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Tamara Jamaspishvilli a,c, David Berman a,b,c, D. Robert Siemens a,b,e, Madhuri Koti a,b,e,*

aQueen’s Cancer Research Institute, Kingston, ON, Canada; bDepartment of Biomedical and Molecular Sciences, Queen’s University, Kingston, ON, Canada;
cDepartment of Pathology and Molecular Medicine, Queen’s University, Kingston, ON, Canada; dDepartment of Pathology, Johns Hopkins School of Medicine,

Baltimore, MD, USA; eDepartment of Urology, Queen’s University, Kingston, ON, Canada

E U R O P E A N U R O L O G Y O P E N S C I E N C E 2 9 ( 2 0 2 1 ) 5 0 – 5 8

avai la ble at www.sciencedirect .com

journal homepage: www.eu- openscie nce.e uropea nurology.com

Article info

Article history:

Accepted May 13, 2021

Associate Editor:

Guillaume Ploussard

Keywords:

Non–muscle-invasive bladder
cancer
Sexual dimorphism
Tumor immune
microenvironment
Tumor-associated macrophages
B cells

Abstract

Background: Non–muscle-invasive bladder cancer (NMIBC) is over three times as
common in men as it is in women; however, female patients do not respond as well
to immunotherapeutic treatments and experience worse clinical outcomes than
their male counterparts. Based on the established sexual dimorphism in mucosal
immune responses, we hypothesized that the tumor immune microenvironment of
bladder cancer differs between the sexes, and this may contribute to discrepancies
in clinical outcomes.
Objective: To determine biological sex-associated differences in the expression of
immune regulatory genes and spatial organization of immune cells in tumors from
NMIBC patients.
Design, setting, and participants: Immune regulatory gene expression levels in
tumors from male (n = 357) and female (n = 103) patients were measured using
whole transcriptome profiles of tumors from the UROMOL cohort. Multiplexe
immunofluorescence was performed to evaluate the density and spatial distribu-
tion of immune cells and immune checkpoints in tumors from an independent
cohort of patients with NMIBC (n = 259 males and n = 73 females).
Outcome measurements and statistical analysis: Transcriptome sequencing data
were analyzed using DESeq2 in R v4.0.1, followed by application of the Kruskal-
Wallis test to determine gene expression differences between tumors from males
and females. Immunofluorescence data analyses were conducted using R version
3.5.3. Survival analysis was performed using survminer packages.
Results and limitations: High-grade tumors from female patients exhibited sig-
nificantly increased expression of B-cell recruitment (CXCL13) and function (CD40)-
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ICOS. Tumors from female patients showed significantly higher infiltration of PD-L1
+ cells and CD163+ M2-like macrophages than tumors from male patients. In-
creased abundance of CD163+ macrophages and CD79a+ B cells were associated
with decreased recurrence-free survival.
Conclusions: These novel findings highlight the necessity of considering sexual
dimorphism in the design of future immunotherapy trials in NMIBC.
Patient summary: In this study, we measured the abundance of various immune
cell types between tumors from male and female patients with non–muscle-
invasive bladder cancer. We demonstrate that tumors from female patients have
a significantly higher abundance of immunosuppressive macrophages that express
CD163. Higher abundance of tumor-associated CD163-expressing macrophages
and B cells is associated with shorter recurrence-free survival in both male and
female patients.
© 2021 Published by Elsevier B.V. on behalf of European Association of Urology. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction

Urothelial bladder cancer is the tenth most common cancer
worldwide, with an estimated 549 000 incident cases and
200 000 deaths caused by the disease annually [1]. Bladder
cancer can broadly be categorized based on the depth of
tumor invasion. Approximately 75% of incident cases
present as non–muscle-invasive bladder cancer (NMIBC),
while the rest are classified as muscle-invasive disease
[2]. The first-line treatment for bladder cancer is trans-
urethral resection of bladder tumor (TURBT) surgery.
Following surgical resection, patients with high-risk fea-
tures (such as high stage, grade, or tumor multifocality) [3]
are best treated with intravesical bacillus Calmette-Guérin
(BCG) immunotherapy. BCG is a live-attenuated form of
Mycobacterium bovis, and in addition to its clinical role in
treating high-risk NMIBC, BCG is also used as a vaccine for
the prevention of tuberculosis.

