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Abstract

Objectives: Endometrial cancer (EC) is the most common malignancy of the female reproductive system. To date, no good marker
for screening or disease monitoring of EC is available. The objective of this study was to investigate the sensitivity and specificity of
CA125 and human epididymis protein 4 (HE4) in detection of EC.

Materials and Methods: This case-control study was carried out on 40 women with EC and 60 women without cancer. Serum
samples were prospectively obtained from all patients. Cut-off points for HE4 and CA125 were considered 70 pmol/L and 35 U/mL,
respectively. The level of statistical significance is set at P<0.05.

Results: The ROC-AUC, for HE4 was 0.82 and CA125 was 0.73 and for combination of HE4 and CA125 was 0.89. Compared to
CA125, HE4 had higher sensitivity (57.7% vs. 40%), equal specificity (93.3% vs. 95%), equal positive predictive value (PPV) (85%
vs. 84.2%) and higher negative predictive value (NPV) (76.71% vs. 70.37%) and in combination of two tumor markers sensitivity,
specificity, PPV and NPV were 62.5%, 93.3%, 86.2% and 78.9%, respectively. It was clear that combination of two markers had higher
sensitivity and higher NPV to detect EC, than each marker alone. HE4 and CA125 were significantly elevated in EC compared to
controls (P<0.001). There was significant correlation between median HE4 and age of the patients (r=0.48, P=0.002) and stage of
the disease (r=0.50, P=0.001). There was no significant correlation between CA125 and age, stage or grade of the disease (P=0.39,
P=0.08 and P=0.9, respectively).

Conclusion: Our study showed that serum HE4 levels alone and in combination with CA125 are sensitive markers in diagnosing EC.
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Introduction

Endometrial cancer (EC) is one of the most common ma-
lignancies of the reproductive system in the world. It is
the fourth most prevalent cancer after breast, lung and
colorectal cancers and the eighth leading cause of death
from cancer in women. The risk of EC during a woman’s
life is 2%-3% (1) and seems to be more with the develop-
ment of obesity (2) and occurring at younger ages than
previous (3).

Ninety percent of uterine cancers arise from endometrium
and are classified as endometrial adenocarcinoma (EAC),
80% of which are low grade endometrioid cancer and are
detected at lower stages of the disease. It has a good prog-
nosis, is recognized as type I EC, and is usually diagnosed
early due to bleeding after menopause. In contrast, type II,
which includes the remaining 20%, shows other histologi-
cal signs such as clear and serous cells. It develops with in-
vasion with fast metastasis in the early stages of the disease
and has a poor prognosis (2). 13%-17% of patients expe-
rience recurrence after treatment which often happens in
the first 3 years. The 3-year survival following relapse is

73% for vaginal recurrence and less than 15% for recur-
rence in pelvis and other parts. In addition, relapse occurs
in 60% of low-risk patients (with endometrioid histology
and low grade or stage). Half of these patients develop ex-
tensive relapse and have poor prognosis (3).

Although EC can be diagnosed at an early stage accord-
ing to the common symptom of vaginal bleeding, its de-
tection at more advanced stages is associated with poor
prognosis (4).

Given the high incidence of the disease, decreased age
of diagnosis, and unfavorable prognosis in high-risk pa-
tients, it seems necessary to identify the high-risk patients
before surgery and to perform disease screening using a
tumor marker which can help to identify high-risk cas-
es, to choose better surgical techniques and to increase
survival. On the one hand, it may help prevent invasive
surgery and increased mortality in patients with limited
disease and assist in post-treatment follow-up and identi-
fication of recurrence.

CA125 levels increase in many primary tumors such as
ovarian, endometrial, colorectal, breast, and lung cancers.
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It also increases in other conditions such as pregnancy, in-
flammation, endometriosis, fibrosis, benign ovarian cysts,
cirrhosis, and abdominal surgery (5).

