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Endometriosis-associated ovarian cancer (EAOC) is a unique subtype of ovarian

malignant tumor originating from endometriosis (EMS) malignant transformation,

which has gradually become one of the hot topics in clinical and basic research in

recent years. According to clinicopathological and epidemiological findings,

precancerous lesions of ovarian clear cell carcinoma (OCCC) and ovarian

endometrioid carcinoma (OEC) are considered as EMS. Given the large number of

patients with endometriosis and its long time window for malignant transformation,

sufficient attention should be paid to EAOC. At present, the pathogenesis of EAOChas

not been clarified, no reliable biomarkers have been found in the diagnosis, and there is

still a lack of basis and targets for stratified management and precise treatment in the

treatment. At the same time, due to the long medical history of patients, the fast

growth rate of cancer cells, and the possibility of eliminating the earliest

endometriosis-associated ovarian cancer, it is difficult to find the corresponding

histological evidence. As a result, few patients are finally diagnosed with EAOC,

which increases the difficulty of in-depth study of EAOC. This article reviews the

epidemiology, pathogenesis, risk factors, clinical diagnosis, new treatment strategies

and prognosis of endometriosis-associated ovarian cancer, and prospects the future

direction of basic research and clinical transformation, in order to achieve stratified

management and personalized treatment of ovarian cancer patients.
KEYWORDS

endometriosis, ovarian neoplasms, endometriosis-associated ovarian cancer, risk
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1 Introduction

Endometriosis (EMS) is a prevalent condition that significantly impacts the quality of life

and reproductive function in women. According to statistics, the prevalence of EMS among

women of childbearing age ranges from 5% to 10% (1), while it can reach as high as 20% to 60%

in women experiencing pelvic pain or infertility (2). Despite its benign nature, EMS shares

biological characteristics with malignant tumors, showing invasive, adhesive, and metastatic

potentials, with a risk of malignant transformation. As epidemiological and molecular genetic
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research continues to reveal, EMS is closely related to epithelial ovarian

cancer (EOC), especially ovarian clear cell carcinoma (OCCC) and

ovarian endometrioid carcinoma (OEC). Therefore, ovarian cancers

closely associated with endometriosis, which may arise malignantly

from endometriosis, predominantly manifest as OCCC and OEC.

Collectively, these are referred to as Endometriosis-associated ovarian

cancer (EAOC). Early in 1925, Sampson (3) pioneered the

demonstration of the correlation between EMS and ovarian cancer

and subsequently proposed the pathological diagnostic criteria for

EAOC. These criteria comprise: 1) the existence of cancerous tissue

in proximity to endometriotic lesions, 2) exclusion of metastasis from

other tumor sources, and 3) the presence of characteristic glandular

epithelium surrounding endometriotic lesions. In 1953, Scott

introduced an additional criterion (4): microscopic evidence of the

transformation from endometriotic lesions to malignant tissue.

Compared to non-EAOC patients, those with EAOC exhibit a

younger age at diagnosis, an earlier onset of the disease, lower tumor

grades, and lower recurrence rates (5), suggesting that EAOC

represents a distinct subtype of solid tumors. At present, the

diagnosis of EAOC mainly depends on surgery and pathological

examination, but the rate of missed diagnosis is often increased due

to the “burnout effect” of the tumor and the doctor’s neglect of EMS

lesions when reading the film. By comprehensively reviewing the

epidemiology, pathogenesis, risk factors, clinical diagnosis, treatment

modalities and prognosis of EAOC, this review aims to elucidate the

distinctive characteristics of EAOC, facilitate early identification by

clinicians and provide a valuable reference for enhancing the

prognostic outcomes associated with EAOC.
2 Epidemiology of EAOC

In the investigation, we have noted a relatively low risk of ovarian

cancer in the general population, standing at merely 1.31% (6).

