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Preoperative predictors of endometrial
carcinoma in patients undergoing
hysterectomy for endometrial intraepithelial
neoplasia
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Abstract

Objective Patients undergoing surgery for endometrial intraepithelial neoplasia (EIN) have a high likelihood of
concurrent endometrial cancer (EC). Lymph node dissection (LND) may be required during the operation. Our
aim was to predict the presence of cancer and identify which patients might require lymph node dissection
preoperatively.

Materials and methods This study included 172 patients diagnosed with EIN and operated on by gynecologic
oncology surgeons between June 2020 and December 2024. Demographic data, imaging findings, examination
notes, surgical details, and pathology results were recorded. Initial associations with progression to EC were
analyzed using two-sample t-tests and Mann-Whitney U tests for continuous covariates, and odds ratios (OR) with
95% confidence intervals (Cl) for categorical covariates. The relationships between Mayo criteria and either LND or
endometrial thickness(ET) were evaluated using Fisher's exact test. All p-values were two-sided.

Results A total of 172 patients were eligible for inclusion. Final pathology revealed EIN in 101 patients (58.7%) and
ECin 71 patients (41.3%) after hysterectomy. The likelihood of EC increased with age (<50 vs. >50 years: OR=3.94,
95% Cl: 2.00-7.79, p <0.001). Diabetes (OR: 2.35, 95% Cl: 1.15-4.78, p=0.019) and hypertension (OR: 2.54, 95% Cl:
1.36-4.74, p=0.004) were more frequently observed in patients with EC compared to those with EIN. Univariate
analysis identified age > 50, body mass index (BMI) > 35 kg/m2, postmenopausal status, diabetes, hypertension, and
ET> 14 mm as variables associated with occult EC. Patients with ET> 14 mm had a fourfold increased likelihood of
concurrent EC (@OR: 4.06, 95% Cl: 1.89-8.75). Forty-four (62%) patients with endometrial cancer met the Mayo criteria,
indicating a need for lymph node dissection.

Conclusion Age > 50, postmenopausal status, presence of diabetes and hypertension, BMI> 35 kg/mz, and
ET > 14 mm are strong predictors of concurrent endometrial cancer. These patients should be referred to gynecologic
oncology, as they may require lymph node assessment, including lymphadenectomy or sentinel lymph node biopsy.
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Introduction

Endometrial intraepithelial neoplasia (EIN), also known
as atypical hyperplasia (AH), was first classified by the
World Health Organization (WHO) in 1994, divid-
ing endometrial hyperplasias into four main categories:
simple hyperplasia without atypia, complex hyperplasia
without atypia, simple atypical hyperplasia, and complex
atypical hyperplasia. This classification posed diagnos-
tic challenges for pathologists and management difficul-
ties for clinicians. In 2000, pathologists introduced the
EIN classification, which categorized lesions into benign
endometrial hyperplasia and EIN. In 2014, the WHO
adopted the current two-tier system: hyperplasia without
atypia and atypical hyperplasia (endometrial intraepithe-
lial neoplasia) [1, 2].

Histologically, EIN is characterized by abnormal pro-
liferation of endometrial glands and an increased gland-
to-stroma ratio compared to proliferative endometrium,
along with cytological atypia, representing a neoplastic
process [3]. The risk of concurrent endometrial cancer
(EC) in patients undergoing hysterectomy for EIN or AH
can be as high as 43% [4]. Risk factors for EIN closely
resemble those for EC, primarily involving prolonged
unopposed estrogen exposure. These include advanced
age, early menarche, late menopause, nulliparity, polycys-
tic ovary syndrome (PCOS), obesity, diabetes, and use of
estrogen-containing medications [5, 6].

