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ABSTRACT

Borderline ovarian tumors typically exhibit indolent behavior and boast a favorable
prognosis; however, a subset of patients experiences disease recurrence and progression
to low-grade ovarian carcinoma. The complex biology underlying these phenomena has
beenilluminated through molecular analyses. KRAS and BRAF mutations have emerged as
recurrent findings in borderline ovarian tumors. Specifically, KRAS mutations have been
linked to a higher risk of recurrence and progression to low-grade ovarian carcinoma,
while BRAF mutations seem to confer a protective effect, inducing a senescent state that
mitigates the likelihood of progression. In this comprehensive review, we explore the
biology and the molecular profile of borderline ovarian tumors, shedding light on recent
discoveries that have enriched our comprehension. Additionally, we discuss the current
state of borderline ovarian tumors management. Surgery remains the cornerstone of
treatment. While cytotoxic therapies role is limited so far, molecular characterization
emphasizes the imminent potential for personalized therapeutic approaches.
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RESUMO

Os tumores borderline de ovario geralmente exibem comportamento indolente e
apresentam progndéstico favoravel; no entanto, um subconjunto de pacientes apresenta
recorréncia da doenca e progressdo para carcinoma de ovario de baixo grau. A biologia
complexa subjacente a estes fendmenos foi iluminada através de analises moleculares.
Mutag¢Bes KRAS e BRAF surgiram como achados recorrentes em tumores borderline de
ovario. Especificamente, as muta¢Ses KRAS tém sido associadas a um maior risco de
recorréncia e progressao para carcinoma de ovario de baixo grau, enquanto as mutagdes
BRAF parecem conferir um efeito protetor, induzindo um estado senescente que mitiga a
probabilidade de progressdo. Nesta revisdo abrangente, exploramos a biologia e o perfil
molecular dos tumores borderline de ovario, lancando luz sobre descobertas recentes
que enriqueceram nossa compreensao. Além disso, discutimos o estado atual do manejo
de tumores borderline de ovario. A cirurgia continua sendo o pilar de tratamento. Embora
o papel das terapias citotoxicas seja limitado até o momento, a caracterizacdo molecular

enfatiza o potencial iminente para abordagens terapéuticas personalizadas.

Palavras-chave: Neoplasias ovarianas; Doencas raras; Biologia molecular.

INTRODUCTION

Borderline ovarian tumors (BOT) are a
heterogeneous group defined by FIGO committee
as “low malignant potential tumor”. They receive
this nomenclature due to its behavior, which is
in a spectrum between benign ovarian tumors
and invasive carcinomas. ‘Borderline’ refers to its
ambiguous biologic characteristic." Given the rarity
of this entity and the challenges encountered in
clinical practice, we conducted a non-systematic
literature review on PubMed and EMBASE to
consolidate key information related to the diagnosis,
molecular profile, and management of BOTs.

The diagnosis of BOTs is histologic. BOTs
are defined by the presence of epithelial cell
proliferation, with cellular atypia, and mitotic activity,
but importantly no stromal invasion is present. The
absence of stromal invasion is what differs BOTs from
invasive ovarian carcinomas.” However, some BOTs
might present microinvasive disease that is defined
by the 2014 WHO (World Health Organization)
classification as an upper limit of invasion of 5mm?.["]
Nonetheless, this definition remains controversial.®

An important epidemiologic particularity of BOTs
is that it usually occurs in younger ages than invasive
ovarian carcinomas, with a median age of 40 years at
presentation. This characteristic has implications to
the treatment, since fertility-sparing surgeries should
often be considered, as we will discuss forward.

BOTs incidence is 1.8-4.8 per 100,000 women per
year and represent around 15 to 20% of the cases
of epithelial ovarian neoplasms.® BOTs typically
manifest as cystic lesions with thin walls. Unlike
invasive ovarian carcinomas, which often present
with symptoms like ascites, peritoneal lesions, or

lymph node involvement, BOTs usually lack such
features.”®! In rare cases, following cystic rupture,
ovarian tissue containing BOTs may be discovered
in the pelvic or peritoneal region, potentially
leading to misdiagnosis as peritoneal implants. To
accurately evaluate ovarian masses, both pelvic
ultrasound and magnetic resonance imaging (MRI)
should be employed, with MRI demonstrating higher
diagnostic accuracy.® The serum CA125 level, which
lack specificity for malignancies, can be elevated in
some BOTs cases as well as in benign conditions.

