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Abstract
Ovarian cancer continues to be a major cause of morbidity and mortality in women, with immune regulation playing a 
critical role in its progression and treatment response. This review explores the interplay between sex hormones, par-
ticularly estrogen and progesterone, and immune regulation in ovarian cancer. We delve into the mechanisms by which 
these hormones influence immune cell function, modulate immune checkpoints, and alter the tumor microenvironment. 
Key pathways involving estrogen and progesterone receptors are examined, highlighting their impact on tumor growth 
and immune evasion. The review also discusses the therapeutic implications of these interactions, including the potential 
for combining hormone-based therapies with immune checkpoint inhibitors. Personalized medicine approaches, lever-
aging biomarkers for predicting treatment response, are considered essential for optimizing patient outcomes. Finally, 
we address current research gaps and future directions, emphasizing the need for advanced research technologies and 
novel therapeutic strategies to improve the treatment of ovarian cancer through a better understanding of hormone-
immune interactions.
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1  Introduction

Ovarian cancer ranks as the fifth leading cause of cancer fatalities in women and stands as the deadliest form of gyneco-
logical malignancies [1, 2]. According to recent global cancer statistics, around 295,000 new cases of ovarian cancer are 
diagnosed each year, resulting in more than 184,000 deaths [3, 4]. The high mortality rate is primarily due to most patients 
being diagnosed at an advanced stage, as early-stage ovarian cancer often presents with non-specific symptoms that 
are easily overlooked [5, 6]. The disease is usually detected when it has already spread beyond the ovaries, significantly 
complicating treatment and reducing survival rates. The treatment for ovarian cancer usually includes a combination 
of surgical intervention and chemotherapy [7, 8]. The initial step, surgical debulking, aims to remove the maximum 
amount of tumor mass. This is followed by platinum-based chemotherapy to address any remaining disease. Despite 
initial responses to chemotherapy, many patients experience recurrence, often with chemoresistant disease. This recur-
rence underscores the critical need for novel therapeutic strategies. Emerging treatments, such as targeted therapies and 
immunotherapies, offer new hope but come with their own set of challenges, including identifying appropriate patient 
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populations and managing potential side effects [9–11]. The heterogeneity of ovarian cancer further complicates treat-
ment, as different subtypes may respond differently to the same therapy.

The immune system plays a crucial role in both the progression of ovarian cancer and the response to its treatment. 
The tumor microenvironment, composed of various immune cells, stromal elements, and signaling molecules, signifi-
cantly influences cancer behavior [12, 13]. Immune cells such as T lymphocytes, natural killer (NK) cells, macrophages, 
and dendritic cells can either inhibit or promote tumor growth, depending on their activation state and the signals they 
receive from the tumor and its microenvironment [14, 15]. In ovarian cancer, a greater number of tumor-infiltrating lym-
phocytes (TILs) is associated with improved prognosis, indicating that a strong anti-tumor immune response can lead 
to more favorable clinical outcomes. On the other hand, the infiltration of immunosuppressive cells can hinder effective 
immune responses, thereby promoting tumor progression and metastasis [16–18]. Immune checkpoints, such as PD-1/
PD-L1 and CTLA-4, are crucial in regulating the immune response and often enable tumors to evade immunity [19–21]. 
Recent advances in immunotherapy involve treatments like immune checkpoint inhibitors and adoptive T cell therapy, 
has significantly advanced cancer treatment. However, these therapies have shown only modest efficacy in ovarian 
cancer compared other cancers.

Sex hormones, particularly estrogen and progesterone, play a key role in the development and progression of ovarian 
cancer [22–24]. These hormones bind to their respective receptors, ER and PR, acting as transcription factors to regulate 
gene expression. Estrogen and progesterone impact several cellular processes, which are essential in cancer development. 
The hormonal regulation of immune function is complex and context-dependent, often varying with hormone levels, 
receptor expression, and the tumor microenvironment. The interplay between sex hormones and immune regulation is 
particularly pertinent, given the hormonal sensitivity of the ovaries and the immune-rich environment of the peritoneal 
cavity where ovarian cancer typically spreads.

