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Abstract  24 

Non-muscle invasive bladder cancer (NMIBC) is significantly more common in men than women. 25 

However, female patients with NMIBC often present with more aggressive disease and do not 26 

respond as well to immunotherapy treatments. We hypothesized that sexual dimorphism in the 27 

tumor immune microenvironment (TIME) may contribute to the inferior clinical outcomes 28 

observed in female patients. To test this hypothesis, we interrogated the expression patterns of 29 

genes associated with specific immune cell types and immune regulatory pathways using tumor 30 

whole transcriptome profiles from male (n=357) and female (n=103) patients with NMIBC. High-31 

grade tumors from female patients exhibited significantly increased expression of CD40, CTLA4, 32 

PDCD1, LAG3 and ICOS immune checkpoint genes. Based on the significant differences in 33 

expression profiles of these genes and the cell types that most commonly express these in the 34 

TIME, we evaluated the density and spatial distribution of CD8+Ki67+ (activated cytotoxic T 35 

cells), FoxP3+ (regulatory T cells), CD103+ (tissue resident T cells), CD163+ (M2-like tumor 36 

associated macrophages), CD79a+ (B cells), PD-L1+ (Programmed-Death Ligand-1) and PD-1+ 37 

cells using multiplexed immunofluorescence in an independent cohort of 332 patient tumors on a 38 

tissue microarray (n=259 males and n=73 females). Tumors from female patients showed 39 

significantly higher infiltration of CD163+ macrophages and PD-L1+ cells compared to tumors 40 

from male patients. Notably, increased infiltration of CD163+ macrophages and CD79a+ B cells 41 

independently associated with decreased recurrence free survival. Not only do these results have 42 

the potential to inform the rational utilization of immunomodulatory therapies based on the TIME 43 

of both male and female patients with NMIBC, these novel findings highlight the necessity of 44 

considering sexual dimorphism in the design of future immunotherapy trials. 45 
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Introduction 47 

 In 2018, bladder cancer was the 10th most common cancer worldwide, with an estimated 48 

549,000 newly diagnosed cases and approximately 200,000 deaths caused by the disease [1]. Over 49 

90% of bladder tumors arise from the urothelial cells that line the bladder. Localized urothelial 50 

carcinoma of the bladder (UCB) can be broadly categorized based on the depth of tumor invasion; 51 

approximately 75% of incident cases present as non-muscle-invasive bladder cancer (NMIBC), 52 

while the rest are classified as muscle-invasive disease [2]. 53 

The gold-standard first-line treatment for NMIBC is transurethral resection of bladder 54 

tumor (TURBT) surgery. Following surgical resection, patients diagnosed with high-risk features 55 

(such as high stage, grade, or tumor multifocality) [3] are best treated with intravesical Bacillus 56 

Calmette-Guérin (BCG) immunotherapy. BCG is a live-attenuated form of Mycobacterium bovis 57 

(M. bovis) and is commonly used as a vaccine for the prevention of tuberculosis. While NMIBC 58 

is four times more common in men, women suffer earlier recurrences following treatment with 59 

BCG immunotherapy and experience shorter progression-free survival (PFS) when compared to 60 

their male counterparts [4–6]. Clearly, patient sex (biological differences) and gender 61 

(social/behavioral differences) are associated with the incidence and clinical outcomes of NMIBC; 62 

however, these factors are understudied in biomarker and treatment design [7].   63 

The pre-treatment tumor immune microenvironment (TIME) is a critical determinant of 64 

response to immunomodulation in several cancer types [8], and potentially plays a similar role in 65 

determining the response of bladder cancer patients to treatment with BCG immunotherapy [9,10]. 66 

The evolution of variable TIME states across the spectrum of non-inflamed (low/no immune 67 

infiltration) to inflamed (high immune cell infiltration) tumors depends on host and/or cancer cell 68 

intrinsic factors that influence the recruitment and functional states of immune cells [11]. Aligning 69 
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with this concept and in the context of contemporary immunomodulatory agents including the PD-70 

