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Abstract
Background  Muscle-invasive bladder cancer (MIBC) is an aggressive and heterogeneous malignancy. Tumor-associated 
macrophages (TAMs) are key infiltrating cell populations in the inflammatory microenvironment of malignant tumors 
including MIBC. It intrigues us to explore the clinical significance and immunoregulatory role of TAMs infiltration and 
polarization in MIBC.
Methods  A total of 141 patients with MIBC from Zhongshan Hospital and 391 patients with MIBC from The Cancer 
Genome Atlas (TCGA) database were included in this study. Moreover, 195 patients who received anti-PD-L1 therapy 
from the IMvigor210 trial were enrolled. Patients were categorized into three subtypes considering the infiltration level and 
polarization status of TAMs, denoted as TAMlow (Subtype I), TAMhigh&M2/M1low (Subtype II), and TAMhigh&M2/M1high 
(Subtype III).
Results  Subtype III suffered inferior prognosis, and Subtype II could benefit more from adjuvant chemotherapy (ACT). 
Subtype III was featured with increased pro-tumor cells and immunosuppressive cytokines, while Subtype II possessed 
more immunogenic cells infiltration with activated and tumoricidal properties. Subtype II and Subtype III presented basal/
squamous-like characterization and showed additional prognostic merit beyond molecular classification. Subtype I exhibited 
elevated level of FGFR3 signature, while Subtype II had EGFR signaling activation and immunotherapeutic indication. 
Additionally, Subtype II patients were indeed highly sensitive to PD-L1 blockade therapy in IMvigor210 trial.
Conclusion  The infiltration and polarization status of TAMs shaped distinct immune microenvironment with predictive 
significance for survival outcome, ACT benefit, and PD-L1 blockade therapy sensitivity in MIBC. Immune classification 
based on TAMs polarization and infiltration might provide tools to tailor chemotherapy and immunotherapy.

Keywords  Tumor-associated macrophages · Muscle-invasive bladder cancer · Adjuvant chemotherapy · Immunotherapy · 
Tumor-immune microenvironment
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CTLA-4	� Cytotoxic T-lymphocyte-associated protein 4
EGFR	� Epidermal growth factor receptor
FPKM	� Fragments Per Kilobase of transcript per Mil-

lion mapped reads
FGFR3	� Fibroblast growth factor 3
GZMB	� Granzyme B
HLA-DR	� Human leukocyte antigen DR
HPF	� High power field
HR	� Hazard ratio
IC	� Immune cells
ICIs	� Immune checkpoint inhibitors
IFN-γ	� Interferon γ
IHC	� Immunohistochemistry
IL-10	� Interleukin 10
LAG-3	� Lymphocyte-activation gene 3
MIBC	� Muscle-invasive bladder cancer
NAC	� Neoadjuvant chemotherapy
NE	� Not evaluated
NMIBC	� Non-muscle-invasive bladder cancer
OS	� Overall survival
PD	� Progressive disease
PD-1	� Programmed cell death protein 1
PD-L1	� Programmed cell death ligand protein 1
PR	� Partial response
PRF-1	� Perforin 1
RC	� Radical cystectomy
RFS	� Recurrence-free survival
SD	� Stable disease
TAMs	� Tumor-associated macrophages
TC	� Tumor cells
TCGA​	� The Cancer Genome Atlas
TGF-β	� Transforming growth factor β
TIGIT	� T-cell immunoreceptor with Ig and ITIM 

domains
TIM-3	� T-cell immunoglobulin and mucin‐domain 

containing‐3
TMA	� Tissue microarray analysis
TMB	� Tumor mutation burden
TME	� Tumor microenvironment

Précis

The framework based on TAMs infiltration and polarization 
was identified as an independent predictor for the prognosis 
of MIBC patients, which was associated with sensitivity to 
adjuvant chemotherapy, and PD-L1 inhibitor.

