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Abstract. — OBJECTIVE: This study aims to
investigate the clinical value of combined detec-
tion of serum soluble epidermal growth factor
receptor (SEGFR), cancer antigen 125 (CA125),
and human epididymis protein 4 (HE4) in the di-
agnosis of epithelial ovarian cancer (EOC).
PATIENTS AND METHODS: From Decem-
ber 2017 to October 2018, the serum samples
were obtained from the Affiliated Hospital of
Xuzhou Medical University, with 30 patients as
EOC group, 30 patients with benign ovarian neo-
plasms as benign group, and 17 healthy sub-
jects as healthy group. Besides, among 30 EOC
patients, 9 serum samples were obtained from
pre-operative and post-operative EOC patients.
The levels of serum SEGFR were detected by
enzyme-linked immunosorbent assay (ELISA),
while CA125 and HE4 were detected by enhanced
chemiluminescence immunoassay (ECLIA). The
diagnostic value was evaluated by receiver oper-
ating characteristic (ROC) curve analysis.
RESULTS: The levels of serum seEGFR, CA125,
and HE4 in EOC group were significantly high-
er than those in benign group (p<0.05) and
healthy group (p<0.05). When using a single tu-
mor marker, the CA125 shows the highest sensi-
tivity (93.30%) and HE4 shows the highest spec-
ificity (97.87%). The specificity of combined de-
tection of serum seGFR, CA125, and HE4 was
100%, which was significantly higher than that
using a single tumor marker. The area under the
ROC curve (AUC) of combined detection of se-
rum seGFR, CA125, and HE4 (0.965) was much
higher than that of the single detection and
higher than that of combined detection of CA125
and HE4 (0.940). Moreover, the level of serum
sEGFR in post-operative EOC group was sig-
nificantly lower than that in the corresponding
pre-operative EOC group (p<0.05).

CONCLUSIONS: Our study shows that com-
bined detection of serum sEGFR, CA125, and
HE4 increases the specificity and efficiency in
EOC diagnosis, indicating that sEGFR could
be a potential biomarker for the diagnosis and
prognosis of EOC.
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Introduction

Ovarian cancer is the most lethal gynecologic
cancer, in which epithelial ovarian cancer (EOC)
accounts for 90%'. About one hundred and twen-
ty-five thousand people worldwide die from ovar-
ian cancer each year, with a five-year survival
rate of approximately 46%?3. This is primarily
due to the lack of specific signs and symptoms
in the early stage*. Currently, CA125 and HE4
are well-established biomarkers in ovarian can-
cer diagnosis’. CA125 is a large transmembrane
glycoprotein, which is encoded by Mucin 16
(MUCI16) gene®. CA125 is overexpressed in EOC
and could be detected in serum’. Some studies™®
have shown that the sensitivity of CA125 is only
50%-62% in early-stage ovarian cancer diagno-
sis. Additionally, CA125 is reported to be higher
in other physiological or pathological conditions,
such as menstruation, pregnancy, endometriosis,
and inflammatory diseases of the peritoneum,
making its specificity low (73%-77%)>8. Another
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serum biomarker named human epididymis pro-
tein 4 (HE4), known as WAP four disulfide core
2 (WFDC2), has been shown to be overexpressed
in some ovarian tumors’. Yanaranop et al'® have
shown that HE4 has a higher specificity than
CA125. Nevertheless, the level of serum HE4 is
reported to be increased in multiple abdominal
tumors'"'?, endometrial cancer’, and pancreat-
ic cancer'®. Hence, detection of HE4 alone in
the diagnosis of EOC has some shortcomings'.
Moreover, it is reported that the five-year survival
rate of patients with stage I EOC is in the range
of 90% to 95%'. Therefore, it is quite necessary
to exploit new biomarkers for improving the early
diagnosis of EOC.

Epidermal growth factor receptor (EGFR), a
membrane-bound tyrosine kinase glycoprotein,
is widely expressed on the surface of multiple
cell types and belongs to the human epidermal
receptor family"”. Gui and Shen' have suggested
that the overexpression of EGFR is detected in
30%-98% of EOC. Besides, the sEGFR and the
extracellular ligand-domains of EGFR could be
detected in the blood stream'®. Therefore, EGFR
might be a potential biomarker for the EOC di-
agnosis. However, there are controversial data on
the expression level of serum sEGFR in EOC pa-
tients*”. Baron et al*' found that the level of serum
sEGFR was lower in patients with ovarian cancer
than in healthy subjects, but Tas et al** reported
no significant difference in the baseline levels of
serum sEGFR between EOC patients and con-
trols. The purpose of this study is to evaluate the
level of serum SEGFR, CA125, and HE4 in EOC
patients and their role in EOC diagnosis.

