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treatment. The prognosis with this dissemination remains poor, with

a median overall survival of 14 months.

ABSTRACT

OBJECTIVE: Brain metastasis from ovarian cancer is a rare CONCLUSION:  This  study  provided reallife data  with
phenomenon and only a few studies have focused on it. The clinical characterization and an evaluation of therapeutic strategies
present trial aimed to evaluate the predictive factors involved in its in case of encephalic involvement. Age at brain metastasis and the
development, and the outcomes for women with this kind of presence of more than 2 lesions were factors for poor prognosis,
evolution, based on exploration of real-life data. whereas sensitivity to platinum salts appeared to be a factor for good
METHODS: This was a single-center retrospective study prognosis. This study should be extended with the use of larger
conducted on data of fifty women with brain metastasis from databases and a more detailed molecular investigation to adapt the
ovarian cancer treated from 2001 to 2021. therapeutic management for this category of patients.

RESULTS: The presence of a high-grade serous carcinoma was a

significant factor for the development of secondary brain lesions. Key Words:  Neoplasm metastasis; Brain; Owarian cancers; Risk factors;
Older age at metastatic diagnosis and platinum sensitivity were Reallife

good predictive factors. Surgery of the primary lesion was also a
significant factor for good prognosis. In multivariate analysis age at
brain metastasis, more than 2 lesions and sensitivity to platinum

salts were three significant prognostic factors contrary to the

INTRODUCTION metastases (omentum, bowel, spleen, or pelvic organs for example)
Ovarian Cancer (OC) ranks as the seventh cause of cancer among [5]. In 70% of cases, pelvic or para-aortic node involvement is found
women in developed countries [1]. It can affect women of any via lymphatic dissemination. More rarely, dissemination can occur via
age, but OC incidence increases with age. The prognosis of this the hematogenous system, and affect sites such as the pleura, the liver
malignancy is poor with a fiveyear survival rate below 50% [2]. or the lung [6]. In even rarer cases, other secondary locations have
However, there is variability according to the histological type [3]. been reported, such as the skin, the heart, or encephalic metastases.
Epithelial tumors account for around 80% of OCs. Among these, Invasion of the Central Nervous System (CNS) is rare. It was first
several types have been identified [4]. High-grade Serous Carcinomas described by Mayer et al. in 1978 [7]. Since then, a few studies have
(HGSC) are the most frequent, reaching 70% of all OCs. This been carried out and have suggested an increase in incidence in
subtype has the poorest prognosis [3]. In 70% of cases, diagnosis is recent years. This increase could be explained by improved imaging,
made in the advanced stages, with no symptoms, or symptoms that but also by better outcomes with the new treatments available for
are not clinically suggestive, explaining the poor pronosis. ovarian cancer, allowing metastatic dissemination to other sites. Brain
Cancer cells in ovarian carcinomas spread via several routes. Direct metastases from OCs account for 0.49% to 6.1% according to the
extension from the ovary is common and could explain the literature [8]. Neurological symptoms are variable: headaches,
development of metastasis in the peritoneum. Transperitoneal seizures, or neurological disturbances. Currently, there is no
dissemination is less frequent and leads to the occurrence of distant established reliable marker. The biomarker CA 125, used for
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peritoneal relapse, is not a predictive marker for the occurrence of
brain metastases. Significant risk factors have been identified, such as
distant spread at the time of encephalic metastases [9], multiple brain
lesions, or a short interval between initial diagnosis and CNS
involvement [10]. In contrast, low tumor grade, platinum sensitivity
or good performance status have been established as favorable
prognostic parameters [10]. The management of CNS metastases is
based on radiotherapy. When possible, a tri-modal approach with
surgery, radiotherapy, and chemotherapy is implemented, improving
outcomes for patients [11]. Nevertheless, no treatment guidelines
have been clearly established, and the prognosis remains poor once
brain metastases have been diagnosed. Additional data is required to
improve diagnosis and therapy.

In this study, we analyzed all cases of brain metastases among patients
with OC at the Jean Perrin Center in Clermont-Ferrand. The primary
objective was to obtain real-life data and characterize brain metastasis
in OC. Secondly, the aim was to define risk factors for the

development of brain metastases as well as factors for poor prognosis.