Introduction

Bladder cancer is one of the most common urogeni-
tal malignancies around the world, which could be fur-
ther classified into non-muscle-invasive bladder cancer 

(NMIBC) and muscle-invasive bladder cancer (MIBC) [1, 
2]. Compared to NMIBC, patients diagnosed with MIBC 
often have rapid progression, metastasis, and worse over-
all prognosis [3, 4]. Radical cystectomy (RC) with lymph 
node dissection, preceded by cisplatin-based neoadjuvant 
chemotherapy (NAC), remains the current standard first-
line treatment settings for MIBC [5]. Adjuvant chemo-
therapy (ACT) should be considered for some patients if 
no NAC efficacy occurs [6]. Lamentably, more than half 
of patients with MIBC, which develop specific recurrence 
and the five-year survival rate have not been significantly 
improved [6, 7]. Several new therapeutic options have 
expanded to include antibody–drug conjugates, immune 
checkpoint inhibitors (ICIs), and targeted therapies in 
recent years [8, 9], while they showed limited efficacy in 
MIBC. Therefore, efficacious and well-tolerated predictive 
biomarkers for patients’ therapeutic response are urgently 
needed to be explored in MIBC.

Tumor-associated macrophages (TAMs), highly presented 
in the microenvironment of solid tumors, are featured with 
the capacity for functional plasticity. Based on their distinct 
functional abilities, TAMs can be divided into two differ-
ent states, M1-like and M2-like [10]. Established evidence 
denotes that in nascent tumors, TAMs display an M1-like 
activity, which can clear some immunogenic tumor cells 
[11]. Along the course of cancer continues, M1-like TAMs 
are often derived toward an anti-inflammatory and pro-
tumor M2-like phenotype [12]. Thus, the complexity of 
TAMs would be better described as a dynamic spectrum of 
phenotypes in response to signals in tumor microenviron-
ment (TME) rather than a fixed status [13]. The model of 
polarization of different macrophage phenotypes, which is 
associated with reduced host defense and chronic infection, 
is propitious for us to comprehend its trajectory in TAMs. 
Our previous studies have pointed that a weighted complex 
immune network including TAMs infiltration was correlated 
with clinical outcomes in MIBC [14], and uncovered the 
carcinogenic role of specific TAMs population expressing 
lectins [15, 16], highlighting TAMs contribution in immu-
nosuppressive microenvironments in MIBC. However, the 
clinical significance of framework based on TAMs infiltra-
tion and polarization failed to be systematically explored 
in MIBC.

In this study, we identified a population of MIBC patients 
with poor prognosis, suboptimal ACT responsiveness, and 
immunosuppressive contexture according to the infiltration 
and polarization of TAMs. Additionally, immune classifica-
tion based on TAMs infiltration and polarization was associ-
ated with sensitivity to PD-L1 blockade immunotherapy and 
could refine patients clinical outcomes coupled with molecu-
lar classification. Our work offers a novel perspective on the 
essential role of TAMs in programming the tumor-immune 
microenvironment and therapeutic landscape in MIBC.
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Methods and materials

Patients’ enrollment

Three independent cohorts, Zhongshan Hospital (ZSHS, 
surgery date: 2002–2014) cohort, the Cancer Genome Atlas 
(TCGA) cohort, and IMvigor210 cohort, were included in 
this study. The ZSHS cohort comprised 215 patients receiv-
ing radical cystectomy, and 141 of them met the inclusion 
criteria: (a) informed consent; (b) full details of clinico-
pathologic data; (c) pathological diagnosed as MIBC (13 
nonurothelial carcinomas; 60 pathological Ta/ Tis/ T1); 
(d) received cisplatin-based ACT and RC therapies only; 
(e) without detachment in the tissue microarray analysis 
(TMAs) (one case excluded) [17]. Overall survival (OS) and 
recurrence-free survival (RFS) were calculated as intervals 
from the date of cystectomy to death or first relapse (regard-
less of any cause). Informed consent was obtained from all 
the patients, and the study was approved by the Clinical 
Research Ethics Committee of Zhongshan Hospital.

A total of 412 patients from TCGA database were also 
enrolled in this study. Twenty-one patients were excluded 
due to the deficiency of survival data (n = 3), lack of 
sequencing data (n = 4), NMIBC pathologic diagnoses 
(n = 4), and receiving neoadjuvant therapy (n = 10). Sup-
plementary Table 1 showed the demographics and clinico-
pathological characteristics of patients with MIBC in ZSHS 
and TCGA cohort. The flowchat of study population from 
two cohorts was illustrated in Supplementary Fig. 1A.

