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Abstract: Endometrial cancer, a common malignancy of the female reproductive system, has a rising incidence and complex clinical 
management due to its diverse molecular subtypes. This review examines the molecular mechanisms underlying EC, particularly the 
roles of the Bcl-2 family in apoptosis regulation and estrogen receptor signaling in tumor progression. We explore pharmacological 
interventions targeting these pathways, including BH3 mimetics and selective estrogen receptor modulators, which show promise but 
face challenges such as resistance and adverse effects. Additionally, we highlight the potential of natural compounds like curcumin, 
paclitaxel, and Ganoderma lucidum polysaccharides as adjunctive therapies, demonstrating efficacy in preclinical studies and early- 
phase clinical trials. This review aims to provide insights into the development of personalized therapeutic strategies for EC and to 
identify opportunities for optimizing clinical outcomes in future treatments.
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Introduction
Endometrial cancer (EC) remains one of the most common gynecologic malignancies worldwide. Despite advances in 
surgical and adjuvant therapies, the prognosis for patients with high-risk or recurrent disease remains poor.1 Traditionally, EC 
treatment has been based on clinical and histopathological features; however, these approaches often fail to fully account for 
the molecular heterogeneity of the disease.2 Recent advances in molecular biology have led to the identification of distinct 
molecular subtypes of EC, which vary significantly in their prognosis and response to treatment.3 These molecular 
classifications, such as those described in the new molecular stratification system, underscore the necessity of shifting 
from traditional histological-based classifications to molecularly-informed approaches for personalized treatment.4 This shift 
is crucial, as it allows for more accurate predictions of disease behavior and therapeutic response.

Despite these advances, a clear knowledge gap exists in the integration of these molecular insights into routine 
clinical practice. While molecular markers have the potential to guide therapy, their clinical application remains limited 
due to a lack of standardized protocols and widespread adoption. This review aims to bridge this gap by synthesizing 
current molecular approaches in the treatment of EC, evaluating their potential to refine risk stratification, and tailoring 
therapeutic strategies to the individual patient’s molecular profile.

Background on EC
EC is a malignant tumor that originates from the uterine endometrial epithelium. It ranks among the three most common 
cancers of the female reproductive system and is the sixth most prevalent cancer worldwide. In recent years, the 
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incidence of EC has been steadily increasing, particularly among younger women, and is strongly associated with 
metabolic syndrome factors such as obesity, diabetes mellitus, and hypertension.5

Clinically, EC is categorized into two main types: Type I and Type II. Type I EC accounts for over 80% of cases and 
is linked to excessive estrogen exposure. It typically occurs in premenopausal or early postmenopausal women and is 
often characterized by low-grade, minimally invasive lesions with a more favorable prognosis, as seen in endometrial 
glandular cancer.6 In contrast, Type II EC makes up 10% to 20% of cases, is not associated with estrogen, and is most 
frequently diagnosed in late postmenopausal women.7 This type tends to be high-grade, highly invasive, and is associated 
with a poorer prognosis, as seen in endometrial infiltrative carcinoma, serous carcinoma, or clear cell carcinoma.

Overview of Molecular Subtypes
Based on the molecular characteristics of EC, it can be categorized into four molecular subtypes:8 (1) Microsatellite 
instability-high (MSI-H) subtype, accounting for approximately 30%, associated with the inactivation of mismatch repair 
genes (MMR), predominantly observed in Type I EC, and typically characterized as low-grade, minimally invasive, with 
a favorable prognosis, similar to endometrial glandular carcinoma; (2) Microsatellite stable/low copy number variation 
(MSS/low CNV) subtype, accounting for about 40%, linked to mutations or deletions in the PTEN gene, commonly seen in 
Type I EC, and often characterized as low-grade, minimally invasive, with a positive prognosis, resembling endometrial 
glandular carcinoma; (3) High copy number variation/p53 mutant (high CNV/p53 mutant) subtype, comprising 10%-20%, 
correlated with mutations or deletions in the p53 gene, largely detected in Type II EC, frequently manifested as high-grade, 
highly invasive, with an adverse prognosis, similar to endometrial infiltrative carcinoma, serous carcinoma, or clear cell 
carcinoma; (4) High copy number variation/POLE mutant (high CNV/POLE mutant) subtype, making up about 10%, 
connected to mutations in the DNA polymerase ε (POLE) gene, mainly encountered in Type I EC, and largely characterized 
as low-grade, minimally invasive, with a promising prognosis, reminiscent of endometrial glandular carcinoma.

