
Introduction
Endometrial cancer (EC) is known as the most common 
malignancy of the female reproductive tract, and is the 
fourth most common malignancy sequentially after 
breast, lung, and colorectal cancers. In general, about 
2%-3% of women are affected by EC (1), and the most 
common symptom is vaginal bleeding (2).

If the malignancy would be diagnosed at early stages, 
it can lead to better disease prognosis (3). In early stages, 
this cancer could be curable and the survival rate of 
stage I is 90% (4). According to a traditional method, 
pelvic and para-aortic lymphadenectomy during surgical 
staging of EC has been strongly recommended. However, 
nowadays there are a lot of controversies about total 
lymphadenectomy accuracy during surgical staging. Total 
lymphadenectomy may lead to operative morbidity such 
as lymphocyte formation, prolonged operative duration, 
hemorrhage, infection, and so forth. In actual fact, the 
majority of patients with EC are overweight and suffer from 
some additional diseases (comorbidities), as well. Hence, 

for an optimal management, finding a substitute method 
seems to be helpful in preventing lymphadenectomy (5).

A number of scientists believe that nonsurgical methods 
including imaging and screening the serum tumor marker 
levels may be helpful in detecting the patients at higher 
risk of lymph node involvement rather than surgical 
assessment of lymph nodes (6,7).

There are numerous tumor markers for EC. Cancer 
antigen 125 (CA125) and human epididymis 4 (HE4) are 
two common factors which have been widely investigated. 
Serum tumor marker levels elevate in EC, so detecting 
them during pre-operational stage and after treatment 
completion is of great importance.

Moreover, myometrial invasion is based on the amount 
of tumor metastasis beneath the myometrium which is 
defined through pathological examination.

The present study aimed to examine the correlation 
between serum tumor marker levels and stage, grade, 
histological type, myometrial invasion, and lymph node 
involvement. This may be helpful in detecting the patients 
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at higher risk of node involvement and preventing 
lymphadenectomy.

Materials and Methods 
The present cross-sectional study was conducted during 
2015–2017 and 131 patients with EC who had referred to 
Imam Khomeini Medical Education Center, Tehran, Iran, 
participated in the study. The participants aged 26 to 83. 
Although EC is more common in postmenopausal years, 
nowadays it is going to exist in younger women; for this 
reason, the wide age range of 26 to 83 was monitored in 
the current study. The inclusion criteria were as Follows:
1. Accurate clinical and pathological EC diagnosis 

through pipelle biopsy or previous dilatation and 
curettage,

2. Full surgical staging of the patients according to FIGO 
system which is composed of total pelvic and para-
aortic lymphadenectomy, as well as total abdominal 
hysterectomy and bilateral salpingo-oophorectomy.

The exclusion criteria were as follows: Smoking, renal, 
heart, and hepatic failure and other malignancies

The aforementioned cases effects on tumor marker 
levels are indications of this criterion.

Serum CA125 and HE4 levels were evaluated in all 
patients one week before surgery in hospital laboratory. 
Therefore, all evaluations were performed in the same 
place. The blood specimens were analyzed through 
chemiluminescent microparticle immunoassay specific 
mean for CA125 (ARCHITECT CA125II assay; Abbott 
GmbH, Wiesbaden, Germany) or for HE4 (ARCHITECT 
HE4 assay; Abbott GmbH Wiesbaden, Germany).

After completion of surgical staging, pathological 
examinations were performed by only one pathologist 
who was an expert gynecologic oncologist. Tumor type, 
grade, myometrial invasion, adnexal involvement, stage, 
and lymph node involvement were detected and data (all 
laboratory and pathological findings) were entered into 
SPSS software (version 23.0) and analyzed statistically. 
Consequently, the P < 0.05 was considered to be statistically 
significant in all evaluations.

Data Analysis 
T-test was utilized to compare the mean and standard 
deviation. Simple and multiple logistic regression 
analyses were applied for evaluating correlation between 
pre-operational serum tumor marker level and post-
operational pathological findings. To reach final reduced 
multiple regression analysis, the researchers used 
backward method and likelihood ratio (LR) test as well. 
ANOVA test was also utilized to compare the mean when 
there were more than two groups. Moreover, ROC curve 
was used to demonstrate the sensitivity and specificity of 
serum CA125 and HE4 levels.

