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A B ST R AC T 
 

 

Objective. Endometrial cancer is one of the most common malignancies in the world. There is no 

effective screening method used for predicting the clinical stage of the disease in the preoperative 

period and to plan the surgical procedure. The aim of this study is to compare the serum levels of 

CA-125 and HE-4 with MRI, to evaluate their ability to predict the depth of myometrial invasion 

in patients diagnosed with endometrial cancer, and to compare the specificity between these two 

tests. Materials and Methods. This prospective study was conducted at Dokuz Eylul University 

Faculty of Medicine, Department of Obstetrics and Gynecology, between February 2019 and 

February 2020. A total of 47 cases were included in the study. The cases were evaluated with 

MRI preoperatively to determine the extent of the disease. Preoperative serum CA-125 and HE-

4 levels were measured by ELISA method and compared, and the superiority of the tests to each 

other in determining the depth of myometrial invasion was evaluated. Results. In patients with 

endometrioid cancer, preoperative CA-125 and HE-4 levels were found to be higher if the 

myometrial invasion is >50% and lymphovascular space invasion is positive, and the difference 

was statistically significant. A cut-off of 7,05 U/ml for CA-125 could detect the deeper 

myometrial invasion with a sensitivity of 83% and a specificity of 52%, respectively. A cut-off 

of 94,25 pmol/L for HE-4 could detect deeper myometrial invasion with a sensitivity of 75% and 

a specificity of 56%, respectively. The sensitivity of MRI in determining the depth of myometrial 

invasion was 87,1%, and the specificity was 86,7%. Conclusions. MRI, HE-4 and CA-125 were 

found to be valuable tests in predicting the extent of the disease and planning the surgical 

treatment. All three methods successfully predicted the myometrial invasion depth of the disease. 

The success rates of the tests in predicting the depth of myometrial invasion were MRI, HE-4 and 

CA-125, respectively. HE-4 and CA-125 could not reach the sensitivity and specificity of MRI 

in determining the depth of myometrial invasion at any cut-off value. However, it was proved in 

this study that they can play important roles as simpler and more cost-effective tests in 

determining the extent of the disease, able to contribute to surgical planning during preoperative 

evaluation. 
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Introduction   

Endometrial cancer is the most common gynecological 

malignancy in high-income countries. Considering the 

entire world population, it is the second most common type 

of cancer after cervical cancer [1]. Each year, 288,000 new 

cases and 74,000 deaths have been reported in Europe and 

the United States due to endometrial cancer [2]. The 

average age of incidence of the disease is 62 years. The 

most common symptoms in patients are menometrorrhagia 

in the premenopausal period and vaginal bleeding in the 

postmenopausal period. The gold standard diagnostic 

method in endometrial cancer is an endometrial biopsy. 

The sensitivity of biopsy for diagnosis is 90% [3]. Apart 

from endometrial biopsy, the diagnosis of endometrial 

cancer can be made incidentally in the presence of 

abnormal cervical cytology or by suspecting endometrial 

pathologies during imaging methods. The imaging method 

with the highest sensitivity and specificity for endometrial 

cancers is pelvic magnetic resonance imaging (MRI) [4]. 

Staging is performed surgically in endometrial cancer [5]. 

Staging surgery includes total hysterectomy, bilateral 

salpingo-oophorectomy and lymphadenectomy. Surgery 

limited to hysterectomy and bilateral salpingo-

oophorectomy is recommended in order to avoid 

complications of lymphadenectomy in early-stage disease 

(<50% myometrial invasion, <2 cm tumor diameter, 

histologically endometrioid type grade 1 or 2 tumor, no 
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evidence of extension outside the uterus during surgery, no 

cervical involvement) [6]. Since the disease usually 

presents with signs and symptoms in the early stages, the 

prognosis of endometrial cancer is good. For this reason, 

there is no tumor marker specifically researched for 

endometrial cancer. CA-125 (Cancer Antigen-125) and 

HE-4 (Human Epididymis Protein-4) are among the tumor 

markers that have been shown to be effective in terms of 

endometrial cancer. 

The clinical use of CA-125 is mainly in ovarian cancer. 

There are studies showing that the increase in serum CA-

125 levels in endometrial cancer may be associated with 

advanced-stage disease and the need for adjuvant therapy 

[7]. 

