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An estimated 81 000 new cases of bladder cancer (BCa) will
be diagnosed in the USA in 2022, with three times as many
cases among men as among women [1]. Despite lower inci-
dence, women tend to have more aggressive disease and
worse oncological outcomes, including higher rates of dis-
ease recurrence, progression, and cancer-specific mortality
[2]. Modulating a patient’s immune system is a bona fide
strategy for treating BCa, as evidenced by bacillus Cal-
mette-Guérin (BCG) immunotherapy being standard of care
in non-muscle-invasive BCa (NMIBC) and the recent
approval of immune checkpoint inhibitor (ICI) therapies tar-
geting the PD-1/PD-L1 axis in NMIBC. Despite advances in
immune-based therapies, recurrences can be frequent and
we lack robust predictive biomarkers of treatment
response. Results from systemic immunotherapy trials have
shown differential responses in females and males, high-
lighting sex-specific variations in immune physiology and
responses to pathogenic insults. Thus, studies that elucidate
a deeper understanding of sex as a ‘‘biomarker’’ of response
to immunomodulatory therapies may be leveraged to
improve risk stratification and response rates and identify
new therapeutic targets.

In a previous issue of European Urology Open Science,
Besançon et al. [3] elegantly examined the effect of sex on
androgen-mediated response to immunotherapy. The
authors first validated their in vivo NMIBC model with cor-
responding patient tissue samples to show that mouse biol-
ogy at least recapitulates the sex-specific composition and
variations in human immune physiology. They used their
model to then show that combining the androgen receptor
(AR) antagonist enzalutamide with either local BCG
immunotherapy or systemic anti-PD-1 immunotherapy
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provided enhanced tumor control and survival among male
mice. While the potentiating effect of enzalutamide on
tumor growth inhibition is somewhat modest, the potenti-
ating effect on the survival curves is quite striking and rep-
resents a promising preclinical result. Interestingly, the
authors showed that treatment with enzalutamide alone
resulted in tumor growth and worse survival among male
mice. Although the tumor growth and survival curves are
not shown for enzalutamide alone for the female mice for
comparison, this result supports the putative role of AR sig-
naling in sex-specific differences in BCa. As mentioned, men
are at higher risk of developing BCa in comparison to
women, even after accounting for smoking and environ-
mental and occupational exposures. Sex-specific differences
in AR signaling could be one factor driving this disparity in
incidence.

The authors performed a series of flow cytometry and
RNA-sequencing studies to suggest that, mechanistically,
enzalutamide alters the balance of tumor-infiltrating lym-
phocytes to create a tumor microenvironment that syner-
gizes with both ICIs and BCG. It has also been postulated
that AR signaling has an immunosuppressive effect in the
setting of prostate cancer models [4], which the authors
show might also be the case in BCa models. The
immunomodulatory properties of novel antiandrogen
agents (abiraterone, enzalutamide) suggest a rational use
case as an adjunct to immunotherapeutic agents rather than
monotherapy in BCa. The authors’ result for enzalutamide
alone in the current study is particularly telling in this
regard. Indeed, ongoing trials combining enzalutamide
and the ICI pembrolizumab in metastatic prostate cancer
have shown promising results.
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A logical next step from the current work would be to
evaluate the effects of AR antagonism in MIBC, as the poten-
tial for augmenting treatment responses in males could be
on a greater scale in this setting. Beyond the epidemiologi-
cal level, we have shown that MIBC exhibits sex bias at the
molecular level, with males more likely to have luminal
papillary tumors and tumors with higher androgen
response activity across all luminal subtypes [5]. Moreover,
AR is enriched in the luminal papillary subtype of MIBC [6].
It has been shown that AR antagonism is synergistic with
cisplatin-based chemotherapy in preclinical models of MIBC
[6] and it is likely that AR antagonism would exhibit similar
synergy with novel ICIs in MIBC. We hypothesize that the
greatest benefit would be seen for males with luminal pap-
illary tumors on the basis of the high degree of AR expres-
sion and signaling activity in this specific population.

Notwithstanding the small sample sizes for the treat-
ment groups, the preclinical results reported by the authors
are a promising basis for clinical trials to evaluate the strat-
egy of combining antiandrogen therapy with current
immunotherapies in NMIBC to augment treatment response
rates, at least in men. But what about women? Interestingly,
the authors’ murine model of NMIBC had a baseline deficit
in survival and response rates to either BCG or anti-PD-1
alone for male compared to female mice (which was res-
cued with enzalutamide). Clinically, we observe conflicting
findings: women with BCa are less sensitive to and experi-
ence worse outcomes with local and novel systemic
immunotherapies [7,8]. Although this may be attributed
to external variables (social determinants of health, medica-
tions such as antibiotic use, among other factors), there is a
greater need to develop effective strategies to augment the
therapeutic response in women. The anti-estrogen tamox-
ifen could represent a viable sensitization strategy given
that preclinical studies have shown its ability to enhance
the effect of BCG [9] and the ability of estrogen receptor
activation to downregulate sensitivity to anti-PD-1
immunotherapies in breast cancer [10]. Results from a
phase 2 trial evaluating tamoxifen monotherapy in NMIBC
(NCT02197897) are currently pending, and perhaps further
avenues of research could investigate combining tamoxifen
with immunotherapies in both NMIBC—ideally with high-
fidelity preclinical models such as the one used by the
authors—and MIBC, taking into account molecular subtypes,
for a potential sex-biased treatment response in favor of
females.
In conclusion, we applaud the authors for showing the
potential of antiandrogens to augment response to
immunotherapy in men with NMIBC, but we call for investi-
gators to examine similar strategies to improve treatment
outcomes in MIBC and, more importantly, in women. As it
currently stands, treatment outcomes with immunotherapy
appear to be sex-biased against women, probably resulting
from an interplay between inherent sex-specific immunobi-
ology and gender as a social determinant of health. Perhaps
the apparent baseline treatment advantage experienced by
the female mice in the current study reflects what could be
in the absence of delays in diagnosis, barriers in access to
treatment, and health care disparities, among other factors.
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