Traditional Pharmacological Interventions
Currently, therapeutic interventions for EC primarily include surgical procedures, radiotherapy, and pharmacological 
treatments. For patients with early-stage EC, hysterectomy remains the gold-standard procedure, with a five-year survival 
rate exceeding 95%. However, for those with advanced or recurrent EC, the risk of surgical complications is elevated, often 
rendering surgery impractical and resulting in a five-year survival rate of less than 20%.9 As a result, pharmacological 
interventions become the cornerstone of clinical treatment for patients who are either surgically ineligible or choose to forgo 
surgery. These pharmaceutical treatments primarily consist of hormone therapy, chemotherapy, and targeted therapies. 
Hormone therapy utilizes progestogens or anti-estrogenic agents to counteract estrogen-driven EC growth and 
carcinogenesis.10 Chemotherapy uses agents such as taxanes, platinum compounds, or anthracyclines to inhibit EC cell 
proliferation and induce apoptosis. Targeted therapies employ inhibitors of the epidermal growth factor receptor (EGFR), 
vascular endothelial growth factor (VEGF), mammalian target of rapamycin (mTOR), and other targeted pathways to block 
EC cell signaling. The current advancements and challenges in EC treatment are illustrated in Figure 1.

Chemotherapy and Its Limitations
Chemotherapy involves the use of cytotoxic drugs to eliminate cancer cells or inhibit their growth. It can be administered 
as a monotherapy or in combination with other agents, depending on the type and stage of EC. Chemotherapy can be 
delivered via various routes, including oral, intravenous, intramuscular, subcutaneous, or intraperitoneal administration. It 
may be given preoperatively (neoadjuvant) to shrink tumors and facilitate their removal, or postoperatively (adjuvant) to 
reduce the risk of recurrence.11 Additionally, chemotherapy can serve as a palliative treatment to alleviate symptoms and 
improve the quality of life for patients with advanced or metastatic EC.12

Despite its therapeutic benefits, chemotherapy has several limitations. First, it lacks selectivity, which means it can damage 
normal, healthy cells along with cancer cells, leading to various side effects such as nausea, vomiting, hair loss, fatigue, 
anemia, infections, and neuropathy. Second, chemotherapy can induce resistance in cancer cells, making them less responsive 
to subsequent treatments. Third, chemotherapy may increase the risk of developing secondary cancers or other diseases due to 
its mutagenic and immunosuppressive effects.13 Finally, chemotherapy may be less effective for certain subtypes of EC.14
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Hormone Therapy and Targeted Treatments
Hormone therapy involves the use of drugs that interfere with the production or action of hormones that promote the 
growth of hormone-dependent EC. It can be administered as a monotherapy or in combination with other drugs, 
depending on the type and stage of the cancer.15 Hormone therapy can be delivered via oral, intravenous, subcutaneous, 
or intramuscular routes.16 It may be used preoperatively or postoperatively to reduce the risk of recurrence, or as 
a palliative treatment for patients with advanced or metastatic EC.17

Hormone therapy is typically categorized into two main classes: selective estrogen receptor modulators (SERMs) and 
aromatase inhibitors (AIs). SERMs are drugs that bind to estrogen receptors (ERs) and block their activity in certain 
tissues (such as the breast) while activating them in others (such as bone).18 AIs, on the other hand, inhibit the enzyme 
aromatase, which converts androgens to estrogens in peripheral tissues.19 Examples of SERMs include tamoxifen and 
raloxifene, while examples of AIs include anastrozole, letrozole, and exemestane. Hormone therapy can be effective in 
patients with low-grade or hormone receptor-positive EC. However, it may also cause side effects such as weight gain, 
fluid retention, mood swings, hot flashes, and bone loss.

