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Abstract: Borderline ovarian tumors (BOT) represent about 10 to 20 percent of all epithelial tumors of
the ovary. They constitute intermediate lesions between benign ovarian cysts and invasive carcinomas.
They often occur in young women of reproductive age, and, albeit with a favorable prognosis, it
may recur on the ipsilateral or contralateral ovary. Controversies surround the diagnostic criteria
used for their assessment, and the optimal management to minimize their risk of recurrence and/or
transformation into malignant carcinoma. Fertility preservation (FP) is considered a priority in the
management of these patients, and studies aim at finding the safest and most effective way to help
women with BOT history conceive with minimal risk. We present the experience of a single institution
in managing three cases of serous BOT in young nulliparous women, followed by a thorough review
of the existing literature, highlighting controversies and exploring the possible FP techniques for
these women.

Keywords: borderline ovarian tumor; fertility preservation; conservative surgery; recurrence; diag-
nosis

1. Introduction

Borderline ovarian tumors (BOT) behave as intermediate lesions between benign
cystadenomas and invasive carcinomas, making them a separate histologic and clinical
entity. They represent 10 to 20 percent of all epithelial tumors of the ovary. They are charac-
terized by an atypical epithelial cell proliferation without stromal invasion [1]. These often
occur in young healthy women of reproductive age, with approximately one thirdbeing
diagnosed before the age of 40 years [2,3]. Consequently, fertility preservation (FP) has
become a major part of the management of these patients [4]. Fortunately, these tumors are
often diagnosed at an early stage while still confined to one or both ovaries, considered as
stage I BOT according to the International Federation of Gynecology and Obstetrics (FIGO)
classification. BOT of all stages combined have favorable 5-year and 10-year survival
rates of 95% and 90%, respectively [5]. The management and prognosis of these tumors
is dependent on their histologic subtype. Serous and mucinous BOT are the most com-
mon types, rarely spreading beyond the ovaries or having a peritoneal involvement, and
therefore displaying a better prognosis as compared to invasive carcinoma [6,7]. However,
some pathologic features may indicate a worse prognosis in serous BOT, including the
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micropapillary pattern, bilateral localization, microinvasion, and the presence of extra-
ovarian implants. Another challenge lies in the poor preoperative and surgical diagnostic
accuracy for BOT, with often more than one surgical intervention required for complete
staging, and diagnosis revealed upon histologic examination [6]. Historically, radical
surgery was the treatment of choice for BOT; however, there is now a shift towards a
more conservative approach given the young age of patients, presentation mostly at an
early stage, and low associated mortality rates. However, several studies have reported a
higher recurrence rate of the disease with conservative surgical approaches, particularly in
the case of unilateral cystectomy. Mortality rates were not significantly increased despite
the increased recurrence, especially when patients benefitted from close follow up [7–12].
Consequently, there are opposing views in the literature on whether a unilateral cystectomy
or a unilateral salpingo-oophorectomy (USO) would be a better option for the conservative
management of a stage I unilateral BOT. Controversies also surround the use and safety
of FP techniques, and the management of BOT recurrence. Our objective is to address
the ongoing controversies on diagnosis, management, and FP of BOT in young women
of reproductive age by sharing our experience in a single institution and reviewing the
existing literature.

2. Materials and Methods

We present the cases of three young women diagnosed with serous BOT, aged between
21 and 32 years. All three patients were managed in our department of Obstetrics and
Gynecology at Foch Hospital between the years 2018 and 2020, where they are still followed.
The patients’ information and data were retrieved retrospectively from their medical
records and analyzed. The first patient is undergoing in vitro fertilization, the second one
is waiting for oocyte donation, and FP has not yet been performed for the third. We present
a thorough literature review on the available FP options and their outcomes. Written
informed consent was obtained from all three patients to review their medical records and
publish their imaging and histopathologic results anonymously.

A literature review was conducted by searching databases including Google Scholar,
PubMed and Medline using the keywords “borderline ovarian tumor”, “borderline ovarian
tumor AND fertility”, “borderline ovarian tumor AND management”, “fertility preser-
vation”, “ovarian tissue preservation”, “oocyte cryopreservation”, “borderline ovarian
tumors AND risk factors”, “frozen section”.

3. Results

A description of the three cases is available in Table 1.

Table 1. Characteristics and outcomes of three young women with serous BOT.

Case Case 1 Case 2 Case 3

Age 32 21 27

Parity G0P0 G0P0 G0P0

Past Medical History Endometriosis None None

Presentation Primary infertility Recurrent pelvic pain Asymptomatic

Ultrasound Findings NA

Left ovarian cyst measuring
92 × 109 × 74 mm3

suggestive of a
hemorrhagic cyst

NA

MRI Findings

Left ovary: 65 mm endometriotic
cyst with tissue component

Right ovary: 2 endometriomas
measuring 10 and 20 mm

Left ovary: liquid cyst
measuring 100.2 × 100.4 × 70
mm3 with solid component
and peripheral vegetations

Right ovary: solid cyst
with fat component

measuring 40 × 30 mm2

Left ovary: liquid cyst
measuring 30 × 10 mm2

with a peripheral tissue
component
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Table 1. Cont.

Case Case 1 Case 2 Case 3

Tumor Markers
CA 125: 35.8 U/mL, CA 15-3: 7.7
U/mL, CA 19-9: 6.8 U/mL, AFP:

2.4 ng/mL, ACE: 0.9 ng/mL

CA 125: 13,607 U/mL
CA 15-3: 47.9 U/mL CA 125: 62.1 U/mL

Initial Surgery Unilateral left cystectomy Left USO Left cystectomy and right
cyst biopsy

Surgical Approach Laparoscopy Laparoscopy with subsequent
laparotomy Laparoscopy

Cyst Rupture No No Yes during extraction

Histologic Subtype Serous borderline ovarian tumor Serous borderline ovarian
tumor

