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ABSTRACT

Prostate cancer is a prevalent malignancy affecting men worldwide, contributing significantly to morbidity
and mortality rates. Despite advances in treatment, many patients experience disease progression, treatment
resistance, and metastasis due to the complex interplay within the tumor microenvironment (TME). The
TME consists of various cellular and non-cellular components, including cancer-associated fibroblasts (CAFs),
immune cells, endothelial cells, and the extracellular matrix (ECM). CAFs play a crucial role in reshaping the
TME by secreting growth factors, cytokines, and remodeling enzymes that enhance tumor proliferation and
survival. Immune cells contribute to immune evasion and create an immunosuppressive environment, limiting
the effectiveness of conventional therapies. Angiogenesis, facilitated by endothelial cells within the TME,
supports tumor vascularization and provides a constant supply of nutrients and oxygen. The ECM undergoes
continuous remodeling, further facilitating cancer progression. This review explores emerging anti-stromal
therapeutic strategies aimed at disrupting these critical stromal components within the TME of prostate
cancer. It highlights the promise of targeting CAFs, modulating the immune landscape, inhibiting
angiogenesis, and remodeling the ECM to prevent metastasis. Future research should focus on innovative
combination therapies that integrate anti-stromal strategies with conventional treatments to improve patient
outcomes and develop more effective interventions.
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INTRODUCTION

Prostate cancer (PCa) remains a significant health (CAFs), immune cells, blood vessels, and the
concern, especially in men over 50 years old, with extracellular matrix (ECM), plays an integral role
more aggressive forms often leading to poor in the progression of prostate cancer[4—6].
clinical outcomes [1-87. While traditional Stromal components interact with cancer cells
treatments such as surgery, radiation, and through signaling pathways, cytokine secretion,
androgen deprivation therapy (ADT) have been and the formation of a pro-tumorigenic niche,
the cornerstones of PCa management, treatment facilitating  tumor growth and metastasis.
resistance and  disease recurrence remain Consequently, the TME has emerged as a
substantial challenges. A growing body of potential therapeutic target. This review focuses
evidence suggests that targeting the tumor on the new frontiers in anti-stromal therapies,
microenvironment (TME) holds promise for discussing key therapeutic targets within the
overcoming resistance to therapy and improving TME and the potential for novel treatment
patient outcomes. The TME, comprising a strategies in prostate cancer.

complex network of cancer-associated fibroblasts
THE TUMOR MICROENVIRONMENT IN PROSTATE CANCER

Cancer-Associated Fibroblasts (CAFs) cells and other elements of the TME to create a
Cancer-associated  fibroblasts (CAFs) are a supportive niche for tumor growth through
significant component of  the tumor several key mechanisms[77]. These include the
microenvironment (TME) in prostate cancer, often suppression of growth factors, matrix remodeling,
linked to poor clinical outcomes and increased securitization of pro-inflammatory cytokines,
tumor aggressiveness. CAFs interact with cancer enhancement of angiogenesis, and
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immunosuppression. CAFs secrete various growth
factors that promote cancer cell proliferation,
invasion, and metastasis. Notable examples include
Transforming  Growth  Factor-B  (TGF-),
Fibroblast Growth Factor (FGF), Hepatocyte
Growth Factor (HGF), matrix remodeling
enzymes, securitization of pro-inflammatory
cytokines, and enhancement of angiogenesis[87].
They also contribute to the suppression of anti-
tumor immune responses by secreting factors that
attract regulatory T cells (Tregs) and myeloid-
derived suppressor cells (MDSCs) into the TME,
which inhibit the activity of cytotoxic T
lymphocytes and natural killer (NK) cells.
To target CAFs, strategies aimed at disrupting
their pro-tumorigenic functions include inhibiting
CAF activation, reprogramming CAFs to revert
their tumor-promoting phenotype into a more
normal, tumor-suppressing state, and targeting
the Hedgehog (Hh) signaling pathway. Inhibiting
TGF-f signaling has shown promise in preclinical
studies by reducing CAF activation and impairing
their ability to support tumor progression[97].
Blocking PDGF signaling can also inhibit CAF
activation, as PDGF 1is involved in fibroblast
recruitment and differentiation into CAFs.[10] In
summary, CAFs play a critical role in prostate
cancer progression through their ability to support
tumor growth, promote metastasis, suppress
immune responses, and contribute to therapeutic
resistance. Targeting CAFs through inhibition of
their activation or reprogramming their function
represents a promising avenue for therapeutic
intervention in prostate cancer. Further research
into the complex interactions between CAFs and
cancer cells in the TME will be crucial for
developing more effective and targeted therapies.
Immune Cells in the TME
The immune landscape within the TME is
complex, involving tumor-promoting immune
cells such as tumor-associated macrophages
(TAMs) and myeloid-derived suppressor cells
(MDSCs), which suppress anti-tumor immunity.
On the other hand, T cells, particularly cytotoxic
CD8+ T cells, have the potential to eradicate
cancer cells, though they are often rendered
ineffective due to the immunosuppressive TME.
Anti-stromal  therapeutic ~ approaches  that
modulate immune responses according to [11—13]
include:
Immune checkpoint inhibitors (ICIs) ICIs, such
as anti-PD-1/PD-L1 and anti-CTLA-4 antibodies,
have shown success in other cancers but have
limited efficacy in prostate cancer. However,
combining ICIs with stromal targeting agents,
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such as CAF inhibitors or angiogenesis blockers,
may enhance immune responses.