Patients and Methods

Patients

30 EOC patients who were diagnosed and sur-
gically treated in the Affiliated Hospital of Xu-
zhou Medical University from December 2017 to
October 2018 were recruited. Among these, there
were paired 9 pre-operative and post-operative
EOC patients. In addition, 30 patients with be-
nign ovarian neoplasms who were admitted to the
Affiliated Hospital of Xuzhou Medical University
were included as the benign group, and 17 healthy
women were included as the healthy group. All
patients were pathologically confirmed. This in-
vestigation was approved by the Ethics Commit-
tee of the Affiliated Hospital of Xuzhou Medical
University.

Detection Methods

The samples were collected during the non-men-
strual period. 5 mL elbow vein of the above study
objects were collected and placed in a yellow test
tube (Guangzhou Yangpu Biotechnology Co., Ltd.,
Guangzhou, China). After standing for 10 min, the
samples were centrifuged at 3500 r/min for 10 min
at 4°C. Then, the supernatant was added to the
sterile Eppendorf tube (EP; Jiangsu Kangjian Bio-
technology Co., Ltd., Jiangsu, China) and stored in
the refrigerator at —80°C. The level of serum sEG-
FR was detected by sEGFR ELISA Kit (Beijing
Yiqgiao Shenzhou Technology Co., Ltd, Beijing,
China). The levels of serum HE4 and CA125 were
detected by ECLIA from Roche COBASE 601
automatic chemiluminescence instrument (Roche
Pharmaceutical Ltd, Shanghai, China) and original
matching reagent. Moreover, all procedures were
performed according to the kit instructions, and
all controls were within the scope stated in the
instructions.

Positive Judgment

The level of SEGFR>277.84 pg/ml was defined
as positive according to the ROC curve. The
levels of CA125>35.00 U/mL, and HE4>92.10
pmol/l (premenopausal) or HE4>121.00 pmol/l
(postmenopausal) were defined as positive based
on the reference range provided by the kit.

Statistical Analysis

All the data were analyzed using SPSS 19.0
(SPSS Inc., Chicago, IL, USA) and GraphPad
Prism 7.0 software (Version VII; La Jolla, CA,
USA). Categorical data were evaluated using the
t-test. Count data were evaluated between groups
using y’-test. The measurement data were ex-
pressed as the means of the data + standard devi-
ation (SD). The ROC curves and AUC were used
to assess the diagnostic value of SEGFR, CA125,
and HE4. When the Youden index is maximum,
the cutoff value of sSEGFR is determined. When
the p-value is less than 0.05, the difference is
considered statistically significant.

Results

Comparisons of the Levels of Serum
SEGFR, CA125, and HE4 in the EOC
Group, the Benign Group and the
Healthy Group

As shown in Table I, the mean levels of serum
SsEGFR in EOC group, benign group, and healthy
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Table I. Comparisons of the levels of sSEGFR, HE4, and CA125 in the EOC group, benign group, and healthy group.

Group SEGFR (pg/ml) CA125 (U/ml) HE4 (pmol/ml)
EOC Group (n =30) 282.26 +35.42 1664.67 + 3717.74 430.66 + 503.80
Benign Group (n = 30) 265.89 + 16.60 33.35+51.31 48.76 + 11.47
Healthy Group (n = 17) 262.86 + 12.03 18.20 + 17.87 47.02 + 19.63

group were (282.26+35.42) pg/ml, (265.89+16.60)
pg/ml, and (262.86+12.03) pg/ml, respective-
ly. The mean levels of serum CAI125 in EOC
group, benign group, and healthy group were
(1664.67+3717.74) U/ml, (33.35+£51.31) U/ml, and
(18.20+17.87) U/ml, respectively. The mean lev-
els of serum HE4 in EOC group, benign group,
and healthy group were (430.66+503.80) pmol/ml,
(48.76+11.47) pmol/ml, and (47.02+£19.63) pmol/
ml, respectively. The level of sSEGFR in EOC
group was significantly higher than that in benign
group and healthy group (p<0.05, Figure 1A).
Meanwhile, the levels of CA125 and HE4 were
significantly higher than those in benign group
and healthy group (p<0.001, Figure 1B, 1C). The
levels of the three markers in benign group and
healthy group were not significantly different
(p>0.05, Figure 1).

The Correlation of sSEGFR, CA125, and
HE4 with Clinicopathological Factors in
the EOC Group

In EOC group, the levels of sEGFR in high-
grade and advanced patients were higher than
those in low-grade and early patients (p>0.05,
Table II). However, the levels of CA125 and HE4

were significantly related to age, Malpica grade,
and FIGO stage (p<0.05, Table II). Additionally,
the level of CA125 was significantly related to
Menopause state (p<0.05, Table II).