Bilateral Serous borderline
ovarian tumors

Micropapillary Component None None <5 mm focal territories of
the left lesion

Invasion or Micro Invasion None None None, positive cytology

Immunohistochemistry WT1+, P16+ E6H4 +, p53 + CK7+, p53 5%, Ki67 2%, WT1+ NA

Restaging Surgery Left USO + omentectomy +
peritoneal biopsies None

Right USO + omentectomy
+ appendectomy +
peritoneal biopsies

Histopathology post
Restaging Surgery No abnormal cells NA

4 cm serous borderline
cystadenoma of the right
ovary with endophytic

and exophytic vegetations

Stage FIGO 1a FIGO 1c FIGO 1c

Recurrence None

Contralateral recurrence of
serous BOT stage FIGO 1a

(one year later) with a
non-invasive peritoneal

implant

None

Other Findings

Appearance of a right ovarian
cyst with peripheral vegetations

on 8 months follow up MRI
→ Benign corpus luteum cyst

after laparoscopic cystectomy and
histologic analysis

None

On restaging surgery:
Focal areas of

micropapillary component
+ 1 cm noninvasive
peritoneal implant

FP Undergoing IVF Oocyte cryopreservation No plan yet

G: gestity; P: parity; NA: not applicable; FP: fertility preservation; USO: unilateral salpingo-oophorectomy; BOT: Borderline ovarian tumors.

The first case involves a 32 year-old nulligravid woman with a history of diffuse
endometriosis, who presented to our fertility clinic for investigation of primary infertility.
On magnetic resonance imaging (MRI), she was found to have a 65 mm left ovarian cyst
with endometriotic aspect and tissue component (Figure 1a), diffuse endometriosis, and two
endometriomas of 10 and 20 mm on the right ovary. Preoperative cancer antigen 125 (CA-
125) was 35.8 U/mL and other tumor markers including CA 19-9, Alpha Fetoprotein (AFP),
Carcinoembryonic Antigen (CEA), and CA 15-3 were all within normal range. Laparoscopic
exploration revealed a left ovarian cyst filled with chocolate-colored fluid, suggestive of an
endometrioid cyst of the left ovary. The cyst was excised without perioperative rupture
and the sample was sent for histopathologic analysis. Additionally, two right ovarian
endometriomas were punctured and evacuated. Histopathologic analysis revealed that
the 40 × 30 × 20 mm3 resected left ovarian cyst was a FIGO IA serous BOT with no
micropapillary component or tissue invasion. Subsequently, the patient underwent a
restaging surgery two months later, including a USO, an omentectomy and multiple
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peritoneal biopsies. Histopathologic results were negative for abnormal cells. Close
surveillance and a trial of in vitro fertilization (IVF) were then recommended to the patient
considering the risk of recurrence. At the 6-month post-operative follow up visit, the patient
had a non-remarkable findings on physical examination and a CA-125 level of 16 U/mL.
Follow-up MRI done 8 months post-operatively revealed a 3 cm cyst with endometriotic
aspect and two vegetations measuring 5 and 3 mm on the right ovary. CA-125 was found
to be stable at 15 U/mL. A multidisciplinary board meeting was held to discuss subsequent
management given the young age and BOT history of the patient. The board’s decision
was to perform a right ovarian cystectomy for suspicion of a contralateral recurrence of
a BOT, and then to plan a trial of IVF with fertility preservation. Following laparoscopic
right ovarian cystectomy, histopathologic results were in favor of a benign luteal cyst of the
ovary. Peritoneal cytology and biopsies were negative for any abnormal cells. IVF with FP
was subsequently performed; 8 oocytes were retrieved following an antagonist protocol,
yielding 6 embryos. Two were frozen and one was transferred with no pregnancy to date.
The patient is doing regular clinic follow ups and MRI surveillance every 4 to 6 months.

Figure 1. MRI sequences. (a). Case 1: Axial T2-weighed MRI sequence. (b). Case 2: Sagittal T2-weighed
MRI sequence. (c). Case 3: Coronary T2-weighed MRI sequence. Arrows pointing at suspicious
ovarian cysts.

The second case is that of a 21 year-old nulligravid woman who was seen in clinic
for severe chronic pelvic pain. She was found to have on pelvic ultrasound and on
MRI (Figure 1b) a left unilocular liquid ovarian cyst of 102 × 100 × 40 mm3 with solid
papillary projections. Serum CA 125 was 13,607 U/mL, and CA 15-3 was 47.9 U/mL.
An 18-FDG positron emission tomography (PET) scan was then done, confirming the
presence of the known pelvic cystic mass of with a peripheral tissue component and
no other abnormalities. Subsequently, a multidisciplinary board meeting was held to
discuss the best management option for this young patient with fertility preservation
options. The patient had a left USO with subsequent small laparotomy done to avoid
perioperative rupture of the cyst. The specimen was sent to the pathology lab for immediate-
section analysis. However, the nature of the cyst could not be determined at that time,
so no further action was done. After histopathologic studies and immunostaining, the
resected cyst was identified as a serous BOT with no micropapillary component or tissue
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invasion. Another multidisciplinary board meeting was held; we proposed to the patient
a restaging surgery including an omentectomy and peritoneal sampling, followed by
the cryopreservation of oocytes. However, the patient refused both propositions for
undetermined reasons. She was compliant with regular clinic visits and did a pelvic MRI
every 4 to 6 months for surveillance. Four months postoperatively, pelvic MRI was normal
and CA-125 was decreased to 15 U/mL. Twelve months postoperatively, a right ovarian
cystic mass measuring 15 × 12 × 14 mm3 with peripheral vegetations was discovered on
MRI. The cyst increased in size, measuring 21 × 19 × 21 mm3 with peripheral vegetations
seen on 5-month follow-up MRI. Recurrent contralateral BOT was suspected; therefore, a
multidisciplinary board meeting was held, recommending a laparoscopic right cystectomy
with omentectomy and multiple peritoneal biopsies. Upon laparoscopic exploration, a
small infracentimetric nodule was noted over the previous left oophorectomy site, and
it was biopsied. A right ovarian cystectomy was then performed with a subsequent
small laparotomy to avoid perioperative rupture of the cyst (Figure 2). Additionally, an
omentectomy was performed and many peritoneal biopsies were taken and sent to the
pathology lab. Histopathologic analysis revealed a 3.5 cm FIGO IC serous BOT with no
invasion or micropapillary component. The infracentimetric nodule biopsy corresponded
to a non-invasive peritoneal implant associated with the resected BOT. Likewise, the
resected omentum and peritoneal biopsies/cytology had no abnormal cells. Following
surgery, the patient had a cryopreservation of 23 oocytes. Up to this day, the patient is still
being followed up in clinic and doing regular MRI every three to four months.

