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Simple Summary: Managing atypical endometrial hyperplasia (AEH) places the gynecologist in
a challenging clinical situation. Therapeutic options include conservative or definitive treatment.
The main concern is the possibility of concurrent endometrial cancer (EC). This occurrence can lead
to undertreatment, whether in the case of conservative or surgical therapy. Therefore, the current
literature has worked to identify a better diagnostic therapeutic work-up by focusing on variables
predictive of occult cancer, the best preoperative endometrial sampling method, and the possibility of
lymph node status assessment for women undergoing surgery. The present review aims to provide a
complete overview of all these aspects to summarize the most relevant studies on these topics and
better define the clinical management of women with AEH.

Abstract: The present review regarding atypical endometrial hyperplasia (AEH) focused on the
main debated factors regarding this challenging clinical condition: (i) predictive variables of occult
endometrial cancer (EC); (ii) the rate of EC underestimation according to different endometrial
sampling methods; and (iii) the appropriateness of lymph node status assessment. When cancer is
detected, approximately 90% of cases include low-risk EC, although intermediate /high-risk cases
have been found in 10-13% of women with cancer. Older age, diabetes, high BMI, and increased
endometrial thickness are the most recurrent factors in women with EC. However, the predictive
power of these independent variables measured on internal validation sets showed disappointing
results. Relative to endometrial sampling methods, hysteroscopic endometrial resection (Hys-res)
provided the lowest EC underestimation, ranging between 6 and 11%. Further studies, including
larger sample sizes of women undergoing Hys-res, are needed to confirm these findings. These
data are urgently needed, especially for female candidates for conservative treatment. Finally, the
evaluation of lymph node status measured on 660 of over 20,000 women showed a lymph node
positivity of 2.3%. Although there has been an increase in the use of this procedure in AEH in recent
years, the present data cannot recommend this option in AEH based on a cost/risk/benefit ratio.

Keywords: atypical endometrial hyperplasia; endometrial cancer; risk factors; endometrial sampling
methods; lymph node status assessment; sentinel lymph node technique

1. Introduction

Atypical endometrial hyperplasia (AEH) is a challenging clinical condition, given that
concomitant endometrial cancer (EC) may be present in 40% of cases [1,2]. Although the
majority of occult ECs are at low risk, the rate of intermediate/high-risk EC cases is not
negligible and, therefore, needs major surgical staging [3-7].
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On the other hand, conservative therapy is a viable option in cases of women who still
wish to become pregnant [6]. Therefore, an accurate diagnosis is of pivotal importance.

The main debated topics regarding the proper diagnosis and management of AEH
are represented by the predictive factors of occult EC, the endometrial sampling errors
according to different methods, and the need for possible evaluation of the lymph node
status in women with AEH deserving of more radical surgery.

This review aims to comprehensively report evidence on the abovementioned debated
issues, summarizing all these aspects to provide a helpful tool for clinical practice regarding
the correct diagnostic and therapeutic work-up of women with AEH. At the same time, it
provides insights and future directions for further research.

2. Atypical Endometrial Hyperplasia
2.1. Risk Factors

Endometrial hyperplasia (EH) is a premalignant lesion characterized by the hyperpro-
liferation of endometrial cells, particularly the stromal glandular component, caused by
estrogenic action [8]. The main risk factors leading to endometrial hyperplasia (EH) are
almost identical to those already known to be associated with EC. Indeed, the incidence of
EH and EC is mostly a prerogative of advanced age, which correlates with the increase in
body weight and the decline in fertility [9]. Other known risk factors, such as nulliparity,
infertility, early menarche, and late menopause, are all related to a state of prolonged
endogenous hyperestrogenism [10].

Two typical patients are particularly at risk of developing EH: a woman with polycystic
ovarian syndrome (PCOS), characterized by chronic anovulation linked to a hyperandro-
genic status, and the obese peri-post-menopausal patient, due to the increase in estrogenic
production by fat cells [11]. In a systematic review and meta-analysis, a strong associa-
tion between PCOS and EC has been observed: PCOS would increase the probability of
developing EC by three times [12]. Regarding obesity, compared to women of average
weight, those with a BMI between 25 and 29 have a 2.3-fold increased risk of developing
EH (95% CI: 0.7, 7.9), those with a BMI between 30 and 39 have a 3.7-fold increased risk
(95% CI: 1.0, 13.8), and finally, the risk increases 13-fold in those with a BMI > 40 (95% CI:
1.9, 86.9) [13]. Moreover, excess adipose tissue promotes a chronic proinflammatory status,
which stimulates the release of cytokines that are also involved in developing EH and
EC [10]. In a patient diagnosed with EH, it is also advisable to exclude the presence of
tumors secreting sex hormones, such as granulosa cell tumors of the ovary, which leads
to an anomalous endogenous release of estrogens with chronic hyperstimulation of the
endometrium [14].

Chronic hyperestrogenism may also be exogenous/iatrogenic: it is known that pro-
longed estrogenic therapy with increasing doses not opposed by an adequate intake of
progestins, especially in post-menopausal women, carries a rising risk of developing EH
and EC [14]. Tamoxifen is the most widely used among selective estrogen receptor modula-
tors (SERMs) against breast cancer in both pre- and post-menopausal women. However,
it can lead to endometrial thickening and polyps, all related to EH and EC over time [10].
Even though most cases of EH and EC are isolated, some genetic diseases significantly
increase the risk, such as Lynch Syndrome, also known as hereditary non-polyposis colonic
cancer (HNPCC), caused by a mutation in one of the genes involved in the DNA repair
system (MLH1, MSH2, MSH6, PMS2, and EP-CAM) [9]. A study reviewed the current risk
of developing EC in a population of women affected by Lynch syndrome, and it ranges
from 30 to 45% (20-30 times higher compared to the general population) [15]. Table 1
reports the risk factors associated with EH.
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Table 1. Risk factors associated with EH [10,11].

Older age
Family history

Individual Factors Genetic factors (e.g., SNPs, PTEN, K-ras,
-catenin, PIK3CA mutations, deletions on the
short arm of chr-8, MSI).

Menopause

Early menarche/late menopause
Reproductive phase Perimenopause

Nulliparity

Infertility

Obesity
Diabetes mellitus

Comorbidities Polycystic ovarian syndrome (PCOS)
Functional tumors (e.g., granulosa cells)
Lynch syndrome

Tamoxifen therapy

Hormone replacement therapy with only
Estrogen

Exogenous estrogen exposure

Iatrogenic

2.2. Histological Classification of Endometrial Hyperplasia

Historically, the 1994 WHO classification for EH distinguished four subcategories:
simple endometrial hyperplasia without atypia; complex endometrial hyperplasia without
atypia; simple endometrial hyperplasia with atypia; and complex endometrial hyperplasia
with atypia. This classification was based only on descriptive histological findings and
showed low agreement and reproducibility rates. In addition, two of the four categories
(simple endometrial hyperplasia with atypia and complex endometrial hyperplasia without
atypia) were poorly represented in the general population, so their biological meaning was
doubtful [16,17].

In 2000, the International Endometrial Collaborative Group proposed a new classifi-
cation system (EIN, 2000) based on quantitative morphological criteria. The idea was to
simplify the previous classification by dividing the classes of EH into two categories: benign
(Endometrial Hyperplasia) and premalignant (Endometrial intraepithelial neoplasia, EIN)
to increase its reproducibility [18].

In 2003, the WHO accepted the EIN system as an alternative to the WHO 1994 classifi-
cation. EIN 2000 classification showed better diagnostic performances than the 1994 /2003
WHO classifications and represented the basis for drafting the 2014 WHO classification [16].

The 2014 WHO classification distinguished EH into two categories: hyperplasia
without atypia and atypical endometrial hyperplasia (AEH)/EIN [19]. The 2014 WHO
classification has proven to have a more robust prognostic power, excellent reproducibility,
and alignment with therapeutic options [20]. For these reasons, this subdivision was also
maintained in the most recent WHO classification version of 2020, which, for the first
time, recommended the inclusion of immunohistochemical biomarkers into the diagnostic
workup for AH/EIN [21]. Table 2 shows the EH/AEH classification over time.

Table 2. Historical changes of EH/AEH according to WHO and EIN classifications.

WHO 1994/WHO 2003 EIN 2000 WHO 2014/WHO 2020

Simple endometrial hyperplasia without atypia

Endometrial hyperplasia Hyperplasia without atypia
Complex endometrial hyperplasia without atypia yperp yperp P

Simple endometrial hyperplasia with atypia

Endometrial intraepithelial neoplasia Atypical hyperplasia/EIN
Complex endometrial hyperplasia with atypia
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The terms AEH/EIN describe the simultaneous changes of epithelial cytology and an
increased number of endometrial glands in comparison with the stroma within a definable
endometrial region distinct from the surrounding endometrium or from entrapped normal
glands [21]. The stroma appears reduced about the glandular component, proliferating
crowdedly [22,23] and presenting cells with cytologic atypia. From a molecular point
of view, it has emerged that AEH is associated with mutations acquired by pathological
cells. Among these, the most common are mutations in PTEN, KRAS, PI3KCA, CTNNB],
and/or ARID1A and microsatellite instability (Lynch syndrome) [21]. Table 3 reports the
classification of EH according to WHO 2014 and 2020.

