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Borderline ovarian tumor - a case report with genetic testing
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Introduction 

Borderline ovarian tumors (BLOT), also known as
tumors with low malignant potential, represent a type of
epithelial ovarian tumors exhibiting some characteristics
of malignancy [1]. Despite an accurate classification
remains the borderline category of ovarian tumors, which
is one of the most controversial topics in gynecologic
oncology and is confusing to both clinicians and patients.

The etiology of BLOT remains unclear due to a small
number of cases and lack of randomized and controlled
studies. Compared to malignant ovarian tumors, BLOT
generally occur at younger ages, i.e. approximately ten
years younger than that of women with malignant ovarian
cancer [2, 3]. The symptoms, reported by several studies,
include abdominal pain and an unexplainable increase in
girth around the waist and abdomen, although up to 23%
of patients were asymptomatic [4]. Histologically, two
main subtypes are defined: serous and mucinous, with
serous being more common.

Serous tumors are presumed to originate from the ger-
minal epithelium. Mucinous tumors do not have a clearly
defined origin [5]. Different results also exist respect to
overexpression of various oncogenes and tumor suppres-
sor genes comparing to malignant ovarian cancer [6].
Affecting younger women, the treatment of BLOT is
often confronted with the requirement of a fertility-
sparing approach.

Case Report

A 24-year-old nulligravida, student, non-smoker, with regular
menstrual cycles, was admitted to the hospital in December 2011
with intermittent pain in the lower abdomen. Patient denied any
other complaints. The family history was free of cancer. Ultra-
sonography (USG) was performed which revealed a multilocular

cystic tumor at the left adnexa measuring 15 x 13 cm and right-
sided ovarian enlargement measuring 8 x 7 cm. Computed
tomography (CT) was performed immediately showing minimal
ascites and USG confirmed the diagnosis. There were no visceral
metastases based on both USG and CT. Gastric fibroscopy and
cystoscopy were also performed and the findings were normal.
CA-125 was measured which was slightly elevated (42.5 IU/ml)
compared to reference values (< 35.0 IU/ml). All other parame-
ters including blood count, biochemistry, and coagulation param-
eters were within the reference range. 

The patient was surgically treated on the eighth day after
admission. Lower median laparotomy was performed and the
abdominal cavity was opened. Minimal free abdominal fluid
was found and sent for cytologic examination. Thereafter left
adnexectomy was performed and the specimen was sent for
rapid perioperative pathology [Figure 1]. The result of pathol-
ogy assessment showed a serous borderline ovarian tumor
without signs of invasion. Due to the location of exophytic
tumor on the right ovary, and to achieve fertility-sparing
approach, partial resection of the right ovary was performed.
Subsequently appendectomy and omentectomy were per-
formed. Then 120 cm from the ileocaecal valve, Meckel’s diver-
ticulum was found and resected [Figure 2], as well as intestinal
polyp located 30 cm orally from the diverticulum. The har-
vested samples were sent for definitive pathology and the
assessment included: ascites, part of the right ovary, appendix,
omentum, Meckel’s diverticulum, and intestinal polyp.

Definitive results of pathologist were the following: ascites –
blood cells and groups of cytologically abnormal and atypical
cells suspected of tumor origin. Left adnexa - serous borderline
ovarian tumor with microinvasion. Part of the right ovary -
serous borderline ovarian tumor with microinvasion. Appendix
– without tumoral changes. Omentum – omental cells with non-
invasive desmoplastic implants and abundantly present psam-
momatous bodies. Meckel’s diverticulum – without tumoral
changes. Intestinal polyp – rarely isolated atypical cells of
tumoral origin is likely.

Postoperative blood work was obtained for genetic testing.
The patient was discharged from the hospital on postoperative
day number eight and was referred to the oncological institute
for continuation of the treatment.

Summary
Despite an accurate classification, the borderline category of ovarian tumors is one of the most controversial topics in gynecologic

oncology and is confusing to both clinicians and patients. The treatment is often confronted with the necessity of a fertility-sparing
approach, although under-treatment increases the risk of disease recurrence. The clear definition of a group of patients with low or high
risk of relapse requiring more or less extensive treatment is lacking. Currently, the main criteria affecting the treatment extent include
histopathological features, particularly the presence of microinvasion, and invasive implants. Expansion of knowledge about genetic
nature of the tumor characteristics may more closely specify the scope of therapeutic approach for individual patients. The authors
report a case report of serous borderline ovarian tumor patient with tumor cell dispersion into the gastrointestinal tract. The genes of
tumor vascular markers GPM6B and DR6 were also studied and compared to a group of healthy patients. 
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the One-way ANOVA test. To find statistical differences
between mean values, the authors used the Student-
Newman - Keuls tests. Statistical analysis was processed
by the GraphPad INSTAT program. By analysing expres-
sion levels of mRNA gene DR6, GPM6B and β-actin in
the peripheral blood of the studied patient (BLOT) in
comparison to those in the CG, the authors detected sig-
nificantly increased mRNA expression levels of gene
DR6 - seven-fold and GPM6B - ten-fold compared with
the CG (Figure 3).