Figure 2. Photograph of a 3 cm recurrence of serous BOT resected after small laparotomy.

The third case involves a 27 year old nulligravid previously healthy woman who
presented to our clinic for bilateral ovarian cysts found incidentally on ultrasound and MRI
(Figure 1c). MRI showed a solid cyst with a fat component measuring 40 × 30 mm2 on the
right ovary, and a left ovarian cyst occupying the whole ovary, measuring 30 × 10 mm2

with a peripheral tissue component. The right ovarian cyst’s characteristics were that of
a typical dermoid cyst; however, the left ovarian cyst’s radiologic characteristics raised
suspicion for a possible BOT. The patient’s preoperative serum CA-125 level was 62.1 U/mL.
A multidisciplinary board meeting was held to discuss the best treatment option for this
patient. Upon laparoscopic exploration, the left cyst had benign characteristics. The
right cyst had exophytic vegetations that were biopsied and sent to the pathology lab
for frozen section analysis. Preliminary results revealed the presence of a serous BOT
on the right, requiring a right USO for complete tumour resection. Given the necessity
of informing the patient prior to performing a USO, the action on the right ovary was
deferred. The patient subsequently had a left ovarian cystectomy with perioperative
rupture. Peritoneal biopsies and cytology were also taken and sent to the pathology lab.
Surprisingly, histopathologic results revealed the presence of a FIGO IC BOT bilaterally.
The left BOT also had focal territories of the micropapillary component measuring <5 mm
(Figure 3a). There was no tumour invasion or micro invasion, and peritoneal biopsies
were all benign. However, peritoneal cytology was positive for BOT cells. The patient
was then scheduled for a restaging surgery seven days later, during which she had a right
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USO, peritoneal segment resection, multiple peritoneal biopsies, an omentectomy, and
an appendectomy. Histopathologic examination confirmed the presence of a 4 cm serous
borderline cystadenoma of the right ovary, with endophytic and exophytic vegetations
(Figure 3b). Focal areas of micropapillary components with no adjacent tissue invasion
were also identified. The 1 cm resected peritoneal segment was identified as a non-invasive
implant. The remaining biopsies, appendix and omentum were all negative for BOT cells.
The patient had two follow-up MRIs done at 2 and 5 months postoperatively, showing no
evidence of recurrence. The patient did not plan to perform any fertility preservation to
this day.

Figure 3. Photomicrography showing histopathologic confirmation of a serous BOT using Hema-
toxylin and Eosin on FFPE samples (X25.5) in case 3. (a). Arrows show Focal areas of micropapillary
pattern (b). 1. Endophytic and 2. Exophytic vegetations.

4. Discussion
4.1. Presentation and Diagnosis of BOT

In all three cases, one or more preoperative characteristic raised the suspicion for an
ovarian carcinoma versus a BOT. These characteristics include the presence of peripheral
vegetations and solid components on MRI (seen in all three cases), as well as a markedly
elevated level of CA 125 (case 2). Previously conducted studies have reported that it is
not possible to distinguish BOT from early-stage malignant ovarian carcinoma based on
imaging and tumor markers alone [6,13,14]. Destructive stromal invasion is no longer
necessary for carcinoma diagnosis according to the European Society for Medical Oncology
(ESMO) and European Society of Gynaecological oncology (ESGO) [15]. However, BOT
must be suspected when there is at least one imaging feature suggestive of malignancy in a
predominantly cystic lesion with a regular thin wall, branching or exophytic papillae, pres-
ence of ipsilateral normal ovarian tissue, and the absence of significant ascites, peritoneal
or omental lesions, or enlarged lymph nodes [13,16]. Ultrasound has a lower sensitivity
and specificity than MRI, which remains the gold standard modality to evaluate ovarian
masses [17]. Nevertheless the low false positive rate of ultrasound makes it an efficient
first line imaging tool [17]. Imaging features along with CA 125 levels, age of the patient
and size of the mass are the most commonly used tools to guide surgical management of
a suspicious ovarian mass [18]. The use of CA 125 in the context of BOT is controversial.
Although it may be elevated in BOT, the CA 125 serum levels should not be used to indi-
cate malignancy nor to determine the nature of the lesion [19]. CA 125 levels have been
found to be more increased in serous BOT as compared to other subtypes, in higher FIGO
stages and in larger tumor sizes [19]. The latest recommendations by the French National
College of Obstetricians and Gynecologists (CNGOF) state that CA 125 level should be
used for the follow up of patients with BOT only when baseline CA 125 value is increased
preoperatively [19].

Immediate-section sample analysis was inconclusive in case 2. Albeit a valuable tool
for the differentiation between benign and malignant ovarian cysts, immediate-section
sample analysis has been shown to have less accuracy, sensitivity, and specificity in detect-
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ing BOT [19–21]. Limiting factors were mostly found to be a larger tumor size (>10 cm)
and a mucinous subtype [21].