Although different histologies might occur,
the main BOTs histologic subtypes are serous (52-
65%) and mucinous (32-42%).l2 Other types are
found in 4.2% of the cases of BOT, represented by
endometrioid, clear-cell, and Brenner tumors.t®

Serous borderline tumors are characterized
by intricate hierarchical branching papillae,
featuring irregular papillae that extend from larger
to progressively smaller structures. They also
demonstrate extensive epithelial stratification,
tufting, and detachment of individual cells. In
terms of immunohistochemistry, serous borderline
tumors typically exhibit positive staining for CK7
and negative staining for CK20."! Moreover, these
tumors often exhibit elevated levels of both
estrogen and progesterone. In contrast, they lack
p53 positivity, which is a distinguishing feature
compared to strongly positive p53 staining seen in
serous carcinoma. Numerous studies have reported
varying Ki-67 proliferation indices, with malignant
tumors having the highest, followed by borderline
tumors, and benign tumors displaying lower levels
of Ki-67 expression.

Mucinous borderline tumor on histological
examination presents as cysts lined by stratified,
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proliferative gastrointestinal-type mucinous
epithelium with papillary infoldings and tufting.
The cells show mild to moderate nuclear atypia and
proliferative areas must comprise more than 10%
of the epithelial volume of the tumor to qualify as
mucinous BOT. They are classified into intestinal
type (85%) and endocervical type (15%), based on
their histological pattern and type of tumor cells.
Immunohistochemically, is diffusely and strongly
positive for CK7, whereas CK 20 displays variable
positivity, only in a focal pattern. Nuclear staining for
CDX2 is also common but is typically less diffuse and
intense compared with intestinal tumors. Estrogen
and progesterone expression are almost always
negative. Some authors suggest that peritoneal
implants are extremely rare or do not occur in
association with mucinous borderline ovarian
tumors, which is a main difference from mucinous
gastrointestinal tumors. Thus, in the presence of
peritoneal implants, other conditions should be
considered in the diagnosis.[”#!

As other ovarian tumors, BOTs are staged I-1V,
according to FIGO stage. Although the majority of
the tumors are stage | at diagnosis and present
an excellent prognosis, more advanced stages
present considerably lower disease specific
survival (65%).°!

Extra-ovarian implants are a particularity that
should be carefully evaluated. The implants can be
non-invasive or invasive. Epithelial cellular clusters
that are often located at serosal surfaces, but do no
infiltrate the underlying tissue represent the non-
invasive implants.l'3' Invasive implants, otherwise,
cause invasive destruction of the adjacent tissue
and has prognostic implications. In a cohort of 276
patients with serous BOTs, among those with invasive
implants, the 10-year disease specific mortality rate
was 45%." Considering this singular behavior,
the latest WHO classification considered that the
invasive implants should actually be classified
as low-grade ovarian carcinoma (LGOQ).I" An
evaluation by a gynaecological pathology specialist
might be important for the differentiation. Molecular
profiling suggests that these invasive implants are
clonally related to the primary borderline tumor.'2
This subject will be further discussed in detail in the
following section.

Finally, although most cases of BOTs have an
indolent behavior, a progression to low grade
ovarian carcinoma can occur in up to 6.8% of the
cases." The main clinical factors identified as
adverse prognostic factors associated with BOTs
are advanced FIGO stages, presence of invasive
implants, and incomplete surgical resection.®'? In
addition, a comprehensive analysis of the molecular
characteristics of BOTs is of utmost importance for
a better understanding of who are the patients with
a higher risk of progression to LGOC. Hopefully,
this knowledge will help in the development of
personalized treatment strategies in the future.
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MOLECULAR PROFILE

Two gene mutations that have been consistently
reported in BOTs are the KRAS and the BRAF. KRAS
mutations have been identified in 17%-39% of BOTs
case, while BRAF mutations have been reported in
23-71%.'“21 Considering these high frequencies,
hypotheses were made that these genes participate
in the pathogenesis of BOTs.