Nevertheless, for individuals affected by EMS, the risk of ovarian

cancer undergoes a significant escalation, exhibiting a relative risk of

2.51-fold (7), with a lifetime risk reaching 2.5% (8). Despite the

comparatively modest overall incidence risk, the heightened attention

is warranted due to the elevated mortality rate of ovarian cancer within

gynecological cancers and the prevalent and chronic nature of EMS. In

recent years, substantial interest has been directed towards researching

whether individuals with endometriosis face an elevated risk of cancer.

Consistent findings in the research field underscore that EMS

significantly elevates the risk of OCCC and OEC. A study in the

Netherlands involving 131,450 patients with histologically confirmed

cases of endometriosis revealed incidence rate ratios for OCCC and for

OEC (9) with similar incidence rates from a Chinese study (10).
3 EAOC pathogenesis

3.1 Molecular biology

Currently, high mutation frequencies are observed in the genes

ARID1A, phosphatase and tensin homolog (PTEN), and

phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit
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alpha (PIK3C) in EAOC (11). The ARID1A gene, encoding a

crucial component of the SWI/SNF complex, is considered a

tumor suppressor gene and is frequently mutated in various

cancers, with the highest mutation rates found in the two ovarian

cancers associated with endometriosis (12). By using gene

sequencing technology, ARID1A mutations were identified in

46% of 55 cases of OCCC, 30% of 10 cases of OEC, and none of

the 76 cases of high-grade serous ovarian carcinoma (13). PTEN,

located on chromosome 10, is a tumor suppressor gene involved in

cell regulation,inhibiting tumor cell proliferation, adhesion,

metastasis, and angiogenesis (14, 15). The PI3K/AKT/mTOR

(PI3K) pathway is a classical signaling pathway that plays a

crucial role in regulating cell survival, growth, and proliferation,

and mutations in this pathway are common in human cancers (16).

Previous research has indicated that ARID1A gene mutations in

OCCC may be associated with the abnormal activation of the PI3K-

AKT pathway (17), a key player in altering tumor growth,

proliferation, and metastasis. This abnormal activation enhances

the invasiveness of tumors, shortening the time to cancer recurrence

and death, suggesting an unfavorable prognosis (18). However, a

mouse experiment revealed that the sole loss of ARID1A gene

function does not induce ovarian cancer. Deleting the ARID1A

gene alone does not induce ovarian cancer in mice, but when the

ARID1A and PTEN genes are simultaneously knocked out, 60% of

mice develop ovarian cancer with intra-abdominal dissemination,

and 40% exhibit excessive proliferation of ovarian epithelium (19).

Further research by Chandler et al. indicated that simultaneous

deletion of the ARID1A gene and activation of the PIK3CA gene

can induce OCCC in mice (20). In addition, ARID1A mutation can

lead to impaired interferon (IFN) gene expression and reduce

tumor response to immunotherapy (21).

A recent study involving 1,623 EAOC patients, including 1,078

cases of OEC and 545 cases of OCCC, confirmed these findings

(22). Specifically, the relationship between ARID1A loss/mutation,

clinical characteristics, outcomes, CD8+ tumor-infiltrating

lymphocytes (CD8+TIL), and DNA mismatch repair deficiency

(MMRD) revealed ARID1A gene inactivation in 42% of OCCC and

25% of OEC. However, ARID1A inactivation did not significantly

impact the overall survival and progression-free survival of OCCC

and OEC. Nonetheless, the continuous advancement in targeted

therapeutic approaches, synthetic lethal strategies, and the

investigation of the prognostic significance of ARID1A in

immune modulation therapy is ongoing, indicating potential

implications for prognosis (23, 24). Additional genes associated

with EMS malignancy and EAOC: tumor suppressor gene p53,

hepatocyte nuclear factor 1 homeobox B (HNF-1b), b-catenin gene

(CTNNB1), kirsten rat sarcoma viral oncogene (KRAS), protein

kinase B (KT), MicroRNA (miRN) are detailed in Table 1.