4.2. Management of BOT

The initial management of the three presented cases consisted in a laparoscopic
exploration along with conservative surgery given the young age of the patients and the
apparent early stage of the disease. A treatment plan was elaborated for all three patients
after holding multidisciplinary meetings and discussing the optimal management in order
to minimize the disease burden, prevent recurrence, and provide a plan for FP. Unilateral
cystectomy was performed for two of the patients who had cysts measuring <10 cm, and a
cyst rupture only occurred in case 3. Although laparoscopy has been associated in some
studies with a higher risk of cyst rupture [22], it remains the preferred surgical approach
for BOT [4]. A large German series from 2013 reported that laparoscopy does not present
any disadvantage in terms of relapse rate or overall survival in patients with BOT when
compared to laparotomy, whether for initial or restaging surgery [4,23]. It has been well
established that conservative surgery sparing the uterus and at least one of the ovaries is
the preferred treatment for early-stage BOT, especially in women of young age who wish
to retain fertility [24–26]. However, it is still controversial whether cystectomy is preferred
over salpingooophorectomy. Li et al. [7] reported a significant increase in recurrence rate
among the cystectomy group, when compared to the salpingooophorectomy group, in a
large meta-analysis that included 2921 patients who underwent fertility sparing surgery for
BOT. This may be attributed to residual ovarian disease or potential intraoperative rupture
of the cyst [27,28]. The National Comprehensive Cancer Network (NCCN) recommend
performing a USO along with a comprehensive surgical staging for BOT lesions [29]. If
incomplete surgical staging was performed during initial surgery, the NCCN recommend
doing a chest/abdomen/pelvis Computed Tomography (CT) scan with contrast to detect
residual disease and/or invasive implants. Moreover, BOT with a serous subtype was
shown to be another independent factor for higher recurrence rates and a shorter recurrence
interval [7,30]. Another factor leading to a higher risk of recurrence is young age at
diagnosis (less than 40 years) [28]. Recurrence rates following fertility sparing surgery
range between 10–35%, being significantly higher than following radical surgery [28,31,32].
In 37% of cases, BOT relapses are diagnosed in the first 2 years, and only 10% are diagnosed
after 10 years [4,23]. Pregnancy rates in young patients diagnosed with a BOT before the
age of 40 were shown to be satisfactory in both the cystectomy and USO groups with no
significant difference between the two [32].

The latest French guidelines recommend unilateral or bilateral cystectomy for stage I
BOT, along with omentectomy and multiple peritoneal biopsies, when there is suspicion
of BOT on imaging or on immediate-section analysis [5]. Fertility-sparing surgery can
be safely offered to all stages IA and IC1 BOT and low-grade carcinoma according to the
ESMO-ESGO recommendations. This management is safe in patients with conventional
low-grade stage IA. It is acceptable for stage IC1 tumors, with half of the recurrences being
isolated on the remaining ovary, and they could be rescued by subsequent surgery [15]. An
appendectomy is not recommended any more, even in the case of a confirmed mucinous
BOT [15]. Early-stage recurrence may also be treated conservatively by another cystectomy,
given the favorable prognosis and the young age of the patients [5].

In case 2, a USO was chosen as initial management given the large tumor size and
the pathologic ovarian surface. The patient refused subsequent restaging surgery and
experienced a contralateral ovarian relapse managed by a cystectomy. Serous BOT has been
associated with a relatively higher incidence of peritoneal implants than other subtypes [6].
However, the need for restaging surgery for early-stage serous BOT should be determined
case by case. Restaging surgery is recommended in case of micropapillary pattern, or when
inspection of the abdominal cavity during initial surgery is considered incomplete [19].
However, in the long run, there is no significant difference in disease-free survival among
unstaged, incompletely staged, or completely staged patients [33]. The factors that may
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predict poor prognosis include a higher FIGO stage, the presence of invasive implants or a
micropapillary pattern, residual disease, and stromal microinvasion [26,27].

All three patients are being closely followed up in clinic to this day. The NCCN
and CNGOF recommend doing regular follow up visits every 3 to 6 month up to 5 years
following surgery, then annual visits if no recurrence is detected [5,29]. In the occurrence of
a relapse, the NCCN recommend performing a surgical evaluation along with a debulking
surgery if invasive carcinoma is detected [29]. Table 2 displays a comparison between some
of the major guidelines in the management and follow-up of BOT.

Table 2. Comparison between major guidelines in BOT management.

Recommendations CNGOF NCCN ESMO/ESGO

CA 125 value Follow-up when increased
preoperatively

Follow-up when increased
preoperatively

Follow-up when increased
preoperatively

Surgical management of
serous BOT

Cystectomy (unilateral or
bilateral) + peritoneal

sampling + omentectomy +
peritoneum/appendix

inspection

USO/BSO + peritoneal
sampling + omentectomy +

peritoneum inspection

Cystectomy/USO + peritoneal
sampling + omentectomy +

peritoneum inspection

Follow-up imaging Pelvic ultrasound Pelvic ultrasound Only performed if clinically
indicated

Appendectomy
Performed if mucinous BOT

or pathological appendix
upon inspection

N/A Not recommended in BOT

Relapse management Subsequent cystectomy +
peritoneal staging

Surgical exploration +
debulking if appropriate N/A

CNGOF: National college of French obstetricians gynaecologists, NCCN: national comprehensive cancer network, ESMO/ESGO: Euro-
pean society of medical oncology/European society of gynaecological oncology, USO: unilateral salpingoophorectomy, BSO: bilateral
salpingoophorectomy, N/A: not applicable.

4.3. Fertility Preservation

FP by oocyte cryopreservation was suggested to all three patients given their young
age and the feasibility of fertility-sparing surgery. BOT in young women have been asso-
ciated with an excellent prognosis and low mortality rates [5], suggesting that the main
issue in the management of these tumors is deciding an optimal FP plan [34] that would
impact the risk of recurrence. Indeed, fertility counselling is becoming a fundamental
step in the management of patients with BOT. FP should be discussed and planned by a
multi-disciplinary team as soon as a BOT is suspected in a woman who has not completed
childbearing [35]. The multi-disciplinary team must include a gynecologic surgeon spe-
cialized in oncologic surgery, an oncologist, an experienced radiologist and an expert in
reproductive medicine, and should provide a personalized treatment plan according to
patient age, ovarian reserve, previous treatments, individual risk of recurrence, and patient
preference [35,36]. FP counselling visits should ideally take place before BOT surgery in
order to discuss with the chances of spontaneous fertility before and after surgery, fertility
preserving options with its limits and risks [36,37]. Systematic review of MRI imaging is
useful to determine pre-operatively the degree of possible invasion of one or both ovaries in
order to decide with the patient the best option and to avoid restaging surgeries. Geoffron
et al. [38] concluded in a recent study that only 25% of FP consultations for malignant and
borderline ovarian tumors took place pre-operatively. Moreover, they found that oocyte
cryopreservation is an increasingly popular option for women with BOT and ovarian can-
cer, with only 28.6% of women declining this procedure [38]. Spontaneous pregnancy rates
following either cystectomy or USO were reported to be above 80% [36,39,40], creating
controversy on the indication and timing of FP in BOT patients. However, spontaneous
pregnancy is affected by several factors including underlying infertility prior to BOT
treatment, tumor stage, and the number of prior surgeries [36].
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Fertility counseling should be preceded by a preoperative assessment of the ovarian
reserve by measuring serum anti-Mullerian hormone (AMH) levels and antral follicle
count (AFC) by ultrasound, and if timing is adequate, measuring serum follicle-stimulating
hormone (FSH) and Estradiol (E2) levels at day 2–5 of the cycle [35]. Ovarian reserve should
also be monitored postoperatively and over time, starting 6 months following surgical
treatment [35]. Surgery for BOT has been shown to cause or contribute to underlying
infertility due to adhesions and alterations of ovarian function [36]. In a large recent
retrospective cohort by Delle Marchette et al., each ovarian surgery reduced the chance of
spontaneous fertility by 40% [41].