Table 3. Classification of EH.

Classification
(According to WHO 2014 and
2020 [16,21])

Genetic Profile Essential Histological Features

Hyperplasia without atypia

e Increased endometrial gland to
stroma ratio
e  No characteristic mutational ¢ Tubular branching and/or cystically
component. dilated glands resembling
proliferative endometrium
e  Uniform distribution of
nuclear features

intraepithelial neoplasia

e  Crowded glandular architecture and
altered epithelial cytology distinct

e  Microsatellite instability (including from the surrounding endometrium

Atypical hyperplasia/endometrioid Lynch syndrome), PAX2 inactivation, and/or entrapped non neoplastic
PTEN, KRAS, PI3KPCA, CTNNB1, glands [16]
ARID1A [16,24] e Must exclude common mimics

(endometrial polyps, dyssynchronous
phase endometrium) [16]

2.3. Role of Immunohistochemistry in Diagnostics

An accurate diagnosis of AEH/EIN is still a challenge for pathologists as sometimes
subjective histological criteria or different classifications are adopted between different
institutions. In addition to the essential morphological criteria, the WHO 2020 classification
assesses that a deficient expression of PTEN, PAX2, or Mismatch Repair (MMR) at the
immunohistochemical analysis is a desirable criterion for the diagnosis of AEH/EIN [21].
This concept suggests an immunohistochemistry panel every time a histological diagnosis
of AEH/EIN is performed, but WHO does not specify which and how many markers
should be analyzed.

Recently, new immunohistochemical markers of AEH/EIN have been proposed, such
as the loss of 3-catenin and Aridla and the upregulation of YTHDE2 [25].

American research systematically compared the diagnostic performances of six im-
munohistochemical markers of AEH/EIN (PAX2, PTEN, (3-catenin, Aridla, Mlh1, and p53)
both alone and in association with each other. A panel of only three markers (Pax2, Pten,
and (-catenin) acted as a valid adjuvant diagnostic tool for the histological diagnosis of
AHY/EIN, with at least one of the three markers being deficient in 92.8% of AEH/EIN. The
same focused panel accurately detected AEH/EIN on endometrial polyp lesions [26,27].

Some authors proposed some immunohistochemical markers as indicators of progres-
sion risk to EC. In particular, the expression of 3-catenin, especially in the nuclear zone,
reflects the mutation of the CTNNBI gene and could represent a good prognostic tool for
EC development [28].

PTEN loss in AEH specimens is associated with a higher risk of co-existent cancer
(over 50%), but it shows weak prognostic accuracy. PTEN deficiency could be helpful
in borderline cases for the choice of therapy or could indicate closer surveillance during
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follow-up [29]. A British research group recently created a panel of three markers (HAND2,

PAX2, and PTEN) that showed good malignant progression risk stratification [30].
However, more extensive prospective studies using immunohistochemical factors and

blood biomarkers are required before including these tools in routine clinical practice.

2.4. Progression Risk

EH with atypia has a cumulative risk of progression to endometrial cancer that in-
creases from 8.2% in the first four years to 12.4% at nine years up to 27.5% (95% CI 8.6%
to 42.5%) at nineteen years from diagnosis [31]. A recent systematic review examining
ten papers concluded that the overall risk of evolution to EC for endometrial hyperplasia
without atypia is 2.6% per year. For AEH, it is equal to 8.2% per year. However, studies
have shown much heterogeneity in data analysis, likely because of the lack of univocal
histological criteria to distinguish AEH from EC among pathologists [32].

2.5. Management
2.5.1. Surgical Management of Atypical Endometrial Hyperplasia

In the management of patients affected by AEH, it is necessary to consider women’s
age, family history, the presence of any comorbidities (i.e., Lynch syndrome), and reproduc-
tive desire [9].

In patients affected by AEH, given the high risk of progression and the risk of having
concomitant EC, the treatment of choice is total hysterectomy [31,33]. AEH is associated
with a risk of underlying cancer (i.e., endometrial cancer, ovarian cancer). For this reason,
the surgical approach should also include evaluation of the adnexa and other structures
within the pelvis to exclude signs of previous and intraoperative invasion [22]. If feasible,
the laparoscopic approach is recommended. A recent review has demonstrated that regard-
ing early-stage EC, laparoscopic surgery is associated with similar results in terms of overall
and disease-free survival, reduced morbidity and reduced hospitalization times, and simi-
lar quality of life compared to laparotomic surgery [34]. No scientific evidence supports
the execution of the extemporaneous histological examination of surgical specimens [22].

2.5.2. Conservative Management of Atypical Endometrial Hyperplasia

In patients who are not eligible for surgery due to low-performance status or in
women who express the desire to become pregnant, it is possible to propose conservative
treatment (fertility-sparing treatment) with the objectives of preventing progression to
carcinoma, preventing invasive disease, and restoring the endometrium to its physiological
functions [35].

In the case of fertility-sparing treatment, the patient must be informed that they may
have co-existing ovarian cancer with EH (4%) and that the risk of progression of EC to
higher stages than stage I is approximately 2%. The risk of metastatic disease and death is
approximately 0.5% [36].

Progestin therapy represents the basis of conservative treatment of EH regardless of
histological classification. The results of a systematic review of 24 studies with 1001 patients
with AEH showed that progesterone-based IUD induces more significant regression than
oral progestins (90% vs. 69%) [37].

In a recent systematic review involving 2268 patients, LNG IUS was associated
with higher regression rates than medroxyprogesterone acetate (MPA) (RR 1.30, 95% CI
1.16-1.46) in patients with EH. The LNG IUS may represent the first-line progestin agent for
women with EH, and the association with MPA may further improve its effectiveness [38].

Identifying any disease progression early is of primary importance during conservative
treatment, which requires close follow-up. The most recent guidelines relating to treating
EH recommend that follow-up should be carried out through endometrial biopsies [39,40].

Given the high risk of recurrence, risk of progression, and concomitant endometrial
cancer, authors recommend performing endometrial biopsies every 3 to 6 months [9,40] to
evaluate the response to treatment. After the first follow-up, it is recommended to execute
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a second endometrial biopsy 3-6 months later [39] as histological disease regression is
defined after two consecutive negative endometrial biopsies [40]. If there is no response
after 9-12 months of hormonal therapy, it is advisable to discuss with the patient the
possibility of definitive surgical treatment [39,40].

In recent years, a growing interest in predictive factors for the success of conservative
treatment in AEH/EIN has spread. A systematic review assessed the predictive perfor-
mance of over forty immunohistochemical markers, including estrogen receptors (ER),
progesterone receptors (PR), PTEN, PAX2, MMR, COX2, Ki-67, and others. Although
several studies demonstrated that high expression of ER and PR could represent a good
marker of response to hormonal therapy (in particular to LNG IUS), their predictive value
still needs to be improved for actual clinical usefulness. Among the progesterone isoforms,
PRB appeared to be the most promising in the pretreatment evaluation [41].

Post-treatment immunohistochemical markers can be assessed in endometrial spec-
imens during the follow-up to change therapy if needed. Good responders showed a
down-regulation of ER and PR, while expression of Nrf2 and AKR1C1 was associated with
poor response due to progesterone resistance [41]. Other biomarkers have been proposed,
but further results are needed to create valid immunohistochemical panels for response
prediction and therapy management.

3. Atypical Endometrial Hyperplasia and Concurrent Endometrial Cancer: The Role of
Predictive Factors and Endometrial Sampling Methods

The risk of developing EC in patients with AEH is approximately 40% [42]. However,
the literature estimates that patients diagnosed with EH undergoing hysterectomy have
concomitant EC in about 20-48% of the cases [1,2,42]. These data demonstrate the diffi-
culty of correct preoperative diagnosis and difficult anatomopathological interpretation of
the specimen.

In most cases of concurrent EC, the prognosis is good. According to a retrospective
study conducted from 2010 to 2020, 99% of patients diagnosed with concurrent EC had
FIGO stage IA, an endometrioid histotype, and, in most cases, a lesion <2 ¢cm in diame-
ter [43]. In a recent systematic review in which 503 patients diagnosed with EH underwent
hysterectomy, the incidence of concurrent EC was 45%, of which 199 patients had FIGO
stage 1A (89.2%) [44]. However, in a retrospective cohort study that included 169 women
diagnosed with EIN, 82 were diagnosed with concurrent EC. Of these, about 10% had a
high-grade tumor, and lymph node involvement was approximately 3-7% [42]. For this
reason, recent studies have focused on identifying predictive risk factors for concurrent
EC diagnosis. In the literature, many studies agree on the impact that age, obesity, and
endometrial thickness have on the probability of having concurrent EC [42,43,45,46].

Preoperative endometrial thickness measured by transvaginal ultrasound is a pre-
dictive factor for EC. According to the study by Vetter et al., patients with endometrial
thickness > 2 cm have an approximately 4-fold higher risk of being diagnosed with concur-
rent EC. Moreover, 44% of these patients present clinicopathological features suspicious
of lymph node involvement (Mayo Criteria) [42]. These data are confirmed by a recent
retrospective study aimed at framing patients who could benefit from sentinel node study.
In that study, an endometrial thickness > 15 mm is associated with having Mayo Criteria
worthy of lymph node status assessment (crude RR 2.5, 95% CI 1.2 to 5.2) [43].

