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ABSTRACT: The epithelial growth factor receptor (EGFR) is involved in various stages of cancer growth such as
tumor initiation, angiogenesis and metastasis, being an attractive target for oncogenic therapy. The present study
aims to evaluate the EGFR expression in 54 cases of serous and mucinous ovarian borderline tumors and
carcinomas. EGFR expression was present in more than half of the investigated tumors, more frequently in
carcinomas than in borderline tumors, especially in the serous type. The highest values of the final staining score
(FSS) were observed only in serous carcinomas in the advanced stages of the disease. As a result of frequent
expression of EGFR in ovarian tumors, it is necessary to monitor EGFR inhibitors for ovarian cancer therapy, but

probably after establishing more rigorous selection and stratification criteria for patients.
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Introduction

For many vyears, the efforts to identify the
prognostic factors of ovarian carcinomas
focused on molecular markers that were most
often immunohistochemically investigated. Until
now, there are no defined clinical or molecular
markers that can help to identify borderline
tumors or ovarian carcinomas with increased
risk for aggressive behavior.

The effect of the epithelial growth factor
receptor (EGFR) as a tyrosine kinases receptor
is considered a target for cancer immunotherapy.
EGFR is one of the four members of the human
epidermal growth factor that has been shown to
have physiological activity but also and
oncogenic roles in some malignancies [1].

Because EGFR is involved in various stages
of cancer growth, such as tumor initiation,
angiogenesis and metastasis, it is an attractive
target for oncogenic therapy [2,3]. In addition,
EGFR participates by various pathways as a
proto-oncogene in several types of cancers such
as gastrointestinal, oral and breast ones [4].

The present study aims to evaluate the
expression of EGFR in ovarian serous and
mucinous borderline tumors and carcinomas.

Material and methods

The study included 54 malignant ovarian
tumors represented by borderline tumors and
carcinomas, of which 41 corresponded to the
serous subtype and 13 were mucinous tumors.

The analyzed cases were represented by
pacients from the Surgery and Gynaecology
Clinics of the Emergency County Hospital
Craiova.

Surgical excision specimens were fixed in
10% buffered formalin, then processed by the
classic histopathological technique and stained
with Hematoxylin-Eosin. The classification of
lesions was made according to the literature
recommendations [5].

Subsequently, the immunoreactions were
performed on serial sections using the
monoclonal mouse antihuman EGFR antibody
(Dako, Redox, Romania), clone E30, in dilution
1:1000 and without antigen retrieval
pretreatment. The immunohistochemical
reactions were done using a system based on
polymerization-based amplification (Histophine
polymer-Horseradish ~ Peroxidase,  Nichirei,
Japan, ready to use, code 414151F). To visualize
the reactions the DAB (3,3'-diaminobenzidine)
cromogen was used (code 3467, Dako), and for
validating the reactions were used positive (oral
mucosa) and negative external controls (by
omitting the primary antibody).

The semiquantitative assessment of EGFR
expression was done through a scoring system
that was independently assigned by two
specialists (CE and AS) based on the intensity of
the staining and the percentage of positive cells
[6].

The intensity score was noted as follows:
1 (weak intensity), 2 (moderate intensity), and
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3 (strong intensity), and the cutoff value for
positivity reactions was set at 5%.

The percentage of cells labelled was scored
by 1 (6-25% positive cells), 2 (26-50% positive
cells), 3 (51-75% positive cells) or 4 (>75%
positive cells). The final staining score (FSS)
was calculated by multiplying the intensity and
labeled cells scores.

The study was approved by the local ethical
committee (n0.195/24.10.2017), and written
informed consent was obtained from all the
patients.

Results

The study included 54 malignant ovarian
tumors of which 41 corresponded to the serous
subtype and 13 were mucinous tumors (Table 1).

Table 1. Distribution of the investigated cases

Stage/Tumor Serous tumors Mucinous tumors
Borderline Carcinomas Borderline Carcinomas

Stage | 14 0 6 7

Stage Il 0 3 0 0

Stage 111 0 24 0 0

The 41 serous malignant tumors included
14 borderline tumors and 27 carcinomas, of
which three of low-grade and 24 of high-grade.
The mucinous malignant tumors corresponded
in six cases to borderline tumors and in seven
cases to low grade carcinomas.