Results
One hundred thirty-one patients with EC (pathologically 

diagnosed) participated in the current study. The 
participants aged 26 to 83 and the mean ± standard 
deviation (SD) of age was 53.7 ± 10.6. Type I or 
endometrioid type was detected in 115 patients (87.7%). 
While cases of non-endometrioid (Type II) which included 
papillary serous, clear cell, undifferentiated, malignant 
mixed Müllerian tumor, and endometrial stromal sarcoma 
were detected in 7 (5.3%), 4 (3.1%), 1 (0.8%), 3 (2.3%), and 
1 (0.8%) patients, respectively. Fifty-nine patients (45%) 
were listed in G1 according to histopathological grading. 
Surgical staging was also performed for all patients whose 
results are as follows: 70 (53.4%), 31 (23.7%), 15 (11.5%), 6 
(4.6%), 2 (1.5%), and 7 (5.3%) patients in stage IA, stage IB, 
stage II, stage IIIA, stage IIIB, and stage IIIC, respectively.

Furthermore, serum tumor marker levels were evaluated 
1 week before surgical staging and the means of CA125 
and HE4 were 32.51 (SD± 70.1) U/mL and 123.97 (SD ± 
153.2) pmol/L, respectively. 

ANOVA test and t test were also applied in order to 
identify the correlation between serum CA125 and HE4 
levels and post-operational findings (Table 1). 

The serum levels of both HE4 and CA125 tumor 
markers were significantly higher in stages over IA 
(P = 0.004, P = 0.016). They were also significantly higher 
in malignancies with lymph node involvement (P = 0.024, 
P = 0.037), cervical invasion (P < 0.001), and myometrial 
invasion (P = 0.03, P = 0.007). While there was no 
significant association between serum tumor marker levels 
and age (P = 0.937, P = 0.892), as well as histopathological 
grade (P = 0.379, P = 0.062) (Table 1).

Based on previous studies, levels of 70 and 140 pmol/L 
were considered for HE4, as well as 35 U/mL for CA125. 
Final results of sensitivity and specificity for each one are 
shown in Table 2 and Figure 1.

Considering the ROC curve analysis, AUC (area under 
curve) and 95% CI (confidence interval) of lower stage 
(≤IA) in comparison with higher stages (>IA), HE4 and 
CA125 were 69.1% (60.0-78.3) and 60.9% (51.2-70.7), 
respectively (Figure 1). The very same character of stage 
I in comparison with stage II-IIIB for HE4 and CA125 
were 67% (56.3-79.0) and 58.8 % (46.1-71.5), respectively 
(Figure 1). A reliable cut-off value was not obtained 
for tumor markers because it would be reliable only 
when both of them are higher than 80%. The acceptable 
sensitivity and specificity were also not found.

In logistic regression analysis, between serum tumor 
marker levels and post-operational pathological findings, 
a significant association was found between HE4 (OR= 
1.005, P = 0.035) and the grade (OR = 2.137, P = 0.005), 
based on a reduced model along with tumor type 
adjustment to the stage (Table 3).

Discussion
EC is the most common gynecologic malignancy (8,9). EC 
has two types; the main cause of type I is the excessive and 
unopposed serum estrogen level, but in type II, there is 
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not any correlation between the excess of estrogen and the 
malignancy (2). Many factors are involved in the prevention 
of EC such as contraception with oral contraceptive pills 
for at least five years during reproductive ages, having a 
healthy lifestyle, and controlling the blood pressure and 
glucose (blood sugar). Therefore, a complete surgical 
staging is recommended for EC. Since lymphadenectomy 
is necessary for the full staging and is accompanied with 
higher morbidity, in the current study, the correlation 
between two types of serum tumor marker levels and the 
risk factors for lymph node involvement was examined in 
order to detect high risk patients and to avoid unnecessary 
lymphadenectomy.

In a study by Moore et al, it was demonstrated that 

serum level of HE4 can detect recurrent cases with a 
significant sensitivity (10). However, they did not examine 
the association between level of HE4 and other factors 
such as grading and myometrial invasion.

