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ABSTRACT

Due to the decreasing age of onset and the postponement of childbearing, there is a growing
number of patients with endometrial carcinoma (EC) and endometrial atypical hyperplasia
(EAH) seeking fertility-sparing treatments. Progestogen-based therapy serves as the principal
conservative approach for EC. However, the variability in treatment outcomes hampers

the potential for delivering more tailored therapies in clinical practice. To better guide the
treatment of patients with fertility preservation needs, we conducted a comprehensive
review of existing literature to explore factors related to molecular classification, biomarkers
and artificial intelligence (AI) technology that may predict fertility-sparing treatment
outcomes, we also looked ahead to future research directions in this field. The pathology
before and after treatment is the primary basis for assessing the effectiveness of fertility-
sparing treatment for EC and EAH. However, it is challenging to predict the therapeutic
outcomes based on the pathological morphology of the initial diagnosis. Traditional
immunohistochemical markers, such as estrogen and progesterone receptors, are also

very limited in predicting therapeutic response. In recent years, the prognosis of fertility-
sparing treatment has also been considered to be correlated with the molecular classification
and gene mutation markers of EC. However, there are currently few direct clinical studies
available, and our focus will be on reviewing these studies and assessing their applicability.
In addition, there are some studies utilizing Al to predict the molecular classification, genes
and therapeutic response of EC. The integration of these features will aid in the development
of advanced predictive strategies for fertility-sparing treatment of EC and EAH.

Keywords: Endometrial Cancer; Atypical Endometrial Hyperplasia; Molecular Pathology;
Fertility Preservations; Artificial Intelligence

INTRODUCTION

The incidence of endometrial carcinoma (EC) has been rising in recent years, particularly
among premenopausal women, with up to 14% of cases being diagnosed in women who
have not yet reached menopause [1]. Seventy percent of women under 40 years old with EC
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are nulliparous at the time of diagnosis [2]. Today’s women are postponing childbearing,
resulting in an unprecedented increase in the number of patients requiring conservative
treatment [3]. As the precursor lesion of EC, endometrial atypical hyperplasia (EAH) has

at least a 32.6% chance of progressing to EC [4], therefore, the standardized conservative
treatment for young EAH patients is also of great significance. However, fertility-sparing
treatment for patients with EC and EAH is characterized by a low complete response (CR)
rate, a high disease recurrence rate, and even disease progression [5]. Accurately predicting
which patients can benefit from fertility-sparing treatment is a crucial step for treatment
success. In recent years, with the widespread application of genetic testing, studies have
emerged demonstrating the impact of molecular classification and gene mutation markers on
fertility-sparing treatment. Yet their predictive significance has not been fully summarized or
widely recognized. Therefore, we will review and explore the molecular classification, genetic
and immunohistochemical biomarkers as well as artificial intelligence (AI) technology
related to fertility-sparing treatment, to better predict treatment outcomes at early diagnostic
stage, aiming to provide an optimal individualized treatment strategy.

FERTILITY-SPARING TREATMENT OPTIONS AND PROGRESS

Hysterectomy is typically the primary mode of treatment for EC, whereas patients with
early-stage disease who wish to preserve their fertility may consider receiving ongoing
progestin-based treatment, as well as those with EAH. Fertility-sparing treatment
encompass hysteroscopic resection surgery and hormone therapies such as megestrol acetate,
medroxyprogesterone, or an intrauterine device containing levonorgestrel. Additional
medications used in progesterone therapy include gonadotropin-releasing hormone agonists
(GnRH-a), letrozole [6], aspirin [7], metformin [8-10] and statins [11,12]. Most studies
suggested that the median time for EC/EAH to regress is between 4 to 6 months [13].
However, a longer course of treatment may be required if risk factors such as obesity and
insulin resistance are present. Therefore, it is recommended that patients undergo treatment
for 6 to 12 months, with endometrial biopsy conducted every 3 to 6 months during this
period to monitor progress [14]. According to established standards [14,15], Fig. 1 outlines
the fertility-preserving management procedure for EC. The current guidelines primarily
recommend fertility-sparing treatment for stage IA G1 endometrioid endometrial carcinoma
(EEC). However, recent studies have shown that the CR rate of fertility-sparing treatment

in G2 EEC is comparable to that of G1 EEC [16]. There have also been reports of successful
pregnancies and births in patients with stage II EC after achieving CR [17]. Currently, there
is an ongoing clinical trial exploring the possibility of extending fertility-sparing treatment
indications to G2 EC and determining the optimal therapeutic regimen.

In 2 meta-analyses, patients with early-stage EC who received fertility-sparing treatment
achieved a CR rate of 79.7%-84.6%, the total pregnancy rate and live birth rate were
26.7%-37.9% and 20.5%-39.3%, respectively [18,19]. Compared to EC, EAH is linked to a
better prognosis [20]. It has been discovered that morphology, body mass index (BMI), and
therapy duration are the key clinicopathological variables linked to CR [21,22]. In a review,
53.2% of patients with EAH/EC treated with progesterone achieved a long-term CR following
a medium follow-up period of 39 months. However, 23.2% of those with EAH and 35.4% of
EC relapsed after their initial response to treatment [23]. Factors such as EC G1, duration

to CR of 6 months or longer, lack of maintenance therapy, and not being pregnant are
associated with a substantially greater probability of recurrence [21].

https://doi.org/10.3802/jg0.2025.36.€123 2/17
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Fig. 1. Flow chart of fertility preservation management for endometrial cancer.

CR, complete response; D&C, dilation and curettage; GnRH-a, gonadotropin-releasing hormone agonists; LNG-1US, levonorgestrel releasing intrauterine system;
MA, megestrol acetate; MPA, methylprogesterone acetate; PD, progressive disease; PR, partial response; SD, stable disease; TH/BSO, total hysterectomy and

bilateral salpingo-oophorectomy.
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Given these findings, it is recommended that women with reproductive needs try to conceive
as soon as possible after achieving CR. Several factors can help with pregnancy, including the
use of proper assisted reproductive technology [21,24], maintaining a normal BMI, achieving
CR in a shorter duration, undergoing long-term treatment for up to 3 months, minimizing
the number of hysteroscopy operations, and having a thicker endometrium [24].

MOLECULAR CLASSIFICATION TO PREDICT FERTILITY-
SPARING TREATMENT OUTCOMES

Traditionally, EC is divided into 2 categories based on its dependence on estrogen. However,
there is considerable molecular heterogeneity within this classification [25]. The Cancer
Genome Atlas (TCGA) employed sequencing technology to categorize EC into 4 types based
on molecular characteristics in 2013. Building on this, Talhouk et al. [26,27] created the
Proactive Molecular Risk Classifier for EC (ProMisE) as an innovative molecular classifier to
evaluate the prognostic risk of EC. In recent years, descriptions of molecular classification
have been incorporated into EC guidelines and consensuses [28], and the 2023 Federation
International of Gynecology and Obstetrics (FIGO) staging system has also been refined

to accommodate molecular classification. Stage I-II EC patients with POLE ultramutated
(POLEmut), confined to the uterine corpus or with cervical extension, regardless of the
degree of lymphovascular space invasion (LVSI) or histological type, is now classified as
Stage IAMporema, Whereas a p53 abnormal (p53abn) EC confined to the uterine corpus with
any myometrial invasion, with or without cervical invasion and regardless of the degree

of LVS]I, is classified as Stage IICmyssun [29]. Although FIGO 2023 guidelines recommend
molecular classification for all ECs, molecular testing of biopsy specimens for EC and EAH
that are intended for fertility-sparing treatment has not yet been incorporated into the
guidelines to date.

Generally speaking, the recurrence is rare in POLEmut patients and the prognosis is excellent.
Patients with p53abn have the worst prognosis, while those with mismatch repair-deficient
(MMRAd) and non-specific molecular profile (NSMP) have moderate prognoses. The POLEmut
group tends to be the youngest and have a lower BMI, typically presenting in stage I and high-
grade ECs [30]. NSMP patients are mostly type I and G1-G2 ECs [31], which are, estrogen-
dependent, and these patients often have metabolic syndromes such as obesity and diabetes,
resulting in a higher BMI. MMRd and p53abn ECs are more likely to occur in high-risk ECs
such as IB G3 EEC and all stages of non-endometrioid EC, and are associated with advanced
stages (III-IV) [32,33] and the presence of LVSI [34].

In EC patients receiving conservative treatment, researches have demonstrated that
hysteroscopic surgery can provide a sample for comprehensive molecular typing and genetic
risk assessment [35,36], and these samples have shown good consistency with the final
hysterectomy specimens [37]. Among women under 50 years old, NSMP tumors account

for 64% of all ECs, with MMRd coming in second at 19%, and POLEmut tumors at 13%,

and p53abn tumors having the lowest incidence of 4% [32]. Therefore, fertility-sparing
treatment is primarily targeted at the NSMP group. Nowadays, several studies have explored
the outcomes of EC/EAH patients with different molecular classifications after fertility-
sparing treatment, and we have summarized the data from relevant articles in Table 1
[25,26,28,35,36,38-46].
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Table 1. Outcomes of fertility-sparing treatment for 4 molecular classifications of endometrial atypical hyperplasia and endometrial carcinoma

Studies No.of Medianage Molecular No. of  Fertility-sparing Disease and fertility outcomes Median
cases (yr) classification molecular treatment Characteristics ~ POLEmut/ MMRd/ NSMP/p53wt/ p53abn/ follow-up
method types POLEEDM/ MMR-D/ CNL/TP53wt  CNH/ time
POLE MSI-H TP53abn
[38] EEC(39), 33.4 TCGA POLE (3),  Progesterone Overall CRrate 3/3(100.0) 1/4(25.0) 35/49(71.4) 1/3(33.3) 16.8
EAH (20) (19-44) classification MSI-H (4), (4-104)
[25] CNL (49), mo
CNH (3)
[39] EEC(57) 33 ProMisE [26] POLE EDM (2), OralMA,oral CRrateat6mo 1/2(50.0) 1/9(11.1) 924/45(53.3) 1/1(100.0)  38.4
(19-45) MMR-D (9), MPA,LNG-IUS OverallCRrate 1/2(50.0)  4/9 (44.4) 37/45(82.2) 1/1(100.0) (2.9-163.5)
p53wt (45), +MPA Recurrence rate  1/1(100.0) 1/4(25.0) 16/37(43.2) 1/1(100.0) MO
p53abn (1) after CR