Interestingly, serous BOTs are often associated
with serous cystadenomas and could possibly occur
as an evolution from the latter. In a small cohort of 8
patients with BOTs related to serous cystadenomas,
in six cases the KRAS or BRAF mutations identified
in the BOTs were also present in the serous
cystadenoma component.?®! Similarly, the majority
of extra-ovarian implants share the same KRAS/BRAF
mutation of the primary serous BOTSs, also suggesting
a clonal evolution in this situation.'*?”! In an analysis
of 57 serous BOTs with peritoneal implants, the
concordance of KRAS and BRAF mutations between
the primary BOTs and its implant pairs was 95%
(p<.001).2

However, the implications of KRAS and BRAF
mutations in the progression of BOT to LGOC are
distinct. KRAS mutations are frequently present in
LGOC as in BOTs, while BRAF mutations are more
common in BOTs than LGOC (Table 1).

In a small cohort of 23 patients with primary BOTs
who presented recurrent LGOC, a KRAS mutation was
found in most of the patients (78%). In this cohort, a
BRAF mutation was identified in only one patient, in
a sample of the primary BOT. These findings led the
authors to conclude that in serous BOTs, KRAS (but
no BRAF) mutations are associated with recurrent
LGOC.=2#®

A recent study evaluated the presence of KRAS
and BRAF mutations in extra-ovarian implants of 39
patients with serous BOT. Among invasive implants
(low-grade serous carcinoma), 60% presented KRAS
mutation, while none had BRAF mutation. In non-
invasive implants, otherwise, a lower frequency of
KRAS mutations (14%) and a higher frequency of BRAF
mutations (5%) were found (p=.001). Additionally,
KRAS mutation was associated with higher recurrence
rates (71% vs. 21%, HR 4.15, p=.002) and inferior
disease-specific survival (p=.010). These results
reinforce a role of KRAS mutation as a prognostic
factor and as a possibly implied pathway in the
evolution of BOTs to LGOC.[*]

The specific KRAS mutation might also have a
prognostic implication. In the cohort of 23 patients
with serous BOTs and recurrent LGOC, the KRAS
G12V mutation was associated with a shorter
survival. The five patients with KRAS G12V mutations
had a median overall survival of 125 months in
comparison with 189 and 168 months in patients
with KRAS G12D mutations (N=8) and KRAS wild-
type/rare KRAS mutations (N=10), respectively (HR
4.77, p=0.023).k8 |n the study conducted by Zuo
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Table 1. Frequency of KRAS and BRAF mutation in borderline ovarian tumors and low-grade ovarian carcinoma.

N KRAS BRAF
BOT LGOC BOT LGOC BOT LGOC
Mok et al.l'® 25 - 36% - - -
Haas et al.l'd 20 6 35% 33% - -
Singer et al.l'? 51 21 33% 35% 28% 33%
Mayr et al.l'®! 18 - 22% - 31.2% -
Anglesio et al.l"” 30 - 18% - 48% -
Verbruggen et al.l'® 30 - - - 41% -
Wong et al.l"! 30 43 17% 19% 30% 2%
Vereczkey et al.l2% 27 17 39% 23% 23% 0%
Schlosshauer et al.2" 29 4 - - 41% 0%
Bosmuller et al.l?? 31 7 - - 71% 14%
Grisham et al.l3 56 19 25% 15% 44% 5%
Showeil et al.l?4 61 10 20% 40% 25% 40%

et al. (2018), two patients with serous BOTs and
peritoneal implants presented KRAS G12V mutation
and both of them died of the disease. Despite of the
small sample sizes, these observations contribute to
generate the hypothesis that KRAS G12V mutation is
a negative prognostic factor in serous BOT.