The most commonly used FP technique is oocyte cryopreservation after ovarian
stimulation (OS), with a cumulative livebirth rate of 61.9% when 12 oocytes were vitrified in
women under 35 years old [42]. Infertility drugs used in OS in women with BOT have been
proven to be safe by most available studies [43]. Although some studies found an increased
risk of recurrence with the use of infertility drugs [44], the risk was attributed in most
cases to underlying infertility, or to the inherent risk of recurrence of the tumour itself [35].
Moreover, Tamoxifen or aromatase inhibitors may be considered during OS to control
estrogen levels and therefore reduce the theoretical risk of recurrence [35,36]. However, OS
should be avoided in case of recurrent BOT with an invasive ovarian lesion [35].

The use of ovarian tissue cryopreservation and reimplantation is still controversial;
more large-scale studies are needed to assess the efficacy and safety of this technique.
Transplanting cryopreserved ovarian tissue involves a risk of implanting undetected BOT
cells [45]. The main limitation of this procedure is the impossibility of testing cryopreserved
ovarian tissues before implantation [45]. Hence, ovarian tissue cryopreservation is not
recommended in post-pubertal women to this day, but its use in young women may be
discussed if the majority of ovarian tissue is removed with a poor outcome of ovarian
stimulation. Another emerging FP technique is the ex vivo collection of immature oocytes
from ovarian tissue after surgery, followed by in vitro maturation of the follicles, before
vitrification [46]. This technique has been described throughout the case series and case
reports, and large-scale studies are lacking to confirm its efficacy.

Even though FP is considered a high priority in women with BOT, there are some
instances in which it is contraindicated; this mostly includes recurrent BOT with high-risk
features (micropapillary pattern, presence of implants, or microinvasion), or in case of a
preexisting low ovarian reserve [36,38]. The decision to perform FP should be taken on
a case by case basis, assessing the risks and benefits of existing procedures according to
patient characteristics and wishes.

5. Conclusions

Borderline ovarian tumours represent a unique clinical entity characterized by a
favourable prognosis when diagnosed and managed in a timely manner. These tumours
require the involvement of an experienced multi-disciplinary team, in order to elaborate a
tailored management plan on a case-by-case basis, offer an optimal treatment, minimize
the risk of recurrence. Fertility preservation options should be discussed in young women
presenting with a BOT before having completed childbearing. BOT are not always sus-
pected pre-operatively due to their shared characteristics with benign cysts and malignant
lesions. This often exposes the patients to more than one surgical procedure for a complete
staging. The most common tools used to assess an ovarian lesion suspicious of BOT are
MRI or ultrasound features, along with CA-125 levels. The role of intraoperative immediate
section analysis in the diagnosis of these tumours is still controversial. Fertility sparing
surgery remains the preferred surgical approach for treatment of these tumors, although
controversy still exists concerning the use of unilateral cystectomy versus USO for an early-
stage BOT in young women. In either case, complete staging including an omentectomy,
multiple peritoneal biopsies and peritoneal washings is widely recommended. FP should
be initiated as soon as a BOT is suspected, and if possible, with a pre-operative evaluation
of the ovarian reserve. The patient should be informed about all the risks pertaining to
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her fertility following surgery. Oocyte cryopreservation, when feasible, remains the most
popular FP technique up to this day. Another less commonly used technique is ovarian
tissue cryopreservation, but it has been disregarded by some authors due to the risks en-
tailed. The future of FP in BOT presently revolves around the study of in vitro maturation
of immature follicles, avoiding the risks of fertility drugs and the risk of re-introducing
malignant cells.

Author Contributions: Conceptualization, A.F., J.M.A. and M.C.; methodology, M.C.; software, L.L.;
validation M.P., M.T., A.F., J.M.A., M.C., L.L., R.M. and M.G.; formal analysis, L.L.; investigation, L.L.;
resources, L.L.; data curation, L.L.; writing—original draft preparation, L.L. and M.C.; writing—review
and editing, M.C., A.F., M.G., R.M. and J.M.A.; visualization, M.G.; supervision, A.F. and J.M.A. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Shazly, S.; Laughlin-Tommaso, S.K. Ovarian Tumors. In Gynecology: A CREOG and Board Exam Review; Springer International

Publishing: Cham, Switzerland, 2020; pp. 489–519. [CrossRef]
2. Zanetta, G.; Rota, S.; Lissoni, A.; Meni, A.; Brancatelli, G.; Buda, A. Ultrasound, physical examination, and CA 125 measurement

for the detection of recurrence after conservative surgery for early borderline ovarian tumors. Gynecol. Oncol. 2001, 81, 63–66.
[CrossRef] [PubMed]

3. Harter, P.; Gershenson, D.; Lhomme, C.; Lecuru, F.; Ledermann, J.; Provencher, D.M.; Mezzanzanica, D.; Quinn, M.; Maenpaa, J.;
Kim, J.-W.; et al. Gynecologic Cancer InterGroup (GCIG) Consensus Review for Ovarian Tumors of Low Malignant Potential
(Borderline Ovarian Tumors). Int. J. Gynecol. Cancer 2014, 24, S5–S8. [CrossRef]

4. Du Bois, A.; Trillsch, F.; Mahner, S.; Heitz, F.; Harter, P. Management of borderline ovarian tumors. Ann. Oncol. 2016, 27, i20–i22.
[CrossRef] [PubMed]

