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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 sEGFR, 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%1. 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%2,3. This is primarily 
due to the lack of specific signs and symptoms 
in the early stage4. Currently, CA125 and HE4 
are well-established biomarkers in ovarian can-
cer diagnosis5. CA125 is a large transmembrane 
glycoprotein, which is encoded by Mucin 16 
(MUC16) gene6. CA125 is overexpressed in EOC 
and could be detected in serum7. Some studies5,8 
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%)5,8. Another 

European Review for Medical and Pharmacological Sciences 2020; 24: 604-610

Y. LI1,2, Z.-C. WANG3, L. LUO1, C.-Y. MU1, J. XU1, Q. FENG2, S.-B. LI1,2,  
B. GU1,2, P. MA1,2, T. LAN1

1School of Medical Technology, Xuzhou Medical University, Xuzhou City, Jiangsu Province, China
2Department of Laboratory Medicine, Affiliated Hospital of Xuzhou Medical University, Xuzhou 
City, Jiangsu Province, China
3School of Basic Medical Science, Xuzhou Medical University, Xuzhou City, Jiangsu Province, China

Ying Li and Zhongcheng Wang contributed equally to this work

Corresponding Authors: Ting Lan, Ph.D, MD; e-mail: tina_8702@163.com 
Ping Ma, MD; e-mail: pingm62@aliyun.com

The clinical value of the combined detection
of sEGFR, CA125 and HE4 for epithelial 
ovarian cancer diagnosis



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

605

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 tumors9. Yanaranop et al10 have 
shown that HE4 has a higher specificity than 
CA125. Nevertheless, the level of serum HE4 is 
reported to be increased in multiple abdominal 
tumors11,12, endometrial cancer13, and pancreat-
ic cancer14. Hence, detection of HE4 alone in 
the diagnosis of EOC has some shortcomings15. 
Moreover, it is reported that the five-year survival 
rate of patients with stage I EOC is in the range 
of 90% to 95%16. 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 family17. Gui and Shen18 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 stream19. 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-
tients20. Baron et al21 found that the level of serum 
sEGFR was lower in patients with ovarian cancer 
than in healthy subjects, but Tas et al22 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 
Yiqiao 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 χ2-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 sEGFR 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 
sEGFR in EOC group, benign group, and healthy 
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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 CA125 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 sEGFR 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 sEGFR, 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 sEGFR 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 sEGFR, 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 

Table I. Comparisons of the levels of sEGFR, 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

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). 
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markers were 83.30% and 100% (Table III). Ad-
ditionally, the AUC of combined detection of 
CA125 and HE4 was 0.940, while the AUC of 
combined detection of sEGFR, CA125, and HE4 
was 0.965 (Figure 3).

Comparison of the Levels of sEGFR, 
CA125, and HE4 in Pre-Operative and 
Post-Operative EOC Patients

The levels of sEGFR 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).

Discussion

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 cancer23,24. However, CA125 
is mainly elevated in advanced ovarian cancer, 
and its specificity is low25. HE4 improved the 
specificity of the diagnosis of EOC, but the 
sensitivity is poor26. 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.

Authors20,27 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 sEGFR28. 
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 al29 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 
EOC20,21,29. Moreover, the level of sEGFR was 

Figure 2. The ROC curves of serum sEGFR, CA125, HE4, 
CA125+HE4 and CA125+HE4+sEGFR.

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/ml) p (pmol/ml) 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  8 274.77 ± 26.86 0.606 125.34 ± 115.42 < 0.001 73.62 ± 36.09 0.001
  High grade 22 284.98 ± 38.25  2224.43 ± 4225.11  560.50 ± 532.77 
FIGO stage       
  I-II  8 275.74 ± 26.89 0.743 340.28 ± 451.53 0.022 72.34 ± 24.87 0.002
  III-IV 22 284.64 ± 38.33  2146.27 ± 4255.33  560.96 ± 532.54 
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negatively correlated with age, and the level of 
premenopausal women was higher than that of 
postmenopausal women. However, Tas et al22 
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 al20. 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 sEGFR 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 III. Sensitivity, specificity and AUC of sEGFR, CA125 and HE4 in the diagnosis of EOC.

 Index Sensitivity (%) Specificity (%) Youden Index AUC (95% CI)

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)
CA125+HE4 86.67 95.75 0.824 0.940 (0.871,1.000)
CA125+HE4+sEGFR 83.30 100.00 0.833 0.965 (0.926,1.000)

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 (*p<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).

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/ml)

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
p  0.047 0.011  0.441



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

609

was low (85.11%), which is higher than in other 
studies30,31. 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 sEGFR, 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 sEGFR 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.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
This study was supported by the National Natural Sci-
ence Foundation of China (Grant No. 81802063, 81802086, 
81801168), the Natural Science Foundation of the Jiang-
su Higher Education Institutions of China (Grant No. 
18KJB320026), the Xuzhou Science and Technology plan-
ning Project (No. KC17096), the Specialized Research Fund 
for Senior Personnel Program of Xuzhou medical Univer-
sity (Grant No. D2017022, D2016017), the Natural Science 
Foundation of Jiangsu Province (Grant No. BK20160228, 
BK20180995).