Hysterectomy — 2/2(100.0) 4/9 (44.4) 29/45(48.9) 0/1(0.0)
[36] EEC(22), 56.4 ProMisk [26] POLE EDM (4), LNG-IUS = Progression 1/4(25.0) 2/6(33.3) 6/44(13.6) 2/4(50.0) 28.8

EAH (36) (24.3-91.1) MMR-D (6), MA, MPA or or received (3.3-141.5)
p53wt (44), leuprolide definitive mo
p53abn (4) treatment

[35] EEC (15) 37 ProMisE [26] POLE EDM (1), Hysteroscopic CRrateat6mo 1/1(100.0) 5/7 (71.4) 7/7 (100.0) - 106
(25-40) MMR-D (7),  resection  Recurrencerate 0/1(0.0)  1/5(20.0)  2/7(28.6) - (24-134)
p53wt (7), surgery + after CR mo
p53abn (0)  LNG-US  pysterectomy 0/1(0.0)  2/7(28.6)  2/7(28.6) -
[40] EEC(12) 29.8 ProMisE [26] POLEEDM (0), MA, MPA,  Overall CR rate - 9/3(66.7)  6/8(75.0) 1/1(100.0) 46
(23-37) MMR-D (3),  goserelin  Recurrence rate - 0/2 (0.0) 1/6(16.7) 0/1(0.0)  (11-138)
p53wt (8), acetate, after CR mo
p53abn (1)  orLNG-IUD  pysterectomy . 1/3(33.3)  4/8(50.0) 0/1(0.0)
[41] EEC(13), 35 Classification POLE (1), LNG-IUS, Overall CR/PR  0/1(0.0) 0/3(0.0) 10/16(63.0) - 48
EAH (7) (25-48) basedonclinical MSI-H (3), oral MA, rate (12-123)
sequencingand CN-L (16), LNG-IUS+oral Recurrence rate - - 4/10 (40.0) - mo
immunohisto- CN-H (0)  progesterone after CR
chemistry [42] Hysterectomy  1/1(100.0) 3/3 (100.0) 12/16 (75.0) -

Fertility 14/20 (70.0): ovarian stimulation and oocyte retrieval
outcomes 12/14 (85.7): successful oocyte retrieval

92/3(66.7): live births after embryo transfers
(1 vaginal delivery and 1 cesarean delivery)

[43] EEC(34), Not ProMisE [26] POLEEDM (6), LNG-IUS  OverallCRrate 6/6 (100.0) 11/15(73.3) 57/67 (85.1) 2/5 (40.0) Not
EAH (59) mention MMR-D (15), Recurrence rate 0/6(0.0) 4/11(36.4) 7/57(12.3) 2/2(100.0) mention
p53wt (67), after CR
p53abn (5) IVF-ET success  2/4(50.0) 1/4(25.0) 16/32(50.0) 0/0(0.0)
Natural 1/2(50.0) 0/3(0.0)  7/18(38.9) 0/0(0.0)
conception
success
[44] EEC(82), 32 WHO POLEmut (1), OralMA,oral CRrateat16wk 0/1(0.0) 3/14(21.4) 30/108(27.8) 0/1(0.0) Not

EAH (53) (19-45)  pathological ~ MMRd (14), MPA, LNG-IUS, CRrateat 32wk 0/1(0.0) 8/14(57.1) 64/106 (60.4) 0/1(0.0) mention

classification  NSMP (117), LNG-IUS +oral crrateat 48wk 0/1(0.0) 11/13 (84.6) 88/102 (86.3) 0/1(0.0)
2020[28]  p53abn (3)° MA, GnRH-a+

oral letrozole
[45]  EEC (90)" 31 NGS POLEmut (6), Oral MA,oral CRrate at 16 wk 0/6 (0.0) 0/5(0.0) 25/78(32.1) 0/1(0.0) 59.8
(22-42)  classification ~ MSI-H (5), MPA,LNG-IUS, CRrateat32wk 4/6(66.7) 3/5(60.0) 49/78(62.8) 0/1(0.0)
panel[46]  TP53wt (78), LNG-IUS+oral qyerallCRrate 5/6(83.3) 5/5(100.0) 75/78(96.2) 0/1(0.0) (19:1-104.0)

TP53abn (1) MA,GnRH-a+ po0,ence rate 0/5 (0.0) 3/5(60.0) 9/75 (12.0) - wk
oral letrozole after CR

CNH, copy number-high; CNL, copy number-low; CR, complete response; EAH, endometrial atypical hyperplasia; EC, endometrial carcinoma; EEC,
endometrioid endometrial cancer; GnRH-a, gonadotropin-releasing hormone analogues; IVF-ET: in vitro fertilization-embryo transfer; LNG-1US, levonorgestrel
releasing intrauterine system; MA, megestrol acetate; MMRd (MMR-D), mismatch repair deficient; MPA, medroxyprogesterone acetate; MSI-H, microsatellite
instability-high; NSMP, non-specific molecular profile; p53wt, p53 wild type; p53abn, p53 abnormal; PR, partial response; ProMisE, Proactive Molecular Risk
Classifier for Endometrial Carcinoma; POLE EDM, polymerase-¢ exonuclease domain mutation; POLEmut, POLE ultramutated; TP53abn, null/missense p53
mutation; TP53wt, wild-type p53; TCGA, The Cancer Genome Atlas; WHO, World Health Organization.

“Two of these 3 patients were lost to follow-up, and one patient progress disease at 19.43 weeks.

TThese patients include those who were initially diagnosed with EC and those who progressed to EC during the course of treatment.
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1. Outcome of POLEmut patients

Generally speaking, patients with POLEmut have a favorable prognosis and a low recurrence
rate, which may be related to the immunogenicity caused by the high mutation load,
allowing for conservative treatment approaches [47]. In most studies, the POLEmut group
exhibited the favorable outcomes of fertility-sparing treatment and all of them could achieve
CR regardless of histological type and therapeutic regimen [35,38,43]. POLE mutations are
uncommon because most individuals receiving fertility-sparing treatment are G1 EEC [48];
in fact, several studies reported only 1-2 POLEmut instances or none at all [39-41,44]. In these
individual cases, some POLEmut patients experienced failure of fertility-sparing treatment.

In Chung et al.’s study [39], among 2 patients with POLEmut, one experienced relapsed

after 66 months of CR, and the other had disease progression during drug treatment. Both
patients ultimately underwent hysterectomy. In general, the POLEmut group responds well to
conservative treatment, and the majority of them achieve CR after fertility-sparing treatment.
Some research, however, indicated a poor prognosis and showed that this group might not be
sensitive to progestogen-based therapy; the application of GnRH-a and letrozole as the initial
therapy yielded greater benefits than progesterone [45]. More clinical evidence is required to
determine the best therapeutic regimen for POLEmut patients.

2. Outcome of MMRd patients

Because MMRd type patients exhibit low expression of estrogen receptor (ER) and
progesterone receptor (PR), the progesterone efficacy in these patients may be poor [49].
Studies have found that MMRd patients show a poor overall response, and their CR/PR rate
is significantly lower than that of patients with NSMP [39,41]. In addition, MMR deficiency
appeared to specifically predict EC/EAH recurrence [50]. A systematic review by Zhang et al.
[51] also showed that EC/EAH patients with the MMRd subtype have a low remission rate and
high recurrence rate after fertility-sparing treatment. It was found that MMRd patients had
the highest positive rate of PD-L1 expression [43]. Although immune checkpoint inhibitor,
such as PD-1 inhibitors, are not currently used in the women’s fertility-sparing management,
they represent a promising therapeutic strategy [52]. In addition, there have been cases of
pregnancy after immunotherapy [53].

Some patients with MMR deficiency have germline mutations in the MMR gene, which is
referred to as Lynch syndrome (LS), 25%-60% women with LS will develop EC during their
lifetimes [54]. Studies have shown that women with LS can also achieve CR after fertility-
sparing treatment [55], and some have even successfully conceived and delivered [56].
However, such patients often relapse after CR and eventually undergo hysterectomy [57].
Although most LS patients can achieve CR after initial fertility-sparing treatment, they

are highly likely to experience relapse, and the outcomes of treatment after relapse are not
favorable and may even progress rapidly [58]. Therefore, the LS population requires vigilant
monitoring for recurrence and progression during fertility-sparing treatment, and surgical
intervention can be considered once recurrence occurs.

3. Outcome of NSMP patients

The positive rates of ER and PR are 92% and 83.9% in this subtype, respectively [59]. Therefore,
hormone therapy is most likely to be beneficial for NSMP ECs. However, the CR rate in NSMP
patients after progesterone treatment varies from 63% to 96.2% across different studies
[38,39,41,43,46]. Overall, NSMP responds well to fertility-sparing treatment, but the fluctuation
in CR rates may be attributed to heterogeneity within the NSMP group. It is imperative to
conduct detailed and stratified management for NSMP patients who wish to preserve fertility.

https://doi.org/10.3802/jg0.2025.36.€123 6/17
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4. Outcome of p53abn patients

According to the TCGA study, copy-number high group, in which 7P53 mutations are frequent
observed is generally more biologically aggressive and associated with a poor prognosis,

often progressing or relapsing in a shorter period of time [60]. This group exhibits the

lowest positive rate of ER and PR, at 67.4% and 44.7%, respectively [59]. Consequently, these
patients have the lowest CR rate after fertility-sparing treatment [43], and the proportion of
recurrence as well as the eventual need for surgical resection is high [36]. Although there is
limited clinical data about fertility-sparing treatment for p53abn EC/EAH, the prognosis and
molecular characteristics of this subtype do not favor conservative treatment.