Macrophage reprogramming: Targeting TAMs
to shift their phenotype from tumor-promoting
M2 macrophages to anti-tumor M1 macrophages
has shown potential in preclinical models of
prostate cancer.

Angiogenesis in the Tumor Microenvironment
Tumor angiogenesis is a hallmark of cancer
progression, providing the necessary nutrients and
oxygen for tumor growth. Endothelial cells in the
prostate cancer TME are key players in forming
new blood vessels through angiogenic factors such
as  vascular  endothelial  growth  factor
(VEGF).[14—17] Anti-angiogenic therapies have
been explored to inhibit tumor vascularization,
with some showing promising results:

VEGF inhibitors: VEGF-targeting agents,
including bevacizumab, have been tested in clinical
trials for prostate cancer. While early results were
not promising, ongoing studies are investigating
VEGF inhibition in combination with other
therapies, such as chemotherapy and immune
modulators.

Endothelial cell targeting: Novel strategies aim
to selectively target endothelial cells in the TME,
preventing them from contributing to tumor
growth and metastasis. Inhibiting key pathways,
such as the angiopoietin-TIE2 axis, is currently
under investigation.
Extracellular =~ Matrix
Therapeutic Targeting
The ECM provides structural support for the
tumor and facilitates interactions between stromal
and cancer cells. In prostate cancer, ECM
components such as collagen, fibronectin, and
proteoglycans are remodeled by enzymes like
matrix metalloproteinases (MMPs), leading to
tumor invasion and metastasis. Targeting ECM
remodeling in prostate cancer has emerged as a
potential therapeutic approach[[18, 197:

MMP inhibitors: Despite the early promise of
MMP inhibitors in clinical trials, their application
in cancer therapy has faced challenges due to
toxicity and limited efficacy. However, recent
advances in drug design and combination
therapies are reigniting interest in this
approach[20, 217.

ECM-integrin interactions: Integrins, which
mediate cell-ECM interactions, have also emerged
as potential targets. Inhibiting integrin signaling,

Remodeling  and

particularly through avfs integrin antagonists,
has shown anti-tumor effects in preclinical studies
of prostate cancer[ 22, 237].
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ANTI-STROMAL THERAPEUTIC APPROACHES IN PROSTATE CANCER: CURRENT AND

FUTURE DIRECTIONS

Combination Therapies
Targeting multiple components of the TME
simultaneously offers a promising approach to
overcome the challenges of therapeutic resistance
in prostate cancer. Combining anti-stromal
therapies with androgen deprivation therapy,
chemotherapy, or immunotherapy may enhance
overall efficacy and prevent tumor escape
mechanisms. Current clinical trials are exploring
various combination strategies, with early results
showing improved outcomes.
Precision Medicine
Development
The heterogeneity of the TME in prostate cancer
necessitates a precision medicine approach.

and Biomarker

tailor anti-stromal therapies to individual
patients[247]. Liquid biopsy techniques, such as
circulating tumor DNA (ctDNA) and exosome
analysis, offer non-invasive methods to monitor
TME  dynamics and  predict treatment
responses[ 4, 25 .
Future Perspectives

While anti-stromal therapies have shown promise
in preclinical and early clinical studies, several
challenges remain, including treatment resistance,
off-target effects, and the complexity of the TME.
Future research should focus on improving the
specificity of stromal targeting agents, exploring
novel therapeutic targets, and developing
personalized treatment strategies based on TME

Identifying  specific ~ biomarkers for TME characteristics.
components, such as CAFs or TAMs, can help
CONCLUSION
Targeting  the  tumor  microenvironment development of effective anti-stromal therapies,

represents a new frontier in the treatment of

prostate cancer. By focusing on stromal
components such as CAFs, immune cells, and the
ECM, researchers and clinicians aim to disrupt the
supportive niche that facilitates tumor growth and
metastasis. While challenges remain in the

ongoing research holds great potential for
improving clinical outcomes in prostate cancer
patients. As we continue to unravel the
complexities of the TME, anti-stromal therapies
may offer new hope for patients with advanced or
resistant prostate cancer.
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