This review endeavors to delve into the complex dynamics between sex hormones and immune regulation in ovarian 
cancer, with a particular focus on how estrogen and progesterone shape immune responses within the tumor microenvi-
ronment. Our aim is to unravel the mechanisms by which these hormones impact tumor progression, immune evasion, 
and therapeutic outcomes. Discuss the mechanisms by which estrogen and progesterone affect immune cell function 
and distribution in ovarian cancer. Examine the impact of hormonal modulation on immune checkpoints and tumor-
immune interactions. Evaluate the therapeutic implications of these interactions, including the potential for combining 
hormone-based therapies with immunotherapies. Highlight current research gaps and propose future directions for 
advancing our understanding of hormone-immune crosstalk in ovarian cancer.

2 � Background on sex hormones and immune system

2.1 � Overview of sex hormones

Estrogen and progesterone are key sex hormones that regulate various physiological processes, including reproductive 
functions, immune responses, and cellular growth, through their respective nuclear receptors: estrogen receptors (ER) 
and progesterone receptors (PR). These receptors act as transcription factors to modulate gene expression. Estrogen is 
mainly found in three types: estradiol (E2), estrone (E1), and estriol (E3). Estradiol is the strongest of the three [25–27]. 
Estrogen receptors, ERα and ERβ, are expressed differently across tissues; ERα is primarily found in reproductive tissues, 
while ERβ has a broader distribution, including the immune system. When estrogen binds to these receptors, they form 
dimers, move to the nucleus, and bind to estrogen response elements (EREs) in DNA, thus regulating genes involved in 
cell growth, cell death, and differentiation [28, 29]. Progesterone plays a role in maintaining pregnancy and regulating 
the menstrual cycle. Progesterone receptors, PR-A and PR-B, differ in their N-terminal regions; PR-A generally represses 
other hormone receptors, while PR-B activates progesterone-responsive genes. Like estrogen receptors, progesterone 
receptors bind to PREs in DNA to regulate gene expression [30, 31]. The balance and interaction between PR isoforms 
are critical for normal reproductive functions and can affect cancer progression.

Estrogen and progesterone are primarily synthesized in the ovaries. Estrogen production begins with cholesterol and 
involves several enzymatic reactions, with aromatase being a crucial enzyme that converts androgens to estrogens. The 
hypothalamic–pituitary–gonadal (HPG) axis regulates estrogen production [32, 33]. Gonadotropin-releasing hormone 
(GnRH) from the hypothalamus causes the pituitary gland to release luteinizing hormone (LH) and follicle-stimulating hor-
mone (FSH). These hormones then stimulate estrogen production in the ovarian follicles. The corpus luteum in the ovary 
primarily produces progesterone after ovulation. The luteal phase of the menstrual cycle features high progesterone 
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levels, which are vital for preparing the endometrium for a possible pregnancy. If pregnancy does not occur, progesterone 
levels fall, leading to menstruation. During pregnancy, the placenta becomes progesterone.

2.2 � Immune system components relevant to cancer

Adaptive immunity is a delayed and specific response that activates lymphocytes that target specific antigens pre-
sented by tumor cells [12, 34]. This arm of the immune system has memory capabilities, enabling a quicker and stronger 
response. The adaptive immune response is crucial for generating long-term immunity and effective tumor eradication. 
T cells are central to adaptive immunity and are categorized into various subsets. CD8 + cytotoxic T cells destroy tumors 
by identifying unique antigens shown by MHC class I molecules [35, 36]. These T cells release perforin and granzymes, 
which induce apoptosis in tumor cells. CD4 + helper T cells support by enhancing the activation and function of other 
immune cells. CD4 + helper T cells aid in the activation and function of various immune cells. They release cytokines that 
modulate the immune response. Tregs maintain immune homeostasis and prevent autoimmunity but can also suppress 
anti-tumor immune responses, facilitating tumor immune evasion [37–39].