Human Epididymis Protein-4 (HE-4) was first detected 

in 1999 by Schummer et al. in ovarian cancer tissue [8]. In 

the following years, it has been shown that HE-4 may be 

useful in distinguishing patients with endometrial cancer 

from healthy patients. HE-4 is also useful in determining 

advanced-stage disease [9,10]. Angioli et al. showed that 

serum concentration of >70 pmol/L has the highest 

sensitivity, specificity and positive prognostic value for 

endometrial cancer [11]. 

The aim of this study is to evaluate the capacity of MRI, 

CA-125 and HE-4 serum levels in predicting the depth of 

myometrial invasion in the preoperative period in patients 

diagnosed with endometrial cancer, and to determine a 

possible superiority between these tests. 

Materials and Methods 

This prospective study was conducted at Dokuz Eylul 

University Faculty of Medicine, Department of Obstetrics 

and Gynecology, between February 2019 and February 

2020. The study was approved by The Ethics Committee 

of Clinical Research of Dokuz Eylul University (protocol 

number: 4594-GOA, 06.03.2019). Written informed 

consent was obtained from all patients. All patients who 

underwent surgery for endometrial cancer during the 

specified period were included in the study. Exclusion 

criteria were the patients without preoperative endometrial 

biopsy, patients who were not investigated by magnetic 

resonance imaging before surgery, patients who had 

previously received chemotherapy/ radiotherapy for 

endometrial cancer, patients with another synchronous 

tumor, and patients who had been previously treated in 

other hospitals. 

The surgical staging was performed by total 

hysterectomy and bilateral salpingo-oophorectomy, with 

or without pelvic and paraaortic lymph node dissection 

according to the results of the frozen section. Stage of 

patients, histological subtype, the grade of the disease and 

other parameters were classified. Contrast-enhanced 

magnetic resonance imaging was used as the imaging 

method. Magnetic resonance imaging was performed by 

Dokuz Eylul University Department of Radiology. 

Imaging of the patients was obtained with Philips MR 

Systems Ingenia 1.5T MR imaging device (Philips 

Healthcare/ Philips Medical Systems B.V, The 

Netherlands). The contrast agent Gadoterat Meglumin 

(Dotarem, Guarbet İlaç Medical Malzemeleri ve Cihazlar 

San. Ve Tic. A.Ş) was applied as 10 ccs. T2W images were 

used to evaluate the depth of myometrial invasion in MR 

imaging. Invasion depth was calculated in post-contrast 

series, especially in cases where irregularities were 

observed in the endometrium-myometrium junction and 

the continuity of the endometrial line was lost. "Depth of 

invasion/ myometrial thickness x 100%" equation was used 

for calculation. The evaluation was made by the same 

radiologist for all patients. Serum CA-125 levels were 

measured with RayBio Human CA125 ELISA kit, serum 

HE-4 levels were measured with Human HE-4 PicoKine 

ELISA kit. Afterward, the findings of CA-125, HE-4 and 

MR imaging were compared with the postoperative 

pathology reports. Superiority of the tests over each other 

was evaluated. 

SPSS 24.0 was used for statistical analysis. Descriptive 

statistical methods (mean, standard deviation, median, 

minimum-maximum) and Mann-Whitney-U test were used 

for comparison between two groups. Kruskal-Wallis test 

was used for comparison of more than two groups and T-

test was used in the comparison of independent samples’ 

average. ROC (Receiver Operating Characteristics) 

analysis was performed to estimate the performances of 

CA-125 and HE-4 markers in evaluating the depth of 

myometrial invasion. Cohen's Kappa test was performed to 

evaluate the compatibility of myometrial invasion depth in 

magnetic resonance imaging and the depth of myometrial 

invasion as a result of the final pathology. Again, Cohen's 

Kappa test was used to evaluate the compatibility of 

endometrial sampling and diagnosis type. p<0,05 was 

accepted as statistically significant.  

Results 

A total of 47 patients who underwent surgery during the 

specified period were included in the study. The mean age 

of 47 patients was 61.7 ± 8.4 (range 41-79). At least one 

comorbid disease was detected in 34 (72%) of the patients. 

The demographic characteristics of the patients are 

presented in Table 1. 

41 of the 47 patients were diagnosed after menopause. 