In a retrospective study analyzing 168 patients diagnosed with EH undergoing hys-
terectomy, four independent risk factors for the diagnosis of EC were identified. These
include age > 60 years (age 40-59, OR 3.07, 95% CI 1.18-7.97, p = 0.021; and age > 60, OR
6.65, 95% CI 1.75-25.3, p = 0.005); BMI > 35 kg/m? (OR 2.32, 95% CI 1.09-4.93, p = 0.029);
presence of diabetes mellitus (OR 2.51, 95% CI 1.16-5.39, p = 0.019); and diagnosis of AEH
(OR 9.01, 95% CI 1.09-74.6, p = 0.042). Moreover, the risk of concurrent EC increases as the
number of risk factors rises (none 0%, one risk factor 7.0%, two risk factors 17.6%, three
risk factors 35.8%, and four risk factors 45.5%, p < 0.001) [45]. In contrast, parity, use of
Tamoxifen, hormone therapy, or the presence of abnormal uterine bleeding are not statisti-
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cally significant risk factors [47]. According to a meta-analysis aimed at analyzing cancer
incidence in correlation with BMI, an increase of 5 kg/m? is associated with an approxi-
mately 1.6-fold increased risk of having EC. This is caused by the production of estrogens
by the adipose tissue and the subsequent action of these hormones on the growth of the
endometrium [48]. Although all these independent variables were associated with EC in
women with a preoperative diagnosis of AEH, a recent study including regression analysis
and artificial intelligence showed several predictive models achieving unsatisfactory results
in the validation set regarding the predictive power of patient characteristics [49].

Another aspect debated in the literature concerns the most accurate endometrial
sampling method for diagnosing endometrial pathologies. Dilatation and curettage (D&C)
have been the most used method in the past years. In most curettage procedures, less than
half of the uterine cavity is sampled; in this way, part of the lesion could remain inside the
cavity or not be analyzed [50,51]. This limitation led to comparison with other endometrial
sampling methods, for example, hysteroscopic guided biopsy (HSC-bio) or hysteroscopic
endometrial resection (HSC-res). Hysteroscopic methods can directly visualize the altered
endometrium and perform a targeted biopsy. In a meta-analysis that included 39 studies,
the pipelle endometrial sampling method was found to have a sensitivity for diagnosing
EC of 91% in pre-menopausal patients and 99.6% in post-menopausal patients. However,
it is a blind method with the abovementioned limitations [52]. Furthermore, most of
these studies had dilation and curettage (D&C) as histology reference standards [47].
Several publications have reported hysteroscopic resection as the most accurate diagnostic
method for detecting endometrial pathologies. More tissue is removed during hysteroscopic
resection compared to the other two methods (D&C, HSC-bio). In a retrospective study
conducted on 208 women with AEH and undergoing hysterectomy between January 2000
and December 2017, it was demonstrated that hysteroscopic resection had the lowest
percentage of EC underestimation: HSC-res = 11.6%; HSC-bio = 19.5%; D&C = 35.3% [47].
These results are in agreement with a systematic review that considered 27 studies, with a
total of 1106 patients, in which HSC-res was found to be the most accurate endometrial
sampling method with an underestimation percentage of 5.8% (95% CI, 0.8-31.7) [50].
However, it should be underlined that hysteroscopic resection is an invasive technique that
requires being performed in the operating room with anesthesia and hospitalization for
the patient.

Therefore, the safest sampling method is still debated in the literature; the choice
should consider predictive factors for EC, and an endoscopic procedure should likely
be preferred, especially when conservative treatment is chosen. Table 4 reports studies
showing the EC rate in women with AEH and its correlation with endometrial sampling
methods. Table 5 shows the predictive factors of concurrent EC in AEH.

Table 4. The most relevant studies showing concurrent EC in women with EH and correlation with
endometrial sampling methods.

. Rate of . Rate of Intermediate/
Author, Year Sample Size Endometrial Rate of Lo.w -Risk o High-Risk Endometrial Bate of EC Bate of E(.,' .Rate of EC
(n) o Endometrial Cancer (%) o in D&C in HSC-bio in HSC-res
Cancer (%) Cancer (%)
Bourdel et al. o o o o
2016 [50] 1106 (31%) 32.7% 45.3% 5.8%
Erdem et al. 227 (25.1%) 50/57 (87.7%) 7/57 (12.3%)
2018 [46] - . .
Trimble et al. o
2006 [33] 115 (39.1%)
Rakha et al. o
2012 53] 2571 (37%)
Giannella et al. o o 10/49 (20.4%) o o o
2020 [47] 208 (23.6%) 37/49 (75.5%) 2/49 (4%) 35.3% 19.5% 11.6%
Giede et al. 70 (35.7%) 21/25 (84%) 4/25 (16%)

2008 [54]
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Table 4. Cont.

. Rate of . Rate of Intermediate/
Sample Size . Rate of Low-Risk . . . Rate of EC Rate of EC Rate of EC
Author, Year (n) Egﬂgg’le(‘tj/n)al Endometrial Cancer (%) g;ilcl;lr{tso/k) Endometrial in D&C in HSC-bio in HSC-res
Miller et al. o
2008 [55] 48 (37.5%)
Whyte et al. o,
2010 [3] 88 (28.4%) 20/25 (80%) 5/25 (20%)
Hahn et al. o o
2010 [56] 126 (10.3%) 13 (100%)
Leitao et al.
2010 [57] 197 (34%) 56/67 (83.6%) 11/67 (16.4%)
Vetter et al. o o o
200 [42] 169 (48.5%) (90%) (10%)
Vieira-Serna et al.
2023 [44] 503 (44.5%) 199/224 (89%) 25/224 (11%)
Travaglino et al. o,
2009 [1] 960 (45.5%)
Matsuo et al. o o o
2015 [43] 211 (20.4%) 36/43 (83.7%) 7/43 (16.3%)
Abt et al.
2022 [43] 378 (27%) 98/103 (95%) 5/103 (5%)
Table 5. Predictors of concurrent EC in women with EH according to the most relevant studies.
Endometrial Stripe . . . .
Author, Year BMI Age Thickness Hypertension Diabetes Mellitus Parity
BMI > 40 Age > 60
. ) (OR 19.751, 95% CI (OR 1.055, 95% CI
Giannella et al. 2020 [47] 2193-177.829, 1.002-1.111,
p value 0.007) p value 0.039)
BMI > 30 A, 50 Nulliparit
(OR 10,95% CI OR 39,95% CI (OR2.6,95%CL (OR 2.0,95% CI (OR 35, 93% C1
Erdem et al. 2018 [46] 5 ~ 1.3-5.1, 1441, =
0.5-2.2, 1.8-8.3, value 0.0022) value 0.0041) 1.6-8.1,
p value 0.8082) p value 0.0003) 4 : p : p value 0.0029)
Age > 65
iy o, >2cm
Vetter et al. 2020 [42] 8%1352'93' 95% CL (OR 4.0, 95% CI
p value 0.08) 1.6-101)
BMI > 35 (OR 2.32, %glg e o (OR 2,51, 95% CI
Matsuo et al. 2015 [45] 95% CI 1.09-4.93, 1 75_2'5 3’ 1.16-5.39,
p value 0.029) p.valueVOfOOS) p value 0.019)
) Older age 22 cm o
Abt et al. 2022 [43] (OR 2.0, 95% CI (p value 0.02)
(p value 0.003) 13-29)

4. Data on Lymph Node Status Assessment in Atypical Endometrial Hyperplasia (AEH)

To summarize the current state of the art, we performed research using the elec-
tronic medical databases Pubmed and Scopus, combining the following words: (“en-
dometrial atypical hyperplasia” or “endometrial intraepithelial neoplasia”) and (“sentinel
lymphadenectomy” or “sentinel lymph node” or “lymph node dissection”).

Twelve articles in the English language concerning patients with AEH or Endometrial
Intraepithelial Neoplasia (EIN) who underwent surgical treatment combined with lymph
node staging were included.

As shown in Table 6, the selected articles were all retrospective studies and considered
a total of 22,201 women [3,4,43,58-66]. The rate of occult endometrial carcinoma in patients
with a preoperative diagnosis of AHE ranged from 27.2 to 53.3%, consistent with the
previous literature [1,2].
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Table 6. The most relevant study including women with AEH and undergoing LN status assessment.