METHODS

Population

A retrospective single-center study was conducted at the Jean Perrin
Center in Clermont-Ferrand among patients treated for ovarian
cancer from 2001 to 2021. All patients were selected from the
database using the following keywords: "ovarian cancer" and "brain
involvement". Among the 2553 patients, we detected 50 patients with
brain metastases, who were included in the study. Each patient was
informed about the research by a non-opposition letter. They were
free to oppose the use of their personal medical data. In compliance
with French legislation, the database was notified to the CNIL (the
French regulatory body for data privacy). Ethics approval for the study
was obtained on 10th June 2022 (IRB 00013040).

Data collected

From the patients’ electronic medical records, the following patient
medical data was collected: age at first diagnosis, personal and family
history, symptoms revealing OC, histology, stage, surgery and
margins, treatment used for primary cancer, date of CNS
involvement, number of previous lines of treatment, use of
bevacizumab or not, platinum sensitivity, number of lesions and
localization, neurological symptoms at metastasis diagnosis, CA 125
at diagnosis and at brain metastases diagnosis, management of the
brain metastases, and date of death or the latest follow-up assessment.
There was no distinction between death caused by systemic ovarian
cancer, death caused by the progression of brain metastases or non-

specific death on medical records.

STATISTICAL ANALYSIS
Statistical analyses were performed using R software (v. 4.1.0, R-
Project, GNU GPL). Hypothesis testing was two-sided, at a
significance level of 5%. Categorical variables were expressed in
absolute and relative frequencies, and continuous variables were
expressed as means and Standard Deviation (SD), or medians and
interquartile range (according to data distribution). The normality of
the continuous variables was assessed using the Shapiro-Wilk test.
Overall survival after brain metastases were defined as the time

between diagnosis of brain metastases and death regardless of cause
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and patients who were alive at the time of the latest follow-up were
statistically censored. Eventfree survival was calculated as the time
between the initial diagnosis of ovarian cancer and diagnosis of brain
metastases. Kaplan-Meier’s method was used for survival rate
estimation, and the comparison between survival curves used the
logrank test. Cox regressions were used to assess the association
between risk factors and survival time. Multivariate Cox models were
fitted using a variable selection method based on a LASSO-type
penalized regression including all factors with a pvalue<0.2 in the

univariate analysis.

RESULTS
Cohort characteristics
Fifty patients were included in the study among the 2553 ovarian
cancer patients (2%). The cohort characteristics are shown in Table 1.
The median age at OC diagnosis was 57.7 years (min 43.4; max 84.4).
The main histological type was High-Grade Serous Ovarian Cancer
(HGSOCQ) (76%). Stage III-IV accounted for 92% of the cases. CA
125 at OC diagnosis was 76 to 3215, with a median at 819 Ul At
OC diagnosis, the first management was based on surgery and
chemotherapy with neoadjuvant chemotherapy for 66% of the
cohort. Initial chemotherapy included platinum salts in every case.
Half of the cases received bevacizumab and 21 patients had received it
before the onset of brain metastases. The median disease-free interval
between primary diagnosis and CNS involvement was 34.5 months
(IC 95%) with a median age at metastatic diagnosis of 61.8 (min 47.3;
max 87.5). Patients had received between O and 9 treatment lines
prior to the brain metastatic stage, including treatment with poly-
ADP Ribose Polymerase Inhibitors (PARP-i). Platinum sensitivity was
defined as time between the last platinum salt injection and disease
relapse beyond 6 months. Thirtyseven patients responded to
platinum salts, amounting to 77.1% of our cohort. The mutation
status for BRCA was known only for about half of the patients
because of late diagnosis or lack of material. Among the 26 cases
where a genomic study could be performed, there were 9 patients
with a somatic or constitutional BCRA mutation.
Seventeen patients had a single brain lesion (34%), 16 had between 2
and 5 brain lesions (32%), 16 had more than 5 brain lesions (32%)
and only one patient had meningeal involvement (2%). Brain
metastases were symptomatic in the majority of cases (96%) with
headaches, seizures, sensory-motor deficit, dysarthria, vertigo, or
memory issues. The association of neurological symptoms was
frequent. Histological confirmation was provided in 24% of cases
from biopsies or surgical removal. At brain metastases diagnosis, CA
125 was 8 to 1710, with a median at 95 UL
Several treatment options were implemented for CNS metastases:
radiotherapy alone in 9 cases (18%), simple monitoring in 3 cases
(6%), and combined therapies for 76%. Combined therapies
included surgery plus radiotherapy, surgery plus radiotherapy and
chemotherapy, or radiotherapy plus chemotherapy. Sixteen patients
received PARP-i as part of their treatment. All BRCA-mutated
patients received olaparib, corresponding to 9 patients in the cohort.
Niraparib was the other prescribed PARP-i. Depending on the brain
lesions, patients were treated with Whole Brain Radiotherapy
(WBRT) or stereotactic radiotherapy, with 40 patients and 8 patients,
respectively. Median overall survival from diagnosis of the primary