While the incidence of bladder cancer is over three times
higher in men [1], women suffer earlier recurrences
following treatment with BCG immunotherapy and experi-
ence shorter progression-free survival (PFS) when com-
pared with their male counterparts [4–6]. Aligning with
this, patient biological sex has recently emerged as an
important factor in determining response to contemporary
immunotherapies, such as anti-PD-1/PD-L1 and anti-CTLA4
immune checkpoint blockade therapy [7–9]. Clearly, patient
sex (biological differences) and gender (social/behavioral
differences) are associated with the incidence and clinical
outcomes of NMIBC; however, these factors are under-
studied in biomarker and treatment design [10,11].

The pre-treatment tumor immune microenvironment
(TIME) is a critical determinant of response to immuno-
modulation in several cancer types [12]. Emerging evidence
suggests that the TIME plays a similarly important role in
determining the response of bladder cancer patients to
treatment with BCG immunotherapy [13,14]. Both host and
cancer cell intrinsic factors influence the recruitment and
functional states of immune cells, meaning the TIME of
NMIBC can range across a spectrum from non-inflamed
(low/no immune infiltration) to highly inflamed (high
immune cell infiltration) [15].

Under normal physiological conditions, macrophages are
the most abundant resident innate immune cells within the
bladder mucosa [16]. Furthermore, preclinical studies in
murine models have shown that females exhibit a higher
magnitude of immune responses to urinary pathogens than
males [17]. Advancing age, microbial challenges, host
genetics, and postmenopausal hormonal changes also
contribute to an increased recruitment of adaptive immune
cell populations in the female bladder compared with that
in males (unpublished data). Despite mounting evidence of
the importance of these cell types in response to
immunomodulatory therapy in several other cancers, their
sex-specific roles and functional states within the NMIBC
TIME have yet to be elucidated fully.

We hypothesized that the TIME of NMIBC would
demonstrate significant differences between the sexes
and, second, that this sexual dimorphism may be associated
with clinical outcomes. To test this hypothesis, we utilized
two large, independent cohorts of patients with NMIBC: the
UROMOL cohort, a publicly available dataset of tumors from
460 patients [18], and the Kingston Health Sciences Center
(KHSC) cohort (n = 332 patients). We evaluated the tumor
transcriptome profiles of the UROMOL cohort to determine
sex-associated differences in immune regulatory (with
stimulatory and inhibitory functions) genes. Guided by the
results of this gene expression analysis, we further
investigated the density and spatial distribution of selected
immune cell populations and immune checkpoint proteins
in tumors from patients in the KHSC cohort. Findings from
our study provide the first evidence for sex-associated
differences in the TIME of NMIBC.

2. Patients and methods

2.1. Patient cohorts and clinical data

This study was approved by the Ethics Review Board at Queen’s
University. Clinical details of the UROMOL cohort were previously
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Fig. 1 – Patients with NMIBC exhibit sexual dimorphism in progression-free survival and tumor immune microenvironment. Kaplan-Meier survival
curves showing female patients with high-grade NMIBC experienced significantly (p < 0.001) shorter PFS than their male counterparts and patients
with low-grade tumors, in both (A) the UROMOL and (B) the KHSC cohorts. Kaplan-Meier survival analyses were performed using log-rank statistics
with survival and survminer packages. (C) High-grade tumors from female patients in the UROMOL cohort exhibit significantly increased expression
of immunoregulatory genes CXCL13, PDCD1, CD40, CTLA4, and ICOS. VST-normalized genes between four cohorts are as follows: high-grade cancer in
females (HG_F), low-grade cancer in females (LG_F), high-grade cancer in males (HG_M), and low-grade cancer in males (LG_M). The Kruskal-Wallis
test was employed to determine statistically significant differences. Violin plots of the mean cell counts for (D) CD163+ and (E) CD79a+ cell populations
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reported by Hedegaard et al [18]. The KHSC cohort included 509 NMIBC
archival TURBT surgeries from 332 patients between 2008 and
2016. Cases were reviewed by expert pathologists (D.B. and L.C.), using
the World Health Organization 2016 grading system [19] and are
described in Supplementary Table 1. Six tissue microarrays (TMAs) were
constructed with duplicate 1.0-mm cores. Recurrence was defined as the
time from each patient’s earliest TURBT resection to next malignant
diagnosis. Operative notes were reviewed to exclude re-resections as
recurrences.