5. Bourdel, N.; Huchon, C.; Abdel Wahab, C.; Azais, H.; Bendifallah, S.; Bolze, P.A.; Brun, J.L.; Canlorbe, G.; Chauvet, P.; Chereau,
E.; et al. Borderline ovarian tumors: French guidelines from the CNGOF. Part 2. Surgical management, follow-up, hormone
replacement therapy, fertility management and preservation. J. Gynecol. Obstet. Hum. Reprod. 2021, 50, 101966. [CrossRef]

6. Ushijima, K. Strategies for the Management of Epithelial Ovarian Borderline Tumors. In Frontiers in Ovarian Cancer Science;
Katabuchi, H., Ed.; Springer: Singapore, 2017; pp. 165–171. [CrossRef]

7. Li, N.; Ming, X.; Li, Z. Unilateral cystectomy and serous histology are associated with relapse in borderline ovarian tumor patients
with fertility-sparing surgery: A systematic review and meta-analysis. Arch. Gynecol. Obstet. 2020, 302, 1063–1074. [CrossRef]
[PubMed]

8. Vancraeynest, E.; Moerman, P.; Leunen, K.; Amant, F.; Neven, P.; Vergote, I. Fertility Preservation Is Safe for Serous Borderline
Ovarian Tumors. Int. J. Gynecol. Cancer 2016, 26, 1399–1406. [CrossRef]

9. Robert, T.; Morris, D.M.G.; Elvio, G.S.; Follen, M.; Mitchell, M.; Wharton, J.T. Outcome and reproductive function after
conservative surgery for borderline ovarian tumors. Obstet. Gynecol. 2000, 95, 541–547. [CrossRef]

10. Karlsen, N.M.S.; Karlsen, M.A.; Høgdall, E.; Nedergaard, L.; Christensen, I.J.; Høgdall, C. Relapse and disease specific survival in
1143 Danish women diagnosed with borderline ovarian tumours (BOT). Gynecol. Oncol. 2016, 142, 50–53. [CrossRef]

11. Helpman, L.; Yaniv, A.; Beiner, M.E.; Aviel-Ronen, S.; Perri, T.; Ben-Baruch, G.; Hogen Ben-David, L.; Jakobson-Setton, A.; Korach,
J. Fertility preservation in women with borderline ovarian tumors–how does it impact disease outcome? A cohort study. Acta
Obstet. Gynecol. Scand. 2017, 96, 1300–1306. [CrossRef] [PubMed]

12. Fischerova, D.; Zikan, M.; Dundr, P.; Cibula, D. Diagnosis, Treatment, and Follow-Up of Borderline Ovarian Tumors. Oncologist
2012, 17, 1515–1533. [CrossRef]

13. Bent, C.L.; Sahdev, A.; Rockall, A.G.; Singh, N.; Sohaib, S.A.; Reznek, R.H. MRI appearances of borderline ovarian tumours. Clin.
Radiol. 2009, 64, 430–438. [CrossRef]

14. Denewar, F.A.; Takeuchi, M.; Urano, M.; Kamishima, Y.; Kawai, T.; Takahashi, N.; Takeuchi, M.; Kobayashi, S.; Honda, J.;
Shibamoto, Y. Multiparametric MRI for differentiation of borderline ovarian tumors from stage I malignant epithelial ovarian
tumors using multivariate logistic regression analysis. Eur. J. Radiol. 2017, 91, 116–123. [CrossRef] [PubMed]

15. Colombo, N.; Sessa, C.; du Bois, A.; Ledermann, J.; McCluggage, W.G.; McNeish, I.; Morice, P.; Pignata, S.; Ray-Coquard, I.;
Vergote, I.; et al. ESMO-ESGO consensus conference recommendations on ovarian cancer: Pathology and molecular biology, early
and advanced stages, borderline tumours and recurrent diseasedagger. Ann. Oncol. 2019, 30, 672–705. [CrossRef] [PubMed]

16. Li, Y.A.; Qiang, J.W.; Ma, F.H.; Li, H.M.; Zhao, S.H. MRI features and score for differentiating borderline from malignant epithelial
ovarian tumors. Eur. J. Radiol. 2018, 98, 136–142. [CrossRef] [PubMed]

http://doi.org/10.1007/978-3-030-41128-2_18
http://doi.org/10.1006/gyno.2000.6099
http://www.ncbi.nlm.nih.gov/pubmed/11277651
http://doi.org/10.1097/IGC.0000000000000282
http://doi.org/10.1093/annonc/mdw090
http://www.ncbi.nlm.nih.gov/pubmed/27141065
http://doi.org/10.1016/j.jogoh.2020.101966
http://doi.org/10.1007/978-981-10-4160-0_9
http://doi.org/10.1007/s00404-020-05716-x
http://www.ncbi.nlm.nih.gov/pubmed/32748055
http://doi.org/10.1097/IGC.0000000000000782
http://doi.org/10.1016/S0029-7844(99)00619-5
http://doi.org/10.1016/j.ygyno.2016.05.005
http://doi.org/10.1111/aogs.13203
http://www.ncbi.nlm.nih.gov/pubmed/28815550
http://doi.org/10.1634/theoncologist.2012-0139
http://doi.org/10.1016/j.crad.2008.09.011
http://doi.org/10.1016/j.ejrad.2017.04.001
http://www.ncbi.nlm.nih.gov/pubmed/28629557
http://doi.org/10.1093/annonc/mdz062
http://www.ncbi.nlm.nih.gov/pubmed/31046081
http://doi.org/10.1016/j.ejrad.2017.11.014
http://www.ncbi.nlm.nih.gov/pubmed/29279152


J. Clin. Med. 2021, 10, 4233 11 of 12

17. Otify, M.; Laios, A.; Elshamy, T.; D’Angelo, A.; Amso, N.N. A systematic review and meta-analysis of the use of ultrasound to
diagnose borderline ovarian tumours. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020, 244, 120–127. [CrossRef]

18. Karadag, B.; Kocak, M.; Kayikcioglu, F.; Ercan, F.; Dilbaz, B.; Kose, M.; Haberal, A. Risk for malignant and borderline ovarian
neoplasms following basic preoperative evaluation by ultrasonography, ca125 level and age. Asian Pac. J. Cancer Prev. 2014, 15,
8489–8493. [CrossRef]