Diagnosis is typically made through endometrial
biopsy in an outpatient setting. Other diagnostic meth-
ods include dilation and curettage (D&C), with or with-
out hysteroscopy [7]. International organizations have
published various guidelines to reduce disparities in
clinical practice. In 2020, ESGO, ESTRO, and ESP (Euro-
pean Society of Gynaecological Oncology— European
Society for Radiotherapy and Oncology— European Soci-
ety of Pathology) updated their management guidelines
by incorporating recent advances in surgical procedures
and molecular biology [8, 9]. Hysterectomy remains the
standard treatment for EIN due to the risk of concurrent
or future malignancy. This approach allows for compre-
hensive pathological evaluation and provides advanced
opportunities for both diagnosis and treatment.

In patients who are surgically eligible, minimally inva-
sive techniques are recommended. For postmenopausal
women, bilateral salpingo-oophorectomy is advised as
part of surgical management. In premenopausal patients,
the decision for salpingo-oophorectomy should be indi-
vidualized based on risk factors and fertility consider-
ations [10-13]. Although conservative medical treatment
may be an option in selected cases, hysterectomy remains

the standard of care for patients with EIN due to the risk
of concurrent or future malignancy [11, 14, 15].

Given the high likelihood of concurrent EC in patients
undergoing hysterectomy for EIN or AH, intraoperative
frozen section evaluation by an experienced patholo-
gist may be considered to guide intraoperative decision-
making. The frozen section result can guide the need
for additional surgical procedures [11, 16, 17]. Although
most EC cases detected in this setting are early-stage,
some patients may require lymph node dissection (LND).
Depending on the clinical scenario, either sentinel lymph
node mapping or full surgical staging may be appropriate.
This has led to ongoing debate about whether all patients
with an EIN diagnosis should be operated on by a gyne-
cologic oncologist [18, 19].

Identifying patients at risk for carcinoma before sur-
gery could aid in determining the most appropriate
treatment strategy. Decisions regarding the addition of
bilateral salpingo-oophorectomy or lymph node dissec-
tion can be made preoperatively, and in resource-lim-
ited settings, such evaluation can help determine which
patients should be referred to a gynecologic oncology
specialist. Several studies have investigated preoperative
factors predictive of endometrial carcinoma, including
patient age, endometrial thickness(ET) on transvaginal
ultrasound (TVUS), body mass index (BMI), and biopsy
method [20, 21].

In this study, we aimed to determine whether preop-
erative clinical characteristics could predict the presence
of concurrent carcinoma in patients with EIN. Our goal
was to identify which patients might require oncologic
surgery and should be referred to gynecologic oncology
prior to hysterectomy.

Materials and methods

This study was approved by the Ethics Committee of
Basaksehir Cam and Sakura City Hospital (Approval
Number: E-96317027-514.10-263703971) and conducted
in accordance with the principles of the Declaration of
Helsinki. The study was conducted at Basaksehir Cam
and Sakura City Hospital, a tertiary care center located
in Turkey. Patients who were diagnosed with EIN or AH
based on endometrial sampling between June 2020 and
December 2024 and who underwent hysterectomy with
bilateral salpingo-oophorectomy and intraoperative fro-
zen section analysis were retrospectively reviewed. All
surgeries were performed by gynecologic oncology sur-
geons. Laparoscopic and robotic approaches were pri-
marily preferred. Laparotomy was reserved for patients
who were not eligible for minimally invasive procedures.



Caltek et al. BMC Cancer (2025) 25:883

Patients with a known history of cancer, incomplete
medical records, or those who declined surgery were
excluded from the study. Demographic characteristics,
pathology reports, imaging findings, and surgical records
were obtained and recorded from the hospital’s elec-
tronic medical system.

Patient height and weight data were retrieved from
preoperative hospital admission records. Transvaginal
ultrasonography measurements were taken at the time
patients presented with pathology results. Serum CA125
values were documented based on laboratory tests per-
formed during the initial patient evaluation. Hemogram
values (including hemoglobin, leukocyte, platelet, neu-
trophil, and lymphocyte counts) were collected from
blood tests performed within seven days prior to surgery.
The neutrophil-to-lymphocyte ratio (NLR) was calcu-
lated by dividing the neutrophil count by the lymphocyte
count, and the platelet-to-lymphocyte ratio (PLR) was
calculated by dividing the platelet count by the lympho-
cyte count.