Targeted Treatments
Targeted treatments are therapies designed to target specific molecules or pathways involved in the growth and survival 
of cancer cells. These treatments can be administered as monotherapies or in combination with other drugs, depending on 
the type and stage of EC. Targeted therapies can be delivered orally, intravenously, subcutaneously, or intramuscularly. 
They may be used either before or after surgery to reduce the risk of recurrence or as a palliative treatment for patients 
with advanced or metastatic EC.

Figure 1 Current and emerging therapeutic strategies for endometrial cancer (EC).This figure systematically summarizes six major treatment modalities and their 
mechanisms: immunotherapy (eg, anti-PD-1/PD-L1 antibodies reactivating T-cell-mediated tumor killing), chemotherapy (paclitaxel/carboplatin inducing apoptosis via DNA 
damage or microtubule disruption), surgery (primary intervention for early-stage EC with limited efficacy in advanced cases), hormone therapy (tamoxifen modulating ERα 
activity in a tissue-specific manner), targeted therapy (BH3 mimetics like Venetoclax inhibiting Bcl-2, and mTOR/PI3K inhibitors blocking pro-survival signaling), and natural 
compounds (Ganoderma lucidum polysaccharides and curcumin synergizing with conventional therapies by regulating p53/Bcl-2 and NF-κB pathways). Arrows indicate 
potential combination strategies, such as combining immunotherapy with targeted therapy to overcome resistance.
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Targeted therapies utilize drugs that focus on specific molecules or pathways integral to the proliferation and survival 
of cancer cells.20 These include tyrosine kinase inhibitors (eg, sorafenib or pazopanib), mammalian target of rapamycin 
(mTOR) inhibitors (eg, everolimus or temsirolimus), angiogenesis inhibitors (eg, bevacizumab),21 and poly (ADP-ribose) 
polymerase (PARP) inhibitors (eg, olaparib or rucaparib). Targeted therapy can be particularly effective for patients with 
specific genetic mutations or biomarkers that render their cancer cells sensitive to these agents. However, targeted 
therapies may also induce side effects such as rash, diarrhea, hypertension, fatigue, or bleeding.

Immunotherapy and Its Potential
Immunotherapy involves the use of drugs that stimulate the immune system to recognize and attack cancer cells.22 These 
therapies include immune checkpoint inhibitors (eg, pembrolizumab or nivolumab), which block the signals that 
normally prevent the immune system from attacking cancer cells,23 and adoptive cell transfer (eg, chimeric antigen 
receptor [CAR] T-cell therapy), which entails genetically modifying the patient’s own immune cells to target specific 
antigens on cancer cells. Immunotherapy has shown efficacy in patients with high tumor mutational burden or mismatch 
repair deficiency. However, it can also lead to side effects, including inflammation of various organs (such as the lungs, 
liver, kidneys, or thyroid), autoimmune reactions, or cytokine release syndrome.