2.2. RNA-sequencing data analysis

Raw RNA-sequencing data from 460 NMIBC samples in the UROMOL
cohort [18] were downloaded (https://www.ebi.ac.uk/ega/studies/
EGAS00001001236), and VST-normalized data were obtained by
employing the vst function on DESeq2 in R v4.0.1. Further, we compiled
a list comprising immune-cell markers and regulatory genes (with
stimulatory and inhibitory functions) based on our previous report
[20]. We then compared the expression of these VST-normalized genes
between four groups of patients: high-grade female, low-grade female,
high-grade male, and low-grade male. The Kruskal-Wallis test was
employed to determine significant differences between the four groups.

2.3. Multiplex immunofluorescence staining for immune

markers

TMAs were stained with three panels of primary antibodies. The first
panel contained antibodies against CD3+, CD8+, Ki67+, CK5+ and FoxP3+
cells. The second panel contained antibodies against PD-1+, PD-L1+, IDO-
1+, and CK5+ cells. The third panel contained antibodies against CD163+,
CD79a+, CD103+, and GATA3+ cells. Expression for the following cell
types and immune checkpoints was evaluated in the epithelial and
stromal compartments: T cells (CD3+CD8+Ki67, CD3+CD8+Ki67+, CD3
+CD8-FOXP3–, and CD3+CD8-FOXP3+), immune checkpoints (PD-1+,
PDL1+, and CK5+PDL1+), B cells (CD79a+), M2-like tumor-associated
macrophages (TAMs; CD163+), and tissue-resident memory T cells
(CD103+). The presence of these immune markers was evaluated for each
core by automated multiplex immunofluorescence staining at the
Molecular and Cellular Immunology Core (MCIC) facility, BC Cancer
Agency. All antibodies were provided by Biocare Medical (Pacheco, CA,
USA) and distributed by Inter Medico (Markham, ON, Canada).

2.4. Automated scoring of multiplex immunofluorescence

staining for immune markers

The stained TMA sections were scanned using the Vectra multispectral
imaging system. Tissue segmentation into stromal and epithelial
compartments was performed using PerkinElmer’s (Hopkinton, MA,
USA) inForm software. Ten randomly selected cores were utilized to train
three independent algorithms in PerkinElmer’s inForm software
package. The inForm software identified positive pixels for all the
selected immune markers using each of the three independent
algorithms. The average of the three independent algorithms was taken
in the epithelial (left) and stromal (right) compartments of tumors from the K
males (blue) versus females (pink). Significant differences were signified by as
determined by the Mann-Whitney U test. * p < 0.05. ** p < 0.01. *** p < 0.001. 

female patients had significantly higher density of CD163+ cells in the stroma 

differences in CD79a+ cells. * p < 0.05. (G) Spearman correlation plot for CD163
(Str) compartments of tumors from the KHSC cohort. Dark blue indicates a po
correlation coefficient (<1). (H) Violin plots of the mean cell counts for PD-L1+
compartments of tumors from the KHSC cohort. Plots were stratified by low- a
Differences between grades in each compartment were determined by the Man
Health Sciences Center; LG = low-grade; NMIBC = non–muscle-invasive bladder
for all three sets of immune markers in each core. Cores that were
missing �75% of the tissue were excluded from further analyses.

2.5. Manual validation of automated scoring of multiplex

immunofluorescence staining

Standard deviation between the three algorithms was calculated for each
of the immune markers within both the epithelial and the stromal
compartment. Outliers were identified and cross-referenced with the
composite image of the corresponding TMA core to verify the
discrepancy before excluding the outlying data points from further
analysis. Any quantifications that included mis-identification of histo-
logical artifacts as immune cells by any of the three algorithms were also
excluded from analysis. Algorithms that consistently over- or under-
called the immune marker quantification were excluded from analysis.
Further visual validation of the automated scoring was performed for
randomly selected TMA cores.