. Rate of Patients with Patients with Predictors of
Author, Year Study Design Sample Size (n) Rate of EC (%) Rate %fCLﬁ,/V‘;-RISk Intermediate/ Predictors of EC Lymph Nodes N'g)&ges(:lfl;“yr:;lpll}/) Positive Lymph Positive Lymph
° High-Risk EC (%) Sampling (n, %) y i, e Nodes; n (%) Nodes
63/67 (94.0%)
Whyte]S,2010[3]  Retrospective 88 AEH (§§~/48/8“) NE NE NE 67/88 (76.1%) " 6571’(95L90/D) 1/67 (1.4%) NE
SPeL + paraaortic
tales A.B. . o, o, 10/10 (100.0% o,
Costa P Retrospective 150 AEH 36.7% (55/150) NE NE NE 10/150 (6.7%) 0/19 (100.0%) 1/10 (10.0%) NE
28/37 (75.6%)
Tagkin S., 2017 [59] Retrospective 80 AEH 50.0% (40) NE NE NE 37/80 (46.2%) 9 /3?()5}3%) 2/37 (5.4%) NE
SPeL + paraaortic
. 119/120 (99.2%)
120, of which: .
. , . A 53.3% SLNB + SPeL. 4/120 Preoperative
Touhami O., 2018 [4] Retrospective —70 AEH (58.3‘;%)) (64/120) NE NE NE 120/120 (100%) 17120 (0.8%) (3.3%) diagnosis of AEHc
—50 AEHCc (41.6%) SPel.
620/1158 (53.5%)
Dioun S., 2021 [60] Retrospective 1026 AEH NE NE NE NE 11?%/ ;%66 3 /1%?216 ) NE NE
SPeL
El-AchiV, 2021 [61]  Retrospective 29 AEH 41.9% (12/29) NE NE NE 13/29 (44.8%) 13/ 13 (100.0%) 0/13 (0%) NE
141, of which: - Tamoxifen/HRT 3/7 (42.8%)
Sullivan M.W., . ' y 86.3% 13.7% exposure, SLNB
2001 [62] Retrospective - AEH 82 (58.2%) 36.2% (51/141) [Mayo Criterial [Mayo Criterial Lynch Syndrome 7/141 (5.0%) 477 (571%) 0/7 (0%) NF
- EIN 59 (41.8%) o pea DM Sbul.
- Older age 5/10 (50.0%)
) . 27.2% 69.0% 31.0% - Increased SLNB Endometrial stripe
Abt D., 2022 [43] Retrospective 378 AEH (103/378) [Mayo Criteria] [Mayo Criteria] endometrial 10/378 (2.6%) 5/10 (50.0%) 0/10 (0%) > 15 mm
stripes (>15 mm) SPeL
- Hypertension
Capozzi V.A 72.2% (39/54) 27.8% (15/54) - AUB
2%22 6“»‘ v Retrospective 152 AEH 35.6% (54/152) [ESGO Risk [ESGO Risk - Increased 54/152 (33.5%) NE 1/54 (1.8%) NF
[63] Classification] Classification] endometrial
stripes (>20 mm)
75.4% 121/157 (77.0%)
M. . o 0 24.6% [GOG99 o SLNB o
atanes E., 2023 [64] Retrospective 162 EIN 37.7% (61/162) [GOG99 lassification] NF 157/162 (96.9%) 36/157 (22.9%) 2/157 (1.2%) NF
classification] classiticatio SINB + Slsei
Matsuo K., 2023 [65]  Retrospective 19,654 AEH NE NE NE NE 21?{50/ ;2/:354 NE NE NE
- 161/185 (87.0%)
. , including o o SLNB o,
Mueller J.J., 2023 [66] Retrospective both AH and EIN 44.7% (99/221) NE NE NE 185/221 (83.7%) 5 % / 1183 (slf 1’3%‘)) 1/185 (0.5%) NE
aile

EC: Endometrial Cancer; EIN: endometrial intraepithelial neoplasia; NE: not evaluated; NF: not found; HRT: Hormonal Replacement Therapy; DM: Diabetes Mellitus; AEH: Atypical
Endometrial Hyperplasia; AEHc: cannot rule out cancer; SPeL: Systematic Pelvic Lymphadenectomy; SLNB: Sentinel Lymph Node Biopsy.
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Some studies systematically subjected all patients to lymph node evaluation, while
others selected high-risk patients based on clinical characteristics, frozen section analysis,
or clinic criteria (Mayo, Gog 99, and ESGO classification).

Despite the lack of precise guidelines on lymph node staging in patients with AEH, in
research by Dioun et al., from 2012 to 2018, the rate of SLNB increased from 0.8% to 14%,
while that of pelvic lymphadenectomy rose from 5.7 to 6.4% (p < 0.001) [60].

The radiotracer substances used for SLNB were indocyanine green, technetium-99,
and isosulfan blue. Histological analysis of lymph nodes was available for 660 cases. The
positivity rate among patients subjected to lymph node studies varied from 0% to 10%,
with a mean of 2.36%.

El-Achi et al. conducted a retrospective study with 29 patients with a preoperative
diagnosis of AEH and a rate of EC at the final histology of 41.9%. Thirteen patients had
sentinel lymph node examinations, all of which were negative [61].

The study of Touhami et al. evaluated the risk of occult EC and lymph node positivity
in patients with a preoperative diagnosis of AEH and atypical endometrial hyperplasia
“cannot rule out carcinoma” (AEHc) [4]. This expression is not part of the official nomencla-
ture and was coined by Longacre in 1995 to describe histologic cases with no clear evidence
of EC but only suspicious histologic features, such as extensive glandular complexity,
suggesting a disease more severe than AEH [67]. A total of 70 patients diagnosed with AEH
and 50 diagnosed with AEHc were included. Sixty-four patients had a final diagnosis of EC,
of which 66% had an initial diagnosis of AEHc, while 44% had an initial diagnosis of AEH.
A study including the SLNB technique was systematically performed. Approximately 8%
of patients with an initial diagnosis of AEHc and a final diagnosis of EC had lymph node
positivity (4/50). In contrast, no pathological lymph node was found in the patients with a
preoperative AEH diagnosis and a final EC diagnosis. Therefore, the authors concluded
that a preoperative diagnosis of AEHc was a valid parameter to identify patients who
may benefit from lymph node sampling. However, more prospective data and official
histological terminology are needed [4].

Abt et al. tried identifying possible clinical indicators of positive lymph nodes dur-
ing hysterectomy in AEH. In this study, including 378 women with AEH, the EC rate
was 27.2% with 31% high-risk carcinoma at the final histological specimen, according to
the Mayo Clinic Criteria. Lymph node sampling was performed in 10 patients, 50% of
whom had the SLNB technique, while the rest had bilateral pelvic lymphadenectomy. No
pathological lymph nodes were found. After re-evaluating patients’ characteristics, two
variables correlated with the risk of concomitant EC: older age and increased endometrial
thickness [43].

While Vetter had previously demonstrated that endometrial thickness >20 mm entailed
a 4-fold greater risk of concomitant EC, Abt et al. showed firstly that endometrial thickness
>15 mm increased the risk of concomitant EC and secondly that these women were more
likely to meet high-risk Mayo Criteria, with an RR of 2.2 [42,43]. Therefore, the author
concluded that an endometrial thickness >15 mm can be considered a criterion to predict
the need for lymph node evaluation using SLNB. However, studies are needed to confirm
this [43].

Mueller et al. analyzed data from 221 cases of EIN/AEH undergoing surgical treat-
ment. Of these, 99 patients (about 44.7%) received a diagnostic upgrade to EC, and 10%
received adjuvant treatment for stages of disease higher than IA1, according to the FIGO
classification. One hundred and sixty-one patients received lymph node evaluation through
the SLNB technique. Lymph node positivity was found in less than 1% of cases (about
0.5%). Despite the low incidence of lymph node pathology in such a large sample of pa-
tients, the authors suggested that SLNB should be proposed for several reasons, including
the high incidence of occult EC following the preoperative diagnosis of EIN/AEH and
the need for a complete staging in high-grade carcinoma. Data showed that SLNB does
not increase operative time nor intra- and extra-operative complications and reduces the
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concerns of patients with a diagnostic upstaging. Despite these advantages, the SLNB
increases procedural costs [66].

Furthermore, Dioun in 2021 demonstrated that SLNB, in addition to laparoscopic
hysterectomy, increases the procedural cost by about 28%, compared to hysterectomy alone,
while it decreases the procedural cost by about 6% compared to bilateral pelvic dissection.
Interestingly, no difference in terms of cost in women undergoing robotic surgery versus
laparotomic/laparoscopic surgery was found [60].

The retrospective study by Sullivan et al. included 151 patients with pre-invasive
endometrial lesions (AEH/EIN). The aim was to determine how many of these women met
Mayo Criteria for lymphadenectomy to assess the utility of universal SLNB. Of the seven
patients who met Mayo Criteria, one had grade 3 disease, seven had a tumor size > 2 cm,
one had a myometrial invasion by disease >50%, and three had lymph nodes assessment
with zero cases of metastases. A total of 7 patients underwent lymph node assessment
(three SLNB and four pelvic lymphadenectomy), and only six of them had a final diagnosis
of EC. The only factor found to be predictive of meeting Mayo Criteria was age > 55 years
(85.7% vs. 31.8%, p = 0.007). In this population, 51 cases of endometrial cancer (36.2%) were
diagnosed, 7 (13.7%) of which met Mayo Criteria for high-risk EC. Tamoxifen therapy, type
2 Diabetes Mellitus, and Lynch Syndrome were found to be predictors of EC. The authors
admitted to performing systematic intraoperative frozen sections to identify EC in their
institution. However, this technique showed low accuracy, with a sensitivity of 25% to
predict a final diagnosis of EC. The authors conclude by stating that their data suggest that
SLNB is not warranted in women diagnosed with AEH/EIN [62].