39 patients were diagnosed as endometrioid type of cancer, 

while non-endometrioid cancers were seen in 8 patients 

(undifferentiated type carcinoma, mixed type carcinoma, 

clear cell carcinoma, serous carcinoma) (Table 2). 

The frozen section was studied during the operation in 

40 of 47 patients. The comparison of the results of the 
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frozen section with final pathology is presented in Table 3. 

In 3 patients, the frozen section reported <50% myometrial 

invasion. In those 3 patients, the final pathology reported 

that the myometrial invasion was above 50%. Endometrial 

cancer was not observed in two patients as the result of the 

final pathology. One of these patients had hyperplasia with 

atypia. The other patient was cured after dilatation and 

curettage. Histological grades of patients were detected as 

follows; 65% grade 1, 19% grade 2, and 16% grade 3. 32 

patients were diagnosed with stage 1 disease, 7 were 

diagnosed with stage 2 disease and 6 patients were 

diagnosed with stage 3 disease (Table 4). 

When all cases participating in the study are 

considered, the results of the ROC analysis in the 

evaluations made with MRI, HE-4, CA-125 and 

ultrasonography (USG) for more than 50% depth of 

myometrial invasion are shown in Table 5 and Figure 1. 

According to these results, when evaluating all patients 

regardless of endometrial cancer type, there is no 

procedure that significantly predicts the depth of 

myometrial invasion, except for MRI. The sensitivity of 

MRI in predicting the depth of myometrial invasion was 

87.1%, and its specificity was 86.7%.  

In Table 6 and Figure 2 are presented the ROC analysis 

of MRI, HE-4, CA-125 and ultrasonography, which were 

used to determine the depth of myometrial invasion in 

patients with endometrioid cancers. According to these 

results, CA-125 and HE-4 have been shown to be effective 

in predicting the depth of myometrial invasion, in addition 

to MRI. For ultrasonography, the area under the curve is 

0,555 and this value is not statistically significant. 

Therefore, there is no cut-off value for endometrial 

thickness in ultrasonography that could help to predict the 

depth of myometrial invasion. 

 

 
Table 1. Demographic characteristics of the patients 

 
N:47 

Age (year) 
61,7 ± 8,4 

(41-79) 

Gravida  
2,9 ± 1,8  

(0-8) 

Parity, mean 2,2 ± 1,4 

Parity  

Nulliparous 6 (13%) 

Multiparous 4 (87%) 

Comorbidities  

No 13 (28%) 

Yes 34 (72%) 

High Blood Pressure  13 

Diabetes Mellitus 4 

HBP+DM 8 

Other (OSAS, epilepsy etc.) 9 

Menopausal status 
 

Postmenopausal 41 (87%) 

Premenopausal 6 (13%) 

LMP in postmenopausal patients, 

mean 

15,2 ± 8,2 

Abbreviations: HBP, high blood pressure; DM, 

diabetes mellitus; LMP, last menstrual period 

 
Table 2. The detection rate of endometrial biopsy 

Endometrial Biopsy 

Pathology, n (%) 
Number of patients,   

n (%) 

 

p value 

Endometrioid Non-Endometrioid  

Endometrioid 36 (97,3%) 2 (25,0%) 38 (84,4%)  

Kappa 

0,760(<0,001) 
Non-Endometrioid  1 (2,7%) 6 (75,0%) 7 (15,6%) 

Number of patients, n (%) 37 (100%) 8 (100%) 45 (100%) 

Table 3. Comparison of the results of the frozen section with final pathology 

 Myometrial invasion <50% Myometrial invasion >50% Number of patients 

Frozen 32 8 40 

Pathology 29 11 40 
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Table 4. Clinicopathological characteristics 

 Endometrial Cancer Type 

Endometrioid Non-Endometrioid 

Number of patients  37 (82%) 8 (18%) 

Age, mean (±SD) 61,35 ± 8,99 63 ± 8,08 

Grade 
Grade 1 

Grade 2         

Grade 3 

24 (64,8%) 

7 (18,9%) 

6 (16,3%) 

 

Depth of myometrial invasion 
No 

<50% 

>50% 

5 (14%) 

20 (54%) 

12 (32%) 

No 

<50% 

>50% 

2 (26%) 

3 (37%) 

3 (37%) 

Peritoneal cytology 
PC (+) 