In another study by Sebastianelli et al, preoperational 
serum CA125 level could be evaluated in advanced EC 
stages (11). Furthermore, in a study by Kalogera et al, level 
of HE4 could definitely indicate the necessity of complete 
surgical staging because this tumor marker succeeded to 
detect the myometrial invasion with a high sensitivity 
(12).

Moore et al recommended that HE4 level can predict 
the need for lymphadenectomy in EC staging (13). 
Moreover, in the study of Mutz-Dehbalaie et al, in case of 

Table 1. Patients’ Clinicopathological Factors and Their Association With HE4 and CA125 Levels

Variable n HE4, Mean ±SD CA125, Mean ±SD

Age ≤ 55 74 124.91 ± 176.41 31.78 ± 63.97
>55 57 122.76 ± 118.35 33.46 ± 77.92

P value 0.937 0.892

Stage ≤ IA 70 88.04 ± 84.85 18.80 ± 16.08

>IA 61 165.21 ± 198.56 48.24 ± 99.40

P value 0.004 0.016

LN positive 7 250.72 ± 216.47 86.07 ± 131.64

Negative 124 116.82 ± 146.96 29.49 ± 64.63

P value 0.024 0.037

Cervical involvement absent 106 97.49 ± 86.67 21.05 ± 17.63

Stromal involvement 25 236.26 ± 297.74 81.10 ± 149.07

P value <0.001 <0.001

Myometrial invasion 

<50% 80 93.23 ± 89.63 19.70 ± 16.29

≥50% 50 174.07 ± 212.97 53.47 ± 109.01

P value 0.03 0.007

LVSI positive 26 154.31 ± 142.54 67.95 ± 115.77

Negative 105 116.46 ± 155.62 23.74 ± 50.30

P value 0.261 0.004

Tumor type

Endomertrioid 115 112.71 ± 146.39 28.67 ± 66.92

Other 16 204.90 ± 181.48 60.11 ± 87.35

P value 0.024 0.093

Grade G1 59 127.85 ± 187.89 29.28 ± 65.90

Grade G2 46 102.14 ± 88.25 20.87 ± 18.37

Grade G3 26 153.82 ± 156.51 60.43 ± 117.43
P value 0.379 0.062

Note. SD: Standard Deviation; LN: lymph node; LVSI: lymphovascular space invasion; n: number of patients.

Table 2. HE4 and CA125 Sensitivity and Specificity Results Among Groups

Group Comparison

Sensitivity of  
HE4 at Cut-off 

Value of 70 
pmol/L

Specificity of  
HE4 at Cut-off 

Value of 70 
pmol/L

Sensitivity of  
HE4 at Cut-off 
Value of 140 

pmol/L

Specificity of  
HE4 at Cut-off 
Value of 140 

pmol/L

Sensitivity of  
CA125 at Cut-off 
Value of 35 U/mL 

Specificity of  
CA125 at Cut-
off Value of 

35 U/mL
Stage IA VS IB - IIIC 64 60 33.5 99.8 26.5 100

Stage I VS II - IIIC 63 52.5 43 99.8 33 86
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prognostic factors, it was concluded that HE4, alone or in 
combination with CA125, could act as a prognostic factor 
in patients with EC (8). Li et al also used the HE4 panel as 
a screening test for early stage of endometrial and ovarian 
malignancies (14).

The combination of HE4 and CA125 appeared to 
be useful with a positive predictive value of 100% for 
surveillance of EC at HE4 cut-off value of 70 pmol/L 
(15). According to the study of Brennan et al, evaluating 
HE4 level is more accurate in detecting deep myometrial 
invasion and high grade EC (based on pathological 
findings) in comparison with CA125 level, and it could 
be helpful in indicating the necessity of lymphadenectomy 
(16).

Additionally, Bie and Zhang demonstrated that there 
is no reliable cut-off value for HE4 in EC detection due 
to its low sensitivity (4). Abdalla et al indicated that both 
HE4 and CA125 are useful for predicting the EC stage and 
grade with a high sensitivity at 70 pmol/L cut-off value 
for HE4 and high specificity at 35 U/mL cut-off value for 
CA125 (17).

Wang et al recommended that both CA125 and 
HE4 levels are useful in detecting the requirement of 
lymphadenectomy for patients with EC (18). Angioli et al 

substantiated that transvaginal ultrasonography and HE4 
evaluation are convenient for a preoperative diagnosis of 
EC (19). Bian et al also revealed that HE4 level is associated 
with the adnexal involvement and tumor type in EC (20).