A large phase 2 trial (IMvigor210) was designed to inves-
tigate the clinical activity of PD-L1 blockade with atezoli-
zumab in metastatic urothelial cancer (mUC) [18]. A total 
of 195 patients out of 348 patients who accepted PD-L1 
blockade therapy (atezolizumab) were included for bladder-
derived urothelial carcinoma in IMvigor210 cohort to verify 
predictive effectiveness of our latent promising immune 
stratification.

mRNA expression data and processing

We used Fragments Per Kilobase of transcript per Million 
mapped reads (FPKM) to calculate the relative transcript 
level of genes, and the mRNA expression of patients from 
TCGA and IMvigor210 cohort was standardized via for-
mula log2 (FPKM + 1) before analyses. The involved sig-
natures were scored as the average of related genes expres-
sion (Supplementary Table 2). Besides, molecular subtype 
information of patients was derived using R package BLCA 
subtyping (https://​github.​com/​cit-​bioin​fo/​BLCAs​ubtyp​ing). 
Genomic, transcriptomic, and matched clinical data from 

IMvigor210 cohort were downloaded from http://​resea​rch-​
pub.​gene.​com/​IMvig​or210​CoreB​iolog​ies [19].

Tissue microarray 
and immunohistochemistry

Formalin-fixed, paraffin-embedded tissue samples of repre-
sentative tumor regions of ZSHS cohort were used for the 
TMAs construction. TMAs are from one original patient 
cohort of 215 patients from Zhongshan Hospital, Fudan Uni-
versity. In this study, TMAs were manufactured at Shanghai 
Outdo Biotech Co., Ltd (Shanghai, China). We subjected 
these tissue sections to H&E staining for histological veri-
fication to ensure the presence of available tumor tissue. 
Sections from the TMAs blocks were cut at 4 μm.

The immunohistochemistry (IHC) protocol has been 
described previously [20]. For double immunohistochemis-
try, the TMAs slides were baked at 60℃ for 6 h, deparaffi-
nized with xylene, and rehydrated through graded alcohol 
series. Antigen retrieval was performed in autoclave heating 
using 0.01 M sodium citrate buffer (pH 6.0) for 7 min. Sam-
ples were then incubated with anti-HLA-DR antibody over-
night at 4℃, followed by incubation alkaline phosphatase 
(AP)-labeled (goat anti-rabbit IgG) antibody in blocking 
buffer for 1 h at room temperature. Visualization was com-
pleted with Vector Blue. Subsequently, TMAs were washed 
and incubated with anti-CD68 antibody for 2 h at 37 °C. 
After washing, bound antibodies were then detected with 
the secondary horseradish peroxidase (HRP)-labeled anti-
body (goat anti-mouse IgG) and diaminobenzidine (DAB) 
substrate. Images were collected on a DM6000 B Leica 
microscope. Immune cells were stained with correspond-
ing antibodies as summarized in Supplementary Table 3. 
CD68 was used as pan-macrophage marker, and CD206 was 
identified as M2 macrophages marker. CD68 combined with 
HLA-DR were applied to detect M1 macrophages infiltra-
tion [21]. Representative images of different types of mac-
rophages were shown in Supplementary Fig. 1B. Besides, 
CD56 was a functional marker for the identification of NK 
cells [22]. Naive CD4+ T cells were differentiated into Th1 
or Th2 cells, which respectively expressed T-bet and GATA3 
as specific differentiation markers [23, 24]. Mast cells were 
perceived using anti-mast cell tryptase [17]. Moreover, 
CD66b was specifically displayed neutrophils surface as 
molecular biomarker [25]. HLA-DR combined with CD11c 
were used to detect dendritic cells [17].

https://github.com/cit-bioinfo/BLCAsubtyping
http://research-pub.gene.com/IMvigor210CoreBiologies
http://research-pub.gene.com/IMvigor210CoreBiologies
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Immune cells evaluation and cut‑off value