PC (-) 

Not clear 

4 (11%) 

32 (86%) 

1 (3%) 

PC (+) 

PC (-) 

Not clear 

0 (0%) 

7 (88%) 

1 (12%) 

LVSI 
LVSI (+) 

LVSI (-) 

9 (24%) 

28 (76%) 

LVSI (+) 

LVSI (-) 

3 (38%) 

5 (72%) 

Lymph node metastasis 

LN (+) 

LN (-) 

Not sampled 

0 (0%) 

19 (51%) 

18 (49%) 

LN (+) 

LN (-) 

Not sampled 

2 (25%) 

5 (63%) 

1 (12%) 

Stage 

Stage 1 

Stage 2 

Stage 3 

28 (76%) 

6 (16%) 

3 (8%) 

Stage 1 

Stage 2 

Stage 3 

4 (50%) 

1 (12%) 

3 (38%) 

Abbreviations: LVSI - lymphovascular space invasion; LN - lymph node 

Table 5. ROC analysis when all patients were considered 

 AUC (Area under the curve) 95% CI p value 

MRI 0,842 0,713-0,971 <0,001 

HE-4 0,629 0,440-0,818 0,157 

CA-125 0,656 0,483-0,830 0,087 

USG 0,564 0,372-0,756 0,496 

Table 6. ROC analysis in endometrioid type cancer 

 AUC (Area under the curve) 95% CI p value 

MRI 0,840 0,689-0,991 0,001 

HE-4 0,737 0,561-0,913 0,021 

CA-125 0,717 0,535-0,899 0,035 

USG 0,555 0,336-0,773 0,606 

  

Figure 1. ROC curve for myometrial invasion depth 
regardless of endometrial cancer type 

Figure 2. ROC curve for myometrial invasion depth in 

patients with endometrioid cancers        
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Table 7. Relationship between tumor markers and the extent of the disease 

 n 
CA-125 (U/ml) 

p value 
HE-4 (pmol/L) 

p value 
Mean (SD) Mean (SD) 

Myometrial 

İnvasion 

No or <50% 25 9,3 ± 6,5  

p = 0,035 

95,4 ± 68,5  

p = 0,021 ≥50% 12 23,5 ± 22,2 193,1 ± 131,2 

  

LVSI 
No 28 11,4 ± 13,8  

p = 0,020 

102,6 ± 77,8  

p = 0,025 Yes 9 21,8 ± 16,4 203,3 ± 135,5 

  

LN Metastasis 
No 15 15,9 ± 12,8  

p = 0,500 

134,1 ± 110,8  

p = 0,500 Yes 1 22,6 31,7 

  

Lower uterine 

segment involvement 

No 21 12,6 ± 12,4  

p = 0,404 

136,2 ± 117,2  

p = 0,639 Yes 16 15,6 ± 18,2 114,4 ± 81,1 

  

Cervical 

involvement 

No 30 13,3 ± 12,4  

p = 0,985 

124,8 ± 103,3  

p = 0,969 Yes 7 16,8 ± 24,3 135,2 ± 105,8 

  

Peritoneal Cytology 
No 32 13,1 ± 15,2  

p = 0,393 

137,1 ± 106,3  

p = 0,144 Yes 4 19,3 ± 15,6 62,1 ± 27,2 

  

Abbreviations: LVSI, lymphovascular space invasion; LN metastasis, lymph node metastasis 

According to the results of ROC analysis, the CA-125 

cut-off value with the highest sensitivity and specificity in 

the evaluation of myometrial invasion depth was found to 

be 7,05 U/ml. At this cut-off value, the sensitivity and 

specificity of CA-125 in determining the depth of 

myometrial invasion were 83% and 52%, respectively. HE-

4 cut-off value with the highest sensitivity and specificity 

in the evaluation of myometrial invasion depth was 

observed as 94.25 pmol/L. When this cut-off value is taken, 

the sensitivity of HE-4 in determining the depth of 

myometrial invasion was 75% and its specificity was 56%. 

According to these results, the success rates of the tests in 

predicting the depth of myometrial invasion were MRI, 

HE-4 and CA-125, respectively. Since the total number of 

cases in non-endometrioid type endometrial cancers is very 

low, ROC analysis could not be performed for these 

tumors.  