1/PD-L1 targeting immune checkpoint blockade therapy, patient biological sex has recently 71 

emerged as an important factor in response to treatment [12–14]. Under normal physiological 72 

conditions, macrophages are the most abundant resident innate immune cells within the bladder 73 

mucosa. Pre-clinical studies in murine models have shown that females exhibit higher magnitude 74 

of immune responses to urinary pathogens than males [15]. Advancing age, microbial challenges, 75 

host genetics and post-menopausal hormonal changes also contribute to increased recruitment of 76 

adaptive immune cell populations, within the bladders of females. Despite mounting evidence of 77 

the importance of these cell types in response to immunomodulatory therapy in several other 78 

cancers, their sex-specific roles and functional states within the NMIBC TIME have yet to be fully 79 

elucidated. 80 

We hypothesized that sexual dimorphism in clinical outcomes of NMIBC are driven by 81 

differences in the TIME. To test this hypothesis, we evaluated the association between patient sex 82 

and available clinical outcomes in two independent cohorts of NMIBC; UROMOL (publicly 83 

available dataset of tumors from 460 patients) [16] and Kingston Health Sciences Center (KHSC; 84 

332 patients). We then evaluated the tumor transcriptome profiles of the UROMOL cohort to 85 

determine sex associated differences in immune regulatory genes. Guided by the findings from 86 

immune regulatory gene expression patterns, we further investigated the density and spatial 87 

distribution of selected immune cell populations and immune checkpoint proteins in tumors from 88 

male and female patients in the KHSC cohort. Findings from our study provide the first evidence 89 

for sex associated differences in the TIME of NMIBC. 90 

 91 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted January 25, 2021. ; https://doi.org/10.1101/2021.01.23.427909doi: bioRxiv preprint 

https://doi.org/10.1101/2021.01.23.427909


5 
 

Results 92 

Female patients with high grade NMIBC tumors exhibit shorter progression free survival 93 

We evaluated the association between patient sex and available clinical outcomes in two 94 

independent cohorts of NMIBC; UROMOL (460 patients) [16] and KHSC (332 patients). Clinical 95 

features of the KHSC cohort are presented in Table S1, whereas those for the UROMOL cohort 96 

were previously reported [16]. In the KHSC cohort, 22% of the patients were female, 60% of the 97 

entire cohort had high-grade disease (Supplementary Table S2) at original presentation and the 98 

majority (88%) did not have evidence of BCG immunotherapy prior to collection of their 99 

specimens (BCG naïve). Approximately 38% of patients received one or more doses of BCG 100 

(Table S1).  Clinical care of all patients was coordinated at a single treatment clinic and decisions 101 

regarding adjuvant therapies were based on AUA risk score.  The UROMOL cohort had a similar 102 

proportion of female patients (22%). The proportions of patients who underwent BCG 103 

immunotherapy was 19% and 54% in the UROMOL and KHSC cohorts, respectively. In alignment 104 

with previous reports on sex associated differential outcomes, female patients with high-grade 105 

NMIBC had a shorter PFS compared to males in both the cohorts (Figure 1A and 1B). 106 

 107 

High grade tumors from female patients with NMIBC exhibit increased expression of immune 108 

regulatory genes 109 

 Using whole transcriptome profiles of tumors in the UROMOL cohort (n= 103 female and 110 

357 male), a targeted analysis was performed to determine grade- and sex-associated differential 111 

expression patterns of genes identifying immune cell phenotypes (specifically macrophages, T 112 

cells, and B cells), their functional states, and immune-regulatory functions [17]. Significantly 113 
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higher expression of the immune checkpoint genes CTLA4, PDCD1, LAG3 and ICOS, were 114 

observed in high-grade tumors from females compared to those from males and compared to low-115 

grade tumors from both sexes (Figure 1C). Importantly, transcript levels of B cell recruiting 116 

chemokine, CXC ligand 13 (CXCL13) and B cell surface-associated molecule, CD40 were 117 

significantly increased in high-grade tumors from female patients (Figure 1C).  118 

 119 

Tumors from female patients with NMIBC have increased CD163+ M2-like macrophages, 120 