Past studies have indicated that the tumor microenvironment,

particularly cancer-associated mesenchymal stem cells (CA-MSCs),

plays a crucial role in the growth of ovarian cancer. Atiya

et al.research report highlighted a subset of endometriosis-

associated mesenchymal stem cells (enMSCs) in endometriosis

(36), characterized by the loss of CD10 expression. This subset,

by increasing the expression of iron export proteins, elevated

intracellular iron levels in OCCC, thereby promoting OCCC
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growth and enhancing resistance to chemotherapy. Significantly,

CD10-enMSCs also rendered OCCC more sensitive to iron

apoptosis inducers and dihydroartemisinin (DH), offering a

potential intervention pathway for future OCCC treatment.

Building upon current research, Wilczyński et al. proposed the

hypothesis that endometriosis stem cells might be the primary

targets for the carcinogenesis of EAOC (37). They delineated the

process of transformation from endometriosis stem cells to cancer

stem cells and the steps involved in the evolution from

endometriosis to EAOC. However, more robust evidence is

needed to thoroughly elucidate the exact carcinogenic

mechanisms of EAOC.
3.2 Estrogen and epigenetics

EMS, being an estrogen-dependent disease, fosters the

accumulation of estrogen in the local microenvironment.

Estrogen plays a crucial role in the progression of endometrial

lesions to atypical hyperplasia and even malignancy (38).

Understanding the changes in estrogen signaling pathway will

help to reveal the mechanism of estrogen involved in the

malignant transformation of EMS. Andersen et al. analyzed
Frontiers in Oncology 03
estrogen regulatory genes and found that inactivation of estrogen

receptor ERa, decreased progesterone receptor (PR) levels, and

increased estrogen receptor ERbmay be the driving factors for EMS

malignant transformation (39). This transition, accompanied by the

overexpression of genes induced by estrogen receptor ERa, such as

nuclear receptor interacting protein 1 (NRIP1) in EAOC, and the

derepression of estrogen receptor ERa target genes, like FGF18,

may promote the development of lesions towards EAOC. Wang

et al.found that estrogen can influence gene methylation, and the

estrogen-DNMT1 signaling pathway might induce high

methylation of runt-related transcription factor 3 (RUNX3) (40),

thereby promoting the malignant transformation of EMS. Several

studies have identified common epigenetic features between EMS

and ovarian malignancies (2, 41, 42) with epigenetic modifications

in EAOC involving non-coding miRNA and histone modifications.

Future research should focus on the interaction between hormonal

regulation and inflammatory responses during the transformation

process to gain a more comprehensive understanding of the

mechanisms underlying the development of EMS into EAOC.
3.3 Iron related oxidative stress

Elevated iron levels are considered a risk factor for cancer

development, and patients with EMS often exhibit iron overload,

which may be one of the factors contributing to EAOC. Iron is

associated with cancer through a variety of mechanisms, including

cancer metabolism, genome stability, and tumor microenvironment

(43). Iron and its metabolites produce a large number of Reactive

Oxygen Species (ROS) through Fenton reaction (44) and

hemoglobin autooxidation (45), leading to DNA damage and

acting as carcinogenic inducers in the process of EAOC. The

body’s macrophage and other antioxidant defense systems are

also activated, leading to the “two-step theory” of oxidative stress

(Figure 1): The enhanced antioxidant capacity can protect cells

from death or apoptosis, but at the same time, it also leads to DNA

damage, genomic instability and mutation accumulation, thereby

promoting the occurrence of tumors (46). In addition, iron-related

oxidative stress can lead to the destruction of peritoneal mesothelial,

which is conducive to the adhesion and metastasis of ectopic

endometrial cells and tumor cells. Therefore, oxidative stress is a

“double-edged sword” in the occurrence of EAOC (47).
3.4 Inflammatory response
and immunodysregulation

EMS as a chronic inflammatory disease, creates a

microenvironment in ovarian EMS that promotes inflammation,

and sustained chronic inflammation may be a driving factor in

inducing EAOC. Galectin, an important regulator of inflammation,

shows high expression in EMS. Studies have found correlations

between galectin-1, -3, and -9 and EAOC (48). In cancer cells,
TABLE 1 Genes associated with EAOC formation.