NK cells are crucial parts of the innate immune system, able to identify and destroy tumor cells without previous sensi-
tization [40, 41]. They identify stress-induced ligands on tumor cells and induce apoptosis through the release of cytotoxic 
granules. Additionally, NK cells produce cytokines that affect the adaptive immune response. Macrophages are versatile 
cells that can display either pro-inflammatory or anti-inflammatory characteristics. M1 macrophages enhance anti-tumor 
immunity by releasing inflammatory cytokines and presenting antigens to T cells. In contrast, M2 macrophages facilitate 
tumor growth and metastasis by promoting tissue remodeling, angiogenesis, and immune suppression [34, 42, 43]. They 
capture tumor antigens on MHC molecules to T cells, thus initiating an adaptive immune response.

2.3 � Interaction between sex hormones and the immune system

Sex hormones, especially estrogen and progesterone, greatly influence immune cell function and distribution, causing 
sex-specific differences in immune responses. Estrogen and progesterone, via their respective receptors, influence the 
activity and behavior of various immune cells [44, 45]. This modulation shapes the immune landscape in both normal 
and pathological conditions, including cancer. Differences in immune responses between sexes are partly caused by the 
unique effects of these hormones [46, 47]. Women typically exhibit stronger immune responses than men, which can 
be attributed to higher levels of estrogen. This heightened immune reactivity can provide better surveillance against 
tumors but also increases susceptibility to autoimmune diseases [48, 49]. In ovarian cancer, the interaction between sex 
hormones and immune regulation is especially complex. The hormonal fluctuations associated with the menstrual cycle, 
pregnancy, and menopause can significantly impact the immune microenvironment of the ovaries, influencing tumor 
initiation, progression, and response to therapy [50, 51].

Estrogen, the predominant female sex hormone, plays a dual role in immune regulation. It boosts immune surveil-
lance by facilitating the activation and proliferation of diverse immune cells, crucial for detecting and eliminating tumor 
cells. Estrogen also triggers the production of cytokines and chemokines, which attract immune cells to the tumor site, 
fostering an anti-tumor immune response. However, estrogen’s effect is not exclusively beneficial. It can upregulate 
immune checkpoint molecules, inhibits T cell activity, allowing tumor cells to escape the immune system. This complexity 
underscores the importance of considering estrogen’s diverse effects when developing therapeutic strategies for ovar-
ian cancer. Progesterone, another key female sex hormone, generally exerts immunosuppressive effects. Progesterone 
levels peak during the luteal phase, leading to a temporary reduction in immune activity. This immunosuppressive 
environment is necessary for pregnancy maintenance but can also facilitate tumor immune evasion. In ovarian cancer, 
elevated progesterone levels can enhance the differentiation of Tregs and M2 macrophages, both of which inhibit anti-
tumor immunity. Progesterone can reduce the activity of cytotoxic T cells and NK cells, creating a microenvironment 
that supports tumor growth and progression.

The hormonal fluctuations experienced at various stages of a woman’s life significantly complicate the immune land-
scape in ovarian cancer. Throughout the menstrual cycle, fluctuating estrogen levels result in cyclical shifts in immune 
activity. Pregnancy, marked by elevated levels of both hormones, induces an immune tolerance state to safeguard the 
fetus, which can also dampen anti-tumor immunity. Menopause, marked by a decline in estrogen and progesterone, 
potentially affecting the progression and response of ovarian cancer to therapies. These differences in immune responses 
between sexes highlight the importance of personalized approaches in treating ovarian cancer. Therapeutic strate-
gies must account for the hormonal status of patients to optimize treatment efficacy. For instance, hormone receptor 
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antagonists or modulators could be combined with immunotherapies to counteract the immunosuppressive effects of 
estrogen and progesterone, enhancing the overall anti-tumor immune response [52, 53].

3 � Mechanisms of hormonal regulation in ovarian cancer

3.1 � Estrogen and estrogen receptors (ER)

Estrogen, primarily in the form of estradiol (E2), plays a key role in regulating physiological processes such as reproduc-
tive functions and cellular proliferation. In ovarian cancer, estrogen signaling significantly influences tumor growth and 
immune modulation through its interaction with ERs (Fig. 1). Estrogen receptors have two main subtypes: ERα and ERβ. 
Each subtype has distinct expression patterns and functions in ovarian cancer. ERα is commonly linked to tumor growth 
and progression. ERα expression have been correlated with increased cell proliferation, angiogenesis, and metastasis in 
ovarian cancer. Conversely, ERβ is generally considered to have a more protective role, with studies suggesting that it 
may inhibit tumor growth and promote apoptosis. The balance between ERα and ERβ expression is critical in determin-
ing the overall impact of estrogen signaling on ovarian cancer development and progression.