GENE MUTATION MARKERS TO PREDICT
FERTILITY-SPARING TREATMENT OUTCOMES

To better explore the prognosis of the disease, researchers have been striving to further refine
and stratify the existing molecular classification of EC [61]. Genetic mutations are often
observed among molecular classifications of EC. POLEmut group is associated with mutations
in POLE, PTEN, FBXW7, PIK3R1, PIK3CA, TP53, KRAS, DMD, CSMDI and FAT4 [34,62]. The MMRd
group is linked to mutations in the MMR gene (MLH1, MSH6, MSH2 or PMS2), PTEN, KRAS,
PIK3R1, PIK3CA, RPL22 and ARIDIA. Regarding the NSMP group, it is relevant to alterations in
CTNNBI, PIK3RI1, PIK3CA, ARIDIA and PTEN genes. Lastly, the p5S3abn group is characterized

by mutations in TP53, PIK3CA, FBXW7 and PPP2RIA [34,62,63]. For these common gene
mutations associated with EC, we reviewed the existing literature related on fertility-sparing
treatment and summarized the information of mutated genes in Table 2 [25,31,45,62,64-72].

1. PTEN

PTEN is a tumor suppressor gene, and its inactivation serves as a major driver of EC,
with somatic mutations occurring in 69%-80% of EEC [66]. PTEN is involved in the
phosphoinositide 3-kinase (PI3K) pathway, which is associated with progesterone
insensitivity. The study revealed that PTEN mutation may predict a poor prognosis of
progesterone-based fertility-sparing treatment. The mutant group exhibited a lower CR
rate and a longer treatment duration to achieve CR [45], along with a higher cumulative
recurrence rate one year after CR [44].

2. KRAS

KRAS mutation is associated with the occurrence, progression and invasion of EEC, and
influences the mitogen-activated protein kinase, PI3K, and the Ral-GEFs pathway [68]. It can
also cause hypermethylation changes [65]. In a study on fertility-sparing treatment for EC/EAH,

Table 2. Information regarding genetic mutations linked to molecular classification in fertility-sparing treatment

Mutated genes Molecular classification [25,62] Associated mutation Signaling pathway

PTEN POLEmut, MMRd, NSMP PIK3CA, MSH6 [64] MAPK [65], PI3K/AKT/mTOR [66]
KRAS POLEmut, MMRd, NSMP [67] MLH1 hypermethylation [65] MAPK, PI3K/AKT/mTOR, Ral-GEFs [68]
PIK3CA POLEmut, MMRd, NSMP, p53abn PTEN, POLE [64] P13K/AKT/mTOR

POLE POLEmut PTEN [67] WNT, AMF/PGI, AMFR/gp78 [69]
TP53 p53abn, POLEmut, MMRd [45] PIK3CA [62] P53

MSI MMRd PIK3CA, CTNNB1, MMR [70] P13K/AKT/mTOR, NOTCH, WNT [70]
CTNNB1 NSMP PTEN, KRAS [71] WNT [71]

ARID1A MMRd, POLEmut [31], NSMP PTEN, PIK3CA, MLH1 hypermethylation [72] ~ PI3K/AKT/mTOR, DRR [64]

MMRd, mismatch repair deficient; NSMP, non-specific molecular profile; p53abn, p53 abnormal; POLEmut, POLE ultramutated.

https://ejgo.org
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KRAS mutation did not significantly impact CR rates [44]. Xu et al. [45] demonstrated that
KRAS mutations were significantly correlated with disease progression in ECs and patients
who progressed to EC during fertility-sparing treatment, however, there was no difference in
CR rates at 16 weeks and 32 weeks.

3. PIK3CA

PIK3CA is one of the most frequently mutated genes in EC, often co-occurring with mutations
in PTEN and POLE [64]. Studies have found that although there was no significant difference
in cumulative CR rate and cumulative live birth rate between the PIK3CA mutant group and
non-mutant group after fertility-sparing treatment [44], the time taken for the mutant group
to achieve CR was longer, and multi-factor regression analysis suggested that it may be an
independent predictor of a lower cumulative CR rate [45].

4. CTNNBI1

In G1-G2 EC, CTNNBI mutation occur in up to 50%, which is usually occur in NSMP

tumors [73]. It is associated with the WNT pathway and can cooperate with PTEN and KRAS
mutations [71]. Activation of WNT pathway is associated with tumor proliferation and
progression. Current studies have generally demonstrated that CTNNBI mutation leaded to

a higher risk of recurrence in early-stage low-grade EC [71]. At present, the significance of
CTNNBI in the fertility-sparing treatment of EC has not been established, but it has important
potential value for refining and stratifying of NSMP group.

5. ARID1A

ARIDIA is a tumor suppressor gene involved in chromatin remodeling and is associated
with PI3K and DRR signaling pathways [64]. There was a strong correlation between
ARIDIA deletion and sporadic microsatellite instability, but not with Lynch-associated
tumors. It acts as a causative gene for microsatellite instability by contributing to epigenetic
silencing of MLHI genes in EC [72]. The study found that genomic alterations in ARIDIA
were synchronized with its RNA and protein expression levels in EC, and showed reduced
transcription levels of PR [74]. Therefore, EC/EAH with ARIDIA mutations may not respond
well to hormone therapy.

IMMUNOHISTOCHEMICAL MARKERS TO PREDICT
FERTILITY-SPARING TREATMENT OUTCOMES

1. ER and PR

PR and ER are the most comprehensively studied prognostic factors in the fertility-
sparing treatment of EC/EAH, high PR expression before treatment is associated with
better response, while low PR levels during follow-up period suggest a better response
[75]. Among them, increased expression of progesterone receptor B (PRB) and reduced
expression of progesterone receptor A (PRA) during the follow-up are related to relapse after
treatment [76]. PRB is currently the most promising marker for predicting the outcome

of fertility-sparing treatment. As for ER, its initial level does not seem to correlate with
treatment outcome [77,78], but low levels of ER indicate the likelihood of relapse after CR
[79]. In addition, Raffone et al. [77] found that ER and PR were predictive biomarkers only
when intrauterine progesterone was used and could not be used to predict the outcome of
oral progesterone therapy.

https://doi.org/10.3802/jg0.2025.36.€123 8/17
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2. Ki-67

Ki-67 is regarded as a marker of cell proliferation, and its increase generally indicates tumor
progression, metastasis, and poor prognosis. Initial high levels of Ki-67 did not appear to
be significantly associated with remission after fertility-sparing treatment of EC/EAH [80],
but are more common in groups that relapse after CR [79]. MMRd group is found with

high expression of Ki-67, which may explain why this group is faced with the recurrence of
fertility-sparing treatment [49]. Furthermore, study have found that higher Ki-67 expression
after treatment also predicts a poor response to fertility-sparing treatment [81] and a higher
likelihood of recurrence [80].

3. PTEN

The involvement of PTEN, an activator of the PI3K/AKT/mTOR pathway is found to be a
potential indicator of the failure in fertility-sparing treatment for EC/EAH. However, the
absence of PTEN expression alone does not have significant prognostic value [82]. When
PTEN is abnormally expressed along with other molecules in this pathway, such as p-AKT,
it is more likely to be unresponsive to fertility-sparing treatment [83]. PR, an important
target of fertility-sparing treatment, is also related to the PI3K/AKT/mTOR pathway [84].
The interaction between different molecules in this pathway is an important research
direction for predicting prognosis after fertility-sparing treatment.

4. L1CAM

Overexpression of LICAM was most prevalent in the p53abn subgroup [85]. It was found
that the prognosis of LICAM overexpression group in NSMP was similar to that of p53abn
subgroup [86]. Studies have shown that LICAM expression depends on TGF-f and WNT
signaling pathways, and their activity was normally inhibited by progesterone [85,87].
Therefore, PR expression may be lower in the LICAM overexpression group, although there
is no direct study evidence of LICAM in EC/EAH fertility-sparing treatment, we speculate
that the NSMP-L1CAM positive subgroup may not respond well to hormone therapy. This
provides a target for hierarchical management of NSMP groups.

Als TO PREDICT FERTILITY-SPARING TREATMENT
OUTCOMES

At present, the applications of Al in ECs mainly focus on the prediction of genetic and molecular
information based on hematoxylin and eosin (H&E)-stained whole slide images (WSIs),

with preliminary research also being conducted on the prediction of response after fertility-
sparing treatment. It is difficult for pathologists to distinguish the molecular classification
and the microsatellite status of EC based on morphology alone, however, Al technology
could, and it also has provided us with some connections between molecular classification
and morphological characteristics [88-90]. Using WSIs, a specific multi-resolution deep
convolutional neural network can forecast 18 frequent gene mutations as well as the
histological and molecular classification of EC [91]. Al technology can detect morphological
features that humans do not notice, and the prediction of fertility-sparing treatment for
EC/EAH is also related to pathomorphology. Morular metaplasia is a benign metaplasia of
endometrium, and favorable fertility-sparing treatment outcomes have been discovered
when MM occurs before treatment and disappears after it [92]. Based on the morphological
characteristics of WSIs in endometrial tissue samples, the unsupervised deep learning model
has been used to predict patients’ response to hormone therapy with a AUC of 0.79 [93].
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CHALLENGE AND FUTURE DIRECTIONS

Based on the results of existing studies on fertility-sparing treatment of EC and EAH,
we summarized the results of some feasible markers in Fig. 2.