ovarian cancer was 53 months [(IC 95%) 44-72]. At the end of
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analyses, five patients were still alive (Figures 1 and 2).
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Figure 2) Owerall survival from the diagnosis of brain metastases in ovarian

cancer

TABLE 1
Patient characteristics

Brain metastasis from ovarian cancer

Mucinous adenocarcinoma

Endometrioid adenocarcinoma

Large-cell carcinoma

Initial stage
v
nc

e A

IC

Unknown

4 Median CA 125 U/ml [range]

At diagnosis

At brain metastases

BRCA mutation

Yes
No

unknown

Associated breast cancer

48

Yes
2(3)

No

Unknown
45

Neoadjuvant chemotherapy

Yes

No

Characteristics N %

Unknown

Median age at diagnosis (years)

[range] 57,7 (43,4-84,4) -

Histology - -

High-grade serous carcinoma 38 76

Poorly differentiated non-
mucinous

Clear cell adenocarcinoma 3 6
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Surgery
Yes
No
Residual disease
RO
R1
R2

Unknown

Adjuvant chemotherapy

yes

no

17
28

819 (424-1628)

95 (8-1710)

17
24

44

33
16

46

27
12

50

12

34
56

18
34
48

10
88

66
32

59
26

100

70
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PARP inhibitor

yes

no

Previous lines of treatment
before brain lesions

A WN

N o o

9

Unknown

Symptoms at CNS involvement

Headaches

Seizures

Sensory-motor deficit

Dysarthria

Vertigo

Memory issues

Unknown
Number of lesions

1
>1and<5

>5

Carcinomatous meningitis

Histological confirmation

Yes
No

Unknown

Treatment for brain metastasis

Neurosurgery

In combination

Alone

71

16
34

17
16
16

32
68

N NN A O

28

22

26

10
20

34
32
32

24
72

18

Radiotherapy - -

In combination: WBRT 30 60
In combination : stereotactic RT 8 16
Chemotherapy in combination 35 70
Monitoring 3 6
Unknown 1 2

BRCA: Breast Cancer Gene, CA 125: Cancer Antigen 125, CNS: Central
Nervous System, PARP: Poly (ADPxibose) Polymerase, RT: Radiotherapy,
WBRT: Whole Brain Radiotherapy

Predictive factors for CNS involvement

In univariate analysis, the statistically significant predictive factors
highlighted were platinum sensitivity (p<0.001) and age at brain
metastasis diagnosis (p=0.018). The biomarker CA 125 and the use of
bevacizumab were not statistically significant factors.

In addition, in this univariate analysis, factors for primary lesion
surgery, the histology of High-Grade Serous Carcinomas (HGSC),
and the initial stage of the disease had a pwvalue <0.2 and were
therefore considered for the multivariate analysis.

In the multivariate Cox regression, the presence of an HGSC was a
significant factor for the development of secondary brain lesions with
HR=3.7 IC 95% [1.379.88] (p=0.009). Older age at metastatic
diagnosis and platinum sensitivity were factors for good prognosis
with p<0.001 (HR=0.93; IC 95% [0.89-0.96] and HR = 0.1 IC 95%
[0.03-0.28], respectively). Surgery of the primary lesion was also a
significantly good prognostic factor (HR=0.23; IC 95% [0.06-0.85] p
=0.027) in this model (Table 2).

