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Abstract: Objective: To evaluate the diagnostic value of serum human epididymal protein 4 (HE4), carbohydrate anti-
gen 125 (CA125), and risk of ovarian malignancy algorithm (ROMA) in early identification in ovarian cancer. Method:
A total of 50 patients with ovarian cancer and 50 patients with benign ovarian tumors admitted to our hospital from
January 2019 to January 2020 were included in Group A and Group B, respectively, and 50 healthy adult females
during the same period were assigned to the blank group. The serum levels of HE4 and CA125 in each group were
determined, and the ROMA of them was calculated according to postmenopausal status. The sensitivity, specificity,
and positive diagnosis rate of HE4, CA125, and ROMA were calculated, and ROC curves were drawn to compare the
diagnostic value of the three. Results: Group A showed significantly higher serum levels of HE4 and CA125 and a sig-
nificantly higher ROMA than Group B and the blank group (both P<0.05). No significant difference was found in the
serum level of HE4 between Group B and the blank group (P>0.05). The serum level of CA125 and ROMA were sig-
nificantly higher in Group B when compared with those of the blank group (both P<0.05). The diagnostic sensitivity
and positive diagnosis rate of the three indexes, from high to low, were HE4+CA125+ROMA>ROMA>HE4>CA125 (all
P<0.05). The diagnostic specificity and the area under the curve (AUC) of the three indexes, from high to low, were
HE4+CA125+ROMA>HE4>ROMA>CA125 (all P<0.05). Histologic grading and lymph node metastasis were factors
affecting the serum levels of HE4, CA125, and ROMA in patients with ovarian cancer. Conclusion: The combined
detection of HE4, CA125, and ROMA is more effective than diagnosis with any single indicator, so the combined

diagnosis has a high application value in the early diagnosis of ovarian cancer.
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Introduction

Ovarian cancer is the most lethal gynecological
malignant tumor with a high prevalence in mid-
dle and old aged women and a mortality rate
higher than that of cervical cancer, posing a
great threat to patients’ life and health [1, 2].
As the early manifestations of ovarian cancer
are rather hidden, the disease may have devel-
oped to a middle or advanced stage at the time
of diagnosis, resulting in missing of the optimal
treatment timing and increased mortality [3-5].
Ultrasound is commonly used in the diagnosis
of ovarian tumors. However, it can only deter-
mine the presence of a tumor but fails to deter-
mine its malignancy. Human epididymal protein
4 (HE4) and carbohydrate antigen 125 (CA125)
are also frequently adopted in the diagnosis of
ovarian cance [6-8]. CA125, as one of the com-

mon clinical tumor markers with a low level in
normal conditions, increases to varying degrees
in cases of diseases such as ovarian, pancre-
atic, breast, lung, and stomach cancers, but it
has a low specificity, a poor sensitivity, and a
high false-positive rate in diagnosing diseas-
es. In addition to its high expression in ovarian
cancer, the expression of CA125 also increas-
es in epithelial cancer tissues, benign ovarian
tumors, and normal ovarian surface epithelium,
which limits its clinical application. HE4 belongs
to the whey acidic 4-disulfide central protein
family. It was first identified in human epididy-
mal epithelial cells as a small, acidic single-sig-
nal peptide encoded by the WFDC2 gene, with
high expression in ovarian cancer tissues [9,
10], but low or no expression in normal ovarian
tissues [11]. The specificity and sensitivity of
HE4 for detecting ovarian cancer was 96% and
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Table 1. The general data of the three groups

. Basic Disease Age Menopausal Status

Group Age Duration - - — -

Hypertension Diabetes Hyperlipidemia <50 2>50 Yes No
Group A (n=50) 50.12+6.34 6.38+1.27 17 10 7 21 29 32 18
Group B (n=50) 51.094+6.51 6.09+1.50 15 8 8 24 26 30 20
Blank Group (n=50) 51.66+6.93 20 39 33 17
F/t/x? 0.696 1.043 0.762 0.078 0.298 2.265 0.402
P 0.5 0.299 0.683 0.962 0.862 0.322 0.818