Through literature review, we discovered that molecular classification does play an essential
role in the fertility-sparing treatment for EC/EAH. Currently, FIGO 2023 recommends
comprehensive molecular classification to be encouraged in all EC cases, as a potential factor
in risk stratification and treatment options [29]. According to the new staging criteria, the

Endometrial sampling at diagnosis (biopsies or D&C)

Gene mutation markers

A Pathological evaluation C

D Immunohistochemical markers
B Molecular classification PRY
. :
| POLEmut |—>| Good response | A=, SI67E
Poor response Identify E Artificial intelligences
and high =+ lynch
recurrence syndrome

NSMP

Overall good response but need to

be combined with other

markers

| P53abn |—>|

Poor response

Endometrial sampling at follow-up (biopsies or D&C)

A

Pathological evaluation

D Immunohistochemical markers

Good response

Poor response and
high recurrence

Fig. 2. Prediction of fertility-sparing treatment for endometrial cancer and endometrial atypical hyperplasia.
D&C, dilation and curettage; ER, estrogen receptor; MMRd, mismatch repair deficiency; NSMP, non-specific molecular profile; p53abn, p53 abnormal; POLEmut,
POLE ultramutated; PR, progesterone receptor.
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stage I-1I POLEmut EC is changed to IAmporgm, Which provides more conservative treatment
possibilities for this group [29]. It is generally believed that MMRd patients may have a

poor response to hormone therapy due to its low PR level and have a high recurrence rate
after CR [41]. The role of immune checkpoint inhibitors in the fertility-sparing treatments

of this group is worth exploring. There is significant heterogeneity of NSMP tumors, and
specific gene or immunohistochemical markers need to be introduced in the future to better
rationalize stratified management and precision therapy. However, fertility-sparing treatment
is generally not recommended for the p53abn group.

Compared with ER, PR plays a more important role in the fertility-sparing treatment of EC/
EAH [78] and it has the potential to appropriately expand the application of treatment for G2
EEC with high PR expression [94]. Therefore, the PI3K/AKT/mTOR pathway, which is related
to PR, is a key target for identifying biomarkers of progesterone-based fertility-sparing
treatment. As we know, PTEN, KRAS and PIK3CA mutations in this pathway seemed to predict
a poor response to progesterone therapy [44]. In addition, increased Ki-67 expression is
associated with relapse after treatment [44,79], providing a risk basis for detecting disease
recurrence. At present, there is no direct evidence for the role of CTNNBI and ARIDIA
mutations, as well as LICAM expression in fertility-sparing treatment for EC/EAH.

However, they are very promising biomarkers, which are expected to further accurately
predict fertility-sparing treatment outcomes based on molecular classification. Furthermore,
these genetic and immunohistochemical markers are associated with the pathogenesis of EC,
and their abnormalities can indicate the possibility of potential tumors in biopsy samples to
pathologists, which is helpful for clinical diagnosis.

H&E-stained pathological images provide the most intuitive representation of the
characteristics of disease, however, due to the complexity of shape and the subjective
nature of interpretation, it is challenging to find out the relationship between pathologic
characteristics and the extent of response to fertility-sparing treatment for EC/EAH.

The classification of grade in endometrial biopsy specimens can occasionally be difficult to
interpret due to the small sample size. The application of Al is anticipated to make a more
objective diagnosis and screen a larger range of patients who can receive fertility-sparing
treatment [95]. Al technology can also predict molecular information based on morphology,
and suggest the morphological changes that may indicate underlying molecular alterations
[90], significantly reducing the cost and time of molecular detection. In the future,

Al technology may also provide us more insights into therapy responsiveness and
pathological morphology, which combining molecular information can achieve more
objective and accurate prediction effects.

Historically, histology and immunohistochemistry have been used to forecast fertility-sparing
effectiveness, but the outcomes have not been satisfactory. The relationship between
morphology and therapeutic outcome is subjective and not highly significant. Currently,

the use of hormone receptors alone to forecast response is likewise restricted, insufficient,
and imprecise [15,77]. It is necessary to introduce new technologies like genetic testing and
molecular classification. The proliferation of next-generation sequencing has led to a steady
rationalization and control of the cost of genetic testing, with an average price of $1,297

in one Canadian count for molecular classification, which varies across countries and test
platforms [96]. Additionally, identifying POLE pathogenic mutations combined with MMR
and P53 proteins to interpret molecular classification is a more cost-effective approach and
has universal clinical applicability [97]. Nowadays, most clinicians think that molecular
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detection is essential [98]. In a cost-effectiveness analysis, they found that molecular
testing for high-risk early-stage EC is cost-effective, especially for POLEmut [99]. Molecular
detections can expand the indications of fertility-sparing treatment, increase the success
rate, reduce the recurrence rate, and have significant long-term economic benefits [99,100].
Besides, due to the long treatment period and hardship in follow-up, patients’ final fertility
outcomes after fertility-sparing treatment have seldom been fully tracked. In future studies,
we need more follow-up data to analyze whether there are differences in fertility outcomes
among patients with different molecular classifications and gene mutations.

CONCLUSION

Although pathological examination still occupies a central position in the assessment

of fertility-sparing treatment for EC and EAH, the introduction and application of other
assessment methods are gradually changing the evaluation model in this field. In recent
years, there has been an increasing focus on the study and application of molecular
classification, gene detection, protein expression and Al with molecular classification

being particularly notable. However, heterogeneity within molecular groups requires more
specific biomarkers and pathomorphology to distinguish. Conservative management of

EC is becoming increasingly practiced in clinic, and it is time to further explore prognostic
predictors of fertility-sparing treatment. More research data are needed to support
prognostic predictor’s introduction into clinical practice. With the continuous advancement
of medical technology and the development of multidisciplinary integration, the assessment
of fertility-sparing treatment will become more comprehensive, accurate, and personalized.

ACKNOWLEDGEMENTS

We greatly acknowledge the Department of Science and Technology ofJilin Province and
Department of Finance ofJilin Province for funding this project.

REFERENCES

1. Passarello K, Kurian S, Villanueva V. Endometrial cancer: an overview of pathophysiology, management,
and care. Semin Oncol Nurs 2019;35:157-65. PUBMED | CROSSREF

2. Lucchini SM, Esteban A, Nigra MA, Palacios AT, Alzate-Granados JP, Borla HF. Updates on conservative
management of endometrial cancer in patients younger than 45 years. Gynecol Oncol 2021;161:802-9.
PUBMED | CROSSREF

3. Ruiz MP, Huang Y, Hou JY, Tergas Al, Burke WM, Ananth CV, et al. All-cause mortality in young women
with endometrial cancer receiving progesterone therapy. Am J Obstet Gynecol 2017;217:669.e1-13.
PUBMED | CROSSREF

4. Doherty MT, Sanni OB, Coleman HG, Cardwell CR, McCluggage WG, Quinn D, et al. Concurrent and
future risk of endometrial cancer in women with endometrial hyperplasia: a systematic review and meta-
analysis. PLoS One 2020;15:e0232231. PUBMED | CROSSREF

S. Obermair A, Baxter E, Brennan DJ, McAlpine JN, Muellerer JJ, Amant F, et al. Fertility-sparing treatment
in early endometrial cancer: current state and future strategies. Obstet Gynecol Sci 2020;63:417-31.
PUBMED | CROSSREF

6. Zhou H, Cao D, Yang]J, Shen K, LangJ. Gonadotropin-releasing hormone agonist combined with a
levonorgestrel-releasing intrauterine system or letrozole for fertility-preserving treatment of endometrial
carcinoma and complex atypical hyperplasia in young women. Int ] Gynecol Cancer 2017;27:1178-82.
PUBMED | CROSSREF

https://ejgo.org https://doi.org/10.3802/jg0.2025.36.€123 12/17


http://www.ncbi.nlm.nih.gov/pubmed/30867105
https://doi.org/10.1016/j.soncn.2019.02.002
http://www.ncbi.nlm.nih.gov/pubmed/33892887
https://doi.org/10.1016/j.ygyno.2021.04.017
http://www.ncbi.nlm.nih.gov/pubmed/28844824
https://doi.org/10.1016/j.ajog.2017.08.007
http://www.ncbi.nlm.nih.gov/pubmed/32343732
https://doi.org/10.1371/journal.pone.0232231
http://www.ncbi.nlm.nih.gov/pubmed/32689770
https://doi.org/10.5468/ogs.19169
http://www.ncbi.nlm.nih.gov/pubmed/28562472
https://doi.org/10.1097/IGC.0000000000001008

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Navigating the future of fertility preservation

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Wang Y, Zhao ], Chen X, Zhang F, Li X. Aspirin use and endometrial cancer risk: a meta-analysis and

systematic review. Ann Transl Med 2020;8:461. PUBMED | CROSSREF

. Mitsuhashi A, Kawasaki Y, Hori M, Fujiwara T, Hanaoka H, Shozu M. Medroxyprogesterone acetate plus

metformin for fertility-sparing treatment of atypical endometrial hyperplasia and endometrial carcinoma:
trial protocol for a prospective, randomised, open, blinded-endpoint design, dose-response trial
(FELICIA trial). BMJ Open 2020;10:¢035416. PUBMED | CROSSREF

. Shao F, LiY, Zhao Y. Progestin plus metformin improves outcomes in patients with endometrial

hyperplasia and early endometrial cancer more than progestin alone: a meta-analysis. Front Endocrinol
(Lausanne) 2023;14:1139858. PUBMED | CROSSREF

Guan J, Chen XJ. The present status of metformin in fertility-preserving treatment in atypical endometrial
hyperplasia and endometrioid endometrial cancer. Front Endocrinol (Lausanne) 2022;13:1041535.
PUBMED | CROSSREF

LiJ, Liu R, Sun Z, Tang S, Wang L, Liu C, et al. The association between statin use and endometrial cancer
survival outcome: a meta-analysis. Medicine (Baltimore) 2018;97:€13264. PUBMED | CROSSREF