CD79a+ B cells and higher PD-L1 immune checkpoint protein expression 121 

Based on the differences in immunoregulatory gene expression profiles investigated in the 122 

UROMOL cohort, we next evaluated sex-associated differences in the density and localization of 123 

a subset of immune cells that are known to express the relevant phenotypic markers and immune 124 

checkpoint proteins, and have the potential to secrete the cytokine CXCL13. As such, we 125 

investigated the epithelial and stromal density profiles of T helper (CD3+CD8-), T cytotoxic 126 

(CD8+Ki67-, activated CD8+Ki67+), T regulatory (CD3+CD8- FOXP3+), tissue resident T 127 

(CD103+), B-cells (CD79a), M2-like tumor associated macrophages (TAMs, CD163+) and 128 

immune checkpoint proteins (PD-L1 and PD-1) in tumors from the KHSC cohort.  129 

Interestingly, among all the immune cell phenotypes, only CD163+ M2-like TAMs 130 

demonstrated statistically significant differences in the density and localization between both low 131 

grade and high-grade tumors from male and female patients. A significantly higher infiltration of 132 

CD163+ TAMs was seen in the epithelial compartment of low-grade tumors (p=0.012) and in both 133 

epithelial and stromal compartments of high-grade tumors (p= 0.001, p<0.001, respectively) from 134 

female patients compared to those from male patients (Figure 1D). Density of CD79a+ B cells 135 
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was not significantly different between sexes; however, CD79a+ B cell infiltration was higher in 136 

the epithelial and stromal compartments (p<0.001) of high-grade tumors compared to low-grade 137 

tumors from both sexes (Figure 1E).  Importantly, tumors from female patients exhibiting 138 

recurrence within one year showed significantly higher density of CD163+ TAMs compared to 139 

those from males (Figure 1F). With respect to CD79a+ B cells, a trend towards higher infiltration 140 

was observed in tumors from female patients who recurred within 1 year of BCG treatment (Figure 141 

1F). Spearman correlation analysis showed a moderate positive correlation (r=0.63) between 142 

stromal CD79a+ B cells and CD163+ TAMs (Figure 1G). 143 

PD-L1 protein expression was significantly higher in both the epithelial and stromal 144 

compartments of high-grade tumors compared to low-grade tumors (Figure 1H; p<0.001). 145 

However, apparent sex-associated differences in PD-L1 protein expression (especially in the 146 

epithelial compartment) were likely not statistically significant due to the wide variability in the 147 

proportion of PD-L1+ cells.  148 

A subset analysis of cases was performed on patients that had no evidence of previous 149 

intravesical BCG immunotherapy (BCG naïve) by excluding from the entire cohort those patients 150 

that had documented BCG prior to specimen collection or where that data could not be definitely 151 

determined. Trends in infiltration profiles of CD163 and CD79a between grades and between sexes 152 

were consistent with those seen in the whole cohort (Supplementary Figures 2A-C) although in 153 

this analysis expression of PD-L1 protein in the epithelial compartment of low-grade tumors from 154 

females was significantly higher compared to males (p=0.04). 155 

 156 
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T helper and regulatory cells exhibit significant sex differences in density and spatial 157 

distribution within the NMIBC TIME 158 

While we observed no sex-associated differences in the density and spatial organization of 159 

CD8+ cytotoxic T cells, CD3+CD8- T helper cells and CD3+CD8-FoxP3+ T regulatory cells were 160 

significantly higher in low-grade tumors from female patients compared to those from males 161 

(Supplementary Fig. 3A and B). Such differences were not observed in high-grade tumors. 162 

 163 

Increased density of CD163+ M2-like macrophages and CD79a+ B cells associates with early 164 

recurrence in NMIBC 165 

Kaplan-Meier analysis for all patients with high-grade NMIBC (n=170) in the KHSC cohort 166 

showed that, irrespective of their localization in the stroma or epithelium, higher density 167 

(Supplementary Table S2) of CD163+ M2-like TAMs (Figure 2A) and CD79a+ B cells (Figures 168 