Whyte et al. in 2010 subjected 88 patients with AEH to surgery: 63 (71.6%) of them
underwent pelvic lymphadenectomy, while 4 (4.5%) patients underwent pelvic + paraaortic
lymphadenectomy. Just 1 of the 67 patients who underwent lymph node evaluation had
positive lymph nodes (1.4%), but surgical staging influenced treatment in 7/25 (28%) of
patients finally diagnosed with EC [3].

Similar conclusions can be drawn from the study by Matanes et al. (2023), which found
2/157 (1.2%) cases of positive lymph nodes in patients with EAH. Lymph node evaluation
provided crucial information in 14 patients (8.3%) referred for adjuvant treatment [64].

Data extracted from Taskin et al. (2017) are consistent with the ones mentioned
above. They found 2/37 (5.4%) cases of lymph nodal metastases after performing 28 pelvic
lymphadenectomy and 9 pelvic + paraaortic lymph nodal staging in patients diagnosed
with AEH. They also noticed that in many cases (17/40, 42.5%), lymph nodal evaluation
could provide pivotal information over adjuvant treatment [59].

Capozzi et al. registered a lymph node positivity of 0.7% (1/54). At the same time,
9.9% (15/152) of patients with AEH received a final diagnosis of endometrial carcinoma at
intermediate or higher risk, confirming the elevated number of patients who could obtain
information from nodal assessment [63].

In 150 patients with AEH, Costales noticed that 1 of 10 (10%) patients who underwent
pelvic lymphadenectomy had positive lymph nodes [58]. They tried to evaluate the risk of
lymph node involvement on the whole cohort of patients using GOG-33 criteria, Bendifallah
nomogram, and AlHilli nomogram, estimating the risk between 1.6 and 2.1% [68-71].

No studies specified whether lymph node ultra-staging was performed, even if pub-
lished in different years. This fact could lead to an underestimated rate of lymph node
involvement.

The studies considered in our revision showed, in patients with AEH, a risk of lymph
node involvement in about 2-3% of cases. What emerges, however, is the incidence
of intermediate/high-risk endometrial carcinoma in patients with a previous diagnosis
of AEH, who may require lymph node evaluation to better define adjuvant treatment
strategies. Nowadays, no risk stratification offers an accurate prediction concerning the risk
of nodal involvement before surgery, and a frozen section during a hysterectomy seems
unreliable due to its low sensitivity.
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Moreover, we must consider the weaknesses of the included studies because of their
retrospective nature, the need for predictive factor assessment of lymph node positivity, hetero-
geneous populations, and non-standardized criteria for performing lymph node assessment.

5. Conclusions

As emerged from this comprehensive review, the rate of occult cancer can be up to
40%, and of these cases, approximately 10-13% include high-risk EC. Several independent
variables, such as older age, obesity, and diabetes mellitus, have shown association with this
occurrence. However, their predictive power on internal validation sets has not reported
satisfactory results. Although specific patient characteristics are recurrent in women with
EC, their discriminating power is not optimal in validation analyses [40]. Other factors
(e.g., genotypic variables) likely need to be included in risk stratification to move towards
more personalized medicine.

Based on data in the literature, the studies regarding the preoperative endometrial
sampling methods in women with AEH compared blind and targeted biopsies. Currently,
the endoscopic HYS-res method offers the lowest rate of EC underestimation. This infor-
mation is crucial, especially for women candidates for conservative treatment. However,
further studies, including larger sample sizes, must confirm these data.

Based on the data above, we reported how lymph node status assessment has in-
creased over the years in women with AEH, including the sentinel lymph node technique.
However, the reported studies provided an average prevalence of lymph node positiv-
ity of 2.3%. So far, these numbers cannot suggest using such a procedure based on a
cost/risk/benefit assessment.

Author Contributions: A.C. and L.G. conceptualization, data curation, investigation, methodology,
and writing original draft; C.G., M.B. (Marco Bernardi), C.C., EL., G.S., L.N., M.B. (Mila Bordini),
MP,J.P, TT,GD.C. and ].D.G. study design, data curation, investigation, and writing original draft.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Gicer, E; Reich, O.; Tamussino, K.; Bader, A.A ; Pieber, D.; Scholl, W.; Haas, J.; Petru, E. Concomitant endometrial hyperplasia in
patients with endometrial carcinoma. Gynecol. Oncol. 1998, 69, 64-68. [CrossRef]

2. Widra, E.A.; Dunton, C.J.; McHugh, M.; Palazzo, ].P. Endometrial hyperplasia and the risk of carcinoma. Int. |. Gynecol. Cancer
1995, 5, 233-235. [CrossRef]

3. Whyte, ].S.; Gurney, E.P; Curtin, J.P.; Blank, S.V. Lymph node dissection in the surgical management of atypical endometrial
hyperplasia. Am. J. Obstet. Gynecol. 2010, 202, 176.e1-176.e4. [CrossRef]

4. Touhami, O.; Grégoire, J.; Renaud, M.C,; Sebastianelli, A.; Grondin, K.; Plante, M. The utility of sentinel lymph node mapping in
the management of endometrial atypical hyperplasia. Gynecol. Oncol. 2018, 148, 485-490. [CrossRef]

5. Kurman, RJ.; Kaminski, PE; Norris, H.]. The behavior of endometrial hyperplasia. A long-term study of “untreated” hyperplasia
in 170 patients. Cancer 1985, 56, 403—412. [CrossRef]

6.  Concin, N.; Matias-Guiu, X.; Vergote, I.; Cibula, D.; Mirza, M.R.; Marnitz, S.; Ledermann, J.; Bosse, T.; Chargari, C.; Fagotti, A.;
et al. ESGO/ESTRO/ESP guidelines for the management of patients with endometrial carcinoma. Int. J. Gynecol. Cancer 2021, 31,
12-39. [CrossRef]

7. Shalowitz, D.I.; Goodwin, A.; Schoenbachler, N. Does surgical treatment of atypical endometrial hyperplasia require referral to a
gynecologic oncologist? Am. J. Obstet. Gynecol. 2019, 220, 460-464. [CrossRef] [PubMed]

8.  Travaglino, A.; Raffone, A.; Saccone, G.; Mollo, A.; De Placido, G.; Insabato, L.; Zullo, F. Endometrial hyperplasia and the risk of
coexistent cancer: WHO versus EIN criteria. Histopathology 2019, 74, 676-687. [CrossRef] [PubMed]

9. Ring, K.L,; Mills, A.M.; Modesitt, S.C. Endometrial Hyperplasia. Obstet. Gynecol. 2022, 140, 1061-1075. [CrossRef] [PubMed]

10. Chandra, V,; Kim, J.J.; Benbrook, D.M.; Dwivedi, A.; Rai, R. Therapeutic options for management of endometrial hyperplasia. J.
Guynecol. Oncol. 2016, 27, e8. [CrossRef] [PubMed]

11. Sanderson, P.A ; Critchley, H.O.; Williams, A.R.; Arends, M.].; Saunders, P.T. New concepts for an old problem: The diagnosis of
endometrial hyperplasia. Hum. Reprod. Update 2017, 23, 232-254. [CrossRef] [PubMed]

12. Haoula, Z.; Salman, M.; Atiomo, W. Evaluating the association between endometrial cancer and polycystic ovary syndrome. Hum.

Reprod. 2012, 27, 1327-1331. [CrossRef] [PubMed]


https://doi.org/10.1006/gyno.1997.4911
https://doi.org/10.1046/j.1525-1438.1995.05030233.x
https://doi.org/10.1016/j.ajog.2009.10.855
https://doi.org/10.1016/j.ygyno.2017.12.026
https://doi.org/10.1002/1097-0142(19850715)56:2%3C403::AID-CNCR2820560233%3E3.0.CO;2-X
https://doi.org/10.1136/ijgc-2020-002230
https://doi.org/10.1016/j.ajog.2018.12.010
https://www.ncbi.nlm.nih.gov/pubmed/30527944
https://doi.org/10.1111/his.13776
https://www.ncbi.nlm.nih.gov/pubmed/30347477
https://doi.org/10.1097/AOG.0000000000004989
https://www.ncbi.nlm.nih.gov/pubmed/36357974
https://doi.org/10.3802/jgo.2016.27.e8
https://www.ncbi.nlm.nih.gov/pubmed/26463434
https://doi.org/10.1093/humupd/dmw042
https://www.ncbi.nlm.nih.gov/pubmed/27920066
https://doi.org/10.1093/humrep/des042
https://www.ncbi.nlm.nih.gov/pubmed/22367984

Cancers 2024, 16,914 13 of 15

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Epplein, M.; Reed, S.D.; Voigt, L.F.; Newton, K.M.; Holt, V.L.; Weiss, N.S. Risk of complex and atypical endometrial hyperplasia in
relation to anthropometric measures and reproductive history. Am. |. Epidemiol. 2008, 168, 563-570. [CrossRef] [PubMed]