Uccella S, Zorzato PC, Dababou S, Bosco M, Torella M, Braga A, et al. Conservative management of
atypical endometrial hyperplasia and early endometrial cancer in childbearing age women. Medicina
(Kaunas) 2022;58:1256. PUBMED | CROSSREF

Floyd JL, Campbell S, Rauh-Hain JA, Woodard T. Fertility preservation in women with early-stage
gynecologic cancer: optimizing oncologic and reproductive outcomes. Int ] Gynecol Cancer 2021;31:345-
51. PUBMED | CROSSREF

Abu-Rustum N, Yashar C, Arend R, Barber E, Bradley K, Brooks R, et al. Uterine neoplasms, version
1.2023, NCCN clinical practice guidelines in oncology. ] Natl Compr Canc Netw 2023;21:181-209.
PUBMED | CROSSREF

Rodolakis A, Scambia G, Planchamp F, Acien M, Di Spiezio Sardo A, Farrugia M, et al. ESGO/ESHRE/
ESGE Guidelines for the fertility-sparing treatment of patients with endometrial carcinoma. Hum Reprod
Open 2023;2023:ho0ac057. PUBMED | CROSSREF

Falcone F, Leone Roberti Maggiore U, Di Donato V, Perrone AM, Frigerio L, Bifulco G, et al. Fertility-
sparing treatment for intramucous, moderately differentiated, endometrioid endometrial cancer: a
Gynecologic Cancer Inter-Group (GCIG) study. ] Gynecol Oncol 2020;31:€74. PUBMED | CROSSREF

Kashihara Y, Sekiyama K, Abe A, Yamamura A, Kozono Y, Okuda A, et al. Successful fertility preservation
in stage II endometrial carcinoma with long-term progestin therapy: a case report. Gynecol Oncol Rep
2024;52:101357. PUBMED | CROSSREF

Wei H, Pan N, Zhang W, Xiong G, Guo W, Dong Z, et al. Levonorgestrel-releasing intrauterine system-
based therapies for early-stage endometrial cancer: a systematic review and meta-analysis. ] Gynecol
Oncol 2023;34:e36. PUBMED | CROSSREF

Herrera Cappelletti E, Humann J, Torrejon R, Gambadauro P. Chances of pregnancy and live birth among
women undergoing conservative management of early-stage endometrial cancer: a systematic review and
meta-analysis. Hum Reprod Update 2022;28:282-95. PUBMED | CROSSREF

LaRosa VL, Garzon S, Gullo G, Fichera M, Sisti G, Gallo P, et al. Fertility preservation in women affected
by gynaecological cancer: the importance of an integrated gynaecological and psychological approach.
Ecancermedicalscience 2020;14:1035. PUBMED | CROSSREF

Ushijima K, Tsuda N, Yamagami W, Mitsuhashi A, Mikami M, Yaegashi N, et al. Trends and
characteristics of fertility-sparing treatment for atypical endometrial hyperplasia and endometrial
cancer in Japan: a survey by the Gynecologic Oncology Committee of the Japan Society of Obstetrics and
Gynecology. ] Gynecol Oncol 2023;34:e38. PUBMED | CROSSREF

Murakami I, Machida H, Morisada T, Terao Y, Tabata T, Mikami M, et al. Effects of a fertility-sparing re-
treatment for recurrent atypical endometrial hyperplasia and endometrial cancer: a systematic literature
review. ] Gynecol Oncol 2023;34:e49. PUBMED | CROSSREF

Gunderson CC, Fader AN, Carson KA, Bristow RE. Oncologic and reproductive outcomes with progestin
therapy in women with endometrial hyperplasia and grade 1 adenocarcinoma: a systematic review.
Gynecol Oncol 2012;125:477-82.  PUBMED | CROSSREF

FanY, Li X, Wang J, Wang Y, Tian L, Wang J. Analysis of pregnancy-associated factors after fertility-
sparing therapy in young women with early stage endometrial cancer or atypical endometrial hyperplasia.
Reprod Biol Endocrinol 2021;19:118.  PUBMED | CROSSREF

Cancer Genome Atlas Research Network, Kandoth C, Schultz N, Cherniack AD, Akbani R, Liu Y, et al.
Integrated genomic characterization of endometrial carcinoma. Nature 2013;497:67-73. PUBMED | CROSSREF

Talhouk A, McConechy MK, Leung S, Yang W, Lum A, Senz J, et al. Confirmation of ProMisE: a simple,
genomics-based clinical classifier for endometrial cancer. Cancer 2017;123:802-13. PUBMED | CROSSREF

https://ejgo.org https://doi.org/10.3802/jg0.2025.36.€123 13/17


http://www.ncbi.nlm.nih.gov/pubmed/32395505
https://doi.org/10.21037/atm.2020.03.125
http://www.ncbi.nlm.nih.gov/pubmed/32114477
https://doi.org/10.1136/bmjopen-2019-035416
http://www.ncbi.nlm.nih.gov/pubmed/37415671
https://doi.org/10.3389/fendo.2023.1139858
http://www.ncbi.nlm.nih.gov/pubmed/36387903
https://doi.org/10.3389/fendo.2022.1041535
http://www.ncbi.nlm.nih.gov/pubmed/30461633
https://doi.org/10.1097/MD.0000000000013264
http://www.ncbi.nlm.nih.gov/pubmed/36143933
https://doi.org/10.3390/medicina58091256
http://www.ncbi.nlm.nih.gov/pubmed/32565487
https://doi.org/10.1136/ijgc-2020-001328
http://www.ncbi.nlm.nih.gov/pubmed/36791750
https://doi.org/10.6004/jnccn.2023.0006
http://www.ncbi.nlm.nih.gov/pubmed/36756380
https://doi.org/10.1093/hropen/hoac057
http://www.ncbi.nlm.nih.gov/pubmed/32808500
https://doi.org/10.3802/jgo.2020.31.e74
http://www.ncbi.nlm.nih.gov/pubmed/38469132
https://doi.org/10.1016/j.gore.2024.101357
http://www.ncbi.nlm.nih.gov/pubmed/36731895
https://doi.org/10.3802/jgo.2023.34.e36
http://www.ncbi.nlm.nih.gov/pubmed/34935045
https://doi.org/10.1093/humupd/dmab041
http://www.ncbi.nlm.nih.gov/pubmed/32419847
https://doi.org/10.3332/ecancer.2020.1035
http://www.ncbi.nlm.nih.gov/pubmed/36659833
https://doi.org/10.3802/jgo.2023.34.e38
http://www.ncbi.nlm.nih.gov/pubmed/36929578
https://doi.org/10.3802/jgo.2023.34.e49
http://www.ncbi.nlm.nih.gov/pubmed/22245711
https://doi.org/10.1016/j.ygyno.2012.01.003
http://www.ncbi.nlm.nih.gov/pubmed/34344384
https://doi.org/10.1186/s12958-021-00808-y
http://www.ncbi.nlm.nih.gov/pubmed/23636398
https://doi.org/10.1038/nature12113
http://www.ncbi.nlm.nih.gov/pubmed/28061006
https://doi.org/10.1002/cncr.30496

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Navigating the future of fertility preservation

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Talhouk A, McConechy MK, Leung S, Li-Chang HH, Kwon JS, Melnyk N, et al. A clinically applicable
molecular-based classification for endometrial cancers. Br ] Cancer 2015;113:299-310. PUBMED | CROSSREF

Masood M, Singh N. Endometrial carcinoma: changes to classification (WHO 2020). Diagn Histopathol
2021;27:493-9. CROSSREF

Berek JS, Matias-Guiu X, Creutzberg C, Fotopoulou C, Gaffney D, Kehoe S, et al. FIGO staging of
endometrial cancer: 2023. ] Gynecol Oncol 2023;34:e85. PUBMED | CROSSREF

Raffone A, Travaglino A, Gabrielli O, Micheli M, Zuccala V, Bitonti G, et al. Clinical features of ProMisE
groups identify different phenotypes of patients with endometrial cancer. Arch Gynecol Obstet
2021;303:1393-400. PUBMED | CROSSREF

Asami Y, Kobayashi Kato M, Hiranuma K, Matsuda M, Shimada Y, Ishikawa M, et al. Utility of molecular
subtypes and genetic alterations for evaluating clinical outcomes in 1029 patients with endometrial
cancer. BrJ Cancer 2023;128:1582-91. PUBMED | CROSSREF

Britton H, Huang L, Lum A, Leung S, Shum K, Kale M, et al. Molecular classification defines outcomes
and opportunities in young women with endometrial carcinoma. Gynecol Oncol 2019;153:487-95.
PUBMED | CROSSREF

Colombo N, Preti E, Landoni F, Carinelli S, Colombo A, Marini C, et al. Endometrial cancer: ESMO
clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol 2013;24 Suppl 6:vi33-8.
PUBMED | CROSSREF

Contreras NA, Sabadell J, Verdaguer P, Julia C, Fernandez-Montoli ME. Fertility-sparing approaches in
atypical endometrial hyperplasia and endometrial cancer patients: current evidence and future directions.
IntJ Mol Sci 2022;23:2531. PUBMED | CROSSREF

Falcone F, Normanno N, Losito NS, Scognamiglio G, Esposito Abate R, Chicchinelli N, et al. Application
of the Proactive Molecular Risk Classifier for Endometrial Cancer (ProMisE) to patients conservatively
treated: outcomes from an institutional series. Eur ] Obstet Gynecol Reprod Biol 2019;240:220-5.
PUBMED | CROSSREF

Puechl AM, Spinosa D, Berchuck A, Secord AA, Drury KE, Broadwater G, et al. Molecular classification
to prognosticate response in medically managed endometrial cancers and endometrial intraepithelial
neoplasia. Cancers (Basel) 2021;13:2847. PUBMED | CROSSREF