EGFR expression analysis revealed the
positivity reaction in 28 cases (51.8%),
distributed across all the tumor groups analyzed
(Table 2). For serous tumors, EGFR positivity

was observed in a small number of borderline
tumors compared to carcinomas, respectively in
three versus 21 cases. Negative cases
corresponded to both tumor types.

For mucinous tumors, the number of EGFR
positive-cases was lower, also lower for
borderline tumors compared to carcinomas,
respectively one case of borderline tumor and
three cases of mucinous carcinomas.

Table 2. Distribution of EGFR positive cases

Tumor type/No. cases Serous tumors Mucinous tumors
Borderline Carcinomas Borderline Carcinomas
Number of positive cases/ 3/14 21/27 1/6 3/7
Total number of cases
% 21.4% 771.7% 16.6 42.8

Referring to EGFR FSS score, we found

that the highest mean values were found in high-
grade serous carcinomas (Table 3).

Table 3. Distribution of tumors depending on EGFR FSS values

Tumor type / stage (SC) Serous tumors Mucinous tumors
Borderline Low-grade High-grade Borderline Low-grade
tumors carcinoma carcinoma tumors carcinoma
Stage | 2 2 0 2 6
Stage Il 0 0 1 0 0
Stagelll 0 0 11.2 0 0
We found the presence of EGFR In serous borderline tumors, EGFR was
immunostaining in all analyzed tumors, expressed in less than 25% of tumor cells with

borderline or carcinomas but with varying
incidence.

In all EGFR-positive tumors the expression
was cytoplasmic and membranous, sometimes
with a clearly granular pattern at the cytoplasmic
level.

moderate intensity, the mean immunostaining
score being 2 (Fig. 1).
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Fig. 1. Serous borderline tumor,
EGFR immunoexpression, x100

Similar aspects were also present in low
grade serous carcinomas, EGFR expression
being identified in a single case, with a reduced
intensity and in less than 25% of the tumor cells

(Fig. 2).

Fig. 2. Low grade serous carcinoma,
EGFR immunoexpression, x100

In contrast, in high-grade serous carcinoma
we frequently observed diffuse immunostaining
(score 4) and with often increase intensity
score 3 wlgla mean FSS value of 11,2 (Fig.

Fig. 3. High grade serous carcinoma,
EGFR immunoexpression, x100

For mucinous borderline tumors, EGFR
expression was identified in a single case, with
immunostaining also in less than 25% of tumors
cells and moderate intensity, similar to that
observed in benlgn tumors areas (Flg 4)

Fig. 4. Borderline mucinous tumor,
EGFR immunoexpression, x100

Mucinous carcinomas expressed EGFR in
less than half of the tumors cells with moderate
intensity, with a mean immunostaining score of

6 (Fig. 5).

Fig. 5. Mucinous carcinoma,
EGFR immunoexpression, x100

Discussions

The ErbB family of receptor tyrosine kinases
play a role in the tumorigenesis of many types of
solid tumors and comprises epidermal growth
factor (EGF) receptor 1 (EGFR, HER1/ErbB1),
EGFR2/ErbB2 (HER2/neu), HER3/ErbB3 and
HER4/ErbB4 [7].

The abnormal activation of these receptors
has been associated with various pathological
processes, including malignant transformation
[8], the four EGF receptors playing a key role in
promoting carcinogenesis through proliferation,
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survival, migration, adhesion and cell
differentiation.

EGFR is a transmembrane receptor with
tyrosine kinase activity, involved in cell growth
and proliferation [9]. EGFR plays a role in cell
survival, epithelial-mesenchymal transition,
angiogenesis and metastasis [10]. The EGFR
amplification, mutations and overexpression
have been extensively and variably reported in
ovarian carcinoma [11].

Normally, the ovarian epithelium expresses
poorly EGFR, unlike ovarian carcinomas in
which overexpression of EGFR varies in
different studies between 4-100% of cases
[12,13]. In this study we observed the EGFR
expression in half of the analyzed cases.

The expression was cytoplasmic in both
types of malignant serous tumors, borderline and
carcinomas, but with different incidence,
respectively three cases (21.4%) and 21 cases
(87.5%). One study reported the protein
expression in a significantly higher proportion in
carcinomas compared with borderline tumors,
respectively 69% versus 18% [14].