Discussion

There are still no clear recommendations regarding
BLOT management. Currently, the main criteria affecting
the treatment extent include histopathological features,
particularly the presence of microinvasion, and invasive
implants. Since BLOT represent diseases affecting mainly
younger women, the fertility-sparing approach is often
required. Expansion of knowledge about genetic nature of
the tumor characteristics may more closely specify the
scope of therapeutic approach for individual patients.  

As previously stated, women of reproductive age are
affected predominantly, with a median age of 34.5 years
[9]. The patient in this case was a 24-year-old nul-
ligravida, thus fertility-sparing was the crucial point in
the range of surgical approaches. The use of imaging
studies (MRI and CT) helps to detect suspected tumors,
although the key imaging characteristics that would dis-
tinguish BLOT from other ovarian tumors are absent.
Bent et al. in a study of MRI usage only reported that
serous BLOT was significantly smaller than mucinous
BLOT [10]. Comparing with the latest results of Shih et
al. study, significant differences were found if the tumor
size was studied. Tumor size greater than eight cm was
associated with a 22.4% incidence of invasive cancer on
final pathology compared to 3.2% in tumors eight cm or
less [11]. The CT findings of the present patient showed
that the tumor size of 15 x 13 cm, also confirmed perop-
eratively, nevertheless showed no invasive tumor in the
final pathology. There were no clear correlations found
where CA-125 in BLOT for diagnosis or follow-up was
studied. However, preoperatively, it can be useful in
counseling the patient as to what to expect in the operat-
ing room [12]. The CA-125 level in the presented patient
was slightly elevated (42.5 IU/ml) compared to reference
values (< 35.0 IU/ml). This result showed that the value
was not typically high for invasive carcinoma, although
higher than in non-cancer patients confirming previously
made conclusions regarding CA-125.

Results

Genetic testing

In recent years there has been significant progress in
the understanding of molecular mechanisms that lead to
the formation of tumors and metastasis. The phenotypic
variability is caused by genetic and epigenetic changes,
which usually lead to destruction of the balance between
cell proliferative, apoptotic, and differentiation abilities.
For tumor growth, it is essential to rebuild the blood
vessels, as cancer cells measuring more than one mm
cannot be maintained by diffusion alone. Formation of
new blood vessels in the tumor is conditioned by the
presence of endothelial factors, which are called angio-
genic factors or tumor vascular markers (TVM). Levels
of ideal TVM for ovarian diagnostics are reported as
having significantly different levels of expression during
natural physiological angiogenesis compared to carcino-
genesis. GPM6B encodes a membrane glycoprotein.
Interaction of the membrane glycoprotein M6B with q-
opioid receptors was recently demonstrated, facilitating
endocytosis and cellular metabolism of serotonin, with
regards to identification of the glycoprotein membrane
M6B as a binding partner of serotonin transporter (SERT)
[7]. Transmembrane receptor DR6 belongs to the group
of tumor necrosis factor. DR6 is functionally involved in
the tasks of proliferation, differentiation, and pro-
grammed cell death. High expression of DR6 in cancer
cells, which probably affects the anticancer cellular
response through the differentiation and proliferative
effects on monocytes, correlates with significant activity
of NF-kB, due to internal stimulation of oncotic cell pro-
liferation [8].

The changes in levels of mRNA expression of tumor
vascular gene DR6, GPM6B, and β-actin in the periph-
eral blood of the patient presented were detected com-
pared to those in the control group (CG). The patients in
the CG (n = 35) underwent preventive examination
regarding their current health disorders. They were iden-
tified as healthy by their general practitioner, and based
on the results of laboratory tests, the preventive check
was negative. The family history of individuals in the CG
had no mention of cancer. After isolation of total RNA
from four ml of venous blood drawn from patients, apply-
ing a sampling system with anticoagulant K2EDTA,
made reverse transcription of mRNA into cDNA.
Changes in gene expression of Gpm6b and Dr6 were
detected using polymerase chain reaction. Amplification
of specific genes DR6, GPM6B, and β-actin was carried
out in 30 cycles (94°C for 5 min, 94°C for 30 sec, 48°C
for 30 sec, and 72°C for 45 sec), using primers from
Table 1. Quantification was evaluated using a documen-
tation system. Numerical quantification of changes in
expression levels was assessed using a specifically-
designed software. In order to minimize the impact of
variability in biological sample of BLOT and samples in
the CG, each biological sample was analyzed three times.
Statistical evaluation of numerical values was done using
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Table 1. — Forward and reverse primer of genes β-actin, DR6
and GPM6B.
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The histopathological features of BLOT were clearly
defined and represent one of the main elements for choice
of therapeutic approach. As major histopathological char-
acteristics, confirmed by previous studies, microinvasion
and peritoneal implants (PI) were determined. The study
of Anfinan et al. with 138 BLOT patients has shown that
presence of microinvasion and invasive implants are sig-
nificant risk factors for disease recurrence [13]. While the
presence of non-invasive PI has almost no negative influ-
ence on ten-year survival rates, the invasive form is asso-
ciated with poor prognosis, i.e. more than 50% had recur-
rences, and the ten-year survival rate was only about
35%. Therefore the morphology of the PI is the main
prognostic factor for patients with stage II-III BLOT. The
omentum is the most likely site for invasive implants.
Therefore, surgeons must take a sufficient amount of
omental tissue to enable the pathologist to distinguish
non-invasive from invasive implants [9]. This has also
been confirmed by the study of Gershenson et al., where
the patients with serous BLOT and non-invasive PI had
20% recurrence rate, while in patients with serous BLOT