References

 1) Ren X, Wu X, HillieR SG, FeGan KS, CRitCHley HO, 
MaSOn Ji, SaRvi S, HaRlOW CR. Local estrogen me-
tabolism in epithelial ovarian cancer suggests 
novel targets for therapy. J Steroid Biochem Mol 
Biol 2015; 150: 54-63.

 2) BRay F, FeRlay J, SOeRJOMataRaM i, SieGel Rl, tORRe la, 
JeMal a. Global cancer statistics 2018: GLOBO-
CAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer 
J Clin 2018; 68: 394-424.

 3) JaySOn GC, KOHn eC, KitCHeneR HC, ledeRMann Ja. 
Ovarian cancer. Lancet 2014; 384: 1376-1388.

 4) CHien J, Fan JB, Bell da, apRil C, KlOtzle B, Ota t, 
linGle Wl, GOnzalez BOSquet J, SHRidHaR v, HaRt-
Mann lC. Analysis of gene expression in stage I 
serous tumors identifies critical pathways altered 
in ovarian cancer. Gynecol Oncol 2009; 114: 3-11.

 5) MOntaGnana M, Benati M, daneSe e. Circulating bio-
markers in epithelial ovarian cancer diagnosis: 
from present to future perspective. Ann Transl 
Med 2017; 5: 276.

 6) WilliaMS Ka, teRRy Kl, tWOROGeR SS, vitOniS aF, ti-
tuS lJ, CRaMeR dW. Polymorphisms of MUC16 
(CA125) and MUC1 (CA15.3) in relation to ovar-
ian cancer risk and survival. PLoS One 2014; 9: 
e88334.

 7) liu q, CHenG z, luO l, yanG y, zHanG z, Ma H, CHen 
t, HuanG X, lin Sy, Jin M, li q, li X. C-terminus of 
MUC16 activates Wnt signaling pathway through 
its interaction with β-catenin to promote tumor-
igenesis and metastasis. Oncotarget 2016; 7: 
36800-36813.

 8) SölétORMOS G, duFFy MJ, OtHMan aBu HaSSan S, veR-
HeiJen RH, tHOlandeR B, BaSt RC, GaaRenStROOM Kn, 
StuRGeOn CM, BOnFReR JM, peteRSen pH, tROOnen 
H, CaRlOtORRe G, Kanty Kulpa J, tuXen MK, MOlina 
R. Clinical use of cancer biomarkers in epithelial 
ovarian cancer: updated guidelines from the Eu-
ropean Group on Tumor Markers. Int J Gynecol 
Cancer 2016; 26: 43-51.

 9) dRapKin R, vOn HORSten HH, lin y, MOK SC, 
CRuM Cp, WelCH WR, HeCHt Jl. Human epididy-
mis protein 4 (HE4) is a secreted glycoprotein 
that is overexpressed by serous and endometri-
oid ovarian carcinomas. Cancer Res 2005; 65: 
2162-2169.

10) yanaRanOp M, anaKRat v, SiRiCHaROentHai S, na-
KRanGSee S, tHinKHaMROp B. Is the risk of ovari-
an malignancy algorithm better than other tests 
for predicting ovarian malignancy in women with 
pelvic masses? Gynecol Obstet Invest 2017; 82: 
47-53.

11) GiOn M, pelOSO l, tReviSiOl C, SquaRCina e, zappa M, 
FaBRiCiO aS. An epidemiology-based model as a 
tool to monitor the outbreak of inappropriateness 
in tumor marker requests: a national scale study. 
Clin Chem Lab Med 2016; 54: 473-482.

12) Mi d, zHanG yX, WanG CJ, FenG q, qi p, CHen Sq. 
Diagnostic and prognostic value of serum human 



Y. Li, Z.-C. Wang, L. Luo, C.-Y. Mu, J. Xu, Q. Feng, S.-B. Li, B. Gu, P. Ma, T. Lan

610

epididymis protein 4 in patients with primary fal-
lopian tube carcinoma. J Obstet Gynaecol Res 
2016; 42: 1326-1335.

13) BiGnOtti e, RaGnOli M, zanOtti l, Calza S, FalCHetti 
M, lOnaRdi S, BeRGaMelli S, BandieRa e, taSSi Ra, RO-
Mani C, tOdeSCHini p, OdiCinO Fe, FaCCHetti F, peCORel-
li S, RavaGGi A. Diagnostic and prognostic impact 
of serum HE4 detection in endometrial carcinoma 
patients. Br J Cancer 2011; 104: 1418-1425.

14) HuanG t, JianG SW, qin l, SenKOWSKi C, lyle C, teR-
Ry K, BROWeR S, CHen H, GlaSGOW W, Wei y, li J. Ex-
pression and diagnostic value of HE4 in pancreat-
ic adenocarcinoma. Int J Mol Sci 2015; 16: 2956-
2970.