All patients underwent intraoperative frozen section
analysis performed by pathologists. If frozen section
results were indicative of endometrial carcinoma, lymph
node dissection was performed during the same opera-
tion by gynecologic oncology surgeons. Final pathology
results were also retrieved from the hospital records.

To determine which patients required lymph node dis-
section, the Mayo criteria were applied. According to
these criteria, lymph node dissection is recommended in
the following cases:

+ Grade 1 or 2 endometrioid adenocarcinoma with
tumor size =2 ¢cm and >50% myometrial invasion,

+ Grade 3 endometrioid adenocarcinoma,

+ Any grade of non-endometrioid histology (e.g.,
serous, clear cell carcinoma) [19, 21]. Patients who
met these criteria were classified as high-risk for
endometrial carcinoma.

Statistical analyses were performed using IBM SPSS Sta-
tistics (Version 27). Descriptive statistics (counts, fre-
quency, mean, and standard deviation) were reported.
Initial associations with progression to EC were made by
two-sample t-tests and Mann-Whitney U test for con-
tinuous covariates and by the estimation of odds ratios
(OR), and 95% confidence intervals (CI), for categorical
covariates. Cut-off value are determined by Roc curve
analysis and Youden’s Index for continuous covariates.
A predictive multivariable logistic model for progres-
sion to EC was developed by with variables with p <0.05.
Model discrimination was assessed by the area under the
ROC curve (AUC), while model calibration was assessed
using the Hosmer-Lemeshow goodness of fit test. The
associations between Mayo criteria and either LND or
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EMS thickness were assessed using Fisher’s exact test. All
reported p-values are two sided.

Since the effect size in similar studies was not known,
a post-hoc power analysis was performed using G*Power
version 3.1.9.7 (Faul et al., 2007). The analysis, based on a
sample size of 86, demonstrated a power of 99.9% with an
alpha error of 0.05 and an effect size (Cohen’s h) of 0.87.

Results

A total of 172 patients were eligible to be included in the
study. 101 (%58,7) patients had a final diagnosis of EIN
and 71 (%41,3) patients were diagnosed with endometrial
cancer by final pathology at time of hysterectomy.

Demographics and clinical characteristics of patients
are reported in Table 1 by final pathologic diagnosis.
The average age of patients diagnosed with EC at time
of hysterectomy was 57 years (SD: 9.2), compared to 50
years (SD: 9.4) for those with EIN. As women aged, they
were more often diagnosed with EC (<50 yrs vs. >50:
OR=3.94, 95% CI:2.00-7.79, p<0,001). The presence of
diabetes (OR:2.35 CI:1.15-4.78 p:0.019)and hypertension
(OR:2.54 CI: 1.36—4.74 p:0.004) were found to be more
frequent in patients with EC compared to patients with
EIN.

Multiparous patients were predominant in both
groups. Mean PLR and NLR values were similar between
the two groups and statistically insignificant, respectively
(146.34+45.46 vs. 138.09+46.96 p:0.252, 2.29+0.79 vs.
2.47+0.98 p:0.219). Cal25 levels were not significantly
different in both groups (EIN vs. EC: OR=2.65 CIL.0.74—
9.42 p:0.203) and were mostly below the threshold of 35
(%96 vs. %90,1).

The univariable analysis revealed that the variables
associated with occult endometrial carcinoma were
age>50, a body mass index greater than 35 kg/m2,
Menopausal status, presence of diabetes and hyperten-
sion, endometrium thickness > 14 mm(Table 1).