2B) independently associated with shorter recurrence free survival (RFS). This association was 169 

observed in both male and female patients supporting the notion that rather than being a sexually 170 

dimorphic epiphenomenon, these cells may play a functional role in tumor recurrence (Figures 171 

2C and 2D). Notably, these differences in RFS remained consistent using similar thresholds for 172 

both CD79a+ and CD163+ cells, in all patients with high-grade tumors (Supplementary Figures 173 

4a, 4b, 5a and 5b). 174 

 175 

 176 

 177 
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Discussion 178 

In the current study, we report the first demonstration of sexual dimorphism in the TIME 179 

of NMIBC. In concordance with previous reports [4–6], we found that female patients with high-180 

grade NMIBC suffer from shorter progression free survival as compared to their male counterparts. 181 

Analysis of a panel of immune regulatory genes (both stimulatory and inhibitory) in tumors from 182 

the UROMOL cohort demonstrated increased expression of immune checkpoint genes, and those 183 

associated with B cell recruitment and function in high-grade tumors from females compared to 184 

those from males. These alterations are indicative of an exhausted immune landscape following 185 

an increased activation within the NMIBC TIME. Given the dynamic nature of immune checkpoint 186 

gene expression, variability in checkpoint co-expression, and an expected lack of direct correlation 187 

with protein level expression, we investigated the profiles of cell types known to express these 188 

molecules following activation or exhaustion.  189 

Our finding of higher infiltration of CD163+ M2-like suppressive TAMs in tumors from 190 

female patients may partially explain the overall poor clinical outcomes experienced by female 191 

patients following BCG immunotherapy. A significantly increased density of M2-like TAMs in 192 

tumors from female patients may be driven by differences dictated by sexual dimorphism in overall 193 

bladder mucosal immune physiology [15]. Indeed, higher infiltration of tumors by CD163+ M2-194 

like TAMs has been previously reported to be associated with poor clinical outcomes in NMIBC 195 

[18]. It is also known that bladder cancer cells induce the polarization of tissue-resident and 196 

reactive macrophages [19], potentially influencing tumor progression and treatment response [20]. 197 

Our novel findings of the higher density of B cells in tumors from female patients are reflective of 198 

the established physiological links between M2-like TAMs and B cells [21]; co-stimulation of M2-199 

like macrophages with bacterial lipopolysaccharide and IL-10 induces production of CXCL13, a 200 
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chemokine critical for B cell recruitment [22,23]. Given the increased incidence of urinary tract 201 

infections in women – and the cancer cell-induced polarization of TAMs towards an M2-like 202 

phenotype [19] – it is plausible that increased engagement of M2-like TAMs by urinary pathogens 203 

leads to increased CXCL13 secretion and B cell recruitment in tumors of female NMIBC patients. 204 

Eventually, these recruited cells acquire a dysfunctional or exhausted phenotype, persisting in an 205 

immunological stalemate within the NMIBC TIME. This observation is further strengthened by 206 

our in silico transcriptomic analysis showing increased expression of CXCL13, however, further 207 

mechanistic evidence is warranted. Similarly, it is also known that IL-10 secreted by B regulatory 208 

cells inhibits macrophage activation and polarizes them towards an M2-like phenotype [24]. 209 

Indeed, under normal physiological conditions, females exhibit higher proportions of B cells and 210 

increased responsiveness to BCG vaccination [25,26]. However, given the older age of patients 211 

with NMIBC, it is possible that a reduced naïve B cell pool in the periphery [27] compromises the 212 

desired responses in the NMIBC scenario following local BCG administration in contrast to 213 

responses associated with infant vaccination. We acknowledge that the static TIME states 214 

evaluated in this study, however, do not provide definitive evidence supporting these temporal 215 

phenomena and warrant further investigation. 216 

Another novel finding from our study is the inverse association of B cells and CD163+ 217 

M2-like TAMs with recurrence free survival in BCG naïve patients. This finding has significant 218 

implications in advancing the current state of knowledge on the antigen presenting function of 219 

these cells following encounter with BCG bacteria upon their intra-vesical administration. For 220 

example, it is known that M2-like macrophages exhibit tolerance and are unable to secrete 221 

