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Abstract

Objective: This study aimed to evaluate the prognostic value as diagnosis makers of cancer antigen (CA)125, human epididymis 4 (HE4),
and CA72-4 serum levels in ovarian endometriosis (OvEndo). Patients, Materials and Methods: The serum levels of CA125, HE4, and CA72-4
were measured using enzyme-linked immunosorbent assay (ELISA) technique for a group of 29 cases of OvEndo and a control (CTR) group
of 26 cases. Results: Results were compared between groups and statistical correlation was analyzed between the three biomarkers. (i) For
CA125, we found a statistically significant difference in-between the mean serum levels of the two groups: 9.02 U/mL in the OvEndo group
versus 7.1 U/mL in the CTR group (p=0.0158). (ii) A similar situation was found for CA72-4 levels in OvEndo group, where the mean serum
level was 6.1 U/mL compared to 3.5 U/mL in the CTR group, showing a significant difference (p=0.0185). (iii) The mean serum level of HE4 in
the OvEndo group was 7.6 ng/mL versus 7.8 ng/mL in the CTR group, and we found it highly significant (p=0.0001). HE4 levels were highly
correlated with CA72-4 levels (p<0.0001), while CA125 levels were not correlated with HE4 and CA72-4. Conclusions: Measurements of
CA125 can be used in the diagnosis of OvEndo mainly in association with HE4 serum levels, which are lower in endometriosis patients.
CAT72-4 levels are highly correlated with HE4 levels in patients with OvEndo, while no correlation with the other two markers was found. This

correlation needs further investigation to establish if it may be used as a possible diagnostic tool in clinical practice.
Keywords: CA125, HE4, CA72-4, ovarian endometriosis, prognostic.

& Introduction

Endometriosis is a gynecological pathology that affects
10-15% of all reproductive-age women [1]. Ovarian
endometriosis (OvEndo) or endometrioma is the most
common subtype and affects 17-44% of women with
endometriosis. Through the mass effect exercised on ovarian
parenchyma the endometrioma can significantly reduce the
functional ovarian tissue [2]. Bowel involvement by deep
endometriosis constitutes a difficult task for the gynecologist
and has been estimated to occur in 8-12% of patients with
endometriosis [3]. Recto-sigmoid localization occupies 80—
90% of the forms of digestive endometriosis [4].

With all the great achievements in the medical imagistic
field, diagnosing endometriosis is still a difficult task
for health practitioners. Even the recommended standard
technique, laparoscopy, has some downsides as it is an
invasive procedure at high expense. Moreover, it is not very
helpful in diagnosis of retroperitoneal and deep infiltrating
lesions. Consequently, many researchers are highly motivated
to explore cost-effective and non-invasive biomarkers for
identifying patients with suspected endometriosis.

Differentiating between OvEndo, other benign ovarian
tumors and early malignant ovarian tumors is a mandatory
first step when an ovarian mass is discovered. Moreover,

early detection and therapeutic follow-up represent a target
in the management of endometriosis.

Non-invasive biological biomarkers represent an
important direction for research in this pathology, but
one single marker is not sufficient for the diagnosis of
endometriosis. Therefore, the use of a combination of
cancer antigen (CA)125, human epididymis 4 (HE4), and
CA72-4 markers is more promising.

CA125 is a large membrane glycoprotein known also
as mucin-type glycoprotein (MUC16). MUC1 6 gene belongs
to the mucin family and secretes proteins named mucins,
which are heavily glycosylated. MUC16 gene encodes
CA125 protein [5, 6]. The biomarker is most often used for
ovarian lesions but, also, one of the most important markers
in the diagnosis and follow-up of endometriosis. Several
studies demonstrated that serum CA 125 concentrations are
elevated in patients with OvEndo [7-10].

HE4, nominated in the literature as WAP four-disulfide
core domain protein 2 (WFDC2), was initially identified
in epithelial cells of the human epididymis [11]. HE4
immunoreactivity is highest in the glandular epithelium of
the genital tract, including endocervical glands, endometrial
glands, Fallopian tubes, and Bartholin’s glands. Regarding
the ovary, cortical inclusion cysts arising here express this
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protein abundantly [12]. Galgano et al. concluded that the
gene responsible for the coding of HE4 is not overexpressed
in endometriotic lesions [13].

CA72-4 is an antigenic determinant of the tumor-
associated glycoprotein-72 (TAG-72). TAG-72 is the gene
that encodes the CA72-4 molecule [14]. This antigen was
mentioned in a variety of human adenocarcinomas, such as
ovarian, breast, colorectal, gastric and lung, while in normal
and benign tissue is rarely expressed [15—17]. The impact
and utility of CA72-4 in the pathology of endometriosis are
not well known.

