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ABSTRACT
Background: Glucocorticoids are essential for maintaining
Volume 6, Issue 15, Sep 2024 homeostasis and regulating physiological functions, including
metabolism, cardiovascular health, and immune responses.
; . They are commonly used in treatment for prostate cancer, but
Received: 15 ‘]u'y 2024 their mechanisms underlying castration-resistant prostate
cancer (CRPC) remain unclear. Glucocorticoids can stimulate
Accepted: 25 Aug 2024 cell death and decrease inflammation, but their effects on
prostate cancer cells remain unclear. Methods: Following
PRISMA 2020 guidelines, this systematic review focused
Published: 05 Sep 2024 exclusively on full-text articles published in English between
2014 and 2024. To ensure the inclusion of high-quality sources,
editorial pieces and review articles were excluded unless they
were accompanied by a DOI. The literature search was
conducted using several reputable databases, including
ScienceDirect, PubMed, and SagePub, to comprehensively
gather relevant studies. Result: The study conducted a
comprehensive review of over 1,000 publications sourced from
reputable databases, including ScienceDirect, SagePub, and
PubMed. Following an initial screening, eight publications were
identified as warranting more in-depth analysis. Consequently,
a thorough review of these selected studies was performed to
ensure a detailed and rigorous evaluation. Conclusion:
Glucocorticoid receptors play a crucial role in the treatment of
prostate cancer, affecting normal cell proliferation and
accelerating tumor growth. Elevated expression of these
receptors can induce drug insensitivity, leading to potential
adverse effects. Clinical studies are needed to explore the
feasibility of reducing GC use during chemotherapy and
abiraterone treatment.
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INTRODUCTION

Glucocorticoids, secreted by the adrenal glands, are crucial for maintaining
homeostasis and regulating various physiological functions, including metabolism,
cardiovascular health, immune responses, and mood.! Due to their potent anti-
inflammatory and immunosuppressive properties, synthetic glucocorticoids are
extensively prescribed for treating inflammatory and autoimmune conditions such
as asthma, allergies, sepsis, rheumatoid arthritis, ulcerative colitis, and multiple
sclerosis. They also prevent organ transplant rejection and manage lymphoid
malignancies, including leukemias, lymphomas, and myelomas.>® However, long-
term use of synthetic glucocorticoids can lead to significant adverse effects,
including osteoporosis, diabetes, obesity, glaucoma, growth retardation in children,
and hypertension.*

Globally, prostate cancer ranks among the top 10 most prevalent
malignancies and presents a significant risk to human well-being. Among men, it is
the most commonly detected malignancy in 112 countries in 2018.° Systemic
androgen deprivation therapy is a fundamental treatment for individuals with
advanced prostate cancer and serves as the foundation for innovative combination
therapy. Nevertheless, even with a median treatment duration of 18-24 months, the
majority of patients will develop castration-resistant prostate cancer (CRPC).® The
mechanisms underlying the development of CRPC are intricate. Most
investigations have concentrated on mechanisms that rely on androgen receptors
(ARs).’

Glucocorticoids are commonly used in cancer treatment for lymphoid
malignancies to stimulate cell death and as a co-medication with chemotherapy for
solid tumors to decrease inflammation and cytotoxic effects. They can alleviate
symptoms associated with chemotherapy or cancer in some solid tumors.®
However, glucocorticoids can also increase the likelihood of chemotherapy failure.
Recent studies suggest that glucocorticoids may play a role in the ineffectiveness
of chemotherapy and the advancement of solid tumors, such as triple-negative
breast cancer (TNBC) and CRPC.%¥ They decelerate cell growth in estrogen
receptor-positive breast cancer, suppress chemotherapy-induced cytotoxicity in
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TNBC, inhibit tumor cell growth in androgen-dependent prostate cancer, and
promote tumor advancement in CRPC.1:12

Researchers have discovered that glucocorticoid receptors (GRs) may
contribute to developing CRPC, a type of cancer. Glucocorticoids are widely used
in prostate cancer therapies to arrest tumor growth and slow proliferation, as well
as alleviate symptoms.t*!3 However, their mechanisms on prostate cancer cells
remain unclear. GR activation promotes cell proliferation by inhibiting apoptosis,
potentially conferring resistance to anti-androgens.!**® This article summarizes
published data and new ideas on the effectiveness of glucocorticoid therapy in
prostate cancer over the past ten years.