67%, respectively, and joint determination of
HE4 and CA125 has a significantly higher ac-
curacy than mono-determination of CA125 or
HE4 levels for the diagnosis of malignant ovari-
an cancer, with a specificity of 95% and a sen-
sitivity of 76% [12]. The risk of ovarian malig-
nancy algorithm (ROMA) can be used to predict
the occurrence of ovarian cancer based on the
patient’'s menstrual status and a logistic regres-
sion model established based on serum CA125
and HE4 levels. A recent study also revealed a
low diagnostic sensitivity and specificity of the
mono-determination of HE4 level [9]. With an
aim to explore a highly sensitive and specific
diagnosis method of ovarian cancer, this study
analyzed the expression levels of HE4 and
CA125 in patients with ovarian cancer, those
with benign ovarian tumors, and healthy adult
women, and their diagnostic sensitivity and
specificity. The novelty of this study lies in the
determination of serum CA125 and HE4 levels
in patients, which may provide additional diag-
nostic methods for the diagnosis of ovarian
cancer along with the ROMA model.

Materials and methodology

General information

This is a retrospective study. A total of 50
patients with ovarian cancer and 50 patients
with benign ovarian tumors admitted to our
hospital from January 2019 to January 2020
were included in Group A and Group B, respec-
tively, and 50 healthy adult females during the
same period were assigned to the blank group.
The ethics committee of our hospital appro-
ved the study (2018-11-19). The general data
of patients in the two groups were similar, as
shown in Table 1 (all P>0.05).

Inclusion criteria

(@) Patients with clinical manifestations that
were consistent with the ovarian cancer; (b)
Patients who were over 18 years old; (c) Pa-
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tients with normal functions of the heart, lung,
and kidney; (d) Patients without a history of
drug allergy, drug abuse, or bad habits; (e)
Patients and their family members had signed
written informed consents. The subjects in the
blank group had normal liver and kidney func-
tion and normal chest radiographs, without pel-
vic, breast, and thyroid masses as confirmed by
ultrasound examination.

Exclusion criteria

(a) Patients who were unable to cooperate with
the investigator due to mental disorder or reluc-
tant for cooperation; (b) Patients with recurrent
ovarian tumor; (c) Patients with other tumor dis-
eases. The subjects in the blank group had no
underlying diseases such as hypertension and
diabetes.

Method

The blood samples of patients in Group A and
Group B were collected during routine diagnos-
tic examinations, and those of blank group
were collected during early cancer screening.
Peripheral blood (5 ml) was collected from each
participant after being fasted for eight hours,
placed at room temperature for 30 min, and
centrifuged at 3000 r/min for 10 min to sepa-
rate supernatant. The separated supernatant
was stored at -80°C. Then the serum level of
CA125 was determined using the chemilumi-
nescence method, with 0-35 U/mL as the nor-
mal range, and the level of HE4 was determin-
ed using enzyme-linked immunosorbent assay,
with 140 pmol/L as the normal level. The risk
of ovarian cancer in menopausal and preme-
nopausal subjects was calculated using the
ROMA Predictive Index (Pl), respectively. (1)
For premenopausal women: PI=-12.0+2.38xLn
(HE4)+0.0626%Ln (CA125); (2) For menopau-
sal women: PI=-8.09+1.04xLn (HE4)+0.732x
Ln (CA125). The ROMA-based predictive prob-
ability of ovarian cancer was expressed as PP
(%) (PP (%) = [exp (P1)x100%)]/[1+exp (PI)]) [10-
13]. PP>11.4% for premenopausal women and
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Figure 1. Serum level of HE4 in the three groups.
Group A: 326.29+95.48 pmol/L; Group B: 47.33+
12.07 pmol/L; Bland group: 43.61+9.65 pmol/L.
*** indicated P<0.001, NS indicated no significant
difference.
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Figure 2. Serum level of CA125 in the three
groups. Group A: 426.91+113.03 U/mL; Group B:
29.35+6.88 U/mL; Blank group: 16.07+5.09 U/mL.
*** indicated P<0.001.

PP>29.9% for menopausal women indicated a
high risk of ovarian cancer.

Outcome measures

The serum levels of HE4 and CA125 were deter-
mined, and the ROMA was calculated accord-
ing to postmenopausal status. Additionally, the
sensitivity, specificity, and positive diagnosis
rate of HE4, CA125, and ROMA were calculat-
ed, and ROC curves were drawn to compare the
diagnostic value of HE4, CA125, and ROMA.