Aim

The present study measured the serum levels of CA125,
HE4, and CA72-4 markers in patients with OvEndo. The
data were compared with control (CTR) patients without

endometriosis to evaluate the prognostic value of these
serological markers.

= Patients, Materials and Methods
Patients

From the patients enrolled in this study, those known
with OvEndo were treated in Emergency County Hospital,
Cluj-Napoca, Romania, and the CTR group was structured
from selected patients of the Regional Transfusion Center,
Cluj-Napoca. All patients filled in a written informed
consent sampling. The procedures followed all the ethical
standards. The Ethics Committee of Iuliu Hatieganu
University of Medicine and Pharmacy, Cluj-Napoca,
consented to this Decision with No. 74/16.02.2015. The
main symptoms mentioned by the patients enrolled in the
study were pelvic pain, dyspareunia, dysuria, dyskinesia,
vaginal bleeding. For those patients who did not present
any symptoms, diagnostic has been performed by ultra-
sonographic methods. The mean age was 30 years, and more
than half of the cases diagnosed with OvEndo presented
deep endometriosis also. Of a total of 55 patients enrolled,
29 had OvEndo and 26 were CTRs. The surgical diagnosis
was performed by laparoscopy/laparotomy, and all were
subsequently validated by histopathological (HP) results.

Serum CA125, HE4, and CA72-4 analyses

Blood samples collection was performed before each
surgery in non-heparinized tubes and centrifugated at
4000 rpm. The serum samples obtained were analyzed
according to enzyme-linked immunosorbent assay (ELISA)
manufacturer’s instruction to evaluate CA125, HE4, and
CA72-4 levels. The kits used were Human CA125 ELISA
kit (Elabscience), Human HE4 ELISA kit (Wuhan Fine
BioTech), and Human CA72-4 ELISA kit (ANOVA)
(Figure 1).

For CA125, a value greater than 35 U/mL has been
settled as a positive variable in the screening of epithelial
ovarian cancer [ 18]. For endometriosis instead, a decisive
cutoff value has not been set yet. For CA72-4, cutoff value
was targeted to 3.8 U/mL [19], and the HE4 value of 46 pM
[8] corresponding to 20.4 ng/mL was considered as a cut-
off. The results were analyzed with GraphPad Prism 6,
p-value <0.05 was considered statistically significant. The
Spearman’s correlation coefficient (r) was defined as a
value between -1 and 1, with a linear regression line of a

95% confidence interval (CI). The reference value for the
area under the receiver operating characteristic (ROC)
curve (AUC) was reported to 1.

OvEndo; i ; )‘

Figure 1 — Serum CAI125, HE4, and CA72-4 ELISA
analyses in patients with OvEndo and CTR. Blood
samples were collected from each patient group included
in the study, OvEndo and CTR, in non-heparinized tubes
and centrifugated. Serum samples concentrations were
performed for each marker, CA125, HE4, and CA72-4.
CA: Cancer antigen; CTR: Control; ELISA: Enzyme-
linked immunosorbent assay; HE4: Human epididymis 4;
OvEndo: Ovarian endometriosis.

Serum
ELISA (CA125,HE4,CAT72-4)

Clotted blood

= Results

Most patients with OvEndo (58%) were under the age
of 30 years (mean 30.1 years, range 20—48 years). More
than half of the patients with OvEndo associated deep
endometriosis (15 cases, representing 51.7%) and, besides
pelvic pain, these patients also presented dyspareunia,
dysuria, and dyskinesia.

Demographic and clinical parameters of the patients
are included in Table 1.

Table 1 — Clinical parameters in OvEndo

OvEndo, n=29 (%)

Clinical parameters

Symptoms
= Pelvic pain 27 (66%)
= Dyspareunia 2 (5%)
= Dysuria 1(2.5%)
= Dyskinesia 3(7%)
= Vaginal bleeding 7 (17%)
* No symptoms 1(2.5%)
Age [years]
= <30 17
= 30-39 10
=40 2
= Mean 30.1
= Range 20-48

Deep endometriosis association 15 (561.7%)

n: No. of cases; OvEndo: Ovarian endometriosis.

From a histological point of view, the elements which
define endometriosis are represented by the endometrial-
type glands, simple or sometimes atypical ones, and
endometrial stroma, which may contain hemosiderin
deposits, inflammatory infiltrate (neutrophils, eosinophils,
lymphocytes), blood vessels and active hemorrhage [18]
(Figure 2, A-D).