The relationship between the extent of the disease and 

serum CA-125 levels in patients with endometrioid type 

endometrial cancer is presented in Table 7. Serum CA-125 

levels were found to be significantly higher in cases where 

the depth of myometrial invasion was above 50% and 

lymphovascular space invasion was present (p<0,05). 

Although there was an increase in CA-125 serum levels in 

cases with lymph node involvement, lower uterine segment 

involvement, cervical involvement and positive peritoneal 

cytology, this increment was not statistically significant.   

The relationship between the extent of the disease and 

serum HE-4 levels in patients with endometrioid type 

endometrial cancer is presented in Table 7. Similar to CA-

125, serum HE-4 levels were found to be significantly 

higher in cases where the depth of myometrial invasion 

was above 50% and lymphovascular space invasion was 

present (p<0,05). Unlike CA-125, there was no 

relationship between serum HE-4 levels and lymph node 

involvement, lower uterine segment involvement, cervical 

involvement and positive peritoneal cytology.    

Three patients had <50% myometrial invasion 

according to frozen section. Even so, for these three 

patients, the depth of myometrial invasion was reported to 

be more than 50% in the final pathology report. 2 of the 3 

patients had HE-4 serum levels compatible with >50% 

depth of myometrial invasion, while CA-125 serum levels 

in all three patients were compatible with >50% depth of 

myometrial invasion according to the cut-off values of 

94.25 pmol/L for HE-4 and of 7.05 U/ml for CA-125. 
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Discussions 

Although endometrial cancer is one of the most 

common cancers in the world, unlike other cancer types, 

there is no effective screening test to predict the extent of 

the disease and help the surgeon planning the procedure. 

Imaging methods such as MRI, CT scan and 

ultrasonography are used for the evaluation; however, the 

need for a simple and cost-effective screening method still 

stands to be established.  

CA-125, one of the tumor markers studied and shown 

to be effective in endometrial cancer, is a molecule secreted 

from tissues originating from mesothelial and coeliac 

epithelium (such as the peritoneum, pleura, pericardium, 

endometrium, endocervix and fallopian tubes). CA-125 is 

a marker with high sensitivity for ovarian cancer. There are 

studies showing an increase in the serum concentrations of 

CA-125 in endometrial cancer [12-14]. The increment is 

significant, especially in advanced stages. The standard 

cut-off value for CA-125 is 35 U/ml. However, lower cut-

off values are more sensitive to show the depth of 

myometrial invasion and lymph node metastasis.  

In two studies, CA-125 cut-off value was taken as 20 

U/ml. In one of these studies, the sensitivity and specificity 

of CA-125 determining the myometrial invasion were 63% 

and 71%, respectively [15]. In the other study, the 

sensitivity and the specificity of CA-125 in detecting 

endometrial cancer patients were 70% and 71%, 

respectively [16].   

In our study, similar to the previous studies, 

preoperative CA-125 serum levels were found to be 

significantly higher in cases where the depth of myometrial 

invasion was above 50% and lymphovascular space 

invasion was present. When the cut-off value is taken as 

7,05 U/ml, CA-125 predicts the depth of myometrial 

invasion with 83% sensitivity and 52% specificity. In 

previous studies, it has been shown that serum CA-125 

levels can increase significantly in the presence of poor 

prognostic factors, such as lymph node metastasis and 

advanced stages. We detected increased serum CA-125 

levels in such cases, but the increment was not statistically 

significant. The reason for this may be the early-stage 

disease detected in most of the patients who participated in 

the study. 

Human Epididymis Protein-4 was first shown on the 

distal epididymis epithelium and was discovered as a 

protease inhibitor involved in sperm maturation [17,18]. 

HE-4 is a member of the whey acidic protein family and is 

a protease inhibitor with immunoprotective effects [19]. 

Although the mechanism of action of HE-4 is not fully 

understood, it is thought that HE-4 plays an important role 

in cell migration, cell invasion and regulation of the 

extracellular matrix. After HE-4 was included in the 

“NCCN ovarian cancer diagnosis and treatment 

guidelines” in 2012, HE-4 was also started to be 

investigated in endometrial cancers. In their study, Moore 

et al. showed that serum HE-4 levels were significantly 

different between patients with endometrial cancer and 

healthy individuals [9].  