2.6. Statistical analysis

Analyses were conducted using R version 3.5.3. Kaplan-Meier curves
were plotted using log-rank statistics with survival and survminer
packages. Follow-up time for Kaplan-Meier curves ended when 10% of
patients remained in each group [21]. Log-rank statistics were used to
optimize thresholds for an ideal number of CD163+ M2-like TAMs/CD79a
+ B cells associated with shorter recurrence-free survival (RFS), using the
maxstat package in R. Optimal thresholds are summarized in Supple-
mentary Table 3. Univariate and multivariable analyses were performed
and visualized using the survival and ggplot2 packages in R.

3. Results

3.1. Female patients with high-grade NMIBC exhibit shorter PFS

In the KHSC cohort, 22% of the patients were female, 60% of
the entire cohort had high-grade disease at original
presentation, and the majority (88%) did not have evidence
of BCG immunotherapy prior to collection of their speci-
mens (BCG naïve). Approximately 54% of patients received
one or more doses of BCG. Clinical care of all patients was
coordinated at a single treatment clinic, and decisions
regarding adjuvant therapies were based on risk stratifica-
tion in concordance with American Urological Association
(AUA) risk stratification [22]. The UROMOL cohort had a
similar proportion of female patients (22%). The proportions
of patients who underwent BCG immunotherapy were 19%
and 54% in the UROMOL and KHSC cohorts, respectively. In
alignment with previous reports on sex-associated differ-
ential outcomes, female patients with high-grade NMIBC
had shorter PFS than their male counterparts in both the
cohorts (Fig. 1A and B).
HSC cohort. Plots were stratified by low- and high-grade samples for
terisks between grades (with bracket) and between sexes (no bracket), as
(F) In a subset of patients from the KHSC cohort that recurred in <1 yr,
and epithelium, while there were no significant sex-associated
+, CD79a+, and PD-L1+ populations in the epithelial (Epi) and stromal
sitive correlation coefficient (>1), and dark red indicates a negative

 cell populations in the epithelial (left) and stromal (right)
nd high-grade samples for males (blue) versus females (pink).
n-Whitney U test. *** p < 0.001. HG = high-grade; KHSC = Kingston

 cancer; PFS = progression-free survival.
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3.2. High-grade tumors from female patients with NMIBC

exhibit increased expression of immune regulatory genes

Using whole transcriptome profiles of tumors in the
UROMOL cohort, a targeted analysis was performed to
determine grade- and sex-associated differential expression
patterns of genes identifying immune cell phenotypes
(specifically macrophages, T cells, and B cells), their
functional states, and immune regulatory functions
[18]. Significantly higher expression of the immune
checkpoint genes CTLA4, PDCD1, LAG3, and ICOS were
observed in high-grade tumors from females than in those
from males and in low-grade tumors from both sexes
(Fig. 1C). Importantly, transcript levels of B-cell–recruiting
chemokine, CXC ligand 13 (CXCL13), and B-cell surface-
associated molecule, CD40, were significantly increased in
high-grade tumors from female patients (Fig. 1C).

3.3. Tumors from female patients with NMIBC have increased

CD163+ M2-like macrophages, CD79a+ B cells, and higher PD-L1

immune checkpoint protein expression

Based on the differences in immunoregulatory gene
expression profiles investigated in the UROMOL cohort,
we next evaluated sex-associated differences in the density
and localization of a subset of immune cells that are known
to express the relevant phenotypic markers and immune
checkpoint proteins, and have the potential to secrete the
cytokine CXCL13. As such, we investigated the epithelial and
stromal density profiles of T helper (CD3+CD8–), T cytotoxic
(CD8+Ki67– and activated CD8+Ki67+), T regulatory (CD3
+CD8– and FOXP3+), T tissue resident memory (CD103+), B
cells (CD79a), M2-like TAMs (CD163+), and immune
checkpoint proteins (PD-1 and PD-L1) in tumors from the
KHSC cohort.