To assess the infiltration of immune cells, the evalua-
tion was taken from three random areas of tumor tissue. 
All stains were scored independently by two pathologists 
who were blinded to clinical diagnosis. The mean count of 
their evaluation was adopted. For the cases with discordant 
results exceeded 5 cells, the two pathologists read the slides 
again together to get a concordance. Through mRNA data 
obtained from TCGA (https://​tcga-​data.​nci.​nih.​gov/​tcga/) 
and IMvigor210 cohort, CIBERSORT web tool (http://​
ciber​sort.​stanf​ord.​edu/) was utilized to estimate the abso-
lute proportions of LM22 human immune cell subclasses. 
The level of TAMs was calculated by summing macrophages 
M0, M1, and M2 in TCGA and IMvigor210 cohorts. Top 
48% TAMs were defined as high infiltration (> 27 cells/ 
HPF), and the rest of patients were uniformly assigned to 
TAMs low infiltration group (≤ 27 cells/ HPF) according to 
the minimum log-rank P -value in ZSHS cohort. Top 37% 
M2/M1 ratio was regarded as high (cut-off value was 2.88), 
which is determined by X-tile 3.6.1 (Yale University). These 
patients’ proportion of stratification based on TAMs infiltra-
tion and polarization was applied in the TCGA cohort and 
IMvigor210 cohort for consistency.

Statistical analysis

Results were presented as median (quartiles). The Pearson 
χ2 test or adjusted χ2 test was applied for analysis of cat-
egorical variables, and a nonparametric test (Mann–Whit-
ney U test) was performed for continuous variables. And the 
correlation between different variables employed Spearman 
correlation to evaluate. The survival curves were generated 
by Kaplan–Meier method and analyzed using the log-rank 
test. Univariate and multivariate analyses were also con-
ducted using the Cox proportional hazards regression model 
and 95% confidence intervals. Statistical analyses were 
conducted using SPSS 26.0, R 3.6.1. All statistical analyses 
were two-sided, and P < 0.05 was regarded as statistically 
significant.

Results

Correlation of immune stratification based on TAMs 
infiltration and M2/M1 ratio with clinical outcomes 
in MIBC

According to previous studies, increased TAMs infiltration 
was correlated with the poor prognosis of muscle-invasive 
bladder cancer [5]. The tumor microenvironment promotes 

the generation of immunosuppressive and protumorigenic 
macrophage M2 polarization. Hence, we analyzed the clini-
cal correlation of infiltration and polarization of TAMs in 
MIBC. We analyzed prognostic implication of M2/M1 ratio 
according to TAMs infiltration in ZSHS cohort and uncov-
ered that M2/M1 ratio was correlated with inferior survival 
in a TAMs infiltration-dependent manner (Supplementary 
Fig. 2). Therefore, we categorized patients into three sub-
types: TAMlow (Subtype I), TAMhigh&M2/M1low (Subtype 
II), and TAMhigh&M2/M1high (Subtype III) (Supplementary 
Fig. 1C). To further elucidate the clinical significance of 
TAMs infiltration and M2/M1 ratio, Kaplan–Meier curves 
were conducted to compare the prognosis among MIBC 
patients. In ZSHS cohort, we observed Subtype II appeared 
to have the lowest survival rates (OS: 5-year survival rates: 
36.9%, P = 0.0017; RFS: 5-year survival  rates: 23.4%, 
P = 0.0135; Fig. 1A). We use CIBERSORT to deconvo-
lute the transcriptome of TCGA Bulk RNA-Seq samples 
into the likely constituent cell types. Meanwhile, immune 
classification based on immune cells density was parallelly 
constructed in TCGA cohort, which was consistent with 
the findings in histologic settings of ZSHS cohort (OS: 
P = 0.0039, RFS: P = 0.0043; Fig. 1B). Following these 
results, we then conducted univariate and multivariate analy-
ses to determine whether immune class based on TAMs infil-
tration and M2/M1 ratio are independent of other variables 
(Supplementary Fig. 1D, Fig. 1C). The outcomes identified 
that immune class based on TAMs infiltration and M2/M1 
ratio could be served as an independent prognostic factor 
for OS and RFS to predict survival of patients with MIBC.