Nees, L.K.; Heublein, S.; Steinmacher, S.; Juhasz-Boss, 1.; Brucker, S.; Tempfer, C.B.; Wallwiener, M. Endometrial hyperplasia as a
risk factor of endometrial cancer. Arch. Gynecol. Obstet. 2022, 306, 407-421. [CrossRef] [PubMed]

Barrow, E.; Hill, J.; Evans, D.G. Cancer risk in Lynch Syndrome. Fam. Cancer 2013, 12, 229-240. [CrossRef]

Sobczuk, K.; Sobczuk, A. New classification system of endometrial hyperplasia WHO 2014 and its clinical implications. Menopausal
Rev. 2017, 3, 107-111. [CrossRef]

Armstrong, A.J.; Hurd, W.W.; Elguero, S.; Barker, N.M.; Zanotti, K.M. Diagnosis and management of endometrial hyperplasia. J.
Minim. Invasive Gynecol. 2012, 19, 562-571. [CrossRef] [PubMed]

Bergeron, C.; Nogales, FF.; Masseroli, M.; Abeler, V.; Duvillard, P.; Miiller-Holzner, E.; Pickartz, H.; Wells, M. A multicentric
European study testing the reproducibility of the WHO classification of endometrial hyperplasia with a proposal of a simplified
working classification for biopsy and curettage specimens. Am. J. Surg. Pathol. 1999, 23, 1102-1108. [CrossRef]

Zaino, R.C.S.G,; Carinelli, S.G.; Ellenson, L.H.; Eng, C.; Katabuchi, H.; Konishi, I.; Lax, S. Tumours of the uterine Corpus: Epithelial
Tumours and Precursors. In WHO Classification of Tumours of female reproductive Organs, 4th ed.; Kurman, R.J., Carcanglu, M.L.,
Herrington, C.S., Young, R.H., Eds.; WHO Press: Lyon, France, 2014; pp. 125-126.

Ordj, J.; Bergeron, C.; Hardisson, D.; McCluggage, W.G.; Hollema, H.; Felix, A.; Soslow, R.A.; Oliva, E.; Tavassoli, FA.; Alvarado-
Cabrero, 1; et al. Reproducibility of current classifications of endometrial endometrioid glandular proliferations: Further
evidencesupporting a simplified classification. Histopathology 2014, 64, 284-292. [CrossRef]

WHO Classification of Tumours Editorial Board. WHO Classification of Female Genital Tumours, 5th ed.; International Agency for
Research on Cancer: Lyon, France, 2020; Volume 4.

Auclair, M.H.; Yong, PJ.; Salvador, S.; Thurston, J.; Colgan, T.T.J.; Sebastianelli, A. Guideline No. 390-Classification and
Management of Endometrial Hyperplasia. J. Obstet. Gynaecol. Can. 2019, 41, 1789-1800. [CrossRef]

Baak, ].P.; Mutter, G.L.; Robboy, S.; van Diest, PJ.; Uyterlinde, A.M.; Orbo, A.; Palazzo, ].; Fiane, B.; Lovslett, K.; Burger, C.; et al.
The molecular genetics and morphometry-based endometrial intraepithelial neoplasia classification system predicts disease
progression in endometrial hyperplasia more accurately than the 1994 World Health Organization classification system. Cancer
2005, 103, 2304-2312. [CrossRef]

Huvila, J.; Pors, J.; Thompson, E.F.; Gilks, C.B. Endometrial carcinoma: Molecular subtypes, precursors and the role of pathology
in early diagnosis. . Pathol. 2021, 253, 355-365. [CrossRef]

Bian, P.P; Liu, S.Y.; Luo, Q.P; Xiong, Z.T. YTHDEF2 is a novel diagnostic marker of endometrial adenocarcinoma and endometrial
atypical hyperplasia/intraepithelial neoplasia. Pathol. Res. Pract. 2022, 234, 153919. [CrossRef]

Aguilar, M.; Chen, H.; Rivera-Colon, G.; Niu, S.; Carrick, K.; Gwin, K.; Cuevas, I.C.; Sahoo, S.S.; Li, H.D.; Zhang, S.; et al. Reliable
Identification of Endometrial Precancers Through Combined Pax2, 3-Catenin, and Pten Immunohistochemistry. Am. J. Surg.
Pathol. 2022, 46, 404-414. [CrossRef] [PubMed]

Lucas, E.; Niu, S.; Aguilar, M.; Molberg, K.; Carrick, K.; Rivera-Colon, G.; Gwin, K.; Wang, Y.; Zheng, W.; Castrillon, D.H.; et al.
Utility of a PAX2, PTEN, and (3-catenin Panel in the Diagnosis of Atypical Hyperplasia/Endometrioid Intraepithelial Neoplasia
in Endometrial Polyps. Am. J. Surg. Pathol. 2023, 47, 1019-1026. [CrossRef] [PubMed]

Masadah, R.; Maulana, A.; Nelwan, B.J.; Ghaznawie, M.; Miskad, U.A.; Tawali, S.; Rauf, S.; Herman, B. Risk-stratification machine
learning model using demographic factors, gynaecological symptoms and 3-catenin for endometrial hyperplasia and carcinoma:
A cross-sectional study. BMC Women’s Health 2023, 23, 627. [CrossRef] [PubMed]

Raffone, A.; Travaglino, A.; Saccone, G.; Viggiani, M.; Giampaolino, P.; Insabato, L.; Mollo, A.; De Placido, G.; Zullo, FE. PTEN
expression in endometrial hyperplasia and risk of cancer: A systematic review and meta-analysis. Arch. Gynecol. Obstet. 2019, 299,
1511-1524. [CrossRef] [PubMed]

Sanderson, P.A.; Esnal-Zufiaurre, A.; Arends, M.].; Herrington, C.S.; Collins, F; Williams, A.R.W.; Saunders, P.T.K. Improving
the Diagnosis of Endometrial Hyperplasia Using Computerized Analysis and Immunohistochemical Biomarkers. Front. Reprod.
Health 2022, 4, 896170. [CrossRef] [PubMed]

Lacey, ].V,, Jr.; Sherman, M.E.; Rush, B.B.; Ronnett, B.M.; Ioffe, O.B.; Duggan, M.A; Glass, A.G.; Richesson, D.A.; Chatterjee, N.;
Langholz, B. Absolute risk of endometrial carcinoma during 20-year follow-up among women with endometrial hyperplasia. J.
Clin. Oncol. 2010, 28, 788-792. [CrossRef] [PubMed]

Doherty, M.T.; Sanni, O.B.; Coleman, H.G.; Cardwell, C.R.; McCluggage, W.G.; Quinn, D.; Wylie, J.; McMenamin, U.C. Concurrent
and future risk of endometrial cancer in women with endometrial hyperplasia: A systematic review and meta-analysis. PLoS
ONE 2020, 15, €0232231. [CrossRef]

Trimble, C.L.; Kauderer, J.; Zaino, R.; Silverberg, S.; Lim, P.C.; Burke, J.J., II; Alberts, D.; Curtin, J. Concurrent endometrial
carcinoma in women with a biopsy diagnosis of atypical endometrial hyperplasia: A Gynecologic Oncology Group study. Cancer
2006, 106, 812-819. [CrossRef] [PubMed]

Galaal, K.; Donkers, H.; Bryant, A.; Lopes, A.D. Laparoscopy versus laparotomy for the management of early stage endometrial
cancer. Cochrane Database Syst Rev. 2018, 10, CD006655. [CrossRef] [PubMed]

Trimble, C.L.; Method, M.; Leitao, M.; Lu, K.; Ioffe, O.; Hampton, M.; Higgins, R.; Zaino, R.; Mutter, G.L. Society of Gynecologic
Oncology Clinical Practice Committee. Management of endometrial precancers. Obstet. Gynecol. 2012, 120, 1160-1175. [CrossRef]
[PubMed]


https://doi.org/10.1093/aje/kwn168
https://www.ncbi.nlm.nih.gov/pubmed/18682485
https://doi.org/10.1007/s00404-021-06380-5
https://www.ncbi.nlm.nih.gov/pubmed/35001185
https://doi.org/10.1007/s10689-013-9615-1
https://doi.org/10.5114/pm.2017.70589
https://doi.org/10.1016/j.jmig.2012.05.009
https://www.ncbi.nlm.nih.gov/pubmed/22863972
https://doi.org/10.1097/00000478-199909000-00014
https://doi.org/10.1111/his.12249
https://doi.org/10.1016/j.jogc.2019.03.025
https://doi.org/10.1002/cncr.21058
https://doi.org/10.1002/path.5608
https://doi.org/10.1016/j.prp.2022.153919
https://doi.org/10.1097/PAS.0000000000001810
https://www.ncbi.nlm.nih.gov/pubmed/34545858
https://doi.org/10.1097/PAS.0000000000002076
https://www.ncbi.nlm.nih.gov/pubmed/37314146
https://doi.org/10.1186/s12905-023-02790-6
https://www.ncbi.nlm.nih.gov/pubmed/38008739
https://doi.org/10.1007/s00404-019-05123-x
https://www.ncbi.nlm.nih.gov/pubmed/30915635
https://doi.org/10.3389/frph.2022.896170
https://www.ncbi.nlm.nih.gov/pubmed/36303676
https://doi.org/10.1200/JCO.2009.24.1315
https://www.ncbi.nlm.nih.gov/pubmed/20065186
https://doi.org/10.1371/journal.pone.0232231
https://doi.org/10.1002/cncr.21650
https://www.ncbi.nlm.nih.gov/pubmed/16400639
https://doi.org/10.1002/14651858.CD006655.pub3
https://www.ncbi.nlm.nih.gov/pubmed/30379327
https://doi.org/10.1097/AOG.0b013e31826bb121
https://www.ncbi.nlm.nih.gov/pubmed/23090535