CXCL10 [28], which limits their ability to recruit immune cells to the TIME. However, BCG 222 

treatment has been shown to re-program M2 macrophages [29] that may lead to some degree of 223 
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the observed anti-tumor responses. B cells have been shown to be indicators of good prognosis in 224 

certain cancers [30,31]. However, their anti-tumor roles likely depend either on their antibody 225 

producing or antigen presentation function, neither of which are well understood in NMIBC. The 226 

negative prognostic association of B cells, as observed in this study, indicates their potentially 227 

exhausted or regulatory phenotype. A comprehensive analysis of their functional states is needed 228 

to define their tumor killing or promoting roles.       229 

Another important finding from this study is the sex-associated difference in PD-L1 protein 230 

expression. PD-L1 is known to be expressed on a wide variety of immune cells and cancer cells 231 

and is partially regulated by estrogen and X-linked microRNAs [32,33]. Indeed, pre-treatment PD-232 

L1 expression was recently shown to be predictive of response to BCG [34]. The current finding 233 

suggesting overall higher PD-L1 expression in tumors from females may inform more precise use 234 

of combination therapies targeting this immune checkpoint in female patients despite the 235 

challenges due to the dynamic nature of its expression.   236 

The current findings should inform immunotherapy trials that are adequately powered to 237 

evaluate responses in female patients with NMIBC. Increased abundance of CD163+ M2-like 238 

macrophages may also explain the compounding effects of these suppressive factors that impart 239 

an aggressive behavior leading to poor clinical outcomes experienced by female patients relative 240 

to males. Several trials targeting CD40 or CSF1R (M2 TAM targeting) in combination with PD-241 

L1 immune checkpoint blockade are underway in a variety of cancers [35], outcomes of which 242 

might inform their potential use in NMIBC.  243 

Our study is not without limitations. PD-L1 immune checkpoint is expressed on a wide 244 

variety of cells including cancer and immune cells in the TIME. Future studies evaluating the co-245 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted January 25, 2021. ; https://doi.org/10.1101/2021.01.23.427909doi: bioRxiv preprint 

https://doi.org/10.1101/2021.01.23.427909


12 
 

localization of immune checkpoint should derive definitive information on cell types expressing 246 

this immune checkpoint. Furthermore, a more comprehensive evaluation of the functional states 247 

of immune cells and immunogenomic correlates driving their recruitment via cell intrinsic 248 

interferon activation, is needed to guide more precise therapeutic targeting. Nevertheless, findings 249 

from this study have significant implications in ongoing immune checkpoint blockade trials where 250 

sex-associated pre-treatment tumor immune landscape could inform their precise use in drug 251 

sequencing. 252 

 253 

Methods 254 

Patient Cohorts and Clinical Data 255 

This study was approved by the Ethics Review Board at Queen’s University. A cohort of 509 256 

NMIBC archival transurethral bladder tumors (TURBTs) from 332 patients between 2008-2016 257 

was collected from Kingston Health Sciences Center (KHSC). Stage Ta and T1 tumors were 258 

included following pathological review (DMB and LC), using the WHO 2016 grading system [36]. 259 

Clinical details of the UROMOL cohort were previously reported by Hedegaard et al. 2016 [16]. 260 

Six tissue microarrays (TMA) were constructed with duplicate 1.0 mm cores. Recurrence was 261 

defined as time from each patient’s earliest TURBT resection to next malignant diagnosis. 262 

Operative notes were reviewed to exclude re-resections as recurrences.  263 

Multiplex Immunofluorescence Staining for Immune Markers 264 

TMAs were stained with three panels of primary-conjugated fluorescent antibodies. The first panel 265 

contained antibodies against CD3+, CD8+, Ki67+, and FoxP3+ cells. The second panel contained 266 
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antibodies against PD-1+, PD-L1+, and CK5+ cells. The third panel contained antibodies against 267 