BRAF mutations, otherwise, have been implied as
a protective factor against the progression to LGOC.
In a study that evaluated the immunohistochemical
phenotype of BOTs, BRAF mutations were associated
with the expression of senescence markers (SA-B-
gal, p16 and p21) and reduction in DNA synthesis.
39 |n the same way, another study showed that
serous BOTs with BRAF mutation overexpressed
genes with known cell growth inhibitory effects.2 A
retrospective study of 75 patients with BOTs/LGOC
also showed that BRAF V600E mutation is associated
with serous BOT (p=.002), early stage disease
(p<.001), and improved prognosis.?4

Additionally, the majority of the studies evaluating
KRAS/BRAF mutations in ovarian tumors showed that
the frequency of BRAF mutation in LGOC is lower than
that of BOTs.2% These studies also showed that BRAF
and KRAS mutations are mutually exclusive. Table 1
summarizes the results of studies that evaluated the
frequency of KRAS or BRAF mutations in BOTs and
LGOC. Besides KRAS and BRAF, HER2 mutations have
also been reported in BOTs in lower frequencies.l'®

Although fewer studies evaluated gene mutations
in mucinous BOTs, KRAS mutations also seem to occur
early and frequently in this histology. KRAS mutations
have been shown in 39-92% of the mucinous BOTSs.
n4213134 HER2  amplification/overexpression has
been identified in 6% of the cases in an analysis of
176 patients with mucinous BOTs.1*4

Finally, the molecular differences between BOTs
and high-grade ovarian carcinoma (HGOC) have been
consistently shown.B KRAS/BRAF mutations are rare
in HGOC. More characteristic of these ovarian tumors

are the p53 mutations, which are present in 50-80%
of the cases.?3>3¢1 |n addition, BRCA mutations occur
in a high frequency in HGOC and are unusual in
BOTs/LGOC. In a cohort of Jewish women with early-
stage ovarian tumors, BRCA mutation was present in
24% of the women with HGOC and 4% of those with
BOTs (p=.001).571 In another study of 478 ovarian
tumor patients, 19 presented BRCAT mutations, none
among the 190 patients with borderline tumors.8

Management

The standard treatment for BOTs is surgery.
391 The principles of radical surgery in BOTs are
the same as for epithelial ovarian carcinoma, but
there is no need for lymphadenectomy, because
recurrence and survival are not influenced by
the lymph node status.®® The recommended
procedure includes total abdominal hysterectomy,
bilateral salpingo-oophorectomy, resection of all
suspicious lesions, inframesocolic omentectomy,
and peritoneal washing. A thorough peritoneal
exploration is important to identify the presence of
peritoneal implants. Lymph node involvement is not
a prognostic factor in BOTs and lymphadenectomy is
not required.®#% In mucinous BOTs, appendectomy
is also indicated to exclude primary gastrointestinal
tumors.t® Importantly, a complete resection should
always be pursued since incomplete resections are
associated with higher recurrence rates.[!

However, since many patients are diagnosed
during childbearing ages, fertility-sparing surgery
should be considered in stage | disease. Unilateral
salpingo-oophorectomy (complemented by
abdominal exploration, resection of suspicious
lesions, omentectomy, and peritoneal washing) is an
alternative in these cases. Cystectomy, with removal
only of the tumor lesion, with preservation of the
ovary, is associated with higher risk of recurrence.
1243 |n a retrospective analysis of 313 women
with stage | BOT, cystectomy, unilateral salpingo-
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oophorectomy and bilateral salpingo-oophorectomy
were associated with recurrence rates of 30.3%, 11%,
and 1.7% (p<.001).3 In mucinous BOTs, a Chinese
retrospective analysis showed recurrence rates of
17%, 13%, and 4%, respectively.*4 Cystectomy should
be then reserved for selected cases, such as in young
patients with bilateral tumors or who have a single
ovary. Importantly, despite of the higher recurrence,
conservative surgery does not affect survival.

Fertility-sparing surgery can also be considered
in cases of advanced stage BOTs without invasive
implants.i#5461 However, a meta-analysis showed that
the risk of lethal recurrence increases compared to
early stage BOTSs (pooled estimate: 2% and 0.5%).14¢!
After conservative treatment of BOTSs, a systematic
review found a pregnancy rate of 48%.14”

In cases where patients have undergone
fertility-preserving surgery, a common dilemma
arises regarding whether to remove the remaining
ovary and uterus once they have completed their
family planning. As previously discussed, there is
a considerable risk of recurrence, although the
majority of these recurrences are still classified
as BOT. Consequently, it seems reasonable to
consider delaying surgery until the actual recurrence
manifests. However, it's worth noting that waiting
for relapse may impose a significant psychological
burden on some patients. In such instances, the
option of removing the remaining ovary becomes an
acceptable option, given that a majority of relapses
tend to occur within this organ.®

There are concerns on the safety for laparoscopy
use in BOTs patients, which consist in the risk of
tumor rupture during surgery, higher risk of positive
margins in case of cystectomy, failure to perform a
correct surgical staging, and port site metastases.
According to Fauvet et al. (2005),“® incomplete
staging and tumor rupture during surgery were
more frequent during laparoscopic surgery. In case
of BOTs treated by fertility-sparing surgery, the risk
of recurrence was 7.7% in case of laparotomy and
14.9% in case of laparoscopy.’