The first serological marker analyzed was CA125. In
OvEndo cases, the mean serum level was 13.1 U/ml + 14.4
standard deviation (SD) (median 9.02 U/mL). In CTR
patients, mean serum level was 7.1 U/ml + 3.6 SD (median
5.3 U/mL) (Table 2).
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Figure 2 — Microscopic examination of endometriosis involvement: (A and B) Ovarian endometriosis — endometrial

R

stroma (thick arrow), endometrial gland (thin arrow); (C and D) Colorectal endometriosis — endometrial gland (thick
bule arrow) without mucosal involvement, endometrial gland (thick blue arrow), stroma inflammatory infiltrate located
in the muscle layer (thin blue arrow). Hematoxylin—Eosin (HE) staining: (A and D) x100; (B) x200; (C) x40.

HE4 in OvEndo group had a mean serum level of
7.6 ng/mL + 6.6 SD (median 6.5 ng/mL), while in the
CTR group, mean serum level was 7.8 ng/mL + 0.8 SD
(median 7.4 ng/mL). For CA72-4 in OvEndo, the mean
serum level was 6.1 U/mL + 4.7 SD (median 4.9 U/mL),
and in the CTR group, mean serum level was 3.5 U/mL
+ 2.2 SD (median 2.4 U/mL) (Table 2).

Comparing OvEndo versus CTR for CA125 levels, the
p=0.0158 pointed out a significant statistical difference,
while for HE4, a p-value of 0.0001 was highly significant.
Similar, for the CA72-4 levels, the p=0.0185 was statistically
significant. The AUC in the OvEndo group was 0.78 for
both CA72-4 and HE4 serum markers and 0.65 for CA125
(Figure 3, A-F).

Table 2 — Serum CAI125, HE4, and CA72-4 levels in
CTRs and OvEndo patients

Mean Median SD Range p-value

cA125 CTR 7.1 53 3.6 3.2-16.6
[UmL]  OvEndo 13.1 9.02 144 35-73.2 0.0158°
HE4 CTR 7.8 74 08 64-94
[ng/mL] OvEndo 7.6 6.5 6.6 4.8-42.8 <0.0001°
CcA72-4 CTR 35 24 22 1893
[UmL] OvEndo 6.1 49 47 27-252 0.0185°

CA: Cancer antigen; CTR: Control; HE4: Human epididymis 4; OvEndo:
Ovarian endometriosis; SD: Standard deviation. @p-value comparing
OvEndo group with CTR group.
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Figure 3 — (A-F) Expression levels of CA125, HE4, and CA72-4 serum markers in CTRs and OvEndo. AUC: Area
under the curve; CA: Cancer antigen; CTR: Control; HE4: Human epididymis 4; OvEndo: Ovarian endometriosis;

ROC: Receiver operating characteristic.

First line graphs highlight the representation of the
expression levels in selected groups. The scatter dots plots
describe the serum levels of CA125, HE4 and CA72-4
markers for each OvEndo and CTR group. Lines represent
the means and limits of the 95% CI. P-values between
CTR-OvEndo were calculated with a non-parametric z-test.

In the OvEndo group, significantly serum levels of all three
tested markers were obtained. The second line graphs
represent the ROC curve for CA125, HE4, and CA72-4
markers in endometriosis. The AUC and the ROC curve
in the OvEndo group evaluated a positive predictive value
for CA125, HE4, and CA72-4 markers.
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Correlation of CA125, HE4, and CA72-4 serum
levels in selected groups

Linear regression line, Spearman’s correlation coefficient
(r), and p-value were determined for all three markers in
OvEndo and CTR groups (Figure 4, A—F).

Spearman’s correlation coefficient, defined as a value
between -1 and 1, quantifies the strength of binomial
association between the CA125, HE4, and CA72-4 markers
in CTR and OvEndo groups.

In the CTR group, there was no correlation between
the serum markers, each p-value being framed as >0.05
statistically not significant and Spearman’s correlation

coefficients suggested a very weak association: between
CA125 and CA72-4, the p-value was 0.47 and =0.01;
between HE4 and CA72-4, the p-value was 0.32 and
r=0.09; between HE4 and CA125, the p-value was 0.1
and r=0.26.

In the OvEndo group, the statistical correlation between
HE4 and CA72-4 showed a p<0.0001 highly significant and
r=0.74 suggestive for a highly positive association. Going
further, between CA125-CA72-4 and HE4-CA 125 were
highlighted a statistically not significant p-value of 0.18
and 0.1, respectively, and 7=0.17 and 0.18 concluded a
weak association.
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Figure 4 — (A—F) Linear regression and Spearman’s rank correlation analyses between the determined serum markers.
CA: Cancer antigen; CTR: Control; HE4: Human epididymis 4; OvEndo: Ovarian endometriosis.

= Discussions

Endometriosis is known to be a gynecological condition
with a high incidence among young patients and its
prevalence worldwide has been steadily rising, approaching
nearly 15%, probably because menarche occurs much earlier
nowadays compared to few decades ago [19]. The defining
feature of endometriosis involves the migration of cells
resembling those of the endometrium to ectopic locations
beyond the anatomical limits of the uterus.