Estrogen affects cells by binding to ERα and ERβ, which function as ligand-activated transcription factors. After binding 
estrogen, these receptors dimerize and relocate to the nucleus, where they attach to estrogen response elements (EREs) 
in the DNA. In ovarian cancer, estrogen signaling through ERα promotes tumor growth by increasing the expression 
of genes related to cell cycle progression and survival, such as cyclin D1 and Bcl-2 [54–56]. This pathway also elevates 
levels of vascular endothelial growth factor (VEGF), which stimulates the formation of new blood vessels and supports 
tumor development and spread.

3.2 � Progesterone and progesterone receptors (PR)

Progesterone is a key sex hormone involved in regulating reproductive functions, including the menstrual cycle and 
pregnancy. Progesterone influences ovarian cancer through its binding to progesterone receptors (PRs), which function as 
ligand-activated transcription factors that control gene expression. There are two main isoforms of PR each contributing 
uniquely to ovarian cancer progression and immune regulation [57]. PR-A and PR-B are different forms produced by the 
same gene but differ in their N-terminal regions, leading to distinct functional profiles. PR-A mainly functions to inhibit 

Fig. 1   Primary ways estrogen 
affects the behavior of ovarian 
cancer cells
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other steroid hormone receptors, thereby modulating their activity. In contrast, PR-B acts as a strong activator of genes 
responsive to progesterone and is crucial for the complete range of progesterone’s biological effects.

In ovarian cancer, the expression levels and balance between PR-A and PR-B can significantly influence tumor behavior. 
High levels of PR-B are linked to anti-tumor effects, such as inhibiting cell proliferation and inducing apoptosis [58, 59]. 
Conversely, PR-A may contribute to tumor progression by repressing the anti-tumor activity of PR-B and other hormone 
receptors. The dynamic interplay between these isoforms and their downstream signaling pathways is crucial in deter-
mining the overall impact of progesterone signaling on ovarian cancer development and progression [60]. Progesterone 
exerts immunomodulatory effects that can influence ovarian cancer [61]. One of the primary effects of progesterone is 
the promotion of an immunosuppressive microenvironment, which facilitates tumor immune evasion and progression. 
Progesterone achieves this by modulating the behavior and function of various immune cells.

3.3 � Crosstalk between ER and PR pathways

The crosstalk between ER and PR pathways is a critical aspect of hormone signaling in ovarian cancer, influencing both 
tumor progression and immune regulation. Estrogen and progesterone often exert opposing effects on cellular func-
tions, and their receptors can interact in complex ways to modulate gene expression and cellular behavior. Estrogen 
and progesterone signaling pathways are interconnected through various molecular mechanisms. ER and PR are part 
of a larger group of nuclear receptors and can form homo- and heterodimers that attach to particular DNA sequences, 
controlling the expression of target genes [62, 63]. Estrogen primarily signals through ERα and ERβ, while progesterone 
signals through PR-A and PR-B. The balance between these receptor subtypes and their respective ligands determines the 
overall hormonal influence on ovarian cancer cells. Estrogen, acting through ERα, generally promotes cell proliferation, 
angiogenesis, and tumor growth by upregulating genes involved in these processes [64, 65]. In contrast, progesterone, 
particularly through PR-B, can inhibit estrogen-induced proliferation and promote apoptosis, exerting a protective effect 
against tumor progression. However, PR-A can inhibit the function of both ER and PR-B, complicating the hormonal 
regulation further. The dynamic interplay between these pathways can lead to varying outcomes depending on the 
comparative levels of ERα, ERβ, PR-A, and PR-B expression in the tumor microenvironment [66].