Interestingly, among all the immune cell phenotypes, only
CD163+ M2-like TAMs demonstrated statistically significant
differences in the density and localization between both low-
and high-grade tumors from male and female patients.
Significantly higher infiltration of CD163+ TAMs was seen in
the epithelial compartment of low-grade tumors (p = 0.012)
and in both the epithelial and the stromal compartment of
high-grade tumors (p = 0.001 and p < 0.001, respectively)
from female patients than in those from male patients
(Fig. 1D). Density of CD79a+ B cells was not significantly
different between sexes; however, CD79a+ B-cell infiltration
was higher in the epithelial and stromal compartments (p <

0.001) of high-grade tumors than in those of low-grade
tumors from both sexes (Fig. 1E). Importantly, tumors from
female patients exhibiting recurrence within 1 yr showed
significantly higher density of CD163+ TAMs than those from
males (Fig.1F). With respect to CD79a+ B cells, a trend toward
higher infiltration was observed in tumors from female
patients who recurred within 1 yr of BCG treatment (Fig. 1F).
Spearman correlation analysis showed a moderate positive
correlation (r = 0.63; p < 0.0001) between stromal CD79a+ B
cells and CD163+ TAMs (Fig. 1G).

PD-L1 protein expression was significantly higher in both
the epithelial and the stromal compartment of high-grade
tumors than in low-grade tumors (Fig. 1H; p < 0.001).
However, apparent sex-associated differences in PD-L1
protein expression (especially in the epithelial compart-
ment) were likely not statistically significant due to the
wide variability in the proportion of PD-L1+ cells given its
dynamic nature of expression.

A subset analysis of cases was performed in patients who
had no evidence of previous intravesical BCG immunother-
apy (BCG naïve) by excluding from the entire cohort those
patients who had documented BCG prior to specimen
collection or for whom that data could not be determined
definitively. Trends in infiltration profiles of CD163 and
CD79a between grades and between sexes were consistent
with those seen in the whole cohort (Supplementary Fig.
2A–C), although in this analysis, expression of PD-L1 protein
in the epithelial compartment of low-grade tumors from
females was significantly higher than in tumors from males
(p = 0.04).

3.4. Regulatory T cells and CD3+CD8– T cells exhibit significant

sex differences in density and spatial distribution within the NMIBC

TIME

While we observed no sex-associated differences in the
density and spatial organization of CD8+ cytotoxic T cells,
CD3+CD8– T cells and CD3+CD8-FoxP3+ T regulatory cells
were significantly higher in low-grade tumors from female
patients than in those from male patients (Supplementary
Fig. 3A and B). Such differences were not observed in high-
grade tumors.

3.5. Increased density of CD163+ M2-like macrophages and

CD79a+ B cells associates with early recurrence in NMIBC

Kaplan-Meier analysis for all patients with high-grade
NMIBC (n = 170) in the KHSC cohort showed that, irrespec-
tive of their localization in the stroma or epithelium, higher
density (Supplementary Table 2) of CD163+ M2-like TAMs
(Fig. 2A) and CD79a+ B cells (Fig. 2B) was independently
associated with shorter RFS. This association was observed
in both male and female patients, supporting the notion
that rather than being a sexually dimorphic epiphenome-
non, these cells may play a functional role in tumor
recurrence (Fig. 2C and 2D). Notably, these differences in
RFS remained consistent using similar thresholds for both
CD79a+ and CD163+ cells, in all patients with high-grade
tumors (Supplementary Fig. 4A, 4B, 5A, and 5B). Univariate
analysis performed for all high-grade patients confirmed
that epithelial and stromal CD163+ cell populations and
stromal CD79a+ cells were significantly associated with RFS,
while age, sex, previous BCG treatment, and induction BCG
treatment were not. However, multivariable analysis
conducted on all high-grade patients revealed that only
AUA Risk Score (hazard ratio [HR] 3.36 [95% confidence
interval {CI} �1.76–6.20]) was significantly associated with
RFS. Owing to the potential interaction between risk
stratification and intensity of BCG therapy, we further
analyzed a subset of high-grade patients who received
adequate (�5) BCG induction (n = 118). Univariate analysis