TABLE 2
Prognostic factors for central nervous system
involvement in ovarian cancer from multivariate analysis

Univariate Multivariate
analysis analysis
. 95% CI 95% ClI
Variable HR of HR p-value HR of HR p-value
0.92 - 1.37 -
HGSC 1.9 3.85 0.069 3.7 0.89 0.009
Age at
brain
. 0.92 - 0.89 —
metastasis 0.96 0.99 0.018 0.93 0.96 <0.001
diagnosis
Surgery of
’ 0.10 — 0.06 —
Iprlr_’nary 0.31 0.91 0.061 0.23 0.85 0.027
esion
Platinum 0.08 — 0.03 -
sensitivity 07 o03g <0001 01 028 <0001
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The median overall survival once the brain metastatic diagnosis was
made was 14 months. In the multivariate model, three parameters
were significant prognostic factors for death from brain metastases
from OC: age at brain metastasis diagnosis (HR=1.045; IC 95 [1.004-
1.088] p=0.032), more than 2 brain lesions (HR=2.39; IC 95 [1.1-5.2]
p=0.028) and sensitivity to platinum salts (HR=0.26; IC 95 [0.11-
0.58] p=0.001). The biomarker CA 125, the initial stage, and the
number of previous lines of treatment were not statistically significant

for outcomes with encephalic involvement from OC (Table 3).

TABLE 3

Evaluation of the prognostic factors for overall survival
after diagnosis of brain metastases in ovarian cancer in
multivariate analysis

Univariate analysis Multivari'ate
analysis
. 95% Cl of 95% ClI of
Variable HR HR p-value HR HR p-value
0.24— 0.24 —
HGSC 0.5 0.99 0.062 0.56 1923 0.16
Age at
brain
. 1.009 — 1.004 —
metastasis 1.045 1082 0.014 1.045 1,088 0.032
diagnosis
CA 125 at
brain 1.001  1-1.002 0.021  1.001  1-1.002 0.114
metastases - : ’ ) ) :
diagnosis
Number of
. 1.03 - 0.97 —
previous 1.209 142 0.023 1.19 1.46 0.09
lines of
Treatment
More than
2 brain 1.72 0.89-3.30.09 2.39 1.1-5.2 0.28
lesions
Platinum = 31 05— 4004 026  0.11-0.580.001
sensitivity 0.65
DISCUSSION

This retrospective single-center trial evaluated the characteristics of
brain metastases in ovarian cancer patients diagnosed from 2001 to
2021. Brain metastasis in ovarian cancer is rare, accounting for less
than 6% of the cases [8]. On average, patients were 61.8 years old at
the time of brain involvement with a median free interval from
primary diagnosis of 34.5 months. These observations were consistent
with other published data. Indeed, the development of brain
metastases varies according to studies from 11 months to 46 months
[12-14]. As expected, metastases were symptomatic for a large
majority of the patients, with headaches, seizures, sensory-motor
deficit, dysarthria, vertigo, or memory issues. These symptoms are
suggestive of brain involvement. Thomakos et al. highlighted the fact
that the diagnosis of metastases was confirmed in 90% of cases when
these neurological symptoms appeared [5]. These symptoms can be
confused with Paraneoplastic Neurological Syndrome (PNS). In
ovarian cancer, PNS is most often characterized by a sub-acute
cerebellar degeneration and other neurological symptoms [15]. PNS
can be a telltale sign of neoplasia occurring a few months or even
years after diagnosis of ovarian primary cancer [16, 17].