The multivariable analysis determined that body
mass index>than 35 kg/m2, Menopausal status and
ET >14 mm were independent predictors of occult car-
cinoma. The final predictive model had reasonably good
discrimination (AUC: 0.78), and calibration (Hosmer-
Lemeshow goodness of fit test p-value: 0.77). Those
with EC at time of hysterectomy had an average ET
of 15 (SD=97.5) mm compared to those with EIN 9.3
(SD=5.0). Patients with an ET of 14 mm or greater had
4 times the odds of concurrent EC (aOR 4.06, 95% CI:
1.89-8.75). An increased odds of EC is also suggested
for those patients with BMI>35 kg/m2 (aOR: 2.62, 95%
CI:1.28-5.37) and postmenopausal patients compared to
premenopausal patients (aOR: 3.09, 95% CI: 1.50-6.39)
(Table 1).

The tumor characteristics of the 71 patients diagnosed
with EC are presented in Table 2 at time of hysterectomy.



Caltek et al. BMC Cancer

(2025) 25:883

Page 4 of 8

Table 1 Baseline patient characteristics and predictive factors for endometrial carcinoma in patients with endometrioid intraepithelial

neoplasia who underwent hysterectomy

EIN(n=101),n(%) EC(n=71)n(%) OR(95% Cl) Pvalue aOR (95% Cl) Pvalue

Age <50 54 (53,5) 16 (22,5) Reference

>50 47 (46,5) 5(77,5) 3.94 (2.00-7.79) <0,001
BMI (kg/ m?) <35 75 (74,3) (46 5) Reference Reference

>35 26 (25,7) 38(53,5) 3.32(1.74-6.33) <0,001 262(1.28-537)  0.008
Parity Nulliparous 5(5,0) 8(11,3) Reference

multiparous 96 (95,0) 63 (88,7) 041 (0.12-1.31) 0.148
Menopausal status premenopausal 65 (64,4) 19 (26,8) Reference Reference

postmenopausal 36 (35,6) 52(73,2) 4.94 (2.54-9.60) <0,001 3.09 (1.50-6.39) 0.002
Hypertension No 67 (66,3) 3143,7) Reference

Yes 34 (33,7) 40 (56,3) 2.54 (1.36-4.74) 0.004
Diabetes mellitus No 83(82,2) 47 (66,2) Reference

Yes 18(17,8) 24 (33,8) 2.35(1.15-4.78) 0.019
endometrium thickness <14 85 (84,1) 33 (46,5) Reference Reference

>14 16 (15,9) 38(53,5) 6.11(3.01-1243)  <0,001  4.06 (1.89-8.75)  <0.001
Cal125 (U/mL) <35 97 (96) 64 (90,1) Reference

>35 4 (4) 7(99) 2.65(0.74-9.42) 0.203

Abbreviations: EIN, endometrial intraepithelial Neoplasia; aOR, EC, endometrium carcinoma; OR, odds ratio; aOR, adjusted odds ratio; Cl, confidence interval; BMI,

body mass index

Table 2 Clinicopathological characteristics of patients diagnosed with endometrial carcinoma at time of final pathology

Endometrial carcinoma (n=71) n (%)

myometrial invasion <%50
>%50
Lymph-vascular space invasion Negative
Positive
Grade 1
2
3
tumor size <2cm
>2cm
histology Endometrioid
Mixed pattern
Serous
meets mayo criteria No
Yes
Lymph node metastasis No
Yes

62 (87,3)
9(12,7)
60 (84,5)
11(15,5)
45 (634)
21(296)
5(7)

29 (40,8)
42 (59,2)
67 (94,4)
1(14)
342)
27(38)
44 (62)
69 (97,2)
2(28)

The majority of EC cases had endometrioid histology
(94.4%) and negative of lymphovascular space invasion
(84.5%). 7% of patients had high-grade disease (Grade 3).
12.7% of patients had greater than 50% myometrial inva-
sion. 44 (62%) of the patients with endometrial cancer
met the Mayo criteria, indicating that a lymph node dis-
section would be required. Systematic lymph node dis-
section was performed in 51 patients who met the Mayo
criteria on frozen section and had suspected lymph node
involvement.