Predictive merit of immune stratification 
based on TAMs infiltration and M2/M1 ratio 
with response to cisplatin‑based adjuvant 
chemotherapy in MIBC

ACT has been widely used in the treatment of patients with 
MIBC. However, patients who received cisplatin-based ACT 
failed to show a long-term survival benefit in previous stud-
ies, which was also detected in ZSHS cohort (Fig. 2A and 
B) [15]. Interestingly, Subtype II had significantly longer 
OS and RFS after ACT application (OS: P = 0.0311, RFS: 
P = 0.0383; Fig. 2C and D), while patients failed to exhibit 
survival benefit from ACT in Subtype I and Subtype III. 
P interaction according to cox regression analysis further 
validated that our novel classification could effectively dis-
tinguish patients who respond to ACT (P = 0.036, P = 0.012, 
Fig. 2C and D). Patients from TCGA cohort were omitted 
for data missing and the indeterminacy of chemotherapeutic 
agents.

https://tcga-data.nci.nih.gov/tcga/
http://cibersort.stanford.edu/
http://cibersort.stanford.edu/
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Fig. 1   Correlation of immune stratification based on TAMs infiltra-
tion and M2/M1 ratio with clinical outcomes in MIBC. A-B Kaplan–
Meier curves of OS (left) and RFS (right) in ZSHS cohort A and 
TCGA cohort B based on TAMs infiltration and M2/M1 ratio. P val-
ues were calculated by log-rank test. C Multivariate Cox analysis of 

clinicopathological characteristics and immune stratification based on 
TAMs infiltration and M2/M1 ratio in ZSHS and TCGA cohort. OS, 
overall survival; RFS, recurrence-free survival; CI, confidence inter-
val; HR, hazard ratio; AJCC, American Joint Committee on Cancer

Fig. 2   Predictive merit of immune stratification based on TAMs 
infiltration and M2/M1 ratio with response to cisplatin-based adju-
vant chemotherapy in MIBC. A-B Kaplan–Meier curves estimates of 
OS A and RFS B stratified according to ACT application in ZSHS 

cohort. C-D Kaplan–Meier curves for OS C and RFS D stratified 
according to ACT application combined with TAMs infiltration and 
M2/M1 ratio. Data were analyzed by log-rank test
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Stratification based on TAMs infiltration 
and M2/M1 ratio trichotomies distinct TME 
features in MIBC

To investigate the immune mechanism for the prognosis 
stratification preliminarily, we attempted to characterize 
the immune contexture in immune classification based on 
TAMs infiltration and M2/M1 ratio. After evaluating the 
association of three subtypes with 19 immune cell types 
(CIBERSORT algorithm) in TCGA cohort, we found that 
Subtype II had more immunogenic cells infiltration, while 
Subtype III showed elevated pro-tumor-immune cells 
(Fig. 3A). To validate the results derived from the TCGA 

cohort, we further conducted IHC staining of immune cells 
on the TMA from the ZSHS cohort (Fig. 3B, Supplementary 
Fig. 3A–E). Subtype II consistently showed anti-tumorigenic 
immune cells abundance (CD8+ cells, NK cells, T-helper 
1 cells; Fig. 3B, top panel). Additionally, mast cells, neu-
trophils, and T-helper 2 cells were recruited in the tumor 
microenvironment and facilitated tumor-mediated immune 
escape in Subtype III (Fig. 3B, bottom panel) [26]. Likewise, 
Subtype II was associated with a higher level of immune 
checkpoint and effector molecule expression, yet Subtype 
III showed elevated immune inhibitory molecules in TCGA 
cohort (Fig. 3C). Our histochemistry results in ZSHS cohort 
also confirmed the above results. (Fig. 3D-F). We explored 
the relationship between PD-L1 distribution and our immune 

Fig. 3   Stratification based on TAMs infiltration and M2/M1 ratio tri-
chotomized distinct TME features in MIBC. A Heatmaps of immune 
cells infiltration with immune stratification in TCGA cohort. B 
Association between immune stratification and immune cells infil-
tration assessed by IHC staining in ZSHS cohort. C Heatmaps of 
gene expression involved in multiple immune response with immune 

stratification in TCGA cohort. D-F Association of immune stratifica-
tion with immune checkpoint (D), effector cytokines (E), and immu-
nosuppressive cytokines (F) expression assessed by IHC staining in 
ZSHS cohort. Data were analyzed by Kruskal–Wallis test. *P < 0.05, 
**P < 0.01 and ***P < 0.001
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stratification in IMvigor210 cohort. It was observed that 
Subtype II was significantly associated with higher PD-L1 
immune cells (IC) level and tumor cells (TC) level, while 
PD-L1 TC was accumulated in Subtype III (P < 0.001; Sup-
plementary Fig. 3F).