Genes Current research

ARID1A The mutation rate of ARID1A gene in OCCC was 42% and in OEC
was 25% (22);
Mutations activation the PI3K-AKT pathway, induction of
tumorigenesis and allows tumor cell proliferation (17, 18);
ARID1A interacted with Enhancer of Zeste 2 Polycomb Repressive
Complex 2 Subunit (EZH2) antagonized EZH2-mediated IFN
responsiveness, shape cancer immune phenotype and
immunotherapy (21)

PTEN Mutation occurs in the early stage of tumorigenesis (25);
Acts in concert with ARID1A to induction of tumorigenesis (20);
Promoted metastasis and chemoresistance in ovarian cancer sell
(14, 15);

PI3KCA The mutation rate of PI3KCA gene in OCCC was 32% (26);
Mutations may occur in late-stage OCCC (27);

HNF-1b Mutations are common in OCCC, hypomethylation patterns are
oncogenic (28);

CTNNB1 Mutations occurred only in OEC (29);

p53 High expression in benign endometriotic lesions next to the
endometrioid or clear cell carcinoma (30, 31);
Involved in tumorigenesis of malignancies (32);

KRAS The mutation rate of KRAS gene in EAOC was 29% (33); allows
tumor cell proliferation;

AKT Activation PI3K/AKT pathway; involved in the occurrence and
progression of ovarian cancer (16);

miRNA Mirnas are involved in the regulation of angiogenesis in ovarian
cancer (34);
miRNA levels can predict the occurrence of early EAOC (35);
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galectin is associated with the regulation of oncogenic signaling

pathways, apoptosis, and changes in proliferation rates, making it a

potential target for future cancer therapy (49).

The high-level expression of inflammasome complex genes

(NLRP3, AIM2, PYCARD and NAIP) and inflammasome-

related pathway genes (TLR1, TLR7, TOLLIP, NFKBIA and

TNF) demonstrated their role in the progression of EMS and

EAOC (50). However, there is still a lack of detailed analysis of

the re levant immune components in the mal ignant

transformation of EMS (51), and the exact immune pathways

and cellular processes are still unclear, which is worthy of further

research in the future.
4 EAOC risk factors

4.1 High estrogen state

A high estrogen state is considered a significant risk factor for the

malignant transformation of EMS (52). Factors such as early menarche,

infertility, or low parity keep patients in a prolonged state of

endogenous high estrogen levels, increasing not only the likelihood

of EMS but also the risk of EAOC. A stratified study on 66,450 women

investigating 12 risk factors for epithelial ovarian cancer found that the

risk of OEC gradually increases with earlier age at menarche and later

age at menopause (53). Recent research exploring hormone

replacement therapy (HRT) in postmenopausal women with a

history of EMS found that, except for HRT using estrogen alone,

other HRT regimens do not increase the risk of ovarian cancer in

postmenopausal women with a history of endometriosis (54). This

reflects the potential increased risk of EAOC with exogenous estrogen,

highlighting different pathways in the role of endogenous and

exogenous estrogen in the association between EMS and EAOC,

deepening our understanding of this complex relationship.
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4.2 Menopause

In a retrospective case-control study, Udomsinkul et al.

identified menopause as a significant independent risk factor for

EAOC (55). In postmenopausal women, ovarian function declines,

leading to a significant decrease in estrogen levels. It is generally

believed that postmenopausal patients may experience relief from

symptoms of EMS due to the decline in estrogen levels. However,

Giannella et al. reported an incidence of endometriosis in

menopausal women to be 2-4% (56), highlighting the importance

of special attention to this group. The decreased likelihood of

physiological cysts and the increased risk of malignant

transformation of ovarian masses in postmenopausal women

make it a noteworthy consideration.
4.3 Age and the course of endometriosis

Current research indicates that age and the long-term

development of EMS are important risk factors for EAOC

patients. It is noteworthy that EAOC patients are diagnosed at a

younger age, with the average diagnosis age being 48.65 years

compared to 54.39 years for non-EAOC patients (57). In a study

the longest duration of ovarian endometriotic cysts in EAOC

patients was 23 years, with an average duration of 10 years (58).