The interaction between ER and PR pathways extends to ovarian cancer [67]. Estrogen and progesterone can adjust 
immune cell activity and positioning, affecting the body’s overall response to the tumor. Estrogen signaling through 
ERα can upregulate immune checkpoint molecules, creating an immunosuppressive environment that enables tumor 
cells to avoid immune detection [68, 69]. Estrogen can also enhance the proliferation and activity of Tregs, which further 
suppress anti-tumor immunity [70, 71]. Progesterone, signaling through PR, also contributes to immune modulation 
by promoting the differentiation of Tregs and the transformation of macrophages into the M2 type [72]. These immu-
nosuppressive cells create a tumor-promoting environment by inhibiting cytotoxic T cell activity and enhancing tissue 
remodeling and angiogenesis. The combined effects of estrogen and progesterone signaling can thus create a highly 
immunosuppressive tumor microenvironment that supports tumor growth and metastasis.

4 � Immune evasion mechanisms mediated by sex hormones

4.1 � Hormonal modulation of immune checkpoints

The modulation of immune checkpoints by sex hormones is crucial in the immune evasion mechanisms of ovarian can-
cer. Immune checkpoints are vital regulators of immune responses [73, 74]. While they prevent autoimmunity, they also 
allow tumor cells to escape immune surveillance. Hormonal signaling, particularly through estrogen and progesterone, 
significantly influences the expression and regulation of these checkpoints, altering the immune landscape and affecting 
the efficacy of immunotherapies. PD-1 is an inhibitory receptor found on T cells, while its ligands, PD-L1 and PD-L2, are 
present on tumor cells and various cells in the tumor microenvironment [75, 76]. When PD-1 interacts with PD-L1, it sup-
presses T cell activity, diminishing immune monitoring and allowing tumors to evade immune response. Likewise, CTLA-4 
(cytotoxic T-lymphocyte-associated protein 4) functions as an immune checkpoint receptor. It vies with CD28 for binding 
to B7 molecules (CD80/CD86) on antigen-presenting cells, resulting in decreased T cell activation and growth [77, 78].

Estrogen has been found to increase the levels of PD-1 and PD-L1 in different cancers, including ovarian cancer. This 
increase happens via estrogen receptors, especially ERα, which directly attach to the promoters of the PD-1 and PD-L1 
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genes, boosting their transcription [79, 80]. The elevated levels of PD-L1 on tumor cells foster an immunosuppressive 
environment by blocking the activity of PD-1-expressing T cells, which aids in tumor immune evasion. Additionally, 
estrogen can affect CTLA-4 expression on T cells, further suppressing anti-tumor immune responses. This hormonal 
impact on immune checkpoints has important implications for treating ovarian cancer [81, 82].

4.2 � Impact on cytokine and chemokine networks

Sex hormones, particularly estrogen and progesterone, significantly influence the cytokine and chemokine networks 
within the ovarian tumor microenvironment. These hormones influence the production and release of various cytokines 
and chemokines, which are crucial signaling molecules that coordinate immune responses, inflammation, and tumor 
progression. Estrogen and progesterone control the expression and secretion of these cytokines and chemokines by 
binding to their respective receptors, ER and PR, which act as transcription factors. Estrogen, through ERα and ERβ, can 
increase levels of pro-inflammatory cytokines like IL-6, IL-1β, and TNF-α [83–85]. Additionally, estrogen influences the 
production of chemokines like CCL2 and CXCL12, which recruit immune cells contributing to an immunosuppressive 
microenvironment [86, 87]. Progesterone, via its receptors PR-A and PR-B, typically has anti-inflammatory effects by 
reducing the production of pro-inflammatory cytokines and increasing levels of anti-inflammatory cytokines [88, 89]. 
These cytokines inhibit the activity of cytotoxic T cells, enhancing tumor immune evasion. Progesterone also regulates the 
expression of chemokines, which draw Tregs into the tumor microenvironment, further suppressing anti-tumor immunity. 
The hormonal regulation of cytokine and chemokine networks has significant implications for tumor development and 
immune escape in ovarian cancer. Estrogen’s upregulation of pro-inflammatory cytokines can create a chronic inflam-
matory environment that supports tumor proliferation and metastasis. These cytokines can activate STAT3, enhancing 
the expression of genes related to cell survival, growth, and the formation of new blood vessels.