Stelloo E, Nout RA, Naves LC, Ter Haar NT, Creutzberg CL, Smit VT, et al. High concordance of molecular
tumor alterations between pre-operative curettage and hysterectomy specimens in patients with
endometrial carcinoma. Gynecol Oncol 2014;133:197-204. PUBMED | CROSSREF

Zhang X, Chen D, Zhao X, Wang C, He Y, Chen Y, et al. Application of molecular classification to guiding
fertility-sparing therapy for patients with endometrial cancer or endometrial intraepithelial neoplasia.
Pathol Res Pract 2023;241:154278. PUBMED | CROSSREF

Chung YS, Woo HY, Lee JY, Park E, Nam EJ, Kim S, et al. Mismatch repair status influences response to
fertility-sparing treatment of endometrial cancer. Am J Obstet Gynecol 2021;224:370.e1-13. PUBMED |
CROSSREF

Ran X, Hu T, Li Z. Molecular classification in patients with endometrial cancer after fertility-preserving
treatment: application of ProMisE classifier and combination of prognostic evidence. Front Oncol
2022;12:810631. PUBMED | CROSSREF

Dagher C, Manning-Geist B, Ellenson LH, Weigelt B, Rios-Doria E, Barry D, et al. Molecular subtyping in
endometrial cancer: a promising strategy to guide fertility preservation. Gynecol Oncol 2023;179:180-7.
PUBMED | CROSSREF

Rios-Doria E, Momeni-Boroujeni A, Friedman CF, Selenica P, Zhou Q, Wu M, et al. Integration of clinical
sequencing and immunohistochemistry for the molecular classification of endometrial carcinoma.
Gynecol Oncol 2023;174:262-72.  PUBMED | CROSSREF

Lv X, Guo L, Wang C. Efficacy of fertility-sparing treatment with LNG-IUS is associated with different
ProMisE subtypes of endometrial carcinoma or atypical endometrial hyperplasia. ] Gynecol Oncol
2024;35:€27. PUBMED | CROSSREF

Xue Y, DongY, Lou Y, Lv Q, Shan W, Wang C, et al. PTEN mutation predicts unfavorable fertility
preserving treatment outcome in the young patients with endometrioid endometrial cancer and atypical
hyperplasia. ] Gynecol Oncol 2023;34:€53. PUBMED | CROSSREF

Xu'Y, Zhao M, Zhang L, Wang T, Wang B, Xue Y, et al. Outcomes of fertility preservation treatments in
patients with endometrial cancer with different molecular classifications based on an NGS panel. Front
Oncol 2023;13:1282356. PUBMED | CROSSREF

Rao Q, LiaoJ, LiY, Zhang X, Xu G, Zhu C, et al. Application of NGS molecular classification in the
diagnosis of endometrial carcinoma: a supplement to traditional pathological diagnosis. Cancer Med
2023;12:5409-19. PUBMED | CROSSREF

https://ejgo.org https://doi.org/10.3802/jg0.2025.36.€123 14/17


http://www.ncbi.nlm.nih.gov/pubmed/26172027
https://doi.org/10.1038/bjc.2015.190
https://doi.org/10.1016/j.mpdhp.2021.09.003
http://www.ncbi.nlm.nih.gov/pubmed/37593813
https://doi.org/10.3802/jgo.2023.34.e85
http://www.ncbi.nlm.nih.gov/pubmed/33754186
https://doi.org/10.1007/s00404-021-06028-4
http://www.ncbi.nlm.nih.gov/pubmed/36797358
https://doi.org/10.1038/s41416-023-02203-3
http://www.ncbi.nlm.nih.gov/pubmed/30922603
https://doi.org/10.1016/j.ygyno.2019.03.098
http://www.ncbi.nlm.nih.gov/pubmed/24078661
https://doi.org/10.1093/annonc/mdt353
http://www.ncbi.nlm.nih.gov/pubmed/35269674
https://doi.org/10.3390/ijms23052531
http://www.ncbi.nlm.nih.gov/pubmed/31326637
https://doi.org/10.1016/j.ejogrb.2019.07.013
http://www.ncbi.nlm.nih.gov/pubmed/34200374
https://doi.org/10.3390/cancers13112847
http://www.ncbi.nlm.nih.gov/pubmed/24556061
https://doi.org/10.1016/j.ygyno.2014.02.012
http://www.ncbi.nlm.nih.gov/pubmed/36580798
https://doi.org/10.1016/j.prp.2022.154278
http://www.ncbi.nlm.nih.gov/pubmed/33039397
https://doi.org/10.1016/j.ajog.2020.10.003
http://www.ncbi.nlm.nih.gov/pubmed/35664732
https://doi.org/10.3389/fonc.2022.810631
http://www.ncbi.nlm.nih.gov/pubmed/37992549
https://doi.org/10.1016/j.ygyno.2023.11.006
http://www.ncbi.nlm.nih.gov/pubmed/37245486
https://doi.org/10.1016/j.ygyno.2023.05.059
http://www.ncbi.nlm.nih.gov/pubmed/38216133
https://doi.org/10.3802/jgo.2024.35.e27
http://www.ncbi.nlm.nih.gov/pubmed/36929579
https://doi.org/10.3802/jgo.2023.34.e53
http://www.ncbi.nlm.nih.gov/pubmed/38023131
https://doi.org/10.3389/fonc.2023.1282356
http://www.ncbi.nlm.nih.gov/pubmed/36341543
https://doi.org/10.1002/cam4.5363

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Navigating the future of fertility preservation

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Stasenko M, Tunnage I, Ashley CW, Rubinstein MM, Latham AJ, Da Cruz Paula A, et al. Clinical outcomes
of patients with POLE mutated endometrioid endometrial cancer. Gynecol Oncol 2020;156:194-202.
PUBMED | CROSSREF

Huvila J, Pors J, Thompson EF, Gilks CB. Endometrial carcinoma: molecular subtypes, precursors and the
role of pathology in early diagnosis. ] Pathol 2021;253:355-65. PUBMED | CROSSREF

Wang YQ, Kang N, Li LW, Wang ZQ, Zhou R, Shen DH, et al. Significance of molecular classification in
fertility-sparing treatment of endometrial carcinoma and atypical endometrial hyperplasia. Zhonghua Fu
Chan Ke Za Zhi 2022;57:692-700. PUBMED | CROSSREF

Raffone A, Catena U, Travaglino A, Masciullo V, Spadola S, Della Corte L, et al. Mismatch repair-deficiency
specifically predicts recurrence of atypical endometrial hyperplasia and early endometrial carcinoma after
conservative treatment: a multi-center study. Gynecol Oncol 2021;161:795-801. PUBMED | CROSSREF

Zhang T, Zhang X, Peng P, Yang]J. Fertility-sparing treatment in MSI-H/MMRd endometrial carcinoma
or atypical endometrial hyperplasia: a systematic review and meta-analysis. Eur ] Obstet Gynecol Reprod
Biol 2024;302:177-83. PUBMED | CROSSREF

Duma N, Lambertini M. It is time to talk about fertility and immunotherapy. Oncologist 2020;25:277-8.
PUBMED | CROSSREF

Braga A, Balthar E, Souza LCS, Samora M, Rech M, Madi JM, et al. Inmunotherapy in the treatment of
chemoresistant gestational trophoblastic neoplasia - systematic review with a presentation of the first 4
Brazilian cases. Clinics (Sao Paulo) 2023;78:100260. PUBMED | CROSSREF

Hampel H, Bennett RL, Buchanan A, Pearlman R, Wiesner GL; Guideline Development Group, American
College of Medical Genetics and Genomics Professional Practice and Guidelines Committee and National
Society of Genetic Counselors Practice Guidelines Committee. A practice guideline from the American
College of Medical Genetics and Genomics and the National Society of Genetic Counselors: referral
indications for cancer predisposition assessment. Genet Med 2015;17:70-87. PUBMED | CROSSREF

Lu KH, Loose DS, Yates MS, Nogueras-Gonzalez GM, Munsell MF, Chen LM, et al. Prospective
multicenter randomized intermediate biomarker study of oral contraceptive versus depo-provera for
prevention of endometrial cancer in women with Lynch syndrome. Cancer Prev Res (Phila) 2013;6:774-81.
PUBMED | CROSSREF

Marton I, Vranes HS, Sparac V, Maricic I, Kuna K, Kopjar M. Two cases of successful pregnancies after
hysteroscopic removal of endometrioid adenocarcinoma grade I, stage IA, in young women with Lynch
syndrome. ] Turk Ger Gynecol Assoc 2014;15:63-6. PUBMED | CROSSREF

Catena U, Della Corte L, Raffone A, Travaglino A, Lucci Cordisco E, Teodorico E, et al. Fertility-
sparing treatment for endometrial cancer and atypical endometrial hyperplasia in patients with Lynch
syndrome: molecular diagnosis after imnmunohistochemistry of MMR proteins. Front Med (Lausanne)
2022;9:948509. PUBMED | CROSSREF

Hsu YT, Chen CH. Progression of fertility-sparing treatment for atypical endometrial hyperplasia in a
woman with lynch syndrome: a case report and review of the literature. Front Oncol 2024;14:1422006.
PUBMED | CROSSREF

Karnezis AN, Leung S, Magrill J, McConechy MK, Yang W, Chow C, et al. Evaluation of endometrial
carcinoma prognostic immunohistochemistry markers in the context of molecular classification. J Pathol
Clin Res 2017;3:279-93.  PUBMED | CROSSREF

Raffone A, Travaglino A, Mascolo M, Carbone L, Guida M, Insabato L, et al. TCGA molecular groups of
endometrial cancer: pooled data about prognosis. Gynecol Oncol 2019;155:374-83. PUBMED | CROSSREF

Baxter E, Brennan DJ, McAlpine JN, Mueller JJ, Amant F, van Gent MDJM, et al. Improving response to
progestin treatment of low-grade endometrial cancer. Int ] Gynecol Cancer 2020;30:1811-23.  PUBMED |
CROSSREF