Fig. 2 – Recurrence-free survival (RFS) in high-grade NMIBC is associated with patient sex and tumor immune microenvironment. (A) Kaplan-Meier
survival curves for RFS of patients with high-grade NMIBC (n = 193) based on log-rank optimized thresholds for density of CD163+ cells in tumor
epithelial (left; p < 0.001) and stromal (right; p < 0.001) compartments. Of this entire cohort, 74% had evidence of adequate BCG therapy after
specimen collection (TURBT). (B) Kaplan-Meier survival curves showing RFS of high-grade patients based on log-rank optimized thresholds for
epithelial (left; p < 0.01) and stromal (right; p < 0.0001) CD79a+ cells. (C) Kaplan-Meier survival curves showing RFS of high-grade patients based on
log-rank optimized thresholds for stromal (left; p < 0.01) and epithelial (right; p = 0.014) CD163+ cells stratified by sex. High and low stromal CD163+
cells are defined as >64 and <64 cells, respectively. High and low epithelial CD163+ cells are defined as >12 and <12 cells, respectively. (D) Kaplan-
Meier survival curves showing RFS of high-grade patients based on log-rank optimized thresholds for stromal (left; p < 0.001) and epithelial (right; p
= 0.028) CD79a+ cells stratified by sex. High and low stromal CD79a+ cells are defined as >35 and <35 cells, respectively. High and low epithelial CD79a
+ cells are defined as more than three and fewer than three cells, respectively. BCG = bacillus Calmette-Guérin; NMIBC = non–muscle-invasive bladder
cancer; TURBT = transurethral resection of bladder tumor.
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again demonstrated that RFS was significantly associated
with AUA Risk Score, epithelial CD163+ cell populations, and
both epithelial and stromal CD79a+ cells; however, only
AUA Risk Score remained significant upon multivariate
analysis (HR 2.40 [95% CI 1.14–5.10]). To further control for
the interactions between AUA Risk Score and BCG use, we
subset for only AUA high-risk patients with adequate BCG
use (n = 94), and the same clinical and TIME variables
remained significant for RFS in univariate analysis, although
none remained significant upon multivariable analysis
potentially due to the small cohort size.

4. Discussion

In the current study, we report the first demonstration of
sexual dimorphism in the TIME of NMIBC. In concordance
with previous reports [4–6], we found that female patients
with high-grade NMIBC suffer from shorter PFS as
compared with their male counterparts. An analysis of a
panel of immune regulatory genes (both stimulatory and
inhibitory) in tumors from the UROMOL cohort demon-
strated increased expression of immune checkpoint genes,
and those associated with B-cell recruitment and function
in high-grade tumors from females compared with those
from males. These alterations are indicative of an exhausted
immune landscape following increased activation within
the NMIBC TIME. Given the dynamic nature of immune
checkpoint gene expression, variability in checkpoint
coexpression, and an expected lack of direct correlation
with protein-level expression, we investigated the profiles
of cell types known to express these molecules following
activation or exhaustion.

Our finding of higher infiltration of CD163+ M2-like
suppressive TAMs in tumors from female patients is of
interest and leads us to hypothesize that this finding could
partially explain the inferior outcomes experienced by
female patients following BCG immunotherapy. A signifi-
cantly increased density of M2-like TAMs in tumors from
female patients may be driven by differences dictated by
sexual dimorphism in overall bladder mucosal immune
physiology [17]. Indeed, higher infiltration of tumors by
CD163+ M2-like TAMs has previously been reported to be
associated with poor clinical outcomes in NMIBC [23]. It is
also known that bladder cancer cells induce the polariza-
tion of tissue-resident and reactive macrophages [24],
potentially influencing tumor progression and treatment
response [25]. Our novel findings of the higher density of B
cells in tumors from female patients are reflective of the
established physiological links between M2-like TAMs and
B cells [26]; costimulation of M2-like macrophages with
bacterial lipopolysaccharide and interleukin (IL)-10
induces production of CXCL13, a chemokine critical for
B-cell recruitment [27,28]. Given the increased incidence
of urinary tract infections in women—and the cancer cell-
induced polarization of TAMs toward an M2-like pheno-
type [24]—it is plausible that increased engagement of M2-
like TAMs by urinary pathogens or cancer cell induced
polarization leads to high CXCL13 secretion and B-cell
recruitment in tumors of female patients with NMIBC
. Eventually, these recruited cells acquire a dysfunctional or
exhausted phenotype, persisting in an immunological
stalemate within the NMIBC TIME. This observation is
further strengthened by our in silico transcriptomic
analysis showing increased expression of CXCL13; however,
further mechanistic evidence is warranted. Similarly, it is
also known that IL-10 secreted by B regulatory cells
inhibits macrophage activation and polarizes them toward
an M2-like phenotype [29]. Furthermore, we also observed
significantly increased expression of the immune check-
point HAVCR1 (encodes TIM-1) in high-grade tumors from
both male and female patients. It is known that HAVCR1
plays a critical role in IL-10 production by B cells (and
potentially T regulatory cells) [30]. However, since bulk
RNA-sequencing data do not provide information on the
precise source of cell type exhibiting such high expression,
future investigations are warranted to identify the cell
source within the TIME. Indeed, under normal physiologi-
cal conditions, females exhibit higher proportions of B cells
and increased responsiveness to BCG vaccination
[31,32]. However, given the older age of patients with
NMIBC, it is possible that a reduced naïve B-cell pool in the
periphery [33] compromises the desired responses in the
NMIBC scenario following local BCG administration in
contrast to responses associated with infant vaccination.
We acknowledge that the static TIME states evaluated in
this study, however, do not provide definitive evidence
supporting these temporal phenomena and warrant
further investigation.