The study suggests that the long-term development of ovarian

endometr iot ic cyst s increases the r isk of mal ignant

transformation. Murakami et al.analyzed the medical history of

EAOC patients and found that the median time from the diagnosis

of endometriotic cysts to the diagnosis of EAOC was 36 months,

with approximately 75% of patients progressing to EAOC within 60

months (59). Given the low incidence of EAOC, the phenomenon

of endometriotic cysts rapidly progressing to cancer in a short

period suggests that EAOC may occur in earlier, less detectable
FIGURE 1

EMT Malignant Transformation - Iron Related Oxidative Stress. hemoglobin (HB), haptoglobin (HP), heme-binding glycoprotein (Hx), heme
oxygenase-1 (OH-1), reactive oxygen species (ROS), carbon monoxide (CO), low-density lipoprotein receptor-related protein 1 (CD91), macrophage-
specific protein (CD163), superoxide (O2−), perhydroxy (HO2−).
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stages, highlighting the occult nature of EAOC and emphasizing the

importance of identifying the risk in early-stage EAOC patients.
4.4 Hysterectomy

The relationship between hysterectomy and ovarian cancer is

intricate. Previous studies suggest that hysterectomy may impede

retrograde menstrual flow and the transfer of carcinogenic

substances (60), thereby reducing the risk of ovarian cancer.

Khoja et al. after accounting for confounding factors such as

estrogen and estrogen-progestin use, as well as a history of EMS,

found that the risk of ovarian cancer decreases only in women with

a combination of hysterectomy and EMS (61), while there is no

correlation in women without EMS. Ring et al. research also

confirms that, although hysterectomy is not generally associated

with the risk of ovarian epithelial cancer (62), it significantly

reduces the risk of ovarian clear cell carcinoma.

In patients with endometriosis, the infrequent use of oral

contraceptives, comorbid depression, or pelvic inflammation may

elevate the risk of ovarian cancer (63). However, for patients with

EAOC, there is currently a lack of well-designed studies providing

conclusive evidence regarding these risk factors.
5 Clinical diagnosis of EAOC

5.1 Clinical symptoms and signs

Clinical symptoms and signs of EAOC are atypical, lacking

specific diagnostic criteria. According to the “dualistic model of

ovarian cancer”, researchers suggest that EAOC often belongs to

Type I ovarian cancer, characterized by relative indolence, typically

lower invasiveness, and less propensity for widespread dissemination

(64). Symptoms of EAOC are often similar to those of endometriosis,

mainly presenting as pelvic masses. Clinicians should be vigilant for

EAOC when endometriosis patients exhibit typical cyclical pain

rhythm changes, abnormal uterine bleeding, or if the mass has a

maximum diameter >10 cm or shows rapid enlargement (65).
5.2 Tumor marker

Currently, there is a lack of specific and cost-effective

biomarkers to identify the occurrence of EAOC. Serum

carbohydrate antigen 125 (CA125) is the most commonly used

ovarian tumor marker. Previous studies suggested that malignancy

is likely when CA125 is >200 U/ml. However, CA125 is not highly

specific, as it can be influenced by various factors such as

endometriosis, inflammation, and menstruation. Its sensitivity in

early-stage EAOC is also relatively low. In other study CA125 levels

showed no significant statistical difference between patients with

ovarian endometriotic cysts and those with EAOC (66).