Sensitivity, Specificity, and Diagnostic
Performance of Single or Combination
of SEGFR, CA125, and HE4 in the
Diagnosis of EOC

ROC curves of single or combination of sEG-
FR, CA125, and HE4 were shown in Figure 2.
The ROC curve analysis revealed that when the
level of sSEGFR was 277.84 pg/ml, the maximum
of the Youden index was 0.342, and the AUC of
sEGFR was 0.666. The sensitivity, specificity,
Youden Index, and AUC of single or combination
of sEGFR, CA125, and HE4 in the diagnosis
of EOC were listed in Table III. The sensitiv-
ity of SEGFR, CA125, and HE4 were 53.33%,
93.33%, and 60.00%, respectively (Table III).
The specificity of sSEGFR, CA125, and HE4 were
80.85%, 85.11%, and 97.87%, respectively (Table
III). Furthermore, the sensitivity and specificity
of combined detection of CA125 and HE4 were
86.67% and 95.75% (Table III). The sensitivity
and specificity of combined detection of three
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Figure 1. The levels of serum sEGFR, CA125, and HE4 in the EOC group, benign group, and healthy group. A, Level of
serum sEGFR was significantly higher in the EOC group than that in the benign group and healthy group (*p<0.05, compared
with the EOC group). B, Level of serum CA125 was significantly higher in the EOC group than that in the benign group and
healthy group (***p <0.001, compared with the EOC group). C, Level of serum HE4 was significantly higher in the EOC group
than that in the benign group and healthy group (***p <0.001, compared with the EOC group).



The combined detection of SEGFR, CA125, and HE4 in epithelial ovarian cancer diagnosis

Table II. The correlation of SEGFR, HE4, and CA125 with clinicopathological factors in the EOC group.

Clinicopathological SEGFR CA125 HE4
factors No. (pg/ml) P (U/mi) P (pmol/mil) P
Age
<=50 11 273.24 +29.57 0.162  687.56 + 1038.58 0.027 185.57+175.77  0.041
> 50 19 287.49 + 38.17 2230.37 +4554.95 572.56 £ 577.75
Menopause state
Premenopausal 9 265.54 +26.92 0.081  441.30 =479.17 0.044  173.01 £176.60  0.067
Postmenopausal 21 289.43 £ 36.74 2188.97 + 4357.44 541.09 + 559.35
Malpica grade
Low grade 8 27477 +26.86 0.606 12534+ 115.42 <0.001 73.62 £ 36.09 0.001
High grade 22 284.98 +38.25 222443 + 4225.11 560.50 + 532.77
FIGO stage
I-IT 8 275.74 £ 26.89 0.743  340.28 £ 451.53 0.022  72.34+24.87 0.002
1I-1v 22 284.64 +38.33 2146.27 + 4255.33 560.96 + 532.54
markers were 83.30% and 100% (Table III). Ad- Discussion

ditionally, the AUC of combined detection of
CA125 and HE4 was 0.940, while the AUC of
combined detection of sSEGFR, CA125, and HE4
was 0.965 (Figure 3).

Comparison of the Levels of SEGFR,
CAI125, and HE4 in Pre-Operative and
Post-Operative EOC Patients

The levels of sSEGFR and CA125 were signifi-
cantly higher in pre-operative patients than in
post-operative EOC ones (p<0.05). However, the
level of HE4 was slightly decreased in post-oper-
ative EOC patients (p>0.05; Figure 3, Table IV).
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Figure 2. The ROC curves of serum sEGFR, CA125, HE4,
CA125+HE4 and CA125+HE4+sEGFR.

The aim of this study is to explore the clinical
value of SEGFR, CA125, and HE4 in the detec-
tion of EOC and to explore which single or com-
bined tumor markers has the highest diagnosis
sensitivity and specificity in EOC patients.

So far, CA125 and HE4 are widely regard-
ed as serum biomarkers for the diagnosis of
ovarian cancer, which have practical clinical
significance for differential diagnosis, curative
effect assessment, as well as prognosis moni-
toring of ovarian cancer?*. However, CA125
is mainly elevated in advanced ovarian cancer,
and its specificity is low*. HE4 improved the
specificity of the diagnosis of EOC, but the
sensitivity is poor?. Therefore, it is believed
that the combined detection of various serum
tumor markers in the early diagnosis of ovarian
cancer could make up the deficiencies of the
single detection.