Role of Apoptosis in EC
Apoptosis and BCL-2 Family
Apoptosis is a highly regulated process of programmed cell death, essential for maintaining tissue homeostasis in 
multicellular organisms.24 Dysregulation of apoptosis is a hallmark of cancer progression, including EC, as it allows 
malignant cells to evade death and continue uncontrolled proliferation.25 Among the key regulators of apoptosis, the 
BCL-2 protein family plays a central role in governing mitochondrial outer membrane permeabilization (MOMP), 
a critical event in intrinsic apoptotic pathways.26

The BCL-2 family consists of both pro-apoptotic and anti-apoptotic members, classified based on their homology to 
the BCL-2 homology (BH) domains. Pro-apoptotic members include effectors (BAX, BAK, and BOK), which directly 
mediate MOMP, and BH3-only proteins (BIM, BID, PUMA, BMF, NOXA, BIK, BAD, and HRK), which function as 
sensors of cellular stress.27 Anti-apoptotic proteins, such as BCL-2, BCL-XL, MCL-1, BCL-W, and A1, sequester pro- 
apoptotic effectors, thereby preventing mitochondrial membrane disruption and inhibiting apoptosis (Figure 2).28

In EC, alterations in the expression of BCL-2 family proteins are frequently observed. Overexpression of BCL-2 and 
BCL-XL has been associated with chemoresistance, tumor invasion, and poor prognosis.29 Conversely, downregulation 
of pro-apoptotic members like BAX and PUMA reduces apoptotic signaling, thereby promoting cancer progression.30 

Additionally, certain genetic polymorphisms or epigenetic modifications in BCL-2 family genes have been reported to 
influence the susceptibility to or outcomes of EC.31

Role of Bcl-2 and Bax in Apoptosis
The Bcl-2 family consists of proteins that regulate apoptosis, including pro-apoptotic members such as Bax and Bak, and 
anti-apoptotic counterparts like Bcl-2 and Bcl-xL. This family plays a pivotal role in the modulation of cell death by 
influencing mitochondrial membrane permeability, leading to the release of factors like cytochrome c, which activates the 
caspase pathway and subsequently results in cellular demise.32 Bcl-2 and Bax are among the most crucial members of the 
family. Their role in regulating apoptosis involves the formation of either homodimers or heterodimers. The balance 
between Bcl-2 and Bax determines cellular fate—whether the cell survives or undergoes death. A higher Bcl-2/Bax ratio 
inhibits apoptosis, while a lower ratio promotes it.33

EC is a prevalent gynecological malignancy, and its onset and progression are influenced by various factors, one of 
which is dysregulated apoptosis. Studies have shown that in EC tissues, Bcl-2 expression levels are significantly higher 
compared to normal endometrial tissues, while Bax expression levels are markedly lower. This imbalance results in an 
elevated Bcl-2/Bax ratio, which inhibits apoptosis and promotes tumor growth and invasion.34
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Therapeutic Strategies
Two primary therapeutic strategies target the Bcl-2 family: The first involves the use of small molecule inhibitors or 
antagonists that interfere with the interactions between Bcl-2 family members, aiming to reduce the Bcl-2/Bax ratio and 
restore apoptosis. The second strategy employs gene therapy or RNA interference techniques to modulate the expression 
levels of Bcl-2 family members, either by increasing Bax or decreasing Bcl-2 expression, thereby inducing apoptosis.35

Therefore, targeting Bcl-2 family proteins may represent a promising strategy for the treatment of EC. Several drugs 
targeting the Bcl-2 family have shown encouraging results in clinical trials, including ABT-737, ABT-263 (Navitoclax), 
ABT-199 (Venetoclax), and AT101. These are BH3 mimetics that bind with high affinity and specificity to BCL-2, BCL- 
XL, and/or BCL-W, disrupting their interaction with pro-apoptotic proteins and thereby inducing apoptosis.36