19. Eymerit-Morin, C.; Brun, J.L.; Vabret, O.; Devouassoux-Shisheboran, M. Borderline ovarian tumours: CNGOF Guidelines for
clinical practice–Biopathology of ovarian borderline tumors. Gynecol. Obstet. Fertil. Senol. 2020, 48, 629–645. [CrossRef] [PubMed]

20. Kumar, A.S.; Chander, V.; Parthasarathy, J. Diagnostic Accuracy of Intraoperative Frozen Section Analysis in Correlation with
Histopathological Diagnosis of Ovarian Tumors in a Tertiary Care Center—A Retrospective Study. Cancer Investig. 2021, 39,
153–158. [CrossRef]

21. Ureyen, I.; Turan, T.; Cirik, D.A.; Tasci, T.; Boran, N.; Bulbul, D.; Tulunay, G. Frozen section in borderline ovarian tumors: Is it
reliable? Eur. J. Obstet. Gynecol. Reprod. Biol. 2014, 181, 115–118. [CrossRef]

22. Fauvet, R.; Boccara, J.; Dufournet, C.; Poncelet, C.; Darai, E. Laparoscopic management of borderline ovarian tumors: Results of a
French multicenter study. Ann. Oncol. 2005, 16, 403–410. [CrossRef]

23. Du Bois, A.; Ewald-Riegler, N.; de Gregorio, N.; Reuss, A.; Mahner, S.; Fotopoulou, C.; Kommoss, F.; Schmalfeldt, B.; Hilpert, F.;
Fehm, T. Borderline tumours of the ovary: A cohort study of the Arbeitsgemeinschaft Gynäkologische Onkologie (AGO) Study
Group. Eur. J. Cancer 2013, 49, 1905–1914. [CrossRef]

24. Tinelli, R.; Tinelli, A.; Tinelli, F.G.; Cicinelli, E.; Malvasi, A. Conservative surgery for borderline ovarian tumors: A review. Gynecol.
Oncol. 2006, 100, 185–191. [CrossRef] [PubMed]

25. Romagnolo, C.; Gadducci, A.; Sartori, E.; Zola, P.; Maggino, T. Management of borderline ovarian tumors: Results of an Italian
multicenter study. Gynecol. Oncol. 2006, 101, 255–260. [CrossRef]

26. Canlorbe, G.; Lecointre, L.; Chauvet, P.; Azais, H.; Fauvet, R.; Uzan, C. Borderline Ovarian Tumours: CNGOF Guidelines for
Clinical Practice–Therapeutic Management of Early Stages. Gynecol. Obstet. Fertil. Senol. 2020, 48, 287–303. [CrossRef] [PubMed]

27. Tropé, C.G.; Kaern, J.; Davidson, B. Borderline ovarian tumours. Best Pract. Res. Clin. Obstet. Gynaecol. 2012, 26, 325–336.
[CrossRef]

28. Boujenah, J.; Bricou, A.; Moreaux, G.; Grynberg, M.; Sifer, C.; Hugues, J.N.; Poncelet, C. Unilateral borderline ovarian tumor and
unilateral adenexectomy? Gynecol. Obstet. Fertil. 2014, 42, 635–639. [CrossRef]

29. Armstrong, D.K.; Alvarez, R.D.; Bakkum-Gamez, J.N.; Barroilhet, L.; Behbakht, K.; Berchuck, A.; Chen, L.M.; Cristea, M.; DeRosa,
M.; Eisenhauer, E.L.; et al. Ovarian Cancer, Version 2.2020, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer
Netw. 2021, 19, 191–226. [CrossRef]

30. Malpica, A.; Longacre, T.A. Prognostic indicators in ovarian serous borderline tumours. Pathology 2018, 50, 205–213. [CrossRef]
31. Trillsch, F.; Mahner, S.; Woelber, L.; Vettorazzi, E.; Reuss, A.; Ewald-Riegler, N.; de Gregorio, N.; Fotopoulou, C.; Schmalfeldt, B.;

Burges, A.; et al. Age-dependent differences in borderline ovarian tumours (BOT) regarding clinical characteristics and outcome:
Results from a sub-analysis of the Arbeitsgemeinschaft Gynaekologische Onkologie (AGO) ROBOT study. Ann. Oncol. 2014, 25,
1320–1327. [CrossRef] [PubMed]

32. Fang, C.; Zhao, L.; Chen, X.; Yu, A.; Xia, L.; Zhang, P. The impact of clinicopathologic and surgical factors on relapse and
pregnancy in young patients (</=40 years old) with borderline ovarian tumors. BMC Cancer 2018, 18, 1147. [CrossRef]

33. Gokcu, M.; Gungorduk, K.; Asicioglu, O.; Cetinkaya, N.; Gungor, T.; Pakay, G.; Cuylan, Z.F.; Toptas, T.; Ozyurt, R.; Agacayak, E.;
et al. Borderline ovarian tumors: Clinical characteristics, management, and outcomes—A multicenter study. J. Ovarian Res. 2016,
9, 66. [CrossRef]

34. Fain-Kahn, V.; Poirot, C.; Uzan, C.; Prades, M.; Gouy, S.; Genestie, C.; Duvillard, P.; Morice, P. Feasibility of ovarian cryopreserva-
tion in borderline ovarian tumours. Hum. Reprod. 2009, 24, 850–855. [CrossRef]

35. Mangili, G.; Somigliana, E.; Giorgione, V.; Martinelli, F.; Filippi, F.; Petrella, M.C.; Candiani, M.; Peccatori, F. Fertility preservation
in women with borderline ovarian tumours. Cancer Treat. Rev. 2016, 49, 13–24. [CrossRef] [PubMed]

36. Poulain, M.; Vandame, J.; Tran, C.; Koutchinsky, S.; Pirtea, P.; Ayoubi, J.M. Fertility preservation in borderline ovarian tumor
patients and survivors. Horm. Mol. Biol. Clin. Investig. 2020, 20190072, ahead of print. [CrossRef] [PubMed]

37. Lian, C.; Chen, X.; Ni, Y.; Huang, X.; Lin, Y. Pregnancy after fertility-sparing surgery for borderline ovarian tumors. Int. J.
Gynaecol. Obstet. 2016, 134, 282–285. [CrossRef] [PubMed]