However, the results of two multicenter studies
were completely different.’*>"! Both the Italian and
the French study found no significant differences in
the recurrence rate, following laparotomy compared
with laparoscopy. The ROBOT study did not show
any disadvantage for laparoscopy compared with
laparotomy with respect to both relapse rate and
overall survival.b2 While literature results may vary
and there remains some controversy regarding
the potential for an increased risk of relapse with
laparoscopy, it is unlikely to yield a significant
difference in survival outcomes. Considering
its advantages in terms of improved cosmetic
results and reduced surgical impact, the option of
laparoscopy can be explored and discussed with the
patient.[
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Chemotherapy has no role for typical BOTSs.
These tumors have low proliferative rates and do
not benefit from cytotoxic treatments. Even when
invasive implants are identified, the use of adjuvant
chemotherapy is questionable due to the low
response expected and the lack of evidence showing
its benefit.1395354

Although BOTs, as well as LGOC, might express
estrogen receptor, the use of endocrine therapy so
far is limited to situations in which LGOC is present.

Perspectives

As presented above, the molecular profile is
potentially useful as a tool to identify patients with
higher risk of recurrence and progression to LGCO.
So far, however, this knowledge has not translated in
changes in clinical practice for BOTs.

Considering the gene mutations identified in
BOTs and LGOC, MAPK pathway was suggested as
a potential target. Therefore, MEK inhibitors such
as selumetinib and trametinib were evaluated for
patients with recurrent LGOC.

Tsang et al. (201)28 investigated cancer cell
lines sensitivity to selumetinib according to KRAS
status and confirmed that cell lines with KRAS G12V
mutation are more sensitive to selumetinib than cell
lines with KRAS wild-type (OR 4,13, p=0.005). In their
study of patients with BOTs with recurrent LGOC,
two patients had KRAS G12V mutation and both were
responders when treated with selumetinib.?®!

Among 52 patients enrolled in a single-arm
phase Il trial evaluating selumetinib, 15% had an
objective response and 65% had stable disease.
531 More recently, a phase II/lll trial (GOG 281)
compared trametinib with treatment of physicians’
choice (paclitaxel, pegylated liposomal doxorubicin,
topotecan, letrozole, or tamoxifen) for patients with
LGOC previously treated with at least one platinum-
based regimen. Trametinib was associated with a
superior objective response rate (26% vs. 6%) and
progression-free survival (median, 13 months vs. 7.2
months; HR 0.48, 95%CI=0.36-0.64, p<0.001).%! On
the other hand, another randomized trial evaluating
the MEK inhibitor binimetinib was closed early for
futility, despite some activity of the drug (objective
response rate 16%).55”

Finally, considering the frequency of BRAF mutations
in BOTs/LGOC, it is interesting to mention the agnostic
approval of the combination of dabrafenib (BRAF
inhibitor) plus trametinib for patients with metastatic
cancers harboring a BRAF V600E mutation.®® Some
impressive responses to this combination have been
described in case reports of patients with LGOC with a
BRAF V600E mutation.5260

In face of these results, further studies directed
to this pathway, including studies for patients with
BOTs, are warranted.



CONCLUSION

BOTs are indolent tumors and present an overall
favorable prognosis. However, some patients might
present recurrence and progression to LGOC. BOTS
with KRAS mutations have higher risk of recurrence
and progression to LGOC, while BRAF mutations have
been shown to be a protective factor, associated with
senescence. Although radical surgery remains the
mainstay of the treatment of BOTs, the cumulative
knowledge about its biology may allow the future
development of personalized therapies. Studying
rare tumors such as BOTs, however, remains a
challenge. Global efforts are warranted to allow
advances in the scientific knowledge and the
management of these patients.
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