5 � Therapeutic implications and clinical considerations

5.1 � Hormone‑based therapies

Hormone-based therapies constitute a crucial field in ovarian cancer research, considering the substantial impact of sex 
hormones on tumor progression and immune regulation. Existing and emerging hormonal treatments are designed 
to alter the hormonal environment within the tumor, aiming to curb cancer growth and improve therapeutic efficacy. 
Moreover, there is growing interest in combining hormonal therapies with immunotherapies to leverage their comple-
mentary mechanisms of action.

Current hormonal therapies for ovarian cancer primarily focus on targeting estrogen and progesterone pathways. 
Selective estrogen receptor modulators (SERMs) like tamoxifen and selective estrogen receptor degraders (SERDs) like 
fulvestrant are commonly used to block estrogen signaling [90, 91] (Fig. 2). These agents bind to estrogen receptors, 
preventing estrogen from promoting tumor cell proliferation and survival. Aromatase inhibitors letrozole, reduce the 
production of estrogen by inhibiting the enzyme aromatase [92, 93]. These therapies are particularly effective in patients 
with ER-positive ovarian tumors. Progesterone-based therapies involve the use of progestins or synthetic progesterone 
analogs, which can activate progesterone receptors to exert anti-proliferative effects on ovarian cancer cells. Megestrol 
acetate and medroxyprogesterone acetate are examples of progestins used in ovarian cancer treatment [94, 95]. Addi-
tionally, the development of selective progesterone receptor modulators (SPRMs) offers the potential for more targeted 
therapeutic effects by selectively modulating PR activity. Emerging therapies are exploring novel targets within the 
hormone signaling pathways. For instance, dual inhibitors targeting both ER and PR pathways are being investigated 
to overcome resistance to single-agent therapies. Moreover, advancements in understanding the hormone action in 
ovarian cancer are driving the development of new agents that can more precisely modulate hormone receptor activity.

Combining hormonal therapies with immunotherapies holds promise for enhancing the treatment efficacy in ovar-
ian cancer. Hormonal therapies can modulate the tumor microenvironment, potentially enhancing the effectiveness of 
immune-based treatments. For example, lowering estrogen levels or disrupting ER signaling with hormonal treatments 
can diminish the presence of immune checkpoint molecules like PD-L1, thereby boosting the effectiveness of immune 
checkpoint inhibitors (ICIs).
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5.2 � Immune checkpoint inhibitors

Immune checkpoint inhibitors (ICIs) have revolutionized cancer therapy by enhancing the immune system’s ability to 
recognize and eliminate cancer cells. In ovarian cancer, ICIs that target PD-1/PD-L1 and CTLA-4 have demonstrated 
potential, though their effectiveness can vary. The impact of sex hormones, especially estrogen and progesterone, 
on the efficacy of these treatments is an area of ongoing research and clinical interest.

The efficacy of immune checkpoint inhibitors (ICIs) in ovarian cancer has been investigated in numerous clinical 
trials. ICIs like pembrolizumab, nivolumab, and atezolizumab have shown antitumor activity in certain subsets of 
ovarian cancer patients [96, 97]. However, the overall response rates have been modest compared to other cancers 
like melanoma and lung cancer. One reason for this limited efficacy is the inherently immunosuppressive tumor 
microenvironment of ovarian cancer, characterized by high levels of Tregs, MDSCs, and immunosuppressive cytokines. 
Combination strategies are being investigated to improve the effectiveness of ICIs in ovarian cancer. These include 
combining ICIs with chemotherapy, targeted therapies, and other immunomodulatory agents. For example, combin-
ing pembrolizumab with bevacizumab (an anti-angiogenic agent) and chemotherapy has shown improved response 

Fig. 2   The effects of endocrine therapies on the estrogen receptor pathway. Endocrine therapies play a pivotal role in the treatment of 
hormone-sensitive ovarian cancer by targeting the estrogen receptor (ER) pathway. These therapies include aromatase inhibitors, selective 
estrogen receptor modulators (SERMs), and selective estrogen receptor degraders (SERDs), each of which employs a distinct mechanism to 
inhibit ER signaling



Vol:.(1234567890)

Review	 Discover Oncology          (2024) 15:849  | https://doi.org/10.1007/s12672-024-01675-w

rates in clinical trials. Additionally, research is focusing on identifying predictive biomarkers to identify patients who 
are most likely to respond to ICI therapy.