Statistics process

SPSS 21.0 was used for data analysis and
GraphPad Prism 8.0 was used to visualize the
data into graphics. Measurement data were
expressed as mean + SD and analyzed using
analysis of variance among three groups. Co-
unt data were expressed as [n (%)] and ana-
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Figure 3. ROMA of the three groups. Group A:
65.68+7.43%; Group B: 9.33+2.11%; Bland group:
6.34+1.47%. *** indicated P<0.001.

lyzed using the chi-square test. P<0.05 indi-
cates a significant difference.

Results

Age distribution and menopausal status of the
three groups

There was no difference in the age and meno-
pausal status among the three groups (both
P>0.05), as shown in Table 1.

Serum level of HE4 in the three groups

Group A showed a higher serum level of
HE4 than that of Group B and the blank
group (326.29+95.48 pmol/L vs. 47.33+12.07
pmol/L vs. 43.61+9.65 pmol/L, P<0.001), and
there was no notable difference in serum level
of HE4 between Group B and the blank group
(P>0.05), as shown in Figure 1.

Serum level of CA125 of the three groups

Group A showed a higher serum level of
CA125 than Group B and the blank group
(426.91+113.03 U/mL vs. 29.35+6.88 U/mL
vs. 16.07+5.09 U/mL), and Group B showed a
higher serum level of CA125 than the blank
group (both P<0.001), as shown in Figure 2.

The ROMA of the three groups

Group A obtained a higher ROMA than Group
B and the blank group (65.68+7.43% vs.
9.33+£2.11% vs. 6.34+1.47%), and Group B
obtained a higher ROMA than the blank group
(both P<0.001), as shown in Figure 3.
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Table 2. The diagnostic value of the four methods (%)

sitivity of the four was HE4+CA125+

Sensitivity Specificity Diagr:’j:ig’%ate

ROMA>ROMA>HE4>CA125; the specifi-
city of the four was HE4+CA125+ROMA>

CA125 52 54 54
HE4 702 867 742
ROMA 842 7280 84ab
HE4+CA125+ROMA  94abc 98abe 98abe
X2 53.12 61.65 58.9
P <0.001 <0.001 <0.001

HE4>ROMA>CA125; the positive rate of
the four was HE4+CA125+ROMA>ROMA>
HE4>CA125, as shown in Table 2.

AUC of the four methods

The combined diagnosis obtained the hi-

Note: a indicated P<0.05 when compared with CA125; b indicated
P<0.05 when compared with HE4; ¢ indicated P<0.05 when com-

pared with ROMA.
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Figure 4. AUC of the four methods. Note: The ab-
scissa from left to right were HE4+CA125+ROMA,
ROMA, HE4, and CA125 diagnostic methods.
The ordinate represented the AUC of each diag-
nostic mode. The AUCs of HE4+CA125+ROMA,
ROMA, HE4, and CA125 were 0.966, 0.743, 0.862
and 0.606 respectively. a represents the com-
parison between HE4+CA125+ROMA and ROMA,
x?=20.00, P<0.001; b represents the comparison
between HE4+CA125+ROMA and HE4, x?=6.88,
P=0.09; c¢ represents the comparison between
HE4+CA125+ROMA and CA125, x?>=38.52, P<0.001;
d represents the comparison between ROMA and
HE4, x>=4.47, P=0.04; e represents the comparison
between ROMA and CA125, x?>=4.27, P=0.04; f rep-
resents the comparison between HE4 and CA125,
x?=16.78, P<0.001.

Diagnostic value of the four methods

The AUCs of HE4+CA125+ROMA, ROMA, HE4,
and CA125 were 0.966, 0.743, 0.862 and
0.606 respectively. From high to low, the sen-
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ghest AUC than the single diagnosis, and
the AUC of single diagnosis was HE4>
ROMA>CA125, as shown in Figures 4 and
5.

Factors affecting serum HE4, CA125, and
ROMA levels in patients with ovarian cancer

In the comparison of HE4 and CA125 expres-
sion in ovarian cancer patients with different
clinicopathological characteristics, serum HE4
and CA125 expression elevated in ovarian can-
cer patients with clinical stage IlI+IV, moderate
and low histological grade, and lymph node
metastasis (P<0.05). No significant difference
was found in patients of different ages. The
ROMA was higher in patients with ovarian can-
cer with clinical stage llI+IV, moderate or low
histological grade, and lymph node metastasis
(P<0.05), with no difference among patients of
different ages. See Table 3.