METHODS
Protocol

The study was executed with precise adherence to the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA) 2020 standards,
demonstrating a high level of compliance with established methodological
protocols. This adherence underscores a dedication to improving transparency,
reproducibility, and methodological rigor throughout the review process. The
approach involved systematic and thorough strategies for literature searching, data
extraction, and synthesis of results, all aimed at minimizing bias and reinforcing the

reliability of the conclusions drawn.

Criteria for Eligibility

This study offers a comprehensive evaluation of the literature from the past
decade on glucocorticoid therapy in prostate cancer patients. By systematically
reviewing and synthesizing data from various studies, the research seeks to identify
key patterns and enhance patient care strategies for this co-morbid group.

The primary aim is to highlight significant themes from a wide range of
academic sources, thus contributing to a deeper understanding of the relationship
between glucocorticoids and prostate cancer. To ensure rigorous analysis, strict
inclusion and exclusion criteria were enforced: only peer-reviewed studies
published in English between 2014 and 2024, and those with a DOI, were
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considered. Non-research documents such as reviews, editorials, and duplicate
entries were excluded to preserve the focus and integrity of the dataset.

This rigorous approach guarantees that the data analyzed is both pertinent
and reliable, laying a solid foundation for drawing significant conclusions and

advancing clinical practices.

Search Strategy

We used "prostate cancer OR ca prostate OR glucocorticoids.” as keywords.
The search for studies to be included in the systematic review was carried out using
the PubMed, SagePub, and Sciencedirect databases.
Table 1. Search Strategy

Database Search Strategy Hits
Pubmed (“prostate cancer" OR "ca prostate” AND "glucocorticoids™) 1046
Science  (“prostate cancer” OR "ca prostate™ AND "glucocorticoids™) 10
Direct

Sagepub  (“prostate cancer” AND "glucocorticoids") 361

Data retrieval

The authors performed a thorough preliminary review of each article by
examining abstracts and titles to assess their relevance before advancing to a more
detailed investigation. Only studies that aligned with the study’s objectives and
satisfied the predefined inclusion criteria were considered for further analysis. This
method allowed for the identification of clear and consistent patterns across the
research.

Full-text articles were limited to those published in English to maintain
uniformity in the study's language. A stringent screening process was applied to
select content directly relevant to the study's focus, ensuring adherence to all
inclusion criteria. Studies that did not meet these criteria were systematically

excluded from in-depth analysis and were not included in the final evaluation.
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The evaluation covered a wide array of data, including study characteristics,
titles, authors, publication dates, research locations, and methodologies. This
comprehensive approach ensured that only the most relevant and high-quality
content was included in the analysis, thereby strengthening the reliability of the

study's conclusions.
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Quality Assessment and Data Synthesis

which articles merited further examination. Documents that passed this preliminary
screening were then subjected to an extensive and thorough evaluation. The results
of this initial assessment informed the selection of review papers, ensuring that only
those of significant relevance proceeded to detailed analysis. This rigorous

approach optimized the selection process, facilitating a more comprehensive and
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The authors undertook a detailed review of abstracts and titles to determine

nuanced analysis of existing research and its evaluative context.

Identification

Identification of studies via databases and registers

Records identified from:
PubMed (n = 1046)
Science Direct (n = 10)
Sagepub (n = 361)

Records removed before
screening:
Duplicate records removed (n
= 231)
Records marked as ineligible
by automation tools (n= 0)
Records removed for other
reasons (n = 0)

Screening

Included

Records screened
(n =1186)

Records excluded

Before 2014 (n = 328)

Wrong study design (n = 486)
Wrong intervention (n = 0)

Reports sought for retrieval
(n=372)

\4

Reports not retrieved
(n = 357)

Reports assessed for eligibility
(n=15)

A4

Reports excluded:
Data irrelevant for this topic
(n=7)

Studies included in systematic
review
(n=8)

Figure 1. Article search flow chart
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Parameters ry et etal., 2015)

al., 2015)

2014)

(Hu &
Chen.

2016)

(Kum
ar,

Raj.,
2020)

(Sakella  (Zhou

kis &
Flores.,
2022)

etal.,
2022)

(Eigentl
eret
al.,
2024)

1. Bias related to

temporal precedence

Is it clear in the study what

is the “cause” and what is

the “effect” (ie, there isno  Yes Yes Yes
confusion about which
variable comes first)?

Yes

Yes

Yes

Yes

Yes

2. Bias related to
selection and
allocation
Was there a control group?  No No No

No

No

No

No

No

3. Bias related to
confounding factors
Were participants

included in any No No No
comparisons similar?