Cancers 2024, 16,914 14 of 15

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Gallos, I.D.; Yap, J.; Rajkhowa, M.; Luesley, D.M.; Coomarasamy, A.; Gupta, ].K. Regression, relapse, and live birth rates
with fertility-sparing therapy for endometrial cancer and atypical complex endometrial hyperplasia: A systematic review and
metaanalysis. Am. J. Obstet. Gynecol. 2012, 207, 266.e1-266.e12. [CrossRef]

Gallos, I.D.; Shehmar, M.; Thangaratinam, S.; Papapostolou, TK.; Coomarasamy, A.; Gupta, ].K. Oral progestogens vs
levonorgestrel-releasing intrauterine system for endometrial hyperplasia: A systematic review and metaanalysis. Am. ].
Obstet. Gynecol. 2010, 203, 547.e1-547.e10. [CrossRef]

Zhang, Y.F,; Fan, Y,; Mu, Y,; Li, ].K. Efficacy of Oral Medications or Intrauterine Device-Delivered Progestin in Patients with
Endometrial Hyperplasia with or without Atypia: A Network Meta-Analysis. J. Clin. Med. 2023, 12, 2980. [CrossRef] [PubMed]
Management of Endometrial Intraepithelial Neoplasia or Atypical Endometrial Hyperplasia: ACOG Clinical Consensus No. 5.
Obstet. Gynecol. 2023, 142, 735-744. [CrossRef]

RCOG Management of Endometrial Hyperplasia (Green-Top Guideline No. 67). 2016. Available online: https://www.rcog.org.
uk/media/knmjbj5c/gtg_67_endometrial_hyperplasia.pdf (accessed on 20 February 2024).

Travaglino, A.; Raffone, A.; Saccone, G.; Insabato, L.; Mollo, A.; De Placido, G.; Zullo, F. Immunohistochemical predictive markers
of response to conservative treatment of endometrial hyperplasia and early endometrial cancer: A systematic review. Acta Obstet.
et Gynecol. Scand. 2019, 98, 1086-1099. [CrossRef]

Vetter, M.H.; Smith, B.; Benedict, ].; Hade, E.M.; Bixel, K.; Copeland, L.J.; Cohn, D.E.; Fowler, ] M.; O’'Malley, D.; Salani, R.; et al.
Preoperative predictors of endometrial cancer at time of hysterectomy for endometrial intraepithelial neoplasia or complex
atypical hyperplasia. Am. J. Obstet. Gynecol. 2019, 222, 60.e1-60.e7. [CrossRef]

Abt, D.; Macharia, A.; Hacker, M.R.; Baig, R.; Esselen, K.M.; Ducie, J. Endometrial stripe thickness: A preoperative marker to
identify patients with endometrial intraepithelial neoplasia who may benefit from sentinel lymph node mapping and biopsy. Int.
J. Gynecol. Cancer 2022, 32, 1091-1097. [CrossRef]

Vieira-Serna, S.; Peralta, J.; Viveros-Carrefio, D.; Rodriguez, J.; Feliciano-Alfonso, J.E.; Pareja, R. Sentinel lymph node assessment
in patients with atypical endometrial hyperplasia: A systematic review and meta-analysis. Int. ]. Gynecol. Cancer 2023, 34, 66-72.
[CrossRef] [PubMed]

Matsuo, K.; Ramzan, A.A.; Gualtieri, M.R.; Mhawech-Fauceglia, P.; Machida, H.; Moeini, A.; Dancz, C.E.; Ueda, Y.; Roman, L.D.
Prediction of concurrent endometrial carcinoma in women with endometrial hyperplasia. Gynecol. Oncol. 2015, 139, 261-267.
[CrossRef]

Erdem, B.; Asicioglu, O.; Seyhan, N.A; Peker, N.; Ulker, V.; Akbayir, O. Can concurrent high-risk endometrial carcinoma occur
with atypical endometrial hyperplasia? Int. J. Surg. 2018, 53, 350-353. [CrossRef] [PubMed]

Giannella, L.; Delli Carpini, G.; Sopracordevole, F.; Papiccio, M.; Serri, M.; Giorda, G.; Tsiroglou, D.; Del Fabro, A.; Ciavattini, A.
Atypical Endometrial Hyperplasia and Unexpected Cancers at Final Histology: A Study on Endometrial Sampling Methods and
Risk Factors. Diagnostics 2020, 10, 474. [CrossRef] [PubMed]

Renehan, A.G.; Tyson, M.; Egger, M.; Heller, R.F.; Zwahlen, M. Body-mass index and incidence of cancer: A systematic review
and meta-analysis of prospective observational studies. Lancet 2008, 371, 569-578. [CrossRef] [PubMed]

Giannella, L.; Piva, F.; Delli Carpini, G.; Di Giuseppe, ].; Grelloni, C.; Giulietti, M.; Sopracordevole, F.; Giorda, G.; Del Fabro, A.;
Clemente, N.; et al. Concurrent Endometrial Cancer in Women with Atypical Endometrial Hyperplasia: What Is the Predictive
Value of Patient Characteristics? Cancers 2023, 16, 172. [CrossRef] [PubMed]

Bourdel, N.; Chauvet, P; Tognazza, E.; Pereira, B.; Botchorishvili, R.; Canis, M. Sampling in Atypical Endometrial Hyperplasia:
Which Method Results in the Lowest Underestimation of Endometrial Cancer? A Systematic Review and Meta-analysis. J. Minim.
Invasive Gynecol. 2016, 23, 692-701. [CrossRef]

Epstein, E.; Ramirez, A.; Skoog, L.; Valentin, L. Dilatation and curettage fails to detect most focal lesions in the uterine cavity in
women with postmenopausal bleeding. Acta Obstet. Gynecol. Scand. 2001, 80, 1131-1136. [CrossRef]

Dijkhuizen, F.P.; Mol, B.W,; Brélmann, H.A.; Heintz, A.P. The accuracy of endometrial sampling in the diagnosis of patients with
endometrial carcinoma and hyperplasia: A meta-analysis. Cancer 2000, 89, 1765-1772. [CrossRef]

Rakha, E.; Wong, S.C.; Soomro, I.; Chaudry, Z.; Sharma, A.; Deen, S.; Chan, S.; Abu, J.; Nunns, D.; Williamson, K.; et al. Clinical
outcome of atypical endometrial hyperplasia diagnosed on an endometrial biopsy: Institutional experience and review of
literature. Am. . Surg. Pathol. 2012, 36, 1683-1690. [CrossRef]

Giede, K.C.; Yen, T.W.; Chibbar, R.; Pierson, R.A. Significance of concurrent endometrial cancer in women with a preoperative
diagnosis of atypical endometrial hyperplasia. . Obstet. Gynaecol. Can. 2008, 30, 896-901. [CrossRef] [PubMed]

Miller, C.; Bidus, M.A.; Pulcini, J.P.; Maxwell, G.L.; Cosin, J.A.; Rose, G.S. The ability of endometrial biopsies with atypical
complex hyperplasia to guide surgical management. Am. J. Obstet. Gynecol. 2008, 199, 69.e1-69.e4. [CrossRef] [PubMed]

Hahn, H.S.; Chun, Y.K.; Kwon, Y.I.; Kim, T.J.; Lee, K.H.; Shim, ]J.U.; Mok, J.E.; Lim, K.T. Concurrent endometrial carcinoma
following hysterectomy for atypical endometrial hyperplasia. Eur. J. Obstet. Gynecol. Reprod. Biol. 2010, 150, 80-83. [CrossRef]
[PubMed]