and invasive PI, the recurrence rate was 31%-45%. In this
mentioned study, there was no difference in survival
between patients with serous and mucinous BLOT [14].
Thus, the high-risk patients, regarding histopathological
criteria, are the patients with BLOT with microinvasion
and presence of invasive implants. These types of BLOT
have been designated also as “micropapillary serous car-
cinoma” due to their characteristic micropapillary archi-
tecture [15]. The final pathology of the present patient
showed serous BLOT with microinvasion with non-inva-
sive omental implants. The absence of invasive implants
made good prognostic prospects, but the presence of
atypical cells in intestinal polyp suggested more exten-
sive surgery. 

Given the excellent prognosis of patients with Stage I
disease, fertility-sparing surgery is of great interest. This
type of surgery is an acceptable option in confirmed
Stage I serous and mucinous tumors. Advanced disease
requires more extensive surgery; however the exact rec-
ommendations are still absent [16]. In order to meet the
patient’s demand, fertility-sparing surgery was an option

Figure 1. — Tumorous mass on the left adnexa.

Figure 2. — Meckel’s diverticulum located 120 cm from the
ileocaecal valve.

Figure 3. — Graph comparing the changes in DR6 and GPM6B
genes expression in control group and BLOT patient.
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in this patient and was performed with only partial resec-
tion of the right ovary. Because of microinvasion pres-
ence from rapid peroperative pathology, omentectomy
and appendectomy were performed. The presence of
atypical cells, with suspected tumoral origin, necessitates
gastrointestinal tract checking with resection of polyp
and diverticulum if BLOT is diagnosed. Postoperative
treatment for any stage is controversial. Up to 95% of
BLOT have diploid DNA mostly associated with great
prognosis. Minority of BLOT have aneuploid DNA
(micropapillary carcinoma) leading to poor prognosis
with higher recurrence rate. There are proposals to treat
these tumors as low-grade invasive carcinoma, although
no prospective and randomized clinical trials have been
done due to small number of patients [16].   

The progress in genetic testing of gynecological malig-
nancies has been seen in previous years, however little
was done on BLOT. The pattern of genetic alterations
described in BLOT differs from that of invasive carcino-
mas, e.g. TP53 mutation are often absent in BLOT but
present in up to 88% of invasive carcinoma cases. On the
other hand, loss of heterozygosity on the long arm of the
inactivated X chromosome is characteristic for BLOT
and rare in carcinomas [9]. The influence of TP53 and
HER2 mutation on prognosis showed different results as
well. While the positivity of TP53 and HER2 in invasive
carcinoma is associated with worse prognosis in case of
BLOT, the positivity confer a survival advantage. Gener-
ally, 28 markers were identified for various gynecologi-
cal malignancies, and for ovarian cancers six-fold higher
expression was detected than in healthy subjects. Thir-
teen genes with reduced expression were also detected
[6]. There are few studies presenting the detection of
gynecological and other cancers using TVM [17]. As the
authors have mentioned above, ideal levels of TVM for
detection of ovary cancer must report significantly differ-
ent levels of expression during natural physiological
angiogenesis compared to carcinogenesis. These condi-
tions are fulfilled for example by adlican, COL11A1,
GMP6B, and DR6, which show from ten-fold up to 350-
fold increase in expression in gynecological cancers [6].
The present patient showed overexpression of GMP6B
and DR6 when compared to healthy population. This
suggests for higher risk of invasive carcinoma develop-
ment and was also confirmed by histopathological find-
ings – microinvasion and presence of atypical cells sus-
pected of tumor origin in the intestinal polyp. The
conclusions from genetic testing probably predict the
need of postoperative treatment. The present results cor-
respond with the results described by Buckanovich et al.,
which also showed increased expression levels of DR6
RNA gene in ovarian cancer compared to healthy sub-
jects, but BLOT were not included in the study [17]. 
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