27 (61%) patients with an ET of 14 mm or greater met
Mayo criteria on final pathology compared to 17 (39%)
of those with ET less than 14 mm. Of the patients with
ET>14 mm and EC diagnosis, 21 (55.0%) had grade 1,

14 (37%) had grade 2, and 3 (8%) had grade 3; 3 (8%) had
non-endometrioid histology, 5 (13%) had >50% myome-
trial invasion, and 5 (13.0%) had LVSI.

Discussion

Due to the risk of concurrent endometrial cancer in
patients with endometrial intraepithelial neoplasia or
complex atypical hyperplasia, there is ongoing debate
about whether these patients should be managed by gen-
eral obstetricians/gynecologists or referred to gyneco-
logic oncologists. Some patients may be diagnosed with
EC, raising the concern of incomplete surgical staging if
treated outside of oncology settings. If carcinoma is pres-
ent, lymph node dissection may be required for surgical



Caltek et al. BMC Cancer (2025) 25:883

staging. Therefore, careful evaluation is necessary to
determine which patients should be referred to a gyneco-
logic oncologist. This study evaluates risk factors to assist
in identifying patients at higher risk for carcinoma who
may benefit from specialized management.

In our study, the prevalence of concurrent endometrial
cancer was found to be 41.3%. This is consistent with
prior reports ranging from 25 to 50% [4, 19, 22-24]. Vari-
ations in prevalence may be influenced by factors such as
sample size, ethnic background, and patient demograph-
ics. Since our institution is a tertiary referral center with
expertise in gynecologic oncology, the higher proportion
of cancer cases is likely related to referral bias involving
patients with suspected malignancy.

We observed that patients with EC had a significantly
higher mean age, with cancer risk increasing approxi-
mately 3.94 times in women aged>50 years. Similarly,
Abt et al. reported increasing age as a significant risk
factor for cancer [25], and a 2020 study by Gianella et
al. identified age over 60 as a predictor [26]. The pres-
ence of diabetes and hypertension was also more com-
mon among EC patients in our cohort. Matsuo et al.
found diabetes to be an independent risk factor [20], and
a study by Erdem et al. with 227 patients identified both
diabetes and hypertension as predictive [22]. However,
Vetter et al. did not find these comorbidities significant
in their analysis of 169 patients, possibly due to ethnic or
population differences [19].

Obesity is a well-known risk factor for endometrial
cancer and is also associated with poorer outcomes [27].
In our study, a BMI>35 kg/m* was a significant risk
factor for carcinoma. Shree et al. similarly showed an
increasing risk of EC with rising BMI [28], and findings
from Gianella et al. were consistent with ours, showing
increased EC prevalence with obesity [29]. Our study also
observed a higher risk of EC in postmenopausal women,
aligning with Liang et al., who reported menopause as a
predictive factor [30].

Recent studies have demonstrated a significant rela-
tionship between ET and the risk of EC. Our findings
revealed that ET>14 mm was associated with a four-
fold increase in the risk of concurrent EC. Preoperative
transvaginal ultrasound may thus be useful for identi-
fying patients at risk. Vetter et al. reported a fourfold
increased risk with an ET >20 mm [19]. Abt et al. also
found that preoperative ET >20 mm was associated with
a twofold increase in EC risk on final pathology (RR 2.0,
95% CI: 1.3-2.9) [25]. In a 2024 study, Shree et al. iden-
tified ET 29 mm as predictive of malignancy (OR: 3.13,
p=0.05) [28]. Burrows et al. showed that patients with
ET>1.1 cm had a 6.1-fold increased likelihood of EC
diagnosis (95% CI: 1.32-27.68) [31]. In contrast, Thong-
sang et al., in a 2025 study of 113 patients (36 with EC),
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found no significant difference in ET between groups,
likely due to their smaller sample size [32].