Figure 2 Intrinsic and extrinsic apoptosis pathways in EC.This figure details two apoptotic pathways: the extrinsic pathway triggered by death ligands (FasL/TNF-α) activating 
caspase-8 via the DISC complex, and the intrinsic pathway initiated by cellular stress (eg, DNA damage) through Bcl-2 family proteins (pro-apoptotic Bax/Bak vs anti- 
apoptotic Bcl-2/Bcl-xL) regulating mitochondrial outer membrane permeabilization (MOMP), leading to cytochrome c release and caspase-9 activation. The pathways 
connect via caspase-8 cleavage of Bid to generate tBid. This mechanism explains apoptosis resistance due to Bcl-2 overexpression in EC and the therapeutic potential of BH3 
mimetics (eg, ABT-199) in restoring apoptotic balance by inhibiting Bcl-2.
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Preclinical studies have demonstrated that ABT-737 exhibits potent antitumor activity against EC cell lines. However, 
its clinical application has been limited due to poor oral bioavailability and dose-limiting thrombocytopenia, which is 
caused by inhibition of Bcl-xL, a protein crucial for platelet survival.37 To overcome these limitations, ABT-263, an 
orally bioavailable analog of ABT-737, was developed. In Phase I clinical trials involving patients with advanced solid 
tumors, Navitoclax demonstrated partial responses in 3% of patients and stable disease in 26%. However, thrombocy
topenia remained a major adverse effect, occurring in 40–60% of patients due to Bcl-xL inhibition.38 This thrombocy
topenia necessitated dose adjustments, which ultimately limited the drug’s efficacy in clinical settings.

ABT-199 was developed to selectively target Bcl-2 while sparing Bcl-xL, thereby reducing the risk of thrombocy
topenia. In Phase II clinical trials for chronic lymphocytic leukemia (CLL), Venetoclax achieved an overall response rate 
(ORR) of 79%, with complete remission in 20% of patients.39 In solid tumors, including EC, Venetoclax has shown 
promising preclinical results, although clinical data remain limited. Early-phase trials reported manageable side effects, 
including neutropenia and gastrointestinal symptoms such as nausea and diarrhea.

AT101, a natural Bcl-2 inhibitor derived from gossypol, has been tested in phase II trials for solid tumors, including 
endometrial and ovarian cancers. In one trial, 13% of patients achieved stable disease, although no significant tumor 
regression was observed. Side effects included fatigue, nausea, and low-grade hematologic toxicity.40 While AT101 has 
shown limited efficacy as a monotherapy, its combination with other agents, such as chemotherapy or radiotherapy, is 
currently being explored for potential synergistic effects.

Role of ER in EC
Role of ER in Tumor Growth and Progression
Estrogen receptors (ERs) are nuclear transcription factors that mediate the effects of estrogen by binding to estrogen- 
responsive elements (EREs) on DNA, thereby activating or repressing the transcription of target genes. These genes 
regulate a wide range of biological processes, including cell proliferation, differentiation, and apoptosis.41 ERs play 
a crucial role in the initiation and progression of hormone-dependent cancers, including EC.42

In EC, ERs exhibit dual roles that depend on their subtype and expression levels. ERα, which is predominantly 
expressed in low-grade, estrogen-dependent Type I ECs, is associated with tumor differentiation and growth. In contrast, 
ERβ, expressed at lower levels, appears to counteract the oncogenic signaling mediated by ERα and is linked to reduced 
invasiveness. Dysregulated ER signaling promotes tumorigenic phenotypes, including enhanced cell cycle progression, 
angiogenesis, and evasion of apoptosis (Figure 3).43,44

Notably, crosstalk between ER signaling and other oncogenic pathways, such as PI3K/AKT and Wnt/β-catenin, 
exacerbates EC progression. For example, estrogen-mediated activation of PI3K/AKT signaling promotes cell survival 
and inhibits apoptosis,45 while its interaction with BCL-2 family proteins further suppresses intrinsic apoptotic pathways.46 

These findings highlight the importance of targeting ERs in EC therapy. Modulators such as Tamoxifen and aromatase 
inhibitors show promise, although their dual effects in different tissues require careful therapeutic planning.