15) van GORp t, CadROn i, deSpieRRe e, daeMen a, leunen 
K, aMant F, tiMMeRMan d, de MOOR B, veRGOte i. 
HE4 and CA125 as a diagnostic test in ovarian 
cancer: prospective validation of the risk of ovar-
ian malignancy algorithm. Br J Cancer 2011; 104: 
863-870.

16) SieGel Rl, MilleR Kd, JeMal a. Cancer statistics, 
2017. CA Cancer J Clin 2017; 67: 7-30.

17)  HutCHinSOn Ra, adaMS Ra, MCaRt dG, SaltO-tellez 
M, JaSani B, HaMiltOn pW. Epidermal growth factor 
receptor immunohistochemistry: new opportuni-
ties in metastatic colorectal cancer. J Transl Med 
2015; 13: 217.

18) Gui t, SHen K. The epidermal growth factor recep-
tor as a therapeutic target in epithelial ovarian 
cancer. Cancer Epidemiol 2012; 36: 490-496.

19) SCHippinGeR W, dandaCHi n, ReGitniG p, HOFMann G, 
BaliC M, neuMann R, SaMOniGG H, BaueRnHOFeR t. 
The predictive value of EGFR and HER-2/neu 
in tumor tissue and serum for response to anth-
racycline-based neoadjuvant chemotherapy of 
breast cancer. Am J Clin Pathol 2007; 128: 630-
637.

20)  laFKy JM, WilKen Ja, BaROn at, MaiHle nJ. Clinical 
implications of the ErbB/epidermal growth factor 
(EGF) receptor family and its ligands in ovarian 
cancer. Biochim Biophys Acta 2008; 1785: 232-
265.

21) BaROn at, CORa eM, laFKy JM, BOaRdMan CH, 
BuenaFe MC, RadeMaKeR a, liu d, FiSHMan da, pO-
dRatz KC, MaiHle nJ. Soluble epidermal growth 
factor receptor (sEGFR/sErbB1) as a potential 
risk, screening, and diagnostic serum biomark-
er of epithelial ovarian cancer. Cancer Epidemiol 
Biomarkers Prev 2003; 12: 103-113.

22) taS F, KaRaBulut S, SeRilMez M, CiFtCi R, duRanyildiz 
d. Increased serum level of epidermal growth fac-
tor receptor (EGFR) is associated with poor pro-
gression-free survival in patients with epitheli-
al ovarian cancer. Cancer Chemother Pharmacol 
2014; 73: 631-637.

23) lv Xl, zHu y, liu JW, ai H. The application value 
of the detection of the level of tissue polypeptide an-
tigen, ovarian cancer antigen X1, cathepsin L and 
CA125 on the diagnosis of epithelial ovarian cancer. 
Eur Rev Med Pharmacol Sci 2016; 20: 5113-5116.

24) antOniJeviC a, RanCiC n, iliC M, tiOdOROviC B, StO-
JanOviC M, StevanOviC J. Incidence and mortali-
ty trends of ovarian cancer in central Serbia. J 
BUON 2017; 22: 508-512.

25) Xi qp, pu dH, lu Wn. Research on application 
value of combined detection of serum CA125, 
HE4 and TK1 in the diagnosis of ovarian cancer. 
Eur Rev Med Pharmacol Sci 2017; 21: 4536-4541.

26) dOCHez v, CaillOn H, vauCel e, diMet J, WineR n, 
duCaRMe G. Biomarkers and algorithms for diag-
nosis of ovarian cancer: CA125, HE4, RMI and 
ROMA, a review. J Ovarian Res 2019; 12: 28.

27) PSyRRi a, KaSSaR M, yu z, BaMiaS a, WeinBeRGeR pM, 
MaRKaKiS S, KOWalSKi d, CaMp Rl, RiMM dl, diMOpOu-
lOS Ma. Effect of epidermal growth factor receptor 
expression level on survival in patients with epi-
thelial ovarian cancer. Clin Cancer Res 2005; 11: 
8637-8643.

28) MaRaMOtti S, paCi M, ManzOtti G, RapiCetta C, 
GuGnOni M, GaleOne C, CeSaRiO a, lOCOCO F. Sol-
uble Epidermal Growth Factor Receptors (sEG-
FRs) in cancer: biological aspects and clinical rel-
evance. Int J Mol Sci 2016; 17: 2-12.

29) BaROn at, BOaRdMan CH, laFKy JM, RadeMaKeR a, liu 
d, FiSHMan da, pOdRatz KC, MaiHle nJ. Soluble epi-
dermal growth factor receptor (sEGFR) [correct-
ed] and cancer antigen 125 (CA125) as screen-
ing and diagnostic tests for epithelial ovarian can-
cer. Cancer Epidemiol Biomarkers Prev 2005; 14: 
306-318.

30) MunKaRaH a, CHatteRJee M, tainSKy Ma. Update on 
ovarian cancer screening. Curr Opin Obstet Gy-
necol 2007; 19: 22-26.

31) paRK y, KiM y, lee ey, lee JH, KiM HS. Reference 
ranges for HE4 and CA125 in a large Asian pop-
ulation by automated assays and diagnostic per-
formances for ovarian cancer. Int J Cancer 2012; 
130: 1136-1144.