Having surgery performed by a gynecologic oncolo-
gist is important for proper lymph node assessment
in EIN patients. According to certain criteria, some of
these patients may require lymph node dissection, which
enables full surgical staging and helps guide the need
for adjuvant therapy [19]. In our study, 44 (62%) of the
patients diagnosed with EC met the Mayo Clinic criteria
for lymphadenectomy. As all surgeries were performed
by gynecologic oncologists, lymphadenectomy was per-
formed during the same procedure, preventing the need
for reoperation and facilitating timely referral for adju-
vant treatment.

Recently, sentinel lymph node (SLN) mapping has
emerged as an alternative to full lymphadenectomy to
reduce surgical morbidity. An additional advantage of
sentinel lymph node mapping is its ability to identify low-
volume metastases, such as micrometastases or isolated
tumor cells, through ultrastaging [33, 34]. However, there
is no consensus on which EIN patients should undergo
SLN mapping. In selected cases, SLN biopsy may pro-
vide useful information for adjuvant treatment planning
[17, 30]. Rosati et al. reported that SLN biopsy provided
prognostic and therapeutic information in 60.8% of cases
with a 47.2% EC rate [35]. Bell et al. found SLN mapping
to be more cost-effective than frozen section evaluation
in patients with preoperative ET>20 mm [36]. Vieira-
Serna et al. reported an SLN metastasis rate below 2% in
patients undergoing surgery for EIN, suggesting that rou-
tine SLN mapping may not be necessary [37]. The ques-
tion of which EIN patients should undergo SLN mapping
remains open and requires further research. In our study,
patients with ET>14 mm were more likely to meet
Mayo criteria for high-risk disease, suggesting that these
patients could be considered for SLN mapping.

Recent studies have demonstrated that, in cases of EIN,
not only clinical features but also integrated histological
parameters may play a significant role in predicting con-
current endometrial cancer. In a 2024 study, Raffone et
al. showed that patients could be stratified into prognos-
tically relevant groups based on histological characteris-
tics. This approach suggests that preoperative evaluation
can be informed not only by clinical data but also by his-
topathological findings. Combining clinical features with
histological parameters may contribute to more individu-
alized treatment planning [38].

In recent years, molecular classification has gained
significant importance in determining prognosis and
guiding adjuvant treatment in endometrial cancer. Risk
stratification based on molecular markers such as p53
abnormal (p53abn), mismatch repair deficient (MMRA),
Polymerase Epsilon (POLE) mutated, and non-spe-
cific molecular profile (NSMP) can help personalize
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postoperative management. Although our study focused
on preoperative clinical predictors, advanced risk assess-
ment based on molecular classification may further
enhance treatment planning in cases diagnosed with con-
current endometrial carcinoma [39].

Conclusion

There is ongoing debate regarding which patients diag-
nosed with EIN or AH should be referred to gynecologic
oncology. In our study, age over 50 years, postmeno-
pausal status, presence of diabetes and hypertension,
BMI > 35 kg/m?, and endometrial thickness > 14 mm were
identified as strong predictors of concurrent endometrial
cancer. Referral to gynecologic oncology should be con-
sidered for these patients, as they may require lymph-
adenectomy or sentinel lymph node dissection. This
approach may help avoid the need for a second surgery
and ensure timely initiation of adjuvant treatment when
necessary.

Limitations

This study has several limitations. First, being conducted
at a tertiary referral center may limit the generalizabil-
ity of the findings to primary and secondary healthcare
settings. In addition, the fact that all surgeries were
performed by gynecologic oncology surgeons in a cen-
ter where intraoperative frozen section analysis is rou-
tinely available may not reflect the standard practice in
all institutions. To validate the results and assess their
applicability to a broader patient population, multicenter
prospective studies are needed.
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NLR Neutrophil-to-Lymphocyte Ratio
PCOS  Polycystic Ovary Syndrome
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