38. Geoffron, S.; Lier, A.; de Kermadec, E.; Sermondade, N.; Varinot, J.; Thomassin-Naggara, I.; Bendifallah, S.; Darai, E.; Chabbert-
Buffet, N.; Kolanska, K. Fertility preservation in women with malignant and borderline ovarian tumors: Experience of the French
ESGO-certified center and pregnancy-associated cancer network (CALG). Gynecol. Oncol. 2021, 161, 817–824. [CrossRef]

39. Song, T.; Hun Choi, C.; Lee, Y.-Y.; Kim, T.-J.; Lee, J.-W.; Bae, D.-S.; Kim, B.-G. Oncologic and reproductive outcomes of cystectomy
compared with oophorectomy as a treatment for borderline ovarian tumours. Hum. Reprod. 2011, 26, 2008–2014. [CrossRef]

40. Candotti, G.; Peiretti, M.; Mangili, G.; Bergamini, A.; Candiani, M.; Cioffi, R.; Mais, V.; Rabaiotti, E.; Bocciolone, L. What women
want: Fertility sparing surgery in Borderline ovarian tumours patients and pregnancy outcome. Eur. J. Surg. Oncol. 2020, 46,
888–892. [CrossRef]

41. Delle Marchette, M.; Ceppi, L.; Andreano, A.; Bonazzi, C.M.; Buda, A.; Grassi, T.; Giuliani, D.; Sina, F.; Lamanna, M.; Bianchi, T.
Oncologic and fertility impact of surgical approach for borderline ovarian tumours treated with fertility sparing surgery. Eur. J.
Cancer 2019, 111, 61–68. [CrossRef]

http://doi.org/10.1016/j.ejogrb.2019.11.016
http://doi.org/10.7314/APJCP.2014.15.19.8489
http://doi.org/10.1016/j.gofs.2020.05.007
http://www.ncbi.nlm.nih.gov/pubmed/32422414
http://doi.org/10.1080/07357907.2020.1865395
http://doi.org/10.1016/j.ejogrb.2014.07.039
http://doi.org/10.1093/annonc/mdi083
http://doi.org/10.1016/j.ejca.2013.01.035
http://doi.org/10.1016/j.ygyno.2005.09.021
http://www.ncbi.nlm.nih.gov/pubmed/16216320
http://doi.org/10.1016/j.ygyno.2005.10.014
http://doi.org/10.1016/j.gofs.2020.01.016
http://www.ncbi.nlm.nih.gov/pubmed/32004786
http://doi.org/10.1016/j.bpobgyn.2011.12.006
http://doi.org/10.1016/j.gyobfe.2014.07.027
http://doi.org/10.6004/jnccn.2021.0007
http://doi.org/10.1016/j.pathol.2017.12.001
http://doi.org/10.1093/annonc/mdu119
http://www.ncbi.nlm.nih.gov/pubmed/24618151
http://doi.org/10.1186/s12885-018-4932-2
http://doi.org/10.1186/s13048-016-0276-1
http://doi.org/10.1093/humrep/den459
http://doi.org/10.1016/j.ctrv.2016.06.010
http://www.ncbi.nlm.nih.gov/pubmed/27428850
http://doi.org/10.1515/hmbci-2019-0072
http://www.ncbi.nlm.nih.gov/pubmed/32628631
http://doi.org/10.1016/j.ijgo.2016.03.018
http://www.ncbi.nlm.nih.gov/pubmed/27352738
http://doi.org/10.1016/j.ygyno.2021.03.030
http://doi.org/10.1093/humrep/der119
http://doi.org/10.1016/j.ejso.2019.11.001
http://doi.org/10.1016/j.ejca.2019.01.021


J. Clin. Med. 2021, 10, 4233 12 of 12

42. Cobo, A.; García-Velasco, J.; Domingo, J.; Pellicer, A.; Remohí, J. Elective and onco-fertility preservation: Factors related to IVF
outcomes. Hum. Reprod. 2018, 33, 2222–2231. [CrossRef]

43. Khiat, S.; Provansal, M.; Bottin, P.; Saias-Magnan, J.; Metzler-Guillemain, C.; Courbiere, B. Fertility preservation after fertility-
sparing surgery in women with borderline ovarian tumours. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020, 253, 65–70. [CrossRef]
[PubMed]

44. Lundberg, F.E.; Johansson, A.L.V.; Rodriguez-Wallberg, K.; Gemzell-Danielsson, K.; Iliadou, A.N. Assisted reproductive technol-
ogy and risk of ovarian cancer and borderline tumors in parous women: A population-based cohort study. Eur. J. Epidemiol. 2019,
34, 1093–1101. [CrossRef] [PubMed]

45. Masciangelo, R.; Bosisio, C.; Donnez, J.; Amorim, C.A.; Dolmans, M.M. Safety of ovarian tissue transplantation in patients with
borderline ovarian tumors. Hum. Reprod. 2018, 33, 212–219. [CrossRef] [PubMed]

46. De Carvalho, B.R.; Cintra, G.F.; Franceschi, T.M.; Cabral, I.O.; Resende, L.S.A.; Gumz, B.P.; Pinto, T.D.A. Ex vivo Retrieval of
Mature Oocytes for Fertility Preservation in a Patient with Bilateral Borderline Ovarian Tumor. Rev. Bras. Ginecol. Obstet. 2021, 43,
225–231. [CrossRef] [PubMed]

http://doi.org/10.1093/humrep/dey321
http://doi.org/10.1016/j.ejogrb.2020.07.053
http://www.ncbi.nlm.nih.gov/pubmed/32784054
http://doi.org/10.1007/s10654-019-00540-3
http://www.ncbi.nlm.nih.gov/pubmed/31377935
http://doi.org/10.1093/humrep/dex352
http://www.ncbi.nlm.nih.gov/pubmed/29281007
http://doi.org/10.1055/s-0040-1718436
http://www.ncbi.nlm.nih.gov/pubmed/33465787

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Presentation and Diagnosis of BOT 
	Management of BOT 
	Fertility Preservation 

	Conclusions 
	References