CD163+, CD79a+, CD103+, and GATA3+ cells. Expression for the following cell types and 268 

immune checkpoints were evaluated in the epithelial and stromal compartments: T-cells 269 

(CD3+CD8+Ki67, CD3+CD8+Ki67+, CD3+CD8-FOXP3-, CD3+CD8-FOXP3+), immune 270 

checkpoint (PD-1+, PDL1+, CK5+PDL1+), B-cells (CD79a+), M2-like TAMs (CD163+), and 271 

tissue-resident T cells (CD103+). The presence of these immune markers was evaluated for each 272 

core by automated multiplex immunofluorescent staining at the Molecular and Cellular 273 

Immunology Core (MCIC) facility, BC Cancer Agency. All antibodies were provided by Biocare 274 

Medical (Pacheco, CA, USA) and distributed by Inter Medico (Markham, ON, CAN). 275 

Automated Scoring of Multiplex Immunofluorescence Staining for Immune Markers 276 

The stained TMA sections were scanned using the Vectra multispectral imaging system. Tissue 277 

segmentation into stromal and epithelial compartments was performed using PerkinElmer’s 278 

InForm software. Ten randomly selected cores were utilized to train three independent algorithms 279 

in PerkinElmer’s InForm software package. The InForm software identified positive pixels for all 280 

of the selected immune markers using each of the three independent algorithms. The average of 281 

the three independent algorithms was taken for all three sets of immune markers in each core. 282 

Cores that were missing ≥ 75% of the tissue were excluded from further analyses. 283 

Manual Validation of Automated Scoring of Multiplex Immunofluorescence Staining 284 

Standard deviation between the three algorithms was calculated for each of the immune markers 285 

within both the epithelial and stromal compartments. Outliers were identified and cross-referenced 286 

with the composite image of the corresponding TMA core to verify the discrepancy before 287 

excluding the outlying data points from further analysis. Any quantifications that included 288 
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misidentification of histological artifacts as immune cells by any of the three algorithms were also 289 

excluded from analysis. Algorithms that consistently over-called or under-called the immune 290 

marker quantification were excluded from analysis. Further visual validation of the automated 291 

scoring was performed for randomly selected TMA cores. 292 

RNAseq Gene Expression Analysis 293 

Raw RNAseq data from 460 NMIBC samples [16], were downloaded 294 

(https://www.ebi.ac.uk/ega/studies/EGAS00001001236), and VST normalized data were obtained 295 

by employing the vst function on DESeq2 in R v4.0.1. Further, we compiled a list comprising 296 

immune-cell markers and regulatory genes based on our previous report [17]. We then compared 297 

the expression of these VST-normalized genes between four groups of patients: high-grade 298 

females, low-grade females, high-grade males, and low-grade males. The Kruskal-Wallis test was 299 

employed to determine significant differences between the two four groups. 300 

Statistical Analysis 301 

Analyses were conducted using R version 3.5.3. Kaplan-Meier curves were plotted using log-rank 302 

statistics with survival and survminer packages. Follow-up time for Kaplan-Meier curves ended 303 

when 10% of patients remained in each group [37]. Log-rank statistics were used to optimize 304 

thresholds for ideal number of CD163+ M2-like TAMs/CD79a+ B cells associated with shorter 305 

recurrence-free survival, using the maxstat package in R. Optimal thresholds are summarized in 306 

Supplemental Table S3.  307 
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 315 

Figure legends  316 

Figure 1. Patients with NMIBC exhibit sexual dimorphism in progression free survival and 317 

tumor immune microenvironment.  318 

(A-B) Kaplan Meier survival curves showing female patients with high-grade NMIBC experienced 319 

significantly (P<0.001) shorter PFS than their male counterparts and patients with low-grade 320 

tumors, in both the UROMOL (A) and KHSC (B) cohorts. Kaplan-Meier survival analyses was 321 

performed using log-rank statistics with survival and survminer packages.  322 

(C) High-grade tumors from female patients in the UROMOL cohort exhibit significantly 323 

increased expression of immunoregulatory genes, CXCL13, PDCD1, CD40, CTLA4, and ICOS. 324 