No

No

No

No

No

4, Bias related to
administration of
intervention/exposure
Were the participants
included in any
comparisons receiving
similar treatment/care, No. No. No.
other than the
exposure or
intervention of interest?

No.

No.

No.

No.

No.

5. Bias related to
assessment, detection,
and measurement of
the outcome
Were there multiple
measurements of the
outcome, both pre and No No No
post the
intervention/exposure?
Were the outcomes of
participants included in
any comparisons No No No
measured in the same
way?
Were outcomes
measured in a reliable No No No
way?

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

6. Bias related to
participant retention
Was follow-up No No No

No

No

No

No

No
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complete and, if not,
were differences
between groups in
terms of their follow-up
adequately described
and analyzed?

7. Statistical conclusion
validity
Was appropriate
statistical analysis No No No No No No No
used?

No

RESULT

We initiated the investigation by systematically gathering a significant
assortment of papers from reputable sources such as Science Direct, PubMed, and
SagePub. After a thorough three-stage screening process, we selected eight papers
that were considered very pertinent to our ongoing systematic inquiry.
Subsequently, we selected certain topics for further examination and meticulously
evaluated each report. In order to expedite our study, we have included a concise

summary of the evaluated information in Table 3.

Table 3. The literature included in this study

Author Origin Method Sample Result

Glucocorticoids are a
treatment  option  for
prostate cancer, used to
slow disease progression,
improve pain control, and
offset side effects of
chemo- and hormonal
Montgomer therapy. Hovyever, they
y et al it USA R _ may also drive prostate
cancer growth via mutated
(2014) androgen  receptors or
glucocorticoid  receptors.
This review examines their
historical and
contemporary use,
potential mechanisms, and
their ~ contribution  to
prostate cancer biology.

The treatment of
castration-resistant prostate
USA Review - cancer  (CRPC)  has
improved patient outcomes
with new antiandrogens

Narayan et
al.’® (2016)
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and androgen synthesis
inhibitors. The role of
glucocorticoids in  the
treatment,  management,
and progression of CRPC is
crucial. However,
unexpected glucocorticoid-
related mechanisms have
emerged, potentially
contributing to  drug
resistance and disease
progression despite optimal

androgen deprivation
therapy. Understanding the
biological role of

glucocorticoids in prostate
cancer patients is essential
for new and evolving

Ndibe et
al.l” (2015)

USA

Review

therapies.
Corticosteroids are used in
prostate cancer

management for over 30
years, providing palliative
benefits. They are
associated with objective
responses, circulating
tumor cell declines, and
osteoporosis. However,
long-term use can be
complicated by toxicities
and immunosuppression.

Hu &
Chen.1®
(2016)

China

Review

Glucocorticoids are
adjuvant drugs used to treat
castration-resistant prostate
cancer (CRPC) by
ameliorating toxic side
effects and inhibiting
adrenal androgen
production. However, their
effects on prostate cancer
cells are poorly defined.
Glucocorticoids'  effects
depend on glucocorticoid
receptor isoforms, with
studies finding GR
conferring resistance to
androgen deprivation
therapy.

Kumar,
Raj.'® (2020)

USA

Review

Glucocorticoids, used in
chemotherapy, may
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contribute to CRPC tumor
progression. The
glucocorticoid  signaling
pathway is a therapeutic
target, with  selective
modulators being
developed to block the GR
mechanism, potentially
improving therapeutic
options.

Sakellakis &
Flores.®®
(2022)

USA

Review

Glucocorticoids act on the
glucocorticoid receptor
(GR) to target and inhibit
prostate cancer growth.
Despite their potential to
inhibit AR activation, GR
is crucial for cell survival
and can undermine
antiandrogen  treatment,
chemotherapy, and
radiotherapy.

Zhou et al.”
(2022)

China

Review

Over the past 60 years,
research on GR isoforms
has  shown  potential
involvement in CRPC
development. Clinical
trials in the past 5 years
have focused on drug
efficacy in CRPC
treatments. Prednisone and
dexamethasone are the
most widely used steroid
hormones, with similar
efficacy in PSA response
rate and median time to
progression.

Eigentler et
al.? (2024)

Austria

Review

GR signaling plays a
crucial role in the treatment
of metastatic  prostate
cancer (PCa), with
glucocorticoids (GCs)
being used as concomitant
medications. Elevated GR
signaling affects CAF
secretome and ECM
architecture, influencing
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epithelial ~ tumor  cell
growth.