Tamoxifen as an ER Modulator
Tamoxifen is a selective estrogen receptor modulator (SERM) that can function as either an antagonist or an agonist of 
ER, depending on the tissue or cellular context. Initially used for the endocrine treatment of breast cancer, Tamoxifen 
blocks ER signaling in breast cells, thereby inhibiting tumor growth. However, in endometrial cells, Tamoxifen exhibits 
estrogenic effects, promoting cell proliferation and differentiation. This dual action complicates and makes the applica
tion of Tamoxifen in EC both complex and controversial.16

Clinical Implications of ER-Targeted
Although there is a potential risk of Tamoxifen promoting tumor growth in EC, it remains an effective treatment option in certain 
situations. For example, in young patients who wish to preserve fertility and have early-stage, ER-positive EC, Tamoxifen can be 
used as a conservative treatment, particularly when surgery or radio-chemotherapy is contraindicated or ineffective. Tamoxifen 
can help reduce tumor size, alleviate symptoms, and improve quality of life.47 Additionally, in patients with advanced or 
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recurrent EC, Tamoxifen can serve as palliative care, potentially extending survival and relieving pain. However, the therapeutic 
efficacy of Tamoxifen varies among individuals, and resistance can develop over time. Therefore, personalized assessment, close 
monitoring, and potential combination with other treatments are necessary to optimize outcomes.48

The Role of Natural Compounds in the Treatment of EC
Therapeutic Potential of Natural Polysaccharides
Recent research has shown that certain natural compounds exhibit anti-EC activity, making them promising candidates for 
future therapeutic interventions. Natural polysaccharides, high molecular weight compounds composed of monosaccharides 
or multiple monosaccharides, are widely found in animals, plants, and microorganisms. These compounds demonstrate 

Figure 3 Estrogen receptor (ER) signaling and crosstalk with oncogenic pathways in EC.This figure comprehensively illustrates the molecular interplay between estrogen 
receptor (ER) signaling and key oncogenic pathways in endometrial cancer. The schematic depicts three interconnected networks: (1) Classical ER signaling involving 
receptor dimerization, ERE binding, and transcriptional regulation; (2) The canonical Wnt/β-catenin pathway initiated by LRP5/6-Frizzled receptor activation, progressing 
through GSK-3β/CK1α-mediated β-catenin stabilization and culminating in TCF/LEF-dependent transcription; and (3) GPER1-triggered PI3K/Akt/mTOR cascade leading to 
enhanced protein synthesis and proliferation via Rheb-mTORC1 activation. The diagram particularly highlights pathway crosstalk, including ER-mediated Wnt modulation and 
GPER1’s non-genomic PI3K activation, which collectively drive tumor progression through convergent regulation of cell cycle and survival mechanisms. These interactions 
provide mechanistic insights for current therapies (SERMs, mTOR inhibitors) and emerging targeted approaches (Wnt pathway inhibitors), while demonstrating the rationale 
for combination strategies that simultaneously target multiple signaling nodes in EC treatment.
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a range of biological activities, including immunomodulation, antioxidation, anti-inflammatory, and antitumor effects. Several 
natural polysaccharides have been shown to inhibit the proliferation of EC cells, induce apoptosis, suppress invasion and 
metastasis, regulate the cell cycle, and modulate various signaling pathways. For example, polysaccharides derived from 
Ganoderma lucidum (Reishi mushrooms) induce apoptosis in EC cells by activating the p53 and Bax/Bcl-2 signaling 
pathways.49 Polysaccharides from Lycium barbarum (Goji berries) inhibit both the proliferation and invasion of EC cells 
by suppressing the PI3K/Akt/mTOR signaling pathway.50 Additionally, polysaccharides from sea cucumbers reduce the 
migration of EC cells by downregulating the expression of MMP-2 and MMP-9.51