Ritterhouse LL, Howitt BE. Molecular pathology: predictive, prognostic, and diagnostic markers in
uterine tumors. Surg Pathol Clin 2016;9:405-26. PUBMED | CROSSREF

Alexa M, Hasenburg A, Battista MJ. The TCGA molecular classification of endometrial cancer and its
possible impact on adjuvant treatment decisions. Cancers (Basel) 2021;13:1478. PUBMED | CROSSREF
LiJ, Li X, Quan C, Li X, Wan C, Wu X. Genomic profile of Chinese patients with endometrial carcinoma.
BMC Cancer 2023;23:888. PUBMED | CROSSREF

Tanos P, Dimitriou S, Gullo G, Tanos V. Biomolecular and genetic prognostic factors that can facilitate
fertility-sparing treatment (FST) decision making in early stage endometrial cancer (ES-EC): a systematic
review. Int ] Mol Sci 2022;23:2653. PUBMED | CROSSREF

Bell DW, Ellenson LH. Molecular genetics of endometrial carcinoma. Annu Rev Pathol 2019;14:339-67.
PUBMED | CROSSREF

https://ejgo.org https://doi.org/10.3802/jg0.2025.36.€123 15/17


http://www.ncbi.nlm.nih.gov/pubmed/31757464
https://doi.org/10.1016/j.ygyno.2019.10.028
http://www.ncbi.nlm.nih.gov/pubmed/33368243
https://doi.org/10.1002/path.5608
http://www.ncbi.nlm.nih.gov/pubmed/36177581
https://doi.org/10.3760/cma.j.cn112141-20220628-00419
http://www.ncbi.nlm.nih.gov/pubmed/33812697
https://doi.org/10.1016/j.ygyno.2021.03.029
http://www.ncbi.nlm.nih.gov/pubmed/39288504
https://doi.org/10.1016/j.ejogrb.2024.09.006
http://www.ncbi.nlm.nih.gov/pubmed/32091651
https://doi.org/10.1634/theoncologist.2019-0837
http://www.ncbi.nlm.nih.gov/pubmed/37523979
https://doi.org/10.1016/j.clinsp.2023.100260
http://www.ncbi.nlm.nih.gov/pubmed/25394175
https://doi.org/10.1038/gim.2014.147
http://www.ncbi.nlm.nih.gov/pubmed/23639481
https://doi.org/10.1158/1940-6207.CAPR-13-0020
http://www.ncbi.nlm.nih.gov/pubmed/24790520
https://doi.org/10.5152/jtgga.2013.69379
http://www.ncbi.nlm.nih.gov/pubmed/36091691
https://doi.org/10.3389/fmed.2022.948509
http://www.ncbi.nlm.nih.gov/pubmed/39188674
https://doi.org/10.3389/fonc.2024.1422006
http://www.ncbi.nlm.nih.gov/pubmed/29085668
https://doi.org/10.1002/cjp2.82
http://www.ncbi.nlm.nih.gov/pubmed/31472940
https://doi.org/10.1016/j.ygyno.2019.08.019
http://www.ncbi.nlm.nih.gov/pubmed/32381512
https://doi.org/10.1136/ijgc-2020-001309
http://www.ncbi.nlm.nih.gov/pubmed/27523969
https://doi.org/10.1016/j.path.2016.04.006
http://www.ncbi.nlm.nih.gov/pubmed/33806979
https://doi.org/10.3390/cancers13061478
http://www.ncbi.nlm.nih.gov/pubmed/37730563
https://doi.org/10.1186/s12885-023-11382-4
http://www.ncbi.nlm.nih.gov/pubmed/35269800
https://doi.org/10.3390/ijms23052653
http://www.ncbi.nlm.nih.gov/pubmed/30332563
https://doi.org/10.1146/annurev-pathol-020117-043609

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Navigating the future of fertility preservation

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Stelloo E, Nout RA, Osse EM, Jiirgenliemk-Schulz IJ, Jobsen JJ, Lutgens LC, et al. Improved risk
assessment by integrating molecular and clinicopathological factors in early-stage endometrial cancer-
combined analysis of the PORTEC cohorts. Clin Cancer Res 2016;22:4215-24. PUBMED | CROSSREF

Yu K, Wang Y. The advance and correlation of KRAS mutation with the fertility-preservation treatment
of endometrial cancer in the background of molecular classification application. Pathol Oncol Res
2021;27:1609906. PUBMED | CROSSREF

LiY, Bian Y, Wang K, Wan XP. POLE mutations improve the prognosis of endometrial cancer via
regulating cellular metabolism through AMF/AMEFR signal transduction. BMC Med Genet 2019;20:202.
PUBMED | CROSSREF

Trabucco SE, Gowen K, Maund SL, Sanford E, Fabrizio DA, Hall MJ, et al. A novel next-generation
sequencing approach to detecting microsatellite instability and pan-tumor characterization of 1000
microsatellite instability-high cases in 67,000 patient samples. ] Mol Diagn 2019;21:1053-66. PUBMED |
CROSSREF

Kurnit KC, Kim GN, Fellman BM, Urbauer DL, Mills GB, Zhang W, et al. CTNNBI1 (beta-catenin) mutation
identifies low grade, early stage endometrial cancer patients at increased risk of recurrence. Mod Pathol
2017;30:1032-41. PUBMED | CROSSREF

Bosse T, ter Haar NT, Seeber LM, v Diest PJ, Hes FJ, Vasen HF, et al. Loss of ARID1A expression and its
relationship with PI3K-Akt pathway alterations, TP53 and microsatellite instability in endometrial cancer.
Mod Pathol 2013;26:1525-35. PUBMED | CROSSREF

Imboden S, Tapia C, Scheiwiller N, Kocbek V, Altermatt HJ, Janzen ], et al. Early-stage endometrial cancer,
CTNNB1 mutations, and the relation between lymphovascular space invasion and recurrence. Acta Obstet
Gynecol Scand 2020;99:196-203. PUBMED | CROSSREF

Asaka S, Liu Y, Yu ZC, Rahmanto YS, Ono M, Asaka R, et al. ARID1A regulates progesterone receptor
expression in early endometrial endometrioid carcinoma pathogenesis. Mod Pathol 2023;36:100045.
PUBMED | CROSSREF

Giampaolino P, Cafasso V, Boccia D, Ascione M, Mercorio A, Viciglione F, et al. Fertility-sparing approach
in patients with endometrioid endometrial cancer grade 2 stage IA (FIGO): a qualitative systematic
review. BioMed Res Int 2022;2022:4070368. PUBMED | CROSSREF

Sletten ET, Arnes M, Lysa LM, Moe BT, Straume B, Orbo A. Prediction of relapse after therapy withdrawal
in women with endometrial hyperplasia: a long-term follow-up study. Anticancer Res 2017;37:2529-36.
PUBMED | CROSSREF

Raffone A, Travaglino A, Saccone G, Mollo A, De Placido G, Insabato L, et al. Should progesterone and
estrogen receptors be assessed for predicting the response to conservative treatment of endometrial
hyperplasia and cancer? A systematic review and meta-analysis. Acta Obstet Gynecol Scand 2019;98:976-
87. PUBMED | CROSSREF

Wang Y, Zhou R, Zhang X, Liu H, Shen D, Wang]J. Significance of serum and pathological biomarkers in
fertility-sparing treatment for endometrial cancer or atypical hyperplasia: a retrospective cohort study.
BMC Womens Health 2021;21:252. PUBMED | CROSSREF

LiL, Xiao Z, Wang Y, He Y, Wang Z, Shen D, et al. Analysis of immunohistochemical characteristics and
recurrence after complete remission with fertility preservation treatment in patients with endometrial
carcinoma and endometrial atypical hyperplasia. Arch Gynecol Obstet 2023;307:2025-31. PUBMED |
CROSSREF

Yang YF, Liao YY, Liu XL, Su SG, Li LZ, Peng NF. Prognostic factors of regression and relapse of complex
atypical hyperplasia and well-differentiated endometrioid carcinoma with conservative treatment.
Gynecol Oncol 2015;139:419-23.  PUBMED | CROSSREF

Westin SN, Fellman B, Sun CC, Broaddus RR, Woodall ML, Pal N, et al. Prospective phase II trial of
levonorgestrel intrauterine device: nonsurgical approach for complex atypical hyperplasia and early-stage
endometrial cancer. Am J Obstet Gynecol 2021;224:191.e1-15. PUBMED | CROSSREF

Travaglino A, Raffone A, Saccone G, Insabato L, Mollo A, De Placido G, et al. Immunohistochemical
predictive markers of response to conservative treatment of endometrial hyperplasia and early endometrial
cancer: a systematic review. Acta Obstet Gynecol Scand 2019;98:1086-99. PUBMED | CROSSREF

Minaguchi T, Nakagawa S, Takazawa Y, Nei T, Horie K, Fujiwara T, et al. Combined phospho-Akt and
PTEN expressions associated with post-treatment hysterectomy after conservative progestin therapy
in complex atypical hyperplasia and stage Ia, G1 adenocarcinoma of the endometrium. Cancer Lett
2007;248:112-22. PUBMED | CROSSREF