VST-normalized genes between four cohorts: high-grade cancer in females (HG_F), low-grade 325 

cancer in females (LG_F), high-grade cancer in males (HG_M), and low-grade cancer in males 326 

(LG_M) are shown. The Kruskal-Wallis test was employed to determine statistically significant 327 

differences. 328 

(D-E) Violin plots of mean cell counts for CD163+, CD79a+ cell and PD-L1+ cell populations 329 

respectively, in the epithelial (left) and stromal (right) compartments of tumors from the KHSC 330 

cohort. Plots stratified by low-grade and high-grade samples for males (blue) versus females 331 

(pink). Significant differences signified by asterisks between grades (with bracket) and between 332 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted January 25, 2021. ; https://doi.org/10.1101/2021.01.23.427909doi: bioRxiv preprint 

https://doi.org/10.1101/2021.01.23.427909


16 
 

sexes (no bracket) as determined by Mann-Whitney-U test.  ***p-value < 0.001, **p-value < 0.01, 333 

*p-value < 0.05. 334 

(F) In a subset of patients from the KHSC cohort that recurred in <1 year, female patients had 335 

significantly higher density of CD163+ cells in the stroma and epithelium, while there were no 336 

significant sex-associated differences in CD79a+ cells. *p-value < 0.05.  337 

(G) Spearman correlation plot for CD163+, CD79a+ and PD-L1+ populations in the epithelial 338 

(Epi) and stromal (Str) compartments of tumors from the KHSC cohort. Dark blue indicates a 339 

positive correlation coefficient (>1), dark red indicates a negative correlation coefficient (<1). 340 

(H) Violin plots of mean cell counts for PD-L1+ cell populations in the epithelial (left) and stromal 341 

(right) compartments of tumors from the KHSC cohort. Plots stratified by low-grade and high-342 

grade samples for males (blue) versus females (pink). Differences between grades in each 343 

compartment as determined by Mann-Whitney-U test ***p-value < 0.001. 344 

 345 

Figure 2. Recurrence free survival (RFS) in high-grade non-muscle invasive bladder cancer 346 

is associated with patient sex and tumor immune microenvironment.  347 

(A) Kaplan Meier survival curves for RFS of patients with high-grade NMIBC (n=193) based on 348 

log-rank optimized thresholds for density of CD163+ cells in tumor epithelial (left; P<0.001) and 349 

stromal (right; P<0.001) compartments. Of this entire cohort, 74% had evidence of adequate BCG 350 

therapy after specimen collection (TURBT). 351 

(B) Kaplan Meier survival curves showing RFS of high-grade patients based on log-rank optimized 352 

thresholds for epithelial (left; P<0.01) and stromal (right; P<0.0001) CD79a+ cells.  353 
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(C) Kaplan Meier survival curves showing RFS of high-grade patients based on log-rank optimized 354 

thresholds for stromal (left; P<0.01) and epithelial (right; P=0.014) CD163+ cells stratified by sex. 355 

High vs low stromal CD163+ cells defined as > 64 or < 64 cells, respectively. High versus low 356 

epithelial CD163+ cells defined as > 12 or < 12 cells, respectively. 357 

(D) Kaplan Meier survival curves showing RFS of high-grade patients based on log-rank 358 

optimized thresholds for stromal (left; P<0.001) and epithelial (right; P=0.028) CD79a+ cells 359 

stratified by sex.  High versus low stromal CD79a+ cells defined as > 35 or < 35 cells, respectively. 360 

High vs low epithelial CD79a+ cells defined as >3 or < 3 cells, respectively. 361 

 362 

Supplementary Figures 363 

Supplementary Figure 1. Multiplex immunofluorescence staining and automated tissue 364 

segmentation of representative tumor core. A composite view of a representative tumor core, 365 

highlighting antibody panels distinguishing CD3+CD8+Ki67+/- and CD3+CD8-FoxP3- cells (A); 366 

CD79a+ B, CD103+ T resident and CD163+ M2-like TAMs (B); PD-1+, PD-L1+ and CK5+ cells 367 