The most frequent complaints of patients with
endometriosis are chronic pelvic pain, dysmenorrhea, and
infertility, but conversely 20-25% of patients remain
asymptomatic [20]. Infertility is expected to be found in
30-50% of patients with endometriosis. Due to the low
specificity of these symptom clusters that can also resemble
pelvic inflammatory disease or other conditions linked to
chronic pelvic pain, surgical procedures coupled with
HP examinations are considered to be the “gold standard”
for establishing a conclusive diagnosis [21]. Due to the
invasiveness of the procedure, which is a major drawback,
and the long-time frame from performing the procedure and
the final HP result, many research studies tried to identify
biological noninvasive markers for early diagnosis, like
CA125, CA199, urocortin or interleukin-6 (IL-6) [22—24].

However, all these emerging indicators, despite the
promising results, are far from meeting the criteria for
diagnostic biomarkers used alone and their association
seems to be more successful [25].

The target of this study was to evaluate the clinical
utility and importance of CA125, HE4 and CA72-4
serological markers and their association, in differentiating
OvEndo from CTR.

The CA125 serum levels in patients with OvEndo (mean
13.2 U/mL, median 9.02 U/mL, range 3.5-73.2 U/mL) were
higher statistically significant compared to CTR (mean
7.3 U/mL, median 5.4 U/mL, range 3.2—-16.6 U/mL). In the
literature, for CA125 marker, Liu et al. reported median
values in OvEndo (84.9 kU/L) and in healthy women
(11.5 kU/L) [26]. Dong et al. presented a median value for
endometriotic diseases (53 kU/L), which was higher than
that in a healthy women group (11 kU/L) and mentioned
it was statistically significant (p=0.031) [27].

The HE4 serum levels in patients with OvEndo (mean
7.6 ng/mL, corresponding to 17.5 pM; median 6.5 ng/mL,
corresponding to 14.6 pM, range 4.8-42.8 ng/mL) compared
to CTR (mean 7.8 ng/mL, corresponding to 17.07 pM;
median 7.4 ng/mL, corresponding to 16.6 pM, range 6.4—
9.5 ng/mL) highlighted similar values and the p=0.0001
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was highly significant. Other studies also mentioned that
serum levels of HE4, in patients with OvEndo, were not
affected by this pathology [7-10]. Compared to healthy
subjects, the HE4 levels did not reveal significant changes
(p=0.128 and p=0.27, respectively) [7, 8]. Huhtinen et al.
presented in patients with OvEndo (46.0 pM) a mean
value comparable with healthy CTRs (40.5 pM) [7, 8].
Chen et al. obtained a median (53.0 pM) in patients with
endometrioma [10]. Liu et al. concluded median levels of
HE4 for endometriosis (52.4 pM) and for CTR (50.0 pM),
which did not show statistical difference [26].

The CA72-4 serum levels in patients with OvEndo
(mean 6.1 U/mL, median 4.9 U/mL, range 2.7-25.2 U/mL)
compared to CTR (mean 3.5 U/mL, median 2.4 U/mL, range
1.8-9.3 U/mL) highlighted higher values and p=0.0185
was significant. Anastasi et al. presented for CA72-4 in
OvEndo a mean value of 3.1 U/mL, a median of 2.7 U/mL,
where the range was 1.8—10 U/mL [28]. Chen ez al. obtained
avalue of 1.7 U/mL for median in benign ovarian diseases
[10].

In the OvEndo group, correlation between CA125
and HE4 suggested a weak association with Spearman’s
coefficient 7=0.18, compared with Huhtinen et al., which
observed a more accurate diagnostic tool [7]. The linear
regression highlighted a strong correlation between HE4
and CA72-4, where p<0.0001 and r=0.74.

In the OvEndo group, the mean age was 30 years. A
correlation between age and serum levels for CA125, HE4,
and CA72-4 markers in this group could not be established.
In literature, Karimi-Zarchi et al. did not observe any
correlation between age and CA125 in OvEndo (p=0.76)
[29]. Hallamaa et al. presented no correlation between
age and HE4 or CA125 [30]. Regarding the age of the
manifestation of this pathology, the mean of 30 years is
the age of maximum reproduction period and OvEndo
can compromise the ovarian reserve. For this reason, the
management of fertility and the cryopreservation of the
oocytes or ovarian tissue must be considered [31].

& Conclusions

Measurements of CA125 serum concentration can be
used in the diagnosis of OvEndo as CA125 serum levels
were higher in patients with OvEndo compared to CTR.
HE4 serum levels were lower in patients with OvEndo
and highly correlated with CA72-4 levels, making this
association a possible diagnostic tool to be further
investigated. OvEndo can be considered if the levels of
CA125 marker are elevated while HE4 levels decrease.
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