Abbink et al revealed that the increase in serum HE4 
level is an independent factor in lower disease-free 
survival and overall survival (21). Li et al explained 
the serum HE4 level as an important valuable factor in 
diagnosing EC (22).

In agreement with the results of Abdalla et al and 
Karin et al, in the present study, the increase in serum 
level of CA125/HE4 was not associated with patients’ 
age (17,21). Moreover, both HE4 and CA125 levels were 
significantly higher in stages > IA, akin to other studies 
(8,9,13,15,17,21,23).

In this study, there was an important correlation between 
HE4/CA125 levels and lymph node involvement; so it 
was concluded that the evaluation of mentioned serum 
tumor markers comes in handy for predicting lymph node 
involvement. The results of the current study were similar 
to those of other studies in terms of this issue (15,17,21,4-
27). Considering EC, a meaningful association was found 
between HE4/CA125 levels and cervical involvement; this 
result corroborated the result of Abdalla et al.

Furthermore, a considerable correlation was found 
between serum HE4/CA125 levels and myometrial 
invasion as found in other studies (8,9,13,15-17,21,23,27). 
In case of lymphovascular space invasion, no significant 
correlation was observed between HE4 level and LVSI; 
while the exact correlation was of great importance in 
CA125 level, which was in line with other studies (13, 21). 
In the present study, patients with non-endometrioid type 
had a higher serum level of HE4; this result supported that 
of other studies (8,15,20). In the study of Abdalla et al, no 
exact correlation was found possibly due to small sample 
size of the study (17).

Furthermore, in agreement with other studies, no 
considerable correlation was observed between HE4/
CA125 levels and tumor grade in the current study 
(8,9,17). While there was a significant correlation between 
HE4/CA125 levels and EC stage. Serum level of tumor 
markers was higher in stages >IA, although the current 
cut-off values did not have a high sensitivity and specificity 
for them. A sensitivity of 64% and a specificity of 60% at 
HE4 cut-off of 70 pmol/L were found for stage ≤ IA in 

Figure 1. Association Between CA125/HE4 Sensitivity and Specificity 
Based on Stages ROC Curve Note. Left: Stage <IA in comparison with 
stages over IA; Right: Stage I in comparison with other stages.

Table 3. Crude and Adjusted Odds Ratio for Association Between Variables of Interest and the Stage

Variables Simple Model
Crude OR (95% CI) P Value Multiple Model

Adjusted OR (95% CI) P Value Reduced Model
Adjusted OR (95% CI) P Value

Grade 2.33(1.43-3.80) 0.001 2.14(1.24-3.68) 0.006 2.13(1.25-3.63) 0.005
Tumor type 6.04(1.63-22.39) 0.007 2.75(0.65-11.58) 0.167 2.85(0.68-11.83) 0.149
HE4 1.005(1.001-1.010) 0.013 1.004(0.999-1.008) 0.131 1.005(1.000-1.009) 0.035
CA125 1.01(0.99-1.03) 0.061 1.009(0.987-1.031) 0.430
Age 0.98(0.95-1.02) 0.427 0.98(0.95-1.02) 0.459
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comparison with stages > IA and a sensitivity of 33.5% and 
a specificity of 99.8% at HE4 cut-off of 140 pmol/L were 
also identified for stage < IA in comparison with stages 
>IA. In other studies, no ideal cut-off was acquired or no 
applicable cut-off was obtained (4,8,21).

Conclusions
As it is known, a reliable sensitivity and specificity have to 
be more than 80% for a cut-off value; this was not reached 
in this study. Furthermore, it is concluded that HE4 and 
CA125 levels are advantageous for predicting high risk 
patients. Therefore, conducting more studies are required 
in this area. The current findings indicate that HE4 is more 
sensitive factor than CA125 and it can be very helpful in 
making a decision about whether lymphadenectomy is 
required or not. Conducting some investigations about 
the survival of EC and also serum level of HE4 are 
recommended for future research. 

Study Limitations 
Due to University’s Ethics Policies, the researchers were 
not able to use data of EC patients in other universities; so 
the study sample size was not large enough.
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