DISCUSSION

Glucocorticoid (GC) treatment significantly alters the morphology of
cancer-associated fibroblasts (CAFs), corroborating previous studies. Ribeiro et al.
observed similar effects in Wistar rats, noting fibroblast activation and atrophy of
smooth muscle cells. Despite these morphological changes, normal cell
proliferation was not adversely affected. RNA sequencing of GC-treated CAFs
revealed substantial alterations in gene expression, particularly affecting cellular
adhesion and extracellular matrix (ECM) organization. Notably, expressions of
FN1 and ITGA10 were elevated.?®?® FN1 facilitates cancer cell adhesion,
migration, invasion, and formation of metastatic niches, while ITGA10 influences
cell-ECM adhesion and can be targeted by anti-ITGA10 antibodies.?? Increased
ITGA10 mRNA expression was associated with poorer progression-free survival in
prostate cancer (PCa) patients. Functional assays demonstrated that GC treatment
enhanced the adhesion capabilities of both normal and cancer-associated
fibroblasts, impacting the attachment of epithelial PCa cells.202

Elevated expression and activity of epithelial glucocorticoid receptors
(GRs) significantly affect the epithelial compartment, accelerating tumor growth,
therapy resistance, and decreasing overall survival in PCa. However, stromal GR
expression and the direct effects of GC on GR signaling within the prostate tumor
microenvironment (TME) are less understood.?*? This study expanded on previous
findings, revealing distinct GR mRNA expression profiles in various stromal cell
populations, including immortalized fibroblasts, smooth muscle cells, and primary
isolated normal and cancer-associated fibroblasts. Neither GR knockdown nor
pharmacological GR inhibition, whether used alone or in combination, had a
significant impact on CAF viability or apoptosis.?® Nevertheless, CAFs cannot be
directly targeted by androgen receptor pathway inhibitors (ARPIs). Post-GC
treatment, a modified stroma-specific chemokine expression profile at both the
MRNA and protein levels significantly affected the epithelial compartment. The
increase in PCa cell proliferation was attributed to a broadly altered CAF secretome

rather than changes in specific soluble factors.?°
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In metastatic PCa management, glucocorticoids (GCs) are commonly used
adjunctively due to their anti-inflammatory and antiemetic properties. However,
their independent impact on survival remains unclear, and they are linked to
accelerated PCa progression and chemotherapy resistance.?” GC administration has
been shown to induce drug insensitivity in 89% of 157 examined cell lines and
patient-derived xenograft models. Analysis of the Phase Il AFFIRM trial, which
evaluated enzalutamide in castration-resistant prostate cancer (CRPC), revealed
that baseline GC use correlates with reduced radiographic progression-free
survival, time to PSA progression, and overall survival.?® This suggests that GC use
and elevated epithelial and stromal GR signaling may promote cancer progression
and resistance to therapy. Clinical studies are needed to explore the feasibility of
reducing or discontinuing GC use during chemotherapy and abiraterone treatment,
given the potential adverse effects of antineoplastic treatments.?

In CRPC patients, corticosteroid use may lead to enzalutamide resistance
due to the upregulation of glucocorticoid receptors, allowing tumor cells to bypass
androgen receptor blockade. Enzalutamide induces glucocorticoid receptor
expression, promoting tumor growth and resistance. When GCs bind to their
receptors in an androgen-depleted environment, the activated glucocorticoid
receptor complex induces the expression of genes and transcription factors that
overlap with those promoted by androgen receptor signaling. This interaction
facilitates tumor growth and resistance.?>* Preclinical data suggest that ligand-
occupied glucocorticoid receptors may partially mimic antiandrogen activity by
attenuating the androgen receptor-dependent transcription program, highlighting
the potential role of corticosteroids in advancing prostate cancer growth and

resistance.?®

CONCLUSION

Glucocorticoid (GC) therapy markedly influences the morphology and gene
expression of cancer-associated fibroblasts (CAFs), with notable effects on cellular
adhesion. Elevated levels of epithelial glucocorticoid receptors (GRs) are
associated with accelerated tumor progression, increased resistance to therapy, and

reduced overall survival in prostate cancer (PCa). Although GCs are frequently
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administered as adjunctive treatments for their anti-inflammatory and antiemetic
effects, their independent impact on patient survival remains poorly defined.
Additionally, the upregulation of glucocorticoid receptors may contribute to
enzalutamide resistance by promoting tumor growth and enhancing resistance

mechanisms.
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