Compared to CA125, carbohydrate antigen 19.9 (CA19.9) and

human epididymal protein 4 (HE4) have advantages in diagnosing

EAOC. CA19.9 is a potential serum marker for diagnosing EAOC; in
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Magalhães et al. study, a serum CA19.9 >22.31 U/ml showed a

sensitivity of 82.14% in distinguishing between ovarian endometriotic

cysts and EAOC (67). HE4, highly expressed in ovarian cancer and

unaffected by endometriosis, exhibits high specificity. Xu et al. found

that a serum HE4 >59.7 pmol/L could diagnose EAOC, with a

specificity of 99.4% when HE4 >140 pmol/L (68). For epithelial

ovarian cancer, the combined detection of HE4 and CA125

demonstrates higher sensitivity than CA125 alone. Multiple studies

suggest that the joint examination of various tumor markers is more

effective in diagnosing ovarian epithelial cancer (69). In a

comprehensive review, concluded that the combination of CA125

and HE4 is currently the most effective diagnostic approach for

ovarian epithelial cancer, but its discriminative ability for EAOC

requires further clinical research and analysis for validation (70).
5.3 Radiology

Ultrasound plays a crucial role in the diagnosis of epithelial

ovarian cancer. Typical features include cystic and solid masses,

thick septa, associated solid nodules or papillary projections, and

areas of necrosis. Ovarian cancer often presents with ascites and

enlarged lymph nodes, with peritoneal, mesenteric, and omental

metastases. In differentiating from EAOC, ultrasound examination

should focus on specific characteristics of EAOC, such as a cystic

lesion diameter larger than 10 cm or showing an increasing trend,

having a unilocular or multilocular solid component, and rich blood

flow signals (71). The disappearance of ground glass echoes is also

indicative of malignancy (72). Moreover, EAOC typically manifests

as a unilateral cystic lesion with papillary projections, and ascites is

less commonly observed (73).

Magnetic Resonance Imaging (MRI) with its excellent soft

tissue resolution and multi-planar imaging advantages offers

greater accuracy in differentiating EAOC compared to

Computerized Tomography (CT). A study found that Whole-

Body Diffusion-Weighted Imaging/MRI (WB-DWI/MRI)

achieved an accuracy of 93% in determining the benign or

malignant nature of ovarian masses, significantly higher than

CT’s accuracy of 82% (74). Using MRI relaxation method to

measure the total iron concentration and transverse relaxation

rate of cyst fluid in ovarian endometriosis cysts can predict the

malignant transformation of ovarian endometriosis (75). In Zhang

X et al. research, using MRI to depict the features of EAOC and

non-EAOC, revealed that EAOC, especially clear cell ovarian

cancer, more commonly presents as a unilocular cystic mass (76),

showing statistically significant lateralization. Cystic fluid exhibits

low signal intensity on T2-weighted imaging, and focal nodular

growth patterns are more frequent. These findings underscore the

critical role of ultrasound and MRI in the diagnosis of EAOC.
6 Progress in the management and
treatment of EAOC

Most ovarian cancer patients experience recurrence within

approximately three years. Advanced ovarian cancer and
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recurrent cases often exhibit resistance to platinum-based drugs,

leading to a deterioration in clinical prognosis (77), making ovarian

cancer treatment a longstanding challenge in gynecologic oncology.

Compared to the common high-grade serous ovarian carcinoma,

EAOC has a lower incidence rate, but it shows better early

prognosis, although the late-stage survival rate is significantly

lower than high-grade serous ovarian carcinoma. EAOC patients

generally exhibit poorer response to platinum-based chemotherapy

compared to non-EAOC cases (78, 79). Current experience in

EAOC treatment primarily stems from studies on epithelial

ovarian cancer. The initial standard treatment for EAOC includes

surgery followed by platinum-based chemotherapy (77). Early-stage

EAOC patients should undergo comprehensive staging surgery,

while for intermediate to late-stage EAOC patients, consideration

should be given to primary debulking surgery (PDS) upon

preoperative or intraoperative assessment of extra-ovarian

metastasis. Surgery should aim to remove all macroscopically

visible tumors to reduce tumor burden, enhance chemotherapy

efficacy, and improve prognosis.
6.1 Lymphadenectomy

Lymph nodes serve as crucial pathways for solid tumor metastasis.