Sex hormones, particularly estrogen and progesterone, greatly affect the tumor microenvironment and how well ICIs 
work in ovarian cancer. Estrogen can alter the levels of immune checkpoint molecules like PD-1 and PD-L1 through its 
receptors, ERα and ERβ. Higher estrogen levels are linked to increased PD-L1 expression on both tumor and immune cells, 
which helps the tumor avoid immune detection and reduces the effectiveness of ICIs targeting the PD-1/PD-L1 path-
way. Progesterone also influences the immune response to ICIs. By acting on its PR-A and PR-B receptors, progesterone 
strengthens the immunosuppressive environment by boosting the number and function of Tregs and M2 macrophages. 
These cells, which have elevated CTLA-4 levels, contribute to the reduced effectiveness of ICIs.

6 � Conclusion

Sex hormones play a significant role in the immune regulation of ovarian cancer. These hormones influence the tumor 
microenvironment by modulating immune cell function and distribution, cytokine and chemokine production, and the 
expression of immune checkpoints. Estrogen, acting through its receptors ERα and ERβ, can enhance the immunosup-
pressive environment by upregulating PD-L1 expression and promoting the activity of Tregs. Progesterone, through its 
receptors PR-A and PR-B, further contributes to immune evasion by increasing Treg differentiation. The interplay between 
these hormonal pathways and immune regulation significantly impacts tumor growth, progression, and response to 
therapies.

Targeted therapies that modulate estrogen and progesterone signaling have the potential to transform the treat-
ment landscape. Hormone-based therapies, such as SERMs and SERDs, and aromatase inhibitors, can reduce estrogen 
levels or block its receptor activity, thereby diminishing the immunosuppressive effects of estrogen. Similarly, therapies 
targeting progesterone receptors can mitigate the tumor-promoting effects of progesterone. Combining hormonal 
therapies with ICIs represents a promising strategy to enhance treatment efficacy. By reducing the hormonal-driven 
immunosuppression, these combination therapies can improve the immune system’s capacity to detect and target 
tumor cells. Clinical trials investigating these combinations are underway, potentially providing new hope for patients 
with hormone-sensitive. Moreover, advances in research technologies, particularly multi-omics and single-cell analysis, 
are providing deeper insights into the intricate relationships between sex hormones and the immune system. Integrat-
ing genomic, transcriptomic, proteomic, and metabolomic data can reveal new biomarkers and pathways that drive 
hormone-immune interactions in ovarian cancer.

The importance of continued research in this interdisciplinary field cannot be overstated. The complex interplay 
between sex hormones and immune regulation in ovarian cancer presents both challenges and opportunities for advanc-
ing cancer treatment. Continued investigation into the molecular mechanisms underlying these interactions is essential 
for developing novel therapies that can effectively target hormone-driven immune evasion. Collaboration across disci-
plines, including oncology, immunology, endocrinology, and bioinformatics, is crucial for accelerating progress in this 
field. Combining insights from these different fields can enhance our understanding of ovarian cancer biology and lead 
to the creation of novel treatment strategies. Furthermore, translating research findings into clinical practice requires 
robust clinical trials and real-world studies to validate the efficacy and safety of new treatments. Engaging patients in 
clinical research and incorporating their experiences and outcomes into the development of personalized therapies is 
vital for achieving meaningful advancements in cancer care.

In summary, the impact of sex hormones on immune regulation in ovarian cancer is a key research area with important 
clinical consequences. By leveraging advances in research technologies and adopting personalized medicine approaches, 
we can improve the understanding and treatment of this complex disease. Continued interdisciplinary research efforts 
will be essential for developing targeted therapies that can enhance patient outcomes and ultimately, reduce the burden 
of ovarian cancer.
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