The factors affecting serum HE4, CA125, and
ROMA levels in patients with ovarian cancer
were analyzed. Clinical stage, histological gr-
ading, and lymph node metastasis that were
significant for univariate analysis were used as
independent variables, and HE4, CA125, and
ROMA of patients with ovarian cancer were
used as dependent variables for multifactorial
analysis. The results showed that histological
grading and lymph node metastasis were fac-
tors affecting serum HE4, CA125, and ROMA
in patients with ovarian cancer. See Table 4.

Discussion

Ovarian cancer, cervical cancer, and breast
cancer are common malignant tumors threat-
ening women’s health, of which ovarian cancer
has the highest morbidity and mortality [14,
15]. HE4 is mainly expressed in some smooth
muscle tissues, vascular endothelial cells, or
liver and kidney tissues in newborns, with a low
positive expression rate in adults. Recent stud-
ies have demonstrated the potential role of
HE4 in malignant tumorigenesis, as its high
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Figure 5. ROC curves of four methods.

expression can promote persistent prolifera-
tion and impaired differentiation of endometri-
al glandular cells and ovarian germinating epi-
thelial cells and thus interfere with the patho-
logical processes of cancer cell adhesion and
invasion [16]. CA125 is an important broad-
spectrum glycoprotein indicator, and changes
in its expression indicate the risk of persistent
nuclear spread of cancer cells. The catabolism
of the associated glycoproteins on the mem-
brane surface of cancer cells promotes the
expression of CA125 along with the abnormal
expression of tumor-associated AKT or MAPK
signaling pathways in cancer cells of patients
[9, 10]. ROMA is an effective system for the
evaluation of CA125 and HE4, which avoids
the disadvantages of a single index in the di-
agnosis of ovarian malignancies, such as poor
sensitivity or specificity. Relevant research has
revealed a trend of high expression of CA125
or HE4 in ovarian malignancies, but its rela-
tionship with lymph node metastasis or clinical
staging of patients is poorly understood. The
present study found abnormally high expres-
sion of HE4 and CA125 in the serum of pa-
tients with ovarian cancer, suggesting their
involvement in the progression of ovarian dis-
ease. The persistent rise in HE4 and CA125
promotes gene mismatch repair in cancer cells
and accelerates the changes in the biological
characteristics of cancer cells, thereby exacer-
bating gynecologic malignancies [11, 12]. High
expression of HE4 facilitates the formation of
the spindle, modification of DNA end structures
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——HE4+CA125+ ROMA g
ROMA of cancer cells. High expres-

——HE4
CA125 activation of glycoproteins on

during the symptomatic pro-
cess of ovarian epithelial-de-
rived malignancies, which in-
creases the proliferation rate

sion of CA125 promotes the

the membrane surface of can-

cer cells, increases the expr-

ession of P16 or P56 in can-

cer cells, and interferes with

the interleaved activation of

cancer-related signaling path-

ways. Muinao et al. [13] inves-

tigated the alteration of serum

tumor-related molecular profi-

les in ovarian cancer patients

with different clinical stages

and found that the average

increase of HE4 and CA125
could reach more than 25% and 45%, and a
more rapid progression of the disease was
accompanied with a more advanced clinical
stage of the patients and a more significant
increase of HE4 and CA125 indexes. More-
over, they found that the expression levels of
HE4 and CA125 were higher in patients with
lymph node metastasis, advanced clinical st-
age, and poorly differentiated cancer cells, su-
ggesting that HE4 and CA125 are closely relat-
ed to the clinicopathological features of ovari-
an cancer. The reason may be that the high
expression of HE4 and CA125 upregulates the
expression of adherin 1, an adhesion molecule
in the vascular endothelium and lymph node
endothelium of cancer cells, which promotes
the infiltration of cancer cells into adjacent nor-
mal tissues and increases the risk of distant
metastasis of cancer cells. In addition, it is also
related to the role of HE4 and CA125 in the
regulation of differentiation maturation induc-
ers during the early differentiation of tumor
cells [17]. ROMA is also closely related to clini-
copathological features such as lymph node
metastasis, as ROMA is established based on
the levels of HE4 and CA125, thus providing a
better predictive value. Histologic grading and
lymph node metastasis are also strongly asso-
ciated with CA125 or HE4, and the associated
clinicopathologic features are important risk
factors affecting the expression of tumor glyco-
protein molecules [15]. Therefore, it is clear
that the higher levels of HE4, CA125, and ROMA
in patients with ovarian cancer are significantly
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Table 3. Comparison of HE4 and CA125 expression levels and ROMA in ovarian cancer patients with