Chen et al. indicated that the EGFR
cytoplasmic positivity in both ovarian borderline
tumors and carcinomas was significantly higher
than in normal ovarian tissue and benign tumors
[15]. Similarly, Nielsen et al reported that 67%
of ovarian borderline tumors and 62% of ovarian
carcinomas revealed cytoplasmic positivity [16].
Instead, Fujiwara et al reported the lack of
positivity in borderline tumors, while 39.3% of
serous carcinomas showed cytoplasmic staining
[17]. Also, Brustmann et al. reported EGFR
negativity in benign and borderline serous
tumors compared with the positivity (64%) of
serous carcinomas [18].

The analysis of EGFR expression for
borderline tumors and serous carcinomas
analyzed in correlation with stage and tumor
grade indicated the highest values for advanced
stage serous carcinomas. EGFR is disturbed in
ovarian cancer, and increased expression is
associated with a low survival rate [19-21]. In a
study of 50 ovarian serous carcinomas, EGFR
positivity was reported in 64% of cases, the
results being correlated with tumor grade and
survival [18]. Several studies have concluded
that EGFR expression and tumor grade are
independent parameters [12,13]. An extensive
study which analyzed the expression of EGFR
and p53 proposed to stratify them in three
groups: low risk (well-differentiated tumors,
negative for p53 and EGFR), intermediate risk
(well differentiated tumors, p53/EGFR positive

or poorly differentiated p53 and p53/EGFR
negative) and high risk group (poorly
differentiated tumors and p53/EGFR positive)
[22]. The significance of EGFR
immunoexpression is controversial regarding
malignant serous ovarian tumors [18]. Although
the constant correlation of EGFR expression
with the aggressiveness of the disease has not
been demonstrated, it still appears to be
associated with poor prognosis and weaker
therapeutic response [12,23,24].

For mucinous tumors, in this study we also
observed EGFR cytoplasmic expression in both
types of malignant tumors, borderline and
carcinomas, but for a small number of cases,
respectively for only one case in borderline
tumors (16.6%) and for three cases in mucinous
carcinomas (48.2%). Data from the literature
report similar aspects, with EGF and EGFR
expression being significantly higher in
mucinous carcinomas than in  mucinous
cystadenomas or mucinous borderline tumors
[25].

The analysis of EGFR expression in relation
to the stage and tumor grade for the investigated
serous carcinomas indicated the presence of high
immunostaining scores in the advanced stages of
the disease. A recent study on ovarian
carcinomas found for non-serous neoplasia the
correlation of EGFR overexpression with tumor
grade and stage [26]. Although the prognostic
significance of EGFR has been extensively
studied in ovarian cancer, it still remains
unclear. Several studies that have been
concerned about the relationship between EGFR
overexpression and clinical pathological
characteristics, evaluation of chemotherapy
response and survival rates indicated conflicting
results [27,28]. Very few reports included
borderline tumors and, in particular, have
investigated a small number of cases or have
studied either only the protein expression or
only mutations. These results suggest that the
EGFR immunostaining can not be a useful
prognostic biomarker for ovarian cancer patients
[29].

As a consequence of frequent EGFR
expression in ovarian carcinomas, this has been
a subject of investigation for the therapies with
monoclonal antibodies and small molecule
tyrosine Kinase inhibitors, exploring it as a
potential therapeutic agent. Thus, as a result of
frequent EGFR expression in ovarian tumors
[30] and the ability of this pathway to induce
tumor cells proliferation and dissemination,
follow-up of EGFR inhibitors is required for
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ovarian cancer therapy, but the results observed
in clinical trials conducted so far are quite weak
[31-33], which indicates the need for better
methods of patients selection and stratification.

Conclusions

EGFR expression was present in more than
half of the investigated tumors, more frequently
in carcinomas than in borderline tumors,
especially in the serous type. The highest values
of the immunostaining score were observed only
in advanced stage serous carcinomas. As a result
of frequent EGFR expression in ovarian tumors,
follow-up of EGFR inhibitors is required for
ovarian cancer therapy, but probably after
establishing more rigorous selection and
stratification criteria for patients.
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