Angioli et al. showed that the HE-4 level with the 

highest sensitivity and specificity in endometrial cancer 

is 70 pmol/L [11]. Later, studies have shown that the 

increase in pre-operative serum HE-4 levels is an 

independent risk factor in terms of mean survival, 

disease-free survival and progression-free survival. HE-4 

is also helpful in predicting the need for lymph node 

dissection before surgery [20]. In our study, similar to the 

previous studies, serum HE-4 levels were found to be 

significantly higher in cases where the depth of 

myometrial invasion was more than 50%. When the cut-

off value was taken as 94,25 pmol/L, the sensitivity and 

specificity of HE-4 were found to be 75% and 56%. In 

our study, it can be seen that there is a significant 

relationship between the presence of lymphovascular 

space invasion and serum HE-4 levels. 

Studies have shown that the increment in serum HE-4 

levels is not associated with pathological subtypes and 

estrogen sensitivity [21]. The significant relationship 

between the depth of myometrial invasion and these two 

serum tumor markers in type 1 endometrial cancer 

disappears when a small number of type 2 endometrial 

cancer patients are included in the study; it is evaluated that 

serum HE-4 and CA-125 levels do not increase in type 2 

cancer. 

In the studies of Moore and Mutz-Dehbalaie, no 

significant relationship was found between HE-4 and the 

presence of lymph node metastasis [10,22]. However, there 

are many studies in the literature showing that there is a 

significant relationship between serum HE-4 levels and 

lymph node positivity [23,24]. In our study, no significant 

relationship was found between serum CA-125 and HE-4 

levels and patients with positive lymph nodes in 

endometrial cancer. The reason for this may be that the 

sample size of the study did not consist of a large number 

of cases. Among the existing patients, the number of 

patients with positive lymph nodes is relatively few.  

In previous studies, magnetic resonance imaging has 

been shown to have the highest sensitivity and specificity 

in the evaluation of the depth of myometrial invasion in 

endometrial cancer. In two studies, the sensitivity of MRI 

in predicting the depth of myometrial invasion was 84% 

and 89%, and specificity was 71% and 100%, 

respectively [25,26]. In our study, similar to the other 

studies, the sensitivity of magnetic resonance imaging in 

the evaluation of the depth of myometrial invasion in 

cases with endometrial cancer was 87.1% and the 

specificity was 86.7%. 
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In our study, similar to the previous studies, the most 

successful method in predicting the depth of myometrial 

invasion before the operation is magnetic resonance 

imaging, followed by HE-4 and CA-125, respectively. 

Nevertheless, measurement of serum CA-125 and HE-4 

levels stands out as a valuable method in preoperative 

assessment of the extent of the disease in patients with 

endometrial cancer. Measurement of serum tumor markers 

is a simpler and less-costly method compared to MRI. 

Evaluation by ultrasonography has not been found to 

have significant success in predicting the cases where the 

depth of myometrial invasion is above 50%, and a cut-off 

value in terms of endometrial thickness could not be 

determined in ultrasonographic evaluation. 

The limitations are that the MR images were evaluated 

by a single radiologist, the study was performed in a single-

center, the number of patients included in our study was 

relatively low, and the patient distribution was not 

homogeneous in terms of stage, lymph node metastasis, 

lower uterine segment involvement, lymphovascular space 

invasion, and endometrial cancer types. 

The strengths of our study are that it is a prospective 

study. In addition, both MRI and serum markers were used 

in the same patient during the evaluation, and the success 

of different examinations was evaluated in the same 

patient. In similar studies in the literature, imaging 

methods, serum tumor markers and their combinations 

were compared among themselves in evaluating the 

severity of the disease. For our knowledge, our study is the 

first study comparing the success of imaging methods and 

serum tumor markers to each other in evaluating the extent 

of the disease, and this is one of the strengths of our study. 

Conclusions 

Although magnetic resonance imaging is still the best 

examination for the pre-operative prediction of 

endometrial cancer spread and myometrial invasion depth, 

in this study, it has been clearly shown that measuring CA-

125 and HE-4 serum levels are simpler and less costly 

methods and can be used for preoperative evaluation. It 

should be kept in mind that, in further studies with higher 

populations and better distribution of stages and 

endometrial cancer types, more successful results can be 

obtained in the use of these serum markers alone or in 

combination with each other.  
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