Authors?®?” have shown that EGFR is low
expressed in normal ovarian epithelial tissues,
but higher in EOC tissues. In addition to the ex-
istence of EGFR in the form of transmembrane
glycoprotein, its extracellular segment can be
released into the blood in the form of SEGFR?*.
We found that the level of SEGFR in EOC group
was significantly higher than benign group and
healthy group, but other studies showed dif-
ferent results. Baron et al® determined sEGFR
of 144 healthy women and 225 patients with
EOC by acridinium-linked immunosorbent as-
say (ALISA). Compared with healthy controls,
they found that the level of SEGFR was higher
in healthy subjects than that in patients with
EOC2%2129 Moreover, the level of SEGFR was
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Table Ill. Sensitivity, specificity and AUC of sEGFR, CA125 and HE4 in the diagnosis of EOC.

Index Sensitivity (%) Specificity (%) Youden Index AUC (95% Cl)
sEGFR 53.33 80.85 0.342 0.666 (0.533,0.800)
CA125 93.33 85.11 0.784 0.955 (0.901,1.000)
HE4 60.00 97.87 0.579 0.921 (0.841,1.000)
CAI25+HE4 86.67 95.75 0.824 0.940 (0.871,1.000)
CAI125+HE4+sEGFR 83.30 100.00 0.833 0.965 (0.926,1.000)
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Figure 3. Levels of serum sEGFR, CA125, and HE4 in pre- and post-operative EOC patients. A, Level of serum sEGFR in
pre-operative EOC patients was significantly higher than that in post-operative EOC patients (*»<0.05). B, Level of serum
CA125 in pre-operative EOC patients was significantly higher than that in post-operative EOC patients (*p<0.05). C, There
was no significant difference in the levels of serum HE4 between pre-operative and post-operative EOC patients (p>0.05).

negatively correlated with age, and the level of
premenopausal women was higher than that of
postmenopausal women. However, Tas et al*?
had shown that there was no significant differ-
ence in sEGFR between 55 patients with EOC
and 20 healthy women by ELISA. The following
reasons may account for the difference in our
study and others. First of all, the subjects of our
reserch were limited to Asian, while other stud-
ies focused mainly on Europe and the United
States. Moreover, in terms of methodology, we
used ELISA, while other studies used ALISA.
Additionally, no other clinical variables, includ-
ing age, menopause state, Malpica grade, and
FIGO stage were found to be correlated with the
sEGFR assay, which is consistent with that of

Lafky et al*’. Notably, we reveal that the level
of serum sEGFR in high-grade and advanced
patients was higher than that in low-grade and
early patients. If the sample size is large enough,
the results may have statistically clinical value
in diagnosis. Therefore, it is suggested that the
higher level of sSEGFR may be a risk factor for
EOC.

In this study, we compared the sensitivity
and specificity of the single or combined tu-
mor markers for the diagnosis of EOC. Results
showed that the specificity of the combined
detection of three tumor markers was the high-
est (100%), which was higher than that HE4
detection (97.87%). The sensitivity of CA125
was the highest (93.33%), but its specificity

Table IV. Comparison of the levels of SEGFR, HE4 and CA125 before and after operation.

Group No. SEGFR (pg/ml) CA125 (U/ml) HE4 (pmol/mil)
Preoperative 9 286.30 + 36.46 2967.23 £ 6523.31 569.66 + 558.92
Postoperative 9 260.43 + 13.41 1944.02 + 4168.14 500.72 + 535.04
V4 0.047 0.011 0.441
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was low (85.11%), which is higher than in other
studies®™*. This could be ascribed to the fact
that most patients were in stages III/IV and the
histologic type of EOC was serous ovarian can-
cer. Additionally, we compared the diagnostic
performances of single or combined detection
of sEGFR, CA125, HE4 using ROC analysis.
We found that the sensitivity and specificity of
combined detection of CA125 and HE4 could
be improved to a certain extent. Nevertheless,
their AUC (0.940) was lower than that of CA125
(0.955). Notably, the AUC of combined detection
of sSEGFR, CA125, and HE4 (0.965) was signifi-
cantly higher than that of combined detection
of CA125 and HE4 (0.940) or single marker,
indicating that the combined detection of three
tumor markers in the diagnosis of EOC was
more effective. Moreover, the levels of SEGFR
and CA125 were significantly higher in pre-op-
erative than in post-operative EOC patients,
and the level of sSEGFR returned to the normal
level after the operation. It is suggested that
sEGFR could be a potential marker for prog-
nosis evaluation. Further investigationss are
needed to this confirm concern.

Conclusions

The combined detection of SEGFR, CA125,
and HE4 could increase the specificity and
efficiency in EOC diagnosis, which may pro-
vide a more accurate basis for clinical diagno-
sis. However, prospective investigations with
a larger number of clinical samples should be
performed to validate the importance of serum
sEGFR for diagnosis and prognosis of EOC in
the future.
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