Conclusively, Subtype II with M1 polarized character-
istics conferred an immune-activated TME with function 
in eliminating the abnormal cells. Subtype III with M2 
polarized features showed ubiquitous immune evasion with 
immunosuppressive cells and molecules expression, and 
Subtype I displayed immune-desert phenotype. These results 
were largely in line with the infiltration and polarization of 
TAMs, which shaped the dynamic phenotypes in response 
to signals at the tumor microenvironment.

Molecular and therapeutic implications 
across immune stratification based on TAMs 
infiltration and M2/M1 ratio

Mounting studies indicated that molecular features of MIBC 
have yielded a promising avenue for prognostic stratifica-
tion and individualized therapy [27]. We found that the 
immune stratification based on TAMs infiltration and M2/
M1 ratio significantly correlated with molecular subtypes 
in MIBC. Remarkably, Subtype II and Subtype III were 
accumulated in basal-squamous subtypes according to 
both Consensus and TCGA 2017 classification (P < 0.001, 
P < 0.001; Fig. 4A). Similarly, we found that Subtype II 
and Subtype III showed a high basal signature score, while 
Subtype I contained the elevated luminal signature score 
(P < 0.001, P < 0.001; Supplementary Fig. 4A). Both in 
Ba/Sq subtype of Consensus and TCGA 2017 classifica-
tion, Subtype III had worse overall survival (P = 0.0479, 
P = 0.0516; Fig. 4B). These results were further confirmed 

Fig. 4   Molecular and therapeutic implication across immune strati-
fication based on TAMs infiltration and M2/M1 ratio. A Quantifica-
tion analyses of TAMs infiltration and M2/M1 ratio across molecular 
classification systems in TCGA cohort. B Kaplan–Meier curves for 
OS stratified according to immune stratification in basal/squamous 
patients (left: consensus classification; right: TCGA classification). C 
Immunotherapy signature score with immune stratification based on 

TAMs infiltration and M2/M1 ratio. D Relationship between response 
to atezolizumab and immune stratification. E Kaplan–Meier curves 
of OS based on TAMs infiltration and M2/M1 ratio in IMvigor210 
cohort. Data were analyzed by Kruskal–Wallis test and log-rank test. 
*P < 0.05, **P < 0.01 and ***P < 0.001. CR, complete response; PR, 
partial response; SD, stable disease; PD, progressive disease; NE, not 
evaluated
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in IMvigor210 (P < 0.001, P = 0.0393; Supplementary 
Fig. 4B). It has been well-documented that the promising 
efficacy of fibroblast growth factor 3 (FGFR3) inhibitor and 
epidermal growth factor receptor (EGFR) inhibitor in MIBC 
patients [28, 29]. We discovered that Subtype I presented a 
high level of FGFR3 signal activation signature score, which 
might be sensitive to FGFR3-targeted therapies (P < 0.001, 
P = 0.002; Supplementary Fig. 4C). We observed Subtype 
II exhibited activated EGFR signaling and immunologic 
pathway (P < 0.001, P < 0.001; Fig. 4C and Supplementary 
Fig. 4D), which implied its positive correlations with the 
efficacy of EGFR-targeted therapy and immunotherapy. 
Targeting PD-L1 pathway could induce robust and durable 
immunotherapy responses in patients with various cancers 
including bladder cancer [30]. We used samples from the 
IMvigor210 trial to validate therapeutic implication across 
immune stratification based on TAMs infiltration and M2/
M1 ratio. Intriguingly, Subtype II was significantly associ-
ated with durable response to PD-L1 blockade, while Sub-
type III was related to the anti-PD-L1 resistance (P = 0.028; 
Fig. 4D). Subtype II showed the best overall survival after 
atezolizumab application in IMvigor210 trial (P < 0.001; 
Fig. 4E). Besides, through multivariate Cox analysis, our 
classification was independent on PD-L1 IC, but not tumor 
mutation burden (TMB) level to predict clinical risk of 
patients receiving PD-L1 inhibitors in IMvigor210 cohort 
(Supplementary Table 4–5). Collectively, our immune strati-
fication based on TAMs infiltration and M2/M1 ratio rede-
fined clinical implications of molecular subtypes and further 
discriminated responsiveness to PD-L1 blockade therapy in 
MIBC.