Systematic lymph node dissection in early-stage ovarian cancer patients

is valuable for determining tumor staging, however it is not known

whether it is beneficial for prognosis. EAOC as a specific subtype of

ovarian epithelial cancer, is often diagnosed in its early stages. Recent

evidence from a multicenter retrospective study suggests that early-

stage and low-grade endometrioid ovarian cancer patients who

undergo lymph node dissection have superior 5-year disease-free

survival and overall survival rates compared to those who do not

undergo lymph node dissection (80), with rates of 92.0% vs. 85.6%

(p=0.016) and 97.7% vs. 92.8% (p=0.013), respectively. Another

prospective, multicenter, randomized phase III clinical trial designed

by Deng et al. in 2023 is ongoing. By comparing the progression-free

survival (PFS) and overall survival (OS) outcomes of patients with stage

IA-IIB epithelial ovarian cancer who undergo lymph node dissection

surgery versus those who do not (81), this study aims to provide more

precise evidence regarding the efficacy and safety of early lymph node

surgery. The benefits and drawbacks of performing lymph node

dissection in advanced ovarian cancer patients have been elucidated

by high-quality evidence. A multicenter, phase III randomized

controlled trial published in the New England Journal of Medicine in

2019 demonstrated that systematic pelvic and para-aortic lymph node

dissection did not prolong patients’OS or PFS and was associated with

a higher incidence of postoperative complications (82). Subsequently,

the National Comprehensive Cancer Network (NCCN) guidelines

adjusted the indications for lymph node dissection surgery.
6.2 Intraperitoneal chemotherapy

A small proportion of EAOC is diagnosed in advanced stages,

where achieving complete resection through surgery is challenging.

Researchers have long attempted to enhance drug efficacy through
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intraperitoneal chemotherapy, particularly for advanced ovarian

cancer. Early clinical trials conducted by the Gynecologic Oncology

Group (GOG), including GOG-104, GOG-114, GOG-172, and

GOG-252, failed to establish intraperitoneal chemotherapy as a

first-line treatment due to design flaws, insufficient statistical

evidence, and a higher likelihood of adverse reactions.