Cavaliere AF, Perelli F, Zaami S, D’Indinosante M, Turrini I, Giusti M, et al. Fertility sparing treatments
in endometrial cancer patients: the potential role of the new molecular classification. Int ] Mol Sci
2021;22:12248. PUBMED | CROSSREF

https://ejgo.org https://doi.org/10.3802/jg0.2025.36.€123 16/17


http://www.ncbi.nlm.nih.gov/pubmed/27006490
https://doi.org/10.1158/1078-0432.CCR-15-2878
http://www.ncbi.nlm.nih.gov/pubmed/34975345
https://doi.org/10.3389/pore.2021.1609906
http://www.ncbi.nlm.nih.gov/pubmed/31864301
https://doi.org/10.1186/s12881-019-0936-2
http://www.ncbi.nlm.nih.gov/pubmed/31445211
https://doi.org/10.1016/j.jmoldx.2019.06.011
http://www.ncbi.nlm.nih.gov/pubmed/28281553
https://doi.org/10.1038/modpathol.2017.15
http://www.ncbi.nlm.nih.gov/pubmed/23702729
https://doi.org/10.1038/modpathol.2013.96
http://www.ncbi.nlm.nih.gov/pubmed/31562818
https://doi.org/10.1111/aogs.13740
http://www.ncbi.nlm.nih.gov/pubmed/36853791
https://doi.org/10.1016/j.modpat.2022.100045
http://www.ncbi.nlm.nih.gov/pubmed/36203482
https://doi.org/10.1155/2022/4070368
http://www.ncbi.nlm.nih.gov/pubmed/28476823
https://doi.org/10.21873/anticanres.11595
http://www.ncbi.nlm.nih.gov/pubmed/30779338
https://doi.org/10.1111/aogs.13586
http://www.ncbi.nlm.nih.gov/pubmed/34162378
https://doi.org/10.1186/s12905-021-01383-5
http://www.ncbi.nlm.nih.gov/pubmed/35098335
https://doi.org/10.1007/s00404-022-06398-3
http://www.ncbi.nlm.nih.gov/pubmed/26494424
https://doi.org/10.1016/j.ygyno.2015.10.015
http://www.ncbi.nlm.nih.gov/pubmed/32805208
https://doi.org/10.1016/j.ajog.2020.08.032
http://www.ncbi.nlm.nih.gov/pubmed/30793281
https://doi.org/10.1111/aogs.13587
http://www.ncbi.nlm.nih.gov/pubmed/16919866
https://doi.org/10.1016/j.canlet.2006.06.013
http://www.ncbi.nlm.nih.gov/pubmed/34830129
https://doi.org/10.3390/ijms222212248

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Navigating the future of fertility preservation

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Vermij L, Jobsen JJ, Leon-Castillo A, Brinkhuis M, Roothaan S, Powell ME, et al. Prognostic refinement
of NSMP high-risk endometrial cancers using oestrogen receptor immunohistochemistry. Br ] Cancer
2023;128:1360-8. PUBMED | CROSSREF

Joe S, Lee M, KangJ, Kim J, Hong SH, Lee SJ, et al. Enhanced risk stratification in early-stage endometrial
cancer: integrating POLE through droplet digital PCR and LICAM. Cancers (Basel) 2023;15:4899.
PUBMED | CROSSREF

Huszar M, Pfeifer M, Schirmer U, Kiefel H, Konecny GE, Ben-Arie A, et al. Up-regulation of LICAM is
linked to loss of hormone receptors and E-cadherin in aggressive subtypes of endometrial carcinomas. J
Pathol 2010;220:551-61. PUBMED | CROSSREF

ZhangY, Chen S, Wang Y, LiJ, Xu K, Chen J, et al. Deep learning-based methods for classification of
microsatellite instability in endometrial cancer from HE-stained pathological images. ] Cancer Res Clin
Oncol 2023;149:8877-88. PUBMED | CROSSREF

Fremond S, Koelzer VH, Horeweg N, Bosse T. The evolving role of morphology in endometrial cancer
diagnostics: from histopathology and molecular testing towards integrative data analysis by deep
learning. Front Oncol 2022;12:928977. PUBMED | CROSSREF

Fremond S, Andani S, Barkey Wolf7, Dijkstra J, Melsbach S, Jobsen JJ, et al. Interpretable deep learning
model to predict the molecular classification of endometrial cancer from haematoxylin and eosin-stained
whole-slide images: a combined analysis of the PORTEC randomised trials and clinical cohorts. Lancet
Digit Health 2023;5:71-82. PUBMED | CROSSREF

Hong R, Liu W, DeLair D, Razavian N, Fenyo D. Predicting endometrial cancer subtypes and molecular
features from histopathology images using multi-resolution deep learning models. Cell Rep Med
2021;2:100400. PUBMED | CROSSREF

Wu P, Lv Q, Guan J, Shan W, Chen X, Zhu Q, et al. Clinical implications of morular metaplasia in fertility-
preserving treatment for atypical endometrial hyperplasia and early endometrial carcinoma patients.
Arch Gynecol Obstet 2022;306:1135-46. PUBMED | CROSSREF

Kahaki S, Hagemann IS, Cha K, Trindade CJ, Petrick N, Kostelecky N, et al. Weakly supervised deep
learning for predicting the response to hormonal treatment of women with atypical endometrial
hyperplasia: a feasibility study. Proc SPIE Int Soc Opt Eng 2023;12471:124710T. PUBMED | CROSSREF

Stewart KI, Yates MS, Westin SN. Pushing the envelope: expanding fertility sparing treatment of
endometrial cancer. ] Gynecol Oncol 2020;31:e82. PUBMED | CROSSREF

Goyal M, Tafe L], Feng JX, Muller KE, Hondelink L, Bentz JL, et al. Deep learning for grading endometrial
cancer. Am ] Pathol 2024;194:1701-11. PUBMED | CROSSREF

Plotkin A, Olkhov-Mitsel E, Nofech-Mozes S, Djordjevic B, Mirkovic J, Fitzpatrick M, et al. Budget impact
analysis of molecular subtype profiling in endometrial cancer. Gynecol Oncol 2023;178:54-9. PUBMED |
CROSSREF

de Biase D, Maloberti T, Corradini AG, Rosini F, Grillini M, Ruscelli M, et al. Integrated clinicopathologic
and molecular analysis of endometrial carcinoma: Prognostic impact of the new ESGO-ESTRO-ESP
endometrial cancer risk classification and proposal of histopathologic algorithm for its implementation
in clinical practice. Front Med (Lausanne) 2023;10:1146499. PUBMED | CROSSREF

Wilson EM, Huang R, Jones KD, Hagemann IS, Temkin SM, McAlpine JN, et al. Challenges in
implementation of molecular classification in early stage endometrial cancer-an NRG Oncology
cooperative group mixed-methods study. Cancer 2025;131:€35596. PUBMED | CROSSREF

Orellana TJ, Kim H, Beriwal S, Bhargava R, Berger J, Buckanovich R]J, et al. Cost-effectiveness analysis of
tumor molecular classification in high-risk early-stage endometrial cancer. Gynecol Oncol 2022;164:129-35.
PUBMED | CROSSREF

Agusti N, Kanbergs A, Nitecki R. Potential of molecular classification to guide fertility-sparing management
among young patients with endometrial cancer. Gynecol Oncol 2024;185:1217. PUBMED | CROSSREF

https://ejgo.org https://doi.org/10.3802/jg0.2025.36.€123 17/17


http://www.ncbi.nlm.nih.gov/pubmed/36690721
https://doi.org/10.1038/s41416-023-02141-0
http://www.ncbi.nlm.nih.gov/pubmed/37835593
https://doi.org/10.3390/cancers15194899
http://www.ncbi.nlm.nih.gov/pubmed/20077528
https://doi.org/10.1002/path.2673
http://www.ncbi.nlm.nih.gov/pubmed/37150803
https://doi.org/10.1007/s00432-023-04838-4
http://www.ncbi.nlm.nih.gov/pubmed/36059702
https://doi.org/10.3389/fonc.2022.928977
http://www.ncbi.nlm.nih.gov/pubmed/36496303
https://doi.org/10.1016/S2589-7500(22)00210-2
http://www.ncbi.nlm.nih.gov/pubmed/34622237
https://doi.org/10.1016/j.xcrm.2021.100400
http://www.ncbi.nlm.nih.gov/pubmed/35246715
https://doi.org/10.1007/s00404-021-06382-3
http://www.ncbi.nlm.nih.gov/pubmed/37159719
https://doi.org/10.1117/12.2652912
http://www.ncbi.nlm.nih.gov/pubmed/32808503
https://doi.org/10.3802/jgo.2020.31.e82
http://www.ncbi.nlm.nih.gov/pubmed/38879079
https://doi.org/10.1016/j.ajpath.2024.05.003
http://www.ncbi.nlm.nih.gov/pubmed/37793305
https://doi.org/10.1016/j.ygyno.2023.09.006
http://www.ncbi.nlm.nih.gov/pubmed/37064027
https://doi.org/10.3389/fmed.2023.1146499
http://www.ncbi.nlm.nih.gov/pubmed/39420498
https://doi.org/10.1002/cncr.35596
http://www.ncbi.nlm.nih.gov/pubmed/34740462
https://doi.org/10.1016/j.ygyno.2021.10.071
http://www.ncbi.nlm.nih.gov/pubmed/38402734
https://doi.org/10.1016/j.ygyno.2024.02.020

	Navigating the future of fertility preservation: advanced predictive strategies for treatment outcomes of endometrial atypical hyperplasia and carcinoma
	INTRODUCTION
	FERTILITY-SPARING TREATMENT OPTIONS AND PROGRESS
	MOLECULAR CLASSIFICATION TO PREDICT FERTILITY-SPARING TREATMENT OUTCOMES
	1. Outcome of POLEmut patients
	2. Outcome of MMRd patients
	3. Outcome of NSMP patients
	4. Outcome of p53abn patients

	GENE MUTATION MARKERS TO PREDICT 
FERTILITY-SPARING TREATMENT OUTCOMES
	1. PTEN
	2. KRAS
	3. PIK3CA
	4. CTNNB1
	5. ARID1A

	IMMUNOHISTOCHEMICAL MARKERS TO PREDICT FERTILITY-SPARING TREATMENT OUTCOMES
	2. Ki-67
	3. PTEN
	4. L1CAM

	AIs TO PREDICT FERTILITY-SPARING TREATMENT OUTCOMES
	CHALLENGE AND FUTURE DIRECTIONS
	CONCLUSION
	REFERENCES