Leitao, M.M,, Jr.; Han, G.; Lee, L.X.; Abu-Rustum, N.R.; Brown, C.L.; Chi, D.S.; Sonoda, Y.; Levine, D.A.; Gardner, G.J.; Jewell,
E.E.; et al. Complex atypical hyperplasia of the uterus: Characteristics and prediction of underlying carcinoma risk. Am. J. Obstet.
Guynecol. 2010, 203, 349.e1-349.e6. [CrossRef] [PubMed]


https://doi.org/10.1016/j.ajog.2012.08.011
https://doi.org/10.1016/j.ajog.2010.07.037
https://doi.org/10.3390/jcm12082980
https://www.ncbi.nlm.nih.gov/pubmed/37109316
https://doi.org/10.1097/AOG.0000000000005297
https://www.rcog.org.uk/media/knmjbj5c/gtg_67_endometrial_hyperplasia.pdf
https://www.rcog.org.uk/media/knmjbj5c/gtg_67_endometrial_hyperplasia.pdf
https://doi.org/10.1111/aogs.13587
https://doi.org/10.1016/j.ajog.2019.08.002
https://doi.org/10.1136/ijgc-2022-003521
https://doi.org/10.1136/ijgc-2023-004936
https://www.ncbi.nlm.nih.gov/pubmed/37973363
https://doi.org/10.1016/j.ygyno.2015.07.108
https://doi.org/10.1016/j.ijsu.2018.04.019
https://www.ncbi.nlm.nih.gov/pubmed/29665453
https://doi.org/10.3390/diagnostics10070474
https://www.ncbi.nlm.nih.gov/pubmed/32668563
https://doi.org/10.1016/S0140-6736(08)60269-X
https://www.ncbi.nlm.nih.gov/pubmed/18280327
https://doi.org/10.3390/cancers16010172
https://www.ncbi.nlm.nih.gov/pubmed/38201599
https://doi.org/10.1016/j.jmig.2016.03.017
https://doi.org/10.1034/j.1600-0412.2001.801210.x
https://doi.org/10.1002/1097-0142(20001015)89:8%3C1765::AID-CNCR17%3E3.0.CO;2-F
https://doi.org/10.1097/PAS.0b013e31825dd4ff
https://doi.org/10.1016/S1701-2163(16)32969-3
https://www.ncbi.nlm.nih.gov/pubmed/19038073
https://doi.org/10.1016/j.ajog.2007.11.070
https://www.ncbi.nlm.nih.gov/pubmed/18241812
https://doi.org/10.1016/j.ejogrb.2010.02.002
https://www.ncbi.nlm.nih.gov/pubmed/20185225
https://doi.org/10.1016/j.ajog.2010.05.004
https://www.ncbi.nlm.nih.gov/pubmed/20576254

Cancers 2024, 16,914 15 of 15

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Costales, A.B.; Schmeler, K.M.; Broaddus, R.; Soliman, P.T.; Westin, S.N.; Ramirez, P.T.; Frumovitz, M. Clinically significant
endometrial cancer risk following a diagnosis of complex atypical hyperplasia. Gynecol. Oncol. 2014, 135, 451-454. [CrossRef]
[PubMed]

Taskin, S.; Kan, O.; Dai, O.; Taskin, E.A ; Koyuncu, K.; Alkilig, A.; Giingor, M.; Ortag, F. Lymph node dissection in atypical
endometrial hyperplasia. J. Turk. Gynecol. Assoc. 2017, 18, 127-132. [CrossRef]

Dioun, S.; Chen, L.; Melamed, A.; Gockley, A.; St Clair, C.M.; Hou, ].Y.; Tergas, A.I.; Khoury-Collado, F; Hur, C.; Hershman,
D.L.; et al. Uptake and Outcomes of Sentinel Lymph Node Mapping in Women With Atypical Endometrial Hyperplasia. Obstet.
Gynecol. 2021, 137, 924-934. [CrossRef] [PubMed]

El-Achi, V,; Burling, M.; Al-Aker, M. Sentinel lymph node biopsy at robotic-assisted hysterectomy for atypical hyperplasia and
endometrial cancer. J. Robot. Surg. 2021, 16, 1111-1115. [CrossRef]

Sullivan, M.W,; Philp, L.; Kanbergs, A.N.; Safdar, N.; Oliva, E.; Bregar, A.; Del Carmen, M.G.; Eisenhauer, E.L.; Goodman, A.;
Muto, M.; et al. Lymph node assessment at the time of hysterectomy has limited clinical utility for patients with pre-cancerous
endometrial lesions. Gynecol. Oncol. 2021, 162, 613-618. [CrossRef]

Capozzi, V.A.; Sozzi, G.; Butera, D.; Chiantera, V.; Ghi, T.; Berretta, R. Nodal Assessment in Endometrial Atypical Hyperplasia.
Gynecol. Obstet. Investig. 2022, 87, 226-231. [CrossRef]

Matanes, E.; Amajoud, Z.; Kogan, L.; Mitric, C.; Ismail, S.; Raban, O.; Knigin, D.; Levin, G.; Bahoric, B.; Ferenczy, A.; et al. Is
sentinel lymph node assessment useful in patients with a preoperative diagnosis of endometrial intraepithelial neoplasia? Gynecol.
Oncol. 2023, 168, 107-113. [CrossRef]

Matsuo, K,; Ciesielski, K.M.; Mandelbaum, R.S.; Lee, M.W.; Jooya, N.D.; Roman, L.D.; Wright, J].D. Lymph node evaluation for
endometrial hyperplasia: A nationwide analysis of minimally invasive hysterectomy in the ambulatory setting. Surg. Endosc.
2023, 37, 6163-6171. [CrossRef] [PubMed]

Mueller, ]J.J.; Rios-Doria, E.; Park, K.J.; Broach, V.A.; Alektiar, K.M.; Jewell, E.L.; Zivanovic, O.; Sonoda, Y.; Abu-Rustum, N.R.;
Leitao, M.M., Jr.; et al. Sentinel lymph node mapping in patients with endometrial hyperplasia: A practice to preserve or abandon?
Guynecol. Oncol. 2023, 168, 1-7. [CrossRef] [PubMed]

Longacre, T.A.; Chung, M.H.; Jensen, D.N.; Hendrickson, M.R. Proposed criteria for the diagnosis of well-differentiated
endometrial carcinoma. A diagnostic test for myoinvasion. Am. J. Surg. Pathol. 1995, 19, 371-406. [CrossRef] [PubMed]
Creasman, W.T.; Morrow, C.P.; Bundy, B.N.; Homesley, H.D.; Graham, J.E.; Heller, P.B. Surgical pathologic spread patterns of
endometrial cancer. A Gynecologic Oncology Group study. Cancer 1987, 60, 2035-2041. [CrossRef] [PubMed]

Bendifallah, S.; Genin, A.S.; Naoura, I.; Chabbert Buffet, N.; Clavel Chapelon, F.; Haddad, B.; Luton, D.; Darai, E.; Rouzier, R,;
Koskas, M.; et al. A nomogram for predicting lymph node metastasis of presumed stage I and IT endometrial cancer. Am. J. Obstet.
Gynecol. 2012, 207, 197.e1-197.e8. [CrossRef] [PubMed]

AlHilli, M.M.; Podratz, K.C.; Dowdy, S.C.; Bakkum-Gamez, ].N.; Weaver, A.L.; McGree, M.E.; Keeney, G.L.; Cliby, W.A.; Mariani,
A. Risk- scoring system for the individualized prediction of lymphatic dissemination in patients with endometrioid endometrial
cancer. Gynecol. Oncol. 2013, 131, 103-108. [CrossRef]

Frumovitz, M.; Slomovitz, B.M.; Singh, D.K.; Broaddus, R.R.; Abrams, J.; Sun, C.C.; Bevers, M.; Bodurka, D.C. Frozen section
analyses as predictors of lymphatic spread in patients with early-stage uterine cancer. J. Am. Coll. Surg. 2004, 199, 388-393.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ygyno.2014.10.008
https://www.ncbi.nlm.nih.gov/pubmed/25316176
https://doi.org/10.4274/jtgga.2017.0043
https://doi.org/10.1097/AOG.0000000000004352
https://www.ncbi.nlm.nih.gov/pubmed/33831939
https://doi.org/10.1007/s11701-021-01321-5
https://doi.org/10.1016/j.ygyno.2021.07.004
https://doi.org/10.1159/000525850
https://doi.org/10.1016/j.ygyno.2022.10.023
https://doi.org/10.1007/s00464-023-10081-2
https://www.ncbi.nlm.nih.gov/pubmed/37157034
https://doi.org/10.1016/j.ygyno.2022.10.017
https://www.ncbi.nlm.nih.gov/pubmed/36334496
https://doi.org/10.1097/00000478-199504000-00001
https://www.ncbi.nlm.nih.gov/pubmed/7694941
https://doi.org/10.1002/1097-0142(19901015)60:8+%3C2035::AID-CNCR2820601515%3E3.0.CO;2-8
https://www.ncbi.nlm.nih.gov/pubmed/3652025
https://doi.org/10.1016/j.ajog.2012.06.080
https://www.ncbi.nlm.nih.gov/pubmed/22939725
https://doi.org/10.1016/j.ygyno.2013.06.037
https://doi.org/10.1016/j.jamcollsurg.2004.05.258

	Introduction 
	Atypical Endometrial Hyperplasia 
	Risk Factors 
	Histological Classification of Endometrial Hyperplasia 
	Role of Immunohistochemistry in Diagnostics 
	Progression Risk 
	Management 
	Surgical Management of Atypical Endometrial Hyperplasia 
	Conservative Management of Atypical Endometrial Hyperplasia 


	Atypical Endometrial Hyperplasia and Concurrent Endometrial Cancer: The Role of Predictive Factors and Endometrial Sampling Methods 
	Data on Lymph Node Status Assessment in Atypical Endometrial Hyperplasia (AEH) 
	Conclusions 
	References