Hyperthermic intraperitoneal chemotherapy (HIPEC), which

combines thermal therapy and intraperitoneal perfusion

treatment with intraperitoneal chemotherapy, has become a hot

topic in debulking surgery for advanced ovarian cancer in recent

years. In 2018, Van Driel et al. demonstrated that adding HIPEC to

stage III epithelial ovarian cancer patients led to longer recurrence-

free survival and overall survival without increasing the incidence of

side effects (83). The clinical trial OVHIPEC-1 reported by Aronson

et al. in 2023 confirmed a 10-year survival benefit of HIPEC in

primary stage III epithelial ovarian cancer patients undergoing

interval cytoreduction surgery (84). The efficacy of HIPEC in

patients suitable for initial cytoreduction surgery remains

uncertain. The OVHIPEC-2 trial, initiated in January 2020, is

expected to provide results in this regard (85). However, the

statistical results of the HIPECOVA trial conducted by Villarejo

Campos et al. in 2024 failed to demonstrate a significant

improvement in the prognosis of ovarian cancer patients with

HIPEC (86). Therefore, HIPEC treatment remains experimental

rather than standard therapy.
6.3 Drug chemotherapy

Currently, the standard first-line treatment regimen for EOC

and EAOC is platinum-based combination chemotherapy,

specifically carboplatin plus intravenous paclitaxel administered

every 3 weeks for a total of 6 cycles. The JGOG 3016 trial

previously reported significant improvements in progression-free

survival and overall survival with a weekly dose-dense paclitaxel

regimen and a 3-weekly carboplatin regimen, whereas the ICON8

trial did not observe this benefit. These trials have different

strengths and weaknesses, and the differences may be related to

pharmacogenomics or other factors such as dose intensity. The

findings of Clamp et al. in 2022 confirmed that weekly dose-dense

first-line chemotherapy did not improve overall survival or

progression-free survival compared to standard 3-weekly

chemotherapy (87) . Therefore, the 3-weekly regimen

chemotherapy remains the first-line approach.

Late-stage EAOC carries a poor prognosis, warranting in-depth

research into targeted therapy and immunotherapy. Currently,

molecular targeted therapies for ovarian cancer, such as poly ADP-

ribose polymerase (PARP) inhibitors and the anti-angiogenic agent

bevacizumab, have shown favorable outcomes in maintenance

therapy for epithelial ovarian cancer patients with BRCA

mutations, thereby extending the survival of ovarian cancer

patients to some extent (88). However, even with satisfactory

tumor reduction achieved through surgery and standardized

chemotherapy and maintenance therapy, cancer patients may still

experience treatment failure due to platinum resistance or tumor

recurrence, highlighting the need to enhance drug efficacy and
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prolong recurrence-free survival. Mirvetuximab soravtansine

(MIRV), an antibody-drug conjugate targeting folate receptor (FR)

alpha, has shown promising efficacy when combined with

bevacizumab in platinum-resistant recurrent ovarian cancer

patients. Mirvetuximab soravtansine (MIRV) is a folate receptor

(FR)-targeting antibody-drug conjugate (DC). In 2020, researchers

found that MIRV combined with bevacizumab demonstrated good

efficacy in treating platinum-resistant recurrent ovarian cancer

patients. The confirmed objective response rate (ORR) was 39%,

with a particularly effective response observed in the subset of

platinum-resistant ovarian cancer patients with high FRa
expression, achieving an ORR of 56%. The median duration of

response was 12 months, and the PFS was 9.9 months (89). Phase

2 clinical studies of MIRV in epithelial ovarian cancer patients

reported in 2023 further demonstrated its anti-tumor activity, along

with good tolerability and safety, providing encouraging results (90).

EAOC is highly likely to originate from endometriosis-associated

ovarian cysts, which are often considered complex immune-related

diseases. Immunotherapy has shown great potential in the treatment

of EOC and EAOC. However, previous large phase III studies

exploring the addition of immunotherapy to standard first-line

treatment regimens have been disappointing, including the

IMagyn050/GOG 3015/ENGOT-OV39 (91) and JAVELIN Ovarian

100 (92) studies. A turning point in immunotherapy emerged in 2023

with the release of interim data from the global multicenter phase III

DUO-O study, showing promising clinical efficacy, warranting

continued attention.

Recently, based on the establishment of animal models of

endometriosis, successful reports of establishing EAOC mouse

models have also emerged (93). By simulating tumor

characteristics and reproducing the biological properties of

tumors, these models can provide important reference for clinical

precision treatment research, which is crucial for the study and

development of precision treatment for EAOC.
7 Conclusion

The intricate relationship between EMS and ovarian cancer

warrants in-depth investigation. Early identification of high-risk
Frontiers in Oncology 07
individuals for cancer among endometriosis patients is of

paramount importance, necessitating the development of early

detection methods and close monitoring. Future research

directions in understanding the mechanisms and molecular

genetics of EAOC may involve the utilization of advanced

technologies, such as next-generation sequencing and whole

transcriptome sequencing, as personalized diagnostic tools. The

objective is to identify and confirm the driver mutations and

candidate genes associated with the malignant transformation of

EMS. These efforts hold the potential to provide more precise

targeted therapies and immunotherapies for ovarian cancer,

thereby improving patient prognosis and survival outcomes.
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