Serum CA125 rises in 10%-20% of patients with early
stages of EC and only in 25% of asymptomatic patients
with recurrence. Measurement of CA125 is highly per-
formed in the diagnosis of advanced stages EC (6-9).
Although human epididymis protein 4 (HE4) exists in
normal tissues such as epithelium of mammary glands, fe-
male genital tract, vas deferens, respiratory glands, colonic
mucosa, and salivary glands, its serum titers increase in
cancer tissues, such as mesothelioma and lung, endome-
trial, breast, digestive tract, and interstitial tissue cancers;
however, the highest serum HE4 levels are seen in ovarian
cancer in women and lung cancer in men (10). In 2009,
HE4 was accepted as biomarker for prognosis and fol-
low-up of recurrent ovarian epithelial cancer by Food and
Drug Administration (FDA) (2).

There is increasing evidence demonstrating that the nov-
el factor HE4 can be a marker for EC. HE4 is increased
in all stages of EC and is more sensitive than CA125 for
detection of early stage EC. Further research confirms the
role of HE4 as a marker of recurrence in early-stage, and
during the follow-up of response to treatment (11). An-
other study showed that HE4 reduced after initial treat-
ment of EC and increased again following recurrence (3).
HE4 can be useful in identifying high-risk patients before
surgery (12,13).

The present study aimed at determining preoperative se-
rum levels of CA125 and HE4 in patients with EC as well
as determining sensitivity and specificity of these tumor
markers in the diagnosis of EC.

Materials and Methods

This case-control, descriptive-analytical study was per-
formed from March 2013 until December 2014 on surgical
candidates admitted to the Surgery and Oncology ward of
Al-Zahra hospital. According to the pilot study in which
the sensitivity of HE4 in the diagnosis of EC was obtained
95%, and assuming a=0.05, power=80%, and 10% dif-
ference in diagnostic accuracy, a total of 40 patients with
EC was estimated as the sample size and 60 subjects were
also selected as the controls that were matched with EC
patients in terms of age.

Patients were selected from women diagnosed with EC
(based on curettage specimens or outpatient endometrial
biopsy) who were hospitalized for surgical hysterectomy
in Al-Zahra hospital, after obtaining medical observation,
performing physical examination, filling out the question-
naire, and taking informed consent. Controls consisted
of patients who were admitted for hysterectomy because
of non-cancer reasons such as myoma or bleeding, after
obtaining medical history, performing physical examina-
tion, filling out the questionnaire, and taking informed
consent. All patients were informed of the purpose of the
study and written consent was obtained.

Exclusion criteria were previous history of cancer in any

part of the body, prior radiation or chemotherapy, meta-
static tumors of the uterus, diabetes, hepatic cirrhosis or
dysfunction (bilirubin above 1.5 mg/dL), renal dysfunc-
tion (creatinine above 1.5 mg/dL), and pregnancy.

The diagnosis of EC and benign lesions were confirmed
histologically by senior gynecologic pathologist. All pa-
tients with EC were staged and graded according to the
recommendations of International Federation of Gynecol-
ogy and Obstetrics (FIGO).

Five milliliters venous blood sample was collected the day
before surgery from each patient. Blood samples were
immediately centrifuged at 3000 rpm for 10 minutes to
extract the serum at 4°C. The serum was stored at -80°C
until analysis were performed. The time interval between
sampling and freezing was up to 1 hour.

Serum HE4 was measured by electrochemiluminescence
enzyme immunoassay (Roche, Germany) and serum
CA125 by chemiluminescence enzyme immunoassay
(Roche, Germany). Cut-off points for HE4 and CA125
were considered 70 pmol/L and 35 U/mL, respectively.

Statistical Analysis

Frequency and percentage were used to describe the qual-
itative data and mean+standard deviation or median and
interquartile range quantitative data. Given the skewness
and asymmetry of the data, median and interquartile
range were used to describe data when reporting the re-
sults of serum tumor markers in both groups.

The relationship between the biomarkers and age was
analyzed through non-parametric Spearman correlation
coefficient and the relationship between the biomarker
and disease grade and stage through Kruskal-Wallis test.
Mann-Whitney test was used to compare biomarkers be-
tween the control group and the patients.

To determine the diagnostic accuracy of biomarkers for
EC, sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and the area under the re-
ceiver operator characteristic (ROC) curve was calculated.
The statistical analysis was carry out by SPSS 17 software
and P values less than 0.05 were considered statistically
significant.