(C). PerkinElmer’s Inform software based automated segmentation of tumor core into epithelial 368 

(red) and stromal (green) compartments prior to automated scoring of positively stained cells (D).  369 

Supplementary Figure 2. Profiles of CD163, CD79a and PD-L1 in tumors from BCG naïve 370 

patients  371 

Violin plots of mean cell counts for CD163+ (A), CD79a+ (B) and PD-L1+ cell (C) populations 372 

respectively, in the epithelial (left) and stromal (right) compartments of tumors from the KHSC 373 

cohort with no evidence of BCG immunotherapy prior to collection of their specimens (BCG 374 
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naïve). Asterisks indicate level of significance as determined by Mann-Whitney-U statistics: ***p-375 

value < 0.001 **p-value < 0.01 *p-value < 0.05. 376 

Supplementary Figure 3. Profiles of T helper (3A) and T regulatory (3B) cells in tumors from 377 

BCG naïve patients and overall cohort 378 

Violin plots of mean cell counts for CD3+CD8- T helper (A) and CD3+CD8-FoxP3+ T regulatory 379 

cells (B) in BCG naïve and overall cohort. Plots stratified by low-grade and high-grade samples 380 

for males (blue) versus females (pink). Asterisks indicate level of significance as determined by 381 

Mann-Whitney-U statistics: ***p-value < 0.001 **p-value < 0.01 *p-value < 0.05.  382 

Supplementary Figure 4. CD79a+ B cell density is associated with recurrence free survival 383 

in patients with high-grade NMIBC and no prior history of BCG before specimen collection 384 

(BCG naïve).  385 

(a) Recurrence-free survival of a subset of patients with high-grade disease and no previous BCG 386 

therapy prior to specimen collection (n=170). Within this cohort 74% had evidence of adequate 387 

BCG therapy after specimen collection (TURBT). Based on log-rank optimized cut-offs for 388 

stromal (left; p<0.001) and epithelial (right; p<0.056) CD79a+ cells stratified by males (blue) 389 

versus females (pink).  390 

(b) Recurrence-free survival based on log-rank optimized cut-offs for stromal (left) and epithelial 391 

(right) CD79a+ cells stratified by high CD79a+ cells versus low CD79a+ cells. High versus low 392 

stromal CD79a+ cells defined as > 35 or < 35 cells, respectively. High vs low epithelial CD79a+ 393 

cells defined as > 3 or < 3 cells, respectively. Associated p-values for the epithelial and stromal 394 

compartments is <0.01 and <0.0001, respectively. 395 
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Supplementary Figure 4. Higher CD163+ cell infiltration is associated with shorter 396 

recurrence free survival in BCG-naïve patients with high-grade NMIBC.  397 

(a) Recurrence-free survival of high-grade, BCG naïve patients (n=170) based on log-rank 398 

optimized cut-offs for stromal (left; P=0.017) and epithelial (right; 0.057) CD7163+ cells stratified 399 

by males (blue) versus females (pink).  400 

(b) Recurrence-free survival based on log-rank optimized cut-offs for stromal (left) and epithelial 401 

(right) CD163+ cells stratified by high CD163+ cells versus low CD163+ cells. High versus low 402 

stromal CD163+ cells defined as > 64 or < 64 cells, respectively. High vs low epithelial CD163+ 403 

cells defined as > 12 or < 12 cells, respectively. Associated p-values for the epithelial (right) and 404 

stromal (left) compartments are both p<0.01. 405 

 406 

Supplementary Tables  407 

S1. Clinical characteristics of patients in the KHSC cohort (n=332). 408 

S2. Sample characteristics (grade, stage and sex) for overall KHSC cohort (n = 509) 409 

S3. Optimized log-rank thresholds for recurrence-free survival for individual immune 410 

markers  411 

 412 

 413 

  414 
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Figure 1. Patients with NMIBC exhibit sexual dimorphism in progression free survival and tumor immune microenvironment. .  
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Figure 2. Recurrence free survival (RFS) in high-grade non-muscle invasive bladder cancer is associated with patient sex and tumour immune 
microenvironment.
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