.12,13 Postoperative adjuvant therapy 
with nivolumab was also shown to be effective for MIBC following 
total cystectomy.11 The development of these agents has provided 
insights into the future of MIBC and advanced urothelial carci-
noma, which are considered to have a very poor prognosis.11,12,21,22 
However, few studies have focused on immune checkpoint inhibi-
tor molecules in NMIBC, and BCG therapy after TURBT remains 
the gold standard treatment for NMIBC with a high risk of recur-
rence.2,3,23,24 However, in clinical practice, many cases are resistant 
to BCG therapy and require total cystectomy.5,25,26 Therefore, we 
obtained three main results that were applicable to future research 
on the treatment of NMIBC, particularly that resistant to BCG 
therapy.

First, we examined the tumor microenvironment in each stage of 
BC. The results obtained revealed that, among NMIBC, high- grade 
T1 tumors were significantly hot immunologically, while tumors that 
had progressed to muscle invasion showed a turnaround and the im-
mune environment turned cold. Although the majority of previous 
studies on immune checkpoint inhibitors had focused on advanced 
stages,12,13 high- grade T1 tumors may be the most sensitive sub-
group of BC to immunotherapy. Furthermore, the high expression 
of the novel immune checkpoint molecules, LAG3 and TIGIT, along 
with that of the immunosuppressive molecules, CD39 and IDO- 1, 
was observed in immunologically hot tumors.9,27–32 Therefore, the 
combination of agents that target these molecules and anti- PD- 1/

F I G U R E  4  Genetic alterations in TCGA dataset analysis underlying tumor immune activity. (A) A hierarchical clustering heatmap (low, 
blue; high, red) based on mRNA expression levels of the indicated immune cell markers in TCGA dataset divided into three clusters: (A) “hot 
cluster,” “cold cluster,” and “intermediate cluster.” The lower panel shows comparisons of the mRNA expression levels of other immune- 
related molecules between the three clusters. (B) Percentage of samples with genomic alterations related to the development of bladder 
cancer in three clusters.
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PD- L1 inhibitors may be useful for immunologically hot tumors that 
are resistant to existing therapies.

Second, the results of a survival analysis revealed that im-
munologically hot NMIBC tumors had a significantly higher risk 
of bladder recurrence, even when treated with BCG therapy. 
Furthermore, the immune environment within the tumor, e.g., the 
immune checkpoint molecule PD- L1, was maintained if the tumor 
recurred after BCG therapy. In many solid tumors, including BC, 
the high expression of acquired immune cells, such as T cells and B 
cells, is associated with a good prognosis.10 However, the present 
study obtained the opposite result on the frequency of bladder 
recurrence. Therefore, immunologically hot high- grade NMIBC 
tumors, which often recur in the bladder after BCG therapy, may 
benefit from anti- PD- L1 inhibitors. The POTMAC and ALBAN tri-
als investigating the combination of BCG therapy with the PD- L1 
inhibitors durvalumab and atezolizumab, respectively, are under-
way (NCT03528694 and NCT03799835),33,34 and the findings of 
these trials are expected.

Third, however, certain numbers of high- grade NMIBC pa-
tients were in the cold cluster, and these patients had a signifi-
cantly higher risk of disease progression. Consistent with the 

present results, previous studies had reported that high- grade 
NMIBCs often have an activated immune response, whereas im-
munologically inactive tumors in high- grade bladder cancer cases 
have a worse prognosis.35,36 Tumors that are high- grade immuno-
logically cold are expected to be ineffective against BCG therapy 
and immune checkpoint inhibitors. Therefore, we investigated ge-
netic backgrounds in TCGA cohort to identify the molecular basis 
underlying immunologically cold tumors and revealed that FGFR3 
alterations were often observed in immunologically cold tumors. 
Previous studies demonstrated that FGFR3 alterations, which 
often present as the overexpression of FGFR3, may induce an im-
munologically cold tumor environment37–39; therefore, we indicate 
the potential of FGFR inhibitors as a useful modality to improve 
the immunologically cold environment and prevent stage progres-
sion in patients with NMIBC.

In conclusion, we identified the tumor immune environment 
in each stage of BC and candidate molecules that are therapeutic 
targets for BCG- resistant NMIBC. However, the present study had 
several limitations that need to be addressed. Samples were col-
lected retrospectively from a limited number of patients; therefore, 
a selection bias cannot be eliminated. Furthermore, TMAs were 

F I G U R E  5  Tumor immune 
microenvironment in tumors relapsing 
after BCG therapy. (A) Flow chart of 
analyses of recurrent tumors after BCG 
therapy. (B–D) Expression levels for CD3 
(B), CD8 (C), and FOXP3 (D) in the two 
initially classified clusters. (E) Correlation 
coefficients for PD- L1 expression levels 
in samples before and after BCG therapy. 
(F) Recurrent bladder cancer tumors 
immunolabeled for FGFR3. (G) Percent 
distribution of FGFR3 expression (high or 
low) in recurrent tumors based on initially 
classified clusters.
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regionally limited, which in some cases may lead to a bias in the 
over- representation or under- representation of markers. Although 
the present study showed that FGFR inhibitors may be effective 
for immunologically cold tumors, genomic analysis data were not 
available for the in- house BC cohorts. Some subtypes of BC with 
FGFR3 alterations have recently been found to respond to immune 
checkpoint inhibitors40; thereby the present results need further 
validation.
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