Results

Serum samples were obtained from 40 patients with surgi-
cally staged EC and from 60 patients with benign lesions.
The clinical characteristics of both groups were presented
in Table 1. Serum levels of HE4 and CA125 were increased
significantly in the patient group, compared with the con-
trol group (Table 2).

To evaluate the utility of preoperative tumor markers in
predicting EC, sensitivity and specificity calculations were
performed. The cut-offs were 70 pmol/L HE4 and 35 U/
mL for CA125. The sensitivity, specificity, PPV, NPV and
area under the ROC curve of the HE4 were 57.7%, 93.3%,
85.1%, 76.71% and 0.82% (CI: 0.73-0.91), respectively
(Figure 1). The sensitivity, specificity, PPV, NPV and area
under the ROC curve of the CA125 were 40%, 95%, 84.2%,
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Table 1. The Clinical Characteristics of the Patient and the Control Groups

Endometrial Cancer Group

Control Group

(n=40) (n=60) P Value

Median age (range) 56 (32-76) 50.5 (32-76) 0.14
Menopause (%) 31(77.5) 30 (50) 0.0006
Oral contraceptive pill use (%) 5(12.5) 11 (18) 0.47
Infertility (%) 7(17.5) 2(3.3) 0.03
FIGO stage (%)

I 21(52.5) -

1 13 (32.5) -

1 -

\% -
Tumor grade (%)

1 12 (30) -

2 13 (32.5) -

3 15 (37.5) -

Histology (%)
Endometrioid adenocarcinoma
Non-endometrioid carcinoma

35 (87.5) .
5(12.5) -

Table 2. Serum Levels of HE4 and CA125 in the Patient and the
Control Groups

Endometrial
Control Group
Cancer Group (n=60) P Value
(n=40)
HE4 (pmol/l)
Median 81.68 40.32
Quarter 1- Quarter 3 50.49-144.55 32.77-50.32 <0.001
CA125 (U/L)
Median 24.79 10.29
Q1-Q3 10.84-85.2 7.34-18.73 <0.001

70.37% and 0.73% (CI: 0.63-0.83) respectively (Figure 1).
In combination of two tumor markers sensitivity 62.5%,
specificity 93.3%, PPV 86.2%, NPV 78.9% and ROC-AUC
was 0.89 (CI: 0.82-0.95).

A positive correlation existed between age and HE4 levels
in the patient group (patients, r=0.48, P=0.002). There
was also a positive but statistically insignificant correla-
tion between serum HE4 and grade of the disease in the
patient group (r=0.28, P=0.07).

In addition, a significant positive correlation existed be-
tween serum HE4 and stage of the disease in patients
(P=0.001, r=0.50). There was a significant negative cor-
relation between age and level of CA125 in the control
group (P=0.007, r=0.34). No significant association ex-
isted between serum levels of CA125 and age, and disease
stage and grade (P=0.08, P=0.9, P=0.39, respectively)
(Table 3).

Discussion

EC is the most common gynecological malignancy in the
Western world. Unfortunately, to date, no good marker
for EC screening, early diagnosis or disease monitoring is
available (14). A sensitive marker is needed that can de-
tect EC in its early or advance stages or detect its recur-
rence. In this study, serum levels of HE4 and CA125 were
high in patients with EC; therefore, HE4 can help as a new

marker in diagnosing this disease. In our study HE4 is
more sensitive than CA125 in distinguishing EC patients
from women with benign lesions in uterus, regardless of
tumour stage and grade. Zhang and Zhang noticed that
serum levels of tumor markers in patients with EC were
higher compared to healthy women and patients with be-
nign diseases (15).

In our study all patients with EC, were surgically staged.
Most of the patients were in stage one of the disease. HE4
was a better marker for detecting both the early and ad-
vanced stages of EC compared to CA125. In the research
with median serum HE4 levels of 83 pm and 79.9 pm,
there was a correlation between disease stage and HE4 se-
rum level (14,16). In this study, this correlation existed at
median serum HE4 level of 81.68 pm.