different clinicopathological characteristics

gﬁg:;if::izgfsg'ca' Case HE4 (pmol/L) t &A/lrfli t P ROMA(%) t P
Age 1.574 0.325 5.464 0.366 4568 0.377
>50 years 29  321.01+90.48 424.90+107.36 69.23+3.17
<50 years 21  320.01+94.44 425.93+108.03 71.15+4.02
Clinical Stages 2.544 0.001 3.157 0.001 3.479 0.001
Stage |-l 40  319.01+89.48 421.97+107.36 65.23+4.32
Stage llI-IV 10  327.91+95.14 430.89+111.03 76.5215.28
Histological grading 3.774 0..002 5.475 0.001 4.562 0..002
High differentiation 15  317.01+88.48 423.77+106.44 63.21+5.02
Moderate and low differentiation 35  329.91+96.14 431.93+131.03 75.0416.27
Lymph node metastasis 5.454 0.001 6.545 0.002 7564 0.003
Yes 40  333.91+95.12 434.43+122.03 75.13+5.83
no 10  316.35+89.56 425.77+111.44 66.24+6.12

Table 4. Factors affecting serum levels of HE4, CA125 and ROMA

in patients with ovarian cancer

Moreover, the results demon-
strated that the specificity,

95% Cl sensitivity, positive diagnosis

Factors B wald P
Clinical grading
HE4 1.116 5.544 0.452 4.777
CA125 1.423 6.451 0.365 4.566
ROMA 1.568 4.453 0.456 5.222
Histological grading
HE4 1.356 6.021 0.009 4.385
CA125 1.603 7.415 0.005 4.502
ROMA 1.758 10.359 <0.01 5.389
Lymph node metastasis
HE4 1.359 5.032 0.005 4.987
CA125 1.412 6.051 0.017 5.013
ROMA 1.528 7135 0.001 5.112

rate, and AUC of the combin-
ed diagnosis were significantly

11'69312_192;7184 higher than those of the mono-
) ) determination, indicating that
1.700-12.5.4 the combined diagnosis was
superior to the mono-determi-

1.731-12.034 nation. According to the com-
1.912-9.856 parison of diagnostic value
1.795-12.132 of the mono-determination of
HE4, ROMA, or CA125, the

1.267-10.357 specificity and AUC of the th-
1.345-11.471 ree, from high to low, were
1.297-11.364 HE4>ROMA>CA125, and the

Note: Each assignment factor is a continuous variable.

impacted by histological grading and lymph
node metastasis [18]. To optimize the early
diagnosis of ovarian cancer and further explore
CA125 and HE4 in the early diagnosis, CA125,
HE4, and ROMA were used for joint diagnosis
of ovarian cancer, and the specificity, sensiti-
vity, positive predictive value, and AUC were
compared.

In this study, the results showed that Group A
showed higher serum levels of HE4 and CA125
than Group B and the blank group, and the
serum level of CA125 was higher in Group B
when compared to the blank group, but there
was no notable difference in HE4 between
Group B and the blank group. These results
indicated that both CA125 and HE4 increas-
ed in patients with ovarian cancer, and CA125
also increased in patients with benign tumors.
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sensitivity and positive diagno-
sis rate of them, from high to
low, were ROMA>HE4>CA125,
with statistical differences. The ROMA+HE4+
CA125 mode was significantly better than the
mono-determination of ROMA, HE4, or CA125
in terms of diagnostic effect. This result cor-
roborated the findings of Samborski A [19],
who reported that HE4+CA125 was superior to
any single tumor marker in the monitoring and
diagnosis of female ovarian cancer. The limita-
tions of this study lie in the absence of a prog-
nostic multifactorial analysis and the lack of
access to risk factors affecting prognosis,
which will be further studied in future research
to provide early intervention and improve dis-
ease-free progression survival.

The combined diagnosis with HE4+CA125+
ROMA is more effective than diagnosis with
single markers, which indicates a high applica-
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tion value of the combined diagnosis in the
early diagnosis of ovarian cancer.
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