Mechanism of Action of Natural Compounds
Natural compounds are physiologically active small molecules extracted or synthesized from nature, including plant 
secondary metabolites, animal toxins, and microbial metabolites. Due to their diverse structures and functions, natural 
compounds can interact with various targets and pathways involved in tumor initiation and progression. Several natural 
compounds have been identified as effective in inhibiting the growth and transformation of EC cells or enhancing their 
sensitivity to radiotherapy and chemotherapy. For example, shikonin, derived from the Lithospermum species, inhibits the 
proliferation and metabolism of EC cells by activating the AMPK signaling pathway.52 Emodin, derived from the Rheum 
species (rhubarb), induces apoptosis in EC cells by triggering the ER stress response.53 Curcumin, extracted from Curcuma 
species (turmeric), enhances the sensitivity of EC cells to cisplatin by modulating the NF-κB signaling pathway.54

Clinical Trials and Results of Treatment Regimens Based on Natural Compounds
Currently, several treatment regimens based on natural compounds are undergoing clinical trials to assess their safety and 
efficacy in treating EC. Some of these regimens have shown promising results.

Paclitaxel, a natural diterpene compound extracted from the yew tree (Taxus spp)., stabilizes microtubule assembly 
and inhibits cell division, thereby inducing tumor cell apoptosis. In a Phase III clinical trial targeting recurrent or 
metastatic EC, the combination of paclitaxel and carboplatin demonstrated significant efficacy. Results indicated that 
progression-free survival (PFS) was significantly longer in the combination group compared to the carboplatin-only 
control group (median PFS: 13.3 months vs 8.3 months, p < 0.001). Additionally, overall survival (OS) was improved 
(median OS: 29.5 months vs 23.7 months). However, adverse effects in the combination group were notable, with 58% of 
patients experiencing grade 3 or 4 neutropenia and peripheral neuropathy.55

Curcumin, a polyphenolic compound extracted from turmeric (Curcuma longa), is recognized for its anti- 
inflammatory and anticancer properties. In EC, curcumin enhances tumor cell sensitivity to cisplatin by inhibiting the 
NF-κB and PI3K/AKT/mTOR pathways. A phase I/II clinical trial evaluating curcumin as an adjunct to chemotherapy 
found that patients receiving curcumin achieved a disease control rate (DCR) of 67% at 6 months, significantly higher 
than the control group without curcumin (DCR: 47%, p < 0.05). Side effects were primarily gastrointestinal, including 
nausea and diarrhea, but overall tolerability was good.54

Ganoderma lucidum polysaccharides (GLPs), which act as immune modulators, induce cancer cell apoptosis by activating 
the p53 and Bax/Bcl-2 signaling pathways. In a phase II clinical trial involving 40 patients with advanced EC, GLPs alone 
achieved an objective response rate (ORR) of 15% and a disease stabilization rate (SDR) of 50%. While the monotherapy 
efficacy was limited, combining GLPs with radiotherapy or chemotherapy resulted in a synergistic effect, increasing the 
disease control rate to 75%. Adverse effects were mild, including fatigue and rash, with no serious toxic events reported.56

In summary, natural compounds show promise as potential treatments for EC. However, further investigation is 
required to better understand their mechanisms of action, optimize delivery methods, assess long-term effects, and 
evaluate safety profiles. In the future, the development of novel therapeutic interventions based on natural compounds 
may provide EC patients with more treatment options and improved quality of life.

Recent Advances and Future Directions
Ongoing Clinical Trials and Emerging Therapies
Several clinical trials are currently underway to evaluate new pharmacological interventions for EC patients. These 
include novel combinations of existing drugs, such as chemotherapy with immunotherapy or targeted therapy; new drugs 
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with different mechanisms of action, such as antibody-drug conjugates, bispecific antibodies, or epigenetic modulators; 
or personalized therapies based on the molecular profile of the tumor, such as tumor-agnostic therapies or basket trials.57 

These trials aim to identify new options for patients who do not respond to or relapse after standard therapies, or who 
have rare or aggressive subtypes of EC.