Some researchers found that disease grades and HE4 se-
rum levels were correlated (14,17), which disagrees with
the findings of our research. However, Mutz-Dehbalaie et
al (18) conducted research on 183 patients and found no
correlation between tumor grades and serum HE4 levels.
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Figure 1. ROC Curve to Confirm the Diagnostic Value of HE4 and
CA125 and CA125+HE4 in Endometrial Cancer.
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Table 3. Serum Levels of HE4 and CA125 in the Patients With Endometrial Carcinoma According to the Age, Stage and Tumor Grade

HE4 (PMOL/L) Median (Q1-Q3) P Value CA125 (U/L) Median (Q1-Q3) P Value

Age

<56 61.32 (48.13-112.56) 23.61(12.25-111.02)

>56 129.45 (71.94-258.9) 0.014 24.79 (10.2-80.4) 0.73
Grade

1 78.87 (43.72-144.55) 30.30(11.19-96.92)

2 54.19 (49.95-102.88) 20.87 (11.45-64.34)

3 113.5 (75-282) 0.077 25.18 (7.19-137) 0.84
Stage

| 68.28 (43.74-106.8) 12.77 (10.48-40.95)

I 125.9 (50.94-192.5) 55(21.38-170.15)

1 401.5 (106.37-616.02) 59.24 (7.17-305.52)

1\ - 0.005 - 0.054

Angioli et al (17) studied 101 patients with ECs. Their av-
erage age was 64.9 years and their mean serum HE4 and
CA125 levels were 128.07+120 pm and 57+39.26 U/L,
respectively, which were lower than the levels we found
in our study. Contrary to HE4, the serum levels of CA125
were higher in the patient group and there was a signif-
icant correlation between serum CA125 levels and the
stage of the disease and the condition of lymph nodes.
The patients were old and in advanced stages of the dis-
ease, and a large number of EC exhibited non-endometri-
oid histology, which was probably why these researchers
found results different from ours.

Moor et al compared serum HE4, CA125, and CA72-4
levels in patients with endometrioid adenocarcinoma of
the uterus and healthy menopausal women (the control).
They noticed that HE4 was the most accurate marker for
detecting EC regardless of tumor stage and that the area
under the ROC curve for HE4 (ROC-AUC) in the first,
second to fourth, and all stages were higher (76.7, 83.6 and
78.7, respectively) compared to the other markers (11).

In our study, HE4 had higher sensitivity than CA125
alone. Adding CA125 to HE4 made them more sensitive
compared to HE4 and CA125 alone. When these two
markers were used together, they had an ROC-AUC of
0.89, which was higher than that of HE4.

In our study, HE4 had higher sensitivity than CA125 in
detecting EC. ROC-AUC of HE4 was 0.82, which was
higher than the 0.73 for CA125. The combined detection
of serum HE4 and CA125 increased the ROC-AUC to
0.89, which was higher than the figure for each of them
when used alone.

The serum level of CA125 in patients with EC was signifi-
cantly higher compared to the control group and contrary
to HE4, there was no correlation between serum CA125
levels and the age of the patients or the stage or grade of
the disease. In a study conducted on 193 patients with EC
with median CA125 serum level of 117.2 U/L, there was
a significant correlation between the CA125 serum level
and the degree of lymph node invasion (16). The reasons
for the differences between the two studies could probably
be the small sample sizes and the low average age of the
patients in our study.

Conclusion

EC is a common disease that, despite the possibility of its
early detection, is diagnosed at advanced stages in some
patients. Moreover, high risk patients need extensive sur-
gery and this invasive treatment can reduce survival rate
in patients in whom the disease has not spread widely.
Therefore, it is important to identify patients who benefit
from these treatments. HE4 is a new tumor marker that
can prove useful in earlier detection of the disease, iden-
tification of high-risk patients, follow-up after treatment,
and anticipating survival rates.

In this study, serum levels of the two tumor markers (HE4
and CA125) were higher in some EC patients; and con-
trary to CA125, there was a significant correlation between
the age of the patient and the stage of the disease when
HE4 was used. Study of the diagnostic values of these two
tumor markers revealed that HE4 had higher sensitivity
for EC compared to CA125, and that the combination of
these two tumor markers could detect this disease better
than HE4 alone.

Further investigation is warranted to assess the potential
of HE4 as a new tool for prospective diagnosis of EC pa-
tients
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