Discussion

Instead of focusing on the biological status of tumor cells, 
increasing attention has recently been directed toward the 
TAMs, which play an important role in promoting tumor 
proliferation and regulating anti-tumor immunity in TME 
[31]. In solid tumors, TAMs polarization impacted patient’s 
clinical outcomes and the effectiveness of systematic thera-
pies, which make it a potential candidate for novel cancer 
target therapy [21, 32]. Despite advances in surgical and 
medical therapy, the prognosis for patients with MIBC 
remains largely unchanged over the past several decades 
[33]. Accurate prognostic evaluation is essential for clinical 
decision making, determining the prognosis and selection 
of treatment intervention. Thus, in this research, we found 
that infiltration and polarization of TAMs correlated with 
prognosis and therapeutic benefit in MIBC. Further analy-
sis indicated that Subtype III with M2 polarized features 
conferred poor prognosis, inferior ACT efficacy, and PD-L1 

blockade responsiveness of MIBC patients. These findings 
highlighted the importance of TAMs infiltration and polari-
zation as a potential prognostic and predictive marker for 
MIBC.

Chemoresistance is the main obstacle in patients receiv-
ing ACT therapy, and the immunosuppressive status could 
determine ineffective treatment occurrence [20]. Tumors 
with TAMs infiltration and M2-like polarization marked 
an immunosuppressive contexture with tumorigenic 
immune cells and immunosuppressive cytokines abun-
dance. Subtype II showed more cells with immunogenic 
and tumoricidal properties, which could provide a rea-
sonable explanation for their chemotherapy efficacy diver-
sity. Besides, Subtype II and Subtype III also displayed 
remarkable dissimilarity regarding the response of PD-L1 
therapy. Patients in Subtype II with more immune-acti-
vated pathways showed better responses to PD-L1 block-
ade. The above results suggested that the infiltration and 
polarization of TAMs not only impacted clinical outcomes 
and immune microenvironment for patients but also dif-
ferentiated therapeutic susceptibility. The infiltration and 
polarization of TAMs might be served as a companion 
diagnostic marker for precision treatment options.

Recently, transcriptome profiling and genomic data 
facilitate MIBC classification into various molecular 
subtypes, which could unmask tumor biological proper-
ties and guide therapeutic options [34]. MIBC molecular 
subtypes are broadly grouped into basal and luminal sub-
types, showing similarities to the molecular phenotypes of 
breast cancer [35]. We found that M2 polarization coupled 
with high level of TAMs positively associated with basal/
squamous-like characterization. It has been shown that 
basal/squamous subtype is associated with poor response, 
immune cell infiltration, and high PD-1 protein expres-
sion, which failed to distinguish the efficacy of immune 
checkpoint inhibitors and other immunotherapies [36, 37]. 
Meanwhile, macrophages constitute a principal component 
of the immune infiltrates in solid tumors by differentiat-
ing into TAMs. Interestingly, basal-featured patients with 
elevated M1 macrophages possessed better response to 
immunotherapy, while M2 macrophages infiltration poten-
tially promoted immunotherapeutic resistance in basal-
featured patients. These findings of macrophages heter-
ogeneity in basal/squamous subtypes might explain the 
phenomenon that those basal-like patients characterized 
by high immune infiltration failed to obtain survival ben-
efits from PD-L1 blockade. Future studies could develop 
therapeutic strategies based on reprogramming TAMs 
combined with PD-L1 inhibitors to reinforce an anti-tumor 
immunity in basal-featured MIBC patients. Therefore, our 
novel immune stratification based on TAMs infiltration 
and polarization was crucial for refining the prognostic 
value of molecular subtypes in MIBC.
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In summary, TAMs polarization and infiltration might 
serve as an independent prognostic indicator and predic-
tive marker for the efficacy of systemic therapies includ-
ing ACT and PD-L1 inhibitors, which is worth further 
investigating its potential role as a systemic companion 
biomarker in prospective studies of MIBC.
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