Omics Background and Research Progress
In recent years, omics technologies have been widely applied in biomedical research, particularly in cancer research, 
where their importance has become increasingly prominent. Omics, including genomics, transcriptomics, proteomics, and 
metabolomics, allows for a comprehensive analysis of genetic information, gene expression, protein functions, and 
metabolic processes from multiple dimensions and levels.58 The advancement of these technologies has enabled in-depth 
exploration of biological mechanisms at the cellular and tissue levels, driving innovations in cancer diagnosis, prognostic 
evaluation, and therapeutic strategies.

In the study of EC, omics technologies have become essential tools for uncovering the mechanisms underlying 
disease initiation and progression. Through high-throughput genomic and transcriptomic analyses, researchers have 
identified various gene mutations and expression profile alterations associated with EC.59 The genomic landscape of EC 
is underpinned by genetic alterations, such as mutations in PTEN, PIK3CA, and ARID1A, and chromosomal 
abnormalities.60 The identification of molecular subtypes—POLE ultramutated, microsatellite instability (MSI), copy 
number low, and copy number high—illustrates the diverse genetic profiles within EC and underscores the need for 
subtype-specific therapeutic strategies.61 The integration of multi-omics technologies such as single-cell genomics and 
spatial transcriptomics has revolutionized our understanding and approach to studying EC and offers a holistic perspec
tive that enhances the ability to identify novel biomarkers and therapeutic targets.62 The translation of these multi-omics 
findings into personalized medicine and precision oncology is increasingly feasible in clinical practice.63

Conclusion
Summary of Key Findings
EC continues to pose a significant challenge in the realm of women’s health. The rising incidence rates underscore the urgency 
to develop effective therapeutic interventions. The intricate dance of molecular pathways, especially the interplay between the 
Bcl-2 family, estrogen receptors, and other molecular markers, has opened new vistas in the treatment landscape. The potential 
of natural compounds, particularly those from the polysaccharide category, showcases a promising bridge between traditional 
and modern treatment paradigms. Moreover, the intrinsic relationship between apoptosis and cancer progression further 
accentuates the importance of targeted therapies that can leverage these natural cellular processes.

Implications for Clinical Practice
The holistic treatment of EC now spans beyond traditional therapies. Modern advances in understanding molecular 
mechanisms offer an arsenal of tools for clinicians. The insights gained from studies underscore the significance of 
tailoring treatments based on the specific molecular subtypes of EC. In doing so, the potential for improved patient 
outcomes becomes more tangible. Natural compounds, especially natural polysaccharides, have emerged as not just 
complementary alternatives but as potential mainstays in the treatment regimen. Their ability to augment conventional 
treatments, with possibly fewer side effects, makes them invaluable in clinical practice.

Despite the promising early results, larger clinical trials and biomarker-driven studies are needed to ensure that these 
therapies are not only effective but also safe for a broad patient population. Understanding the optimal combinations, 
dosages, and potential resistance mechanisms will be crucial for their successful implementation in clinical practice.

Recommendations for Future Research
The journey in EC research, though filled with breakthroughs, is far from completion. To realize the full potential of 
recent advances, there is a pressing need to delve deeper into understanding the long-term impacts and the possible latent 
side effects associated with new interventions. Future research endeavors should prioritize multicentric clinical trials that 

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S524181                                                                                                                                                                                                                                                                                                                                                                                                   7389

Qin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



juxtapose the outcomes of traditional therapies with emerging ones. This will not only offer a clearer picture of optimal 
treatment pathways but also shed light on potential synergistic effects. Further, a holistic understanding of EC would be 
incomplete without a detailed exploration of the genetic and environmental variables that act as its bedrock. By 
unraveling these factors, the medical community can pave the way for truly personalized treatment strategies, ensuring 
that each patient receives care that is best aligned with their unique genetic and molecular profile.

By embracing a personalized medicine approach—tailored to the genetic and molecular profile of individual patients— 
we can enhance the precision and efficacy of these emerging cancer therapies, leading to better patient outcomes.
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