A novel finding from our study is the inverse association
of B cells and CD163+ M2-like TAMs with RFS in BCG-naïve
patients. This finding has significant implications in
advancing the current state of knowledge on the antigen-
presenting function of these cells following encounter with
BCG bacteria upon their intravesical administration. For
example, it is known that M2-like macrophages exhibit
tolerance and are unable to secrete CXCL10 [34], which limit
their ability to recruit immune cells to the TIME. However,
BCG treatment has been shown to reprogram M2 macro-
phages [35] that may lead to some degree of the observed
antitumor responses. B cells have been shown to be
indicators of good prognosis in certain cancers [36,37]. How-
ever, their antitumor roles depending on either their
antibody-producing or their antigen presentation function,
neither of which are well understood in NMIBC. The
negative prognostic association of B cells, as observed in
this study, indicates their potentially exhausted or regula-
tory phenotype. A comprehensive analysis of their func-
tional states is needed to define their tumor killing or
promoting roles.

Another important finding from this study is the sex-
associated difference in PD-L1 protein expression. PD-L1 is
known to be expressed on a wide variety of immune cells
and cancer cells, and is partially regulated by estrogen and
X-linked microRNAs [38,39]. Indeed, pre-treatment PD-L1
expression was recently shown to be predictive of response
to BCG [40]. The finding suggestive of overall higher PD-L1
expression in tumors from females may inform improved
use of combination therapies targeting this immune
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checkpoint in female patients despite the caveats associated
with the dynamic nature of its expression.

Findings from this study could inform immunotherapy
trials that are adequately powered to evaluate responses in
female patients with NMIBC. Increased abundance of CD163
+ M2-like macrophages may also explain the compounding
effects of these suppressive factors that impart an aggres-
sive behavior, leading to poor clinical outcomes experienced
by female patients relative to males. Several trials targeting
CD40 or CSF1R (M2 TAM targeting) in combination with PD-
L1 immune checkpoint blockade are underway in a variety
of cancers [41], outcomes of which might inform their
potential use in NMIBC.

Our study is not without limitations. PD-L1 immune
checkpoint is expressed on a wide variety of cells, including
cancer and immune cells in the TIME. Future studies
evaluating the colocalization of immune checkpoints in
tumors from NIMBC patients should derive definitive
information on cell types expressing this immune check-
point. Furthermore, a more comprehensive evaluation of the
functional states of immune cells and immunogenomic
correlates driving their recruitment via cell intrinsic inter-
feron activation is needed to guide more precise therapeutic
targeting. Finally, the single-institution KHSC cohort size was
insufficient to investigate any independent association of the
TIME findings and recurrence in multivariable analysis, but it
provides rationale for future, large multi-institutional studies
to validate the sexual dimorphism observations that we have
identified in NMIBC and their clinical relevance.

5. Conclusions

Findings from study highlight the importance of patient sex
in evaluating response to immunomodulatory therapies in
NMIBC and may have significant implications in ongoing
immune checkpoint blockade trials where sex-associated
pretreatment tumor immune landscape could inform their
precise use in drug sequencing.
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