According to the literature, PNS is rare in cases of HGSC. Unlike
brain metastases diagnosed by imaging, PNS can be highlighted by

J Cancer Metastasis Res Vol 5 No 2 May 2023
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the presence of onconeuronal antibodies such as anti-Yo,anti-cdr2-
like, or anti-NMDAR antibodies [18-20]. The treatment remains the
same but the prognosis is different with a poorer prognosis in case of
proven cerebral metastases. In this series, 34% of the patients had a
single metastatic site, which was concordant with other research [14,
21, 22]. This parameter appeared to be a factor for good prognosis in
the multivariate analysis. After CNS involvement, prognosis
remained poor with a median overall survival of 14 months.
Although outcomes were generally poor after metastatic diagnosis,
overall patient survival was longer in our study than that reported in
the literature [12, 13, 21]. The patients were mostly treated in a
multimodal approach combining surgery, radiotherapy and systemic
treatments. The increase in available therapies as well as the
improvement of treatments used could explain in part this increase in
survival [23]. Indeed, 8 patients were eligible for stereotactic
radiotherapy in this trial. This technique is defined as a “high
precision” irradiation technique. It delivers high doses (4 to 25 Gray)
in a limited number of fractions (usually 1 to 5) with a high dose
gradient [24]. For several decades, the combination of Whole Brain
Radiation Therapy (WBRT) and a stereotactic approach has provided
improvements in overall survival for patients with brain metastases
from solid cancers [23,25]. Due to its neurotoxicity, WBRT has been
increasingly avoided in the therapeutic strategy, especially for cases
with fewer than 5 brain lesions [25,26]. This localized irradiation
technique enables new irradiations to be performed in case of
recurrence, either by new stereotaxis or by WBRT [27-29]. Thus, local
control is improved for a longer period of time.

In addition, 16 patients received chemotherapy plus PARP-i, such as
olaparib or niraparib. The PARP-i molecules have now been
approved for the management of ovarian cancer: olaparib, niraparib
and rucaparib [30]. There is no evidence that these molecules can
cross the blood-brain barrier. Nevertheless, case reports have shown
that metastatic brain disease can be contained with the use of
olaparib and niraparib [31, 32]. Moreover, in cases of breast cancer
with BRCA mutations, adjuvant olaparib has shown a decrease in
metastatic development, including in the CNS [33].

Among the 50 patients included in this study, histological evidence of
the ovarian origin was available for [12]. Obtaining a cohort of this
type is of interest because of its rarity. To our knowledge, very little is
known about the genomics for brain involvement in ovarian cancer.
In a retrospective trial, Balendran et al. analyzed 8 pairs of tumors
with a cancerspecific enrichment kit covering 94 genes [34]. The
authors highlighted a high proportion of variant alterations
distributed over 22 genes, but each sequenced tumor presented a
single molecular profile. As expected, the most frequent alterations
involved homologous recombination and the TP53 gene.
Combinations of gene alterations have been identified in several
cases such as TP53 and BRC Al; TP53 and ATM or TP53 and
BRCAZ2. In contrast, there were more variants affecting BRCAL.
This is concordant with Koul et al.’s work and further suggests the
value of anti-PARP drugs in the management of this metastatic
evolution [35]. One of the limitations of this work was the small
number of cases and the heterogeneity of the population, related to
the long evaluation period. Indeed, the cases were collected over a
period of more than 20 years when treatments available in ovarian
cancer were undergoing a complete revolution, in particular with the
advent of anti-PARP. Because of the small number of patients
specifically treated with PARP inhibitors here, no relationship could
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be established. This particular point would be particularly interesting
to evaluate, using larger databases. Because of this long collection
period, a large number of data could not be collected or were not
found (resection margin, BRCA status, therapeutic modalities). The
histological confirmation of the ovarian origin is one of the strengths
of this study. Further molecular analyses should be conducted using
the histological material from this cohort. We plan to use a large
sequencing panel and compare molecular profiles between the two
sites. In addition to the potential genomic alterations highlighted,
functional analyses will be conducted. These molecular analyses are
needed to identify dissemination pathways and to optimize treatment
in the era of personalized and targeted medicine. Currently,
systematic brain monitoring is not recommended since it remains a
rare dissemination. Nevertheless, the identification of predictive

factors could enable practices for well-selected patients to be changed.

CONCLUSION
This study provided real-life data with a clinical characterization and
an evaluation of therapeutic strategies in case of CNS involvement.
The prognosis with this dissemination remains poor with a median
OS of 14 months. Age at the onset of brain metastases and the
presence of more than 2 lesions were factors for poor prognosis,
whereas sensitivity to platinum salts appeared to be a factor for good

prognosis.
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