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Abstract

Objective—To evaluate clinical outcomes of patients with BRCA-associated ovarian cancer who
developed brain metastases (BM).

Methods—~Patients with epithelial ovarian, fallopian tube, and primary peritoneal cancer (EOC)
and BM, treated at a single institution from 1/1/2008-7/1/2018, were identified from two
institutional databases. Charts and medical records were retrospectively reviewed for clinical
characteristics and germline BRCA mutation status. Appropriate statistics were used.

Results—Of 3649 patients with EOC, 91 had BM (2.5%). Germline mutation status was
available for 63 (69%) cases; 21 (35%) of these harbored a BRCA1/2 mutation (15 BRCAI, 6
BRCA2). Clinical characteristics were similar between groups.

BM were diagnosed at a median of 31 months (95% Cl, 22.6-39.4) in BRCA-mutated (MBRCA)
and 32 months (95% ClI, 23.7-40.3) in wild-type BRCA (WtBRCA) (p=0.78) patients. Brain
metastases were the only evidence of disease at time of BM diagnoses in 48% (n=10) mBRCA and
19% (n=8) wtBRCA (p=0.02) patients. There was no difference in treatment of BM by mutation
status (p=0.84). Survival from time of BM diagnosis was 29 months (95%Cl, 15.5-42.5) in
mBRCA and 9 months (95% Cl, 5.5-12.5) in wtBRCA patients, with an adjusted hazard ratio
(HR) of 0.53, p=0.09; 95% CI, 0.25-1.11. HR was adjusted for presence of systemic disease at
time of BM diagnosis.

Conclusion—This is the largest study to date comparing outcomes in patients with EOC and
BM by mutation status. mBRCA patients were more likely to have isolated BM, which may be a
factor in their long survival. This supports the pursuit of aggressive treatment for mBRCA EOC
patients with BM. Additional studies examining the correlation of BRCA mutational status with
BM are warranted.

Keywords
Ovarian cancer; Brain metastasis; BRCA mutation

INTRODUCTION

Epithelial ovarian, fallopian tube, and primary peritoneal cancer (EOC) is a rare disease,
accounting for approximately 22,000 new cancer cases and over 14,000 deaths in the
U.S.annually. It is the fifth leading cause of cancer-related death among women [1].
Although over 75% of patients respond to initial treatment, including surgical resection and
chemotherapy, most will recur [2]. The predominant site of recurrence is within the
peritoneal cavity [3]. Brain metastases (BM) are rare, with an incidence ranging from 1 to
2% [4], and are often a late complication of EOC. Patients who develop BM have a poor
prognosis, with reported overall survival (OS) of only 6-12 months [5-7]. The mainstay of
treatment in this setting includes radiation therapy (RT) and surgery, when feasible [8].
Previous studies have shown that performance status, the number of brain metastases,
monotherapy for brain recurrence, and poorly controlled extracranial tumor are associated
with worse outcomes [6, 7].
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BRCAL and BRCAZ2 proteins are components of the homologous recombination repair
pathway for double strand DNA breaks. When the homologous recombination repair
pathway is disrupted, as it is when either the BRCAI or BRCAZ (BRCA1/2) gene is
mutated, a patient is predisposed to hereditary breast and ovarian cancer [9]. Previous
studies have shown that EOC patients with a BRCA1/2 mutation are more likely to develop
visceral metastases than patients without this mutation [10, 11]. Specifically, these patients
may be more likely to develop BM [11, 12]. Despite this, EOC patients with BRCA1/2 gene
mutations have a significantly longer OS than patients without a BRCA mutation; this is
likely attributable to improved response to DNA-damaging agents such as platinum [13].
The effects of BRCA1/2mutation on EOC-associated BM has not been explored.

Knowledge of a patient’s BRCA1/2 status has become imperative in the management of
EOC, as patients with deleterious mutations are likely to benefit from a new class of therapy:
Poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitors. Three PARP
inhibitors are currently FDA-approved for the management of EOC: olaparib, rucaparib, and
niraparib. Although treatment with PARP inhibitors has demonstrated clinical benefit in all
patients with EOC, patients with BRCA1/2 mutation (in particular, germline mutations)
treated with PARP inhibitors have a longer median progression-free survival (PFS) than
patients without the mutation [14-16]. Furthermore, olaparib was recently shown to
dramatically improve PFS in patients with BRCA-associated EOC when used as frontline
therapy, and has been FDA-approved for use in the first-line maintenance setting for this
subgroup of patients [17].

Despite the relatively favorable outcome of EOC patients with BRCA1/2 mutations, there is
a dearth of literature exploring the effects of this mutation in patients with EOC-associated
BM, and the potentially promising benefits these women may derive from PARP inhibitors.
We therefore sought to evaluate the impact of BRCA1/2 mutation status on clinical
presentation and survival in patients with EOC who developed BM.

METHODS

This study was approved by the Institutional Review Board at Memorial Sloan Kettering
Cancer Center (MSKCC). The MSKCC Institutional Database (IDB) and the Gynecology
Disease Management Team Database were queried for patients with EOC who developed
BM between January 1, 2008 and December 31, 2018. It is worth noting that a portion of
our cohort (those diagnosed with BM between 2008 and 2010) has been previously
described, although not in relation to BRCA mutation status [6].

A retrospective review of medical records was performed to identify demographic and
clinical characteristics. Patient charts were queried for germline BRCA1/2 mutation status.
Data were collected from reports of either commercially available ovarian cancer gene
panels—Myriad Genetics (Myriad Genetics, Inc., Salt Lake City, UT) and GeneDx (Gene
Dx, Inc., Gaithersburg, MD)—or the Memorial Sloan Kettering-Integrated Mutation
Profiling of Actionable Mutations (MSK-IMPACT). MSK-IMPACT is a multi-gene targeted
capture panel with return of results for somatic and germline mutations [18-20]. MSK-
IMPACT initially included germline analysis of 76 genes, and more recently 88 genes,
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which have been associated with hereditary cancer predisposition per the American College
of Medical Genetics (ACMG) guidelines [21]22]. Given the time period of patient
ascertainment in this cohort, most patients did not have somatic tumor gene analysis.
Therefore, the current study is based solely on germline tumor mutations.

Time to BM diagnosis was calculated from the date of pathologic EOC diagnosis until the
date of magnetic resonance (MR) image-confirmed BM diagnosis. OS was calculated from
the date of initial pathologic EOC diagnosis until death or last follow-up. Survival from time
of BM diagnosis was calculated from the date of image-confirmed BM diagnosis until death
or last follow-up. Platinum sensitivity at the time of first relapse was defined as
radiologically demonstrated progression, at or greater than 6 months from completion of the
last dose of upfront platinum therapy. Presence or absence of extracranial disease at time of
BM diagnosis was determined by a computed tomography (CT) scan.

Statistical analyses were performed using SPSS software, version 25.0 (IBM, Armonk, NY).
Dichotomous outcomes were compared with the Chi-squared test, except when cell sizes
were less than 10, in which case Fisher’s exact test was utilized. Survival was calculated
using the Kaplan-Meier method, and compared using the Logrank test. Survival was
adjusted for presence of systemic disease at the time of BM diagnosis using Cox
proportional hazards model. Results were considered statistically significant if £<0.05
and/or if 95% confidence intervals (ClIs) did not cross 1.0.

RESULTS

During the 10-year study period, 3649 patients with EOC were seen at our institution for at

least 1 cancer treatment related visit. Of these, 91 were noted to have BM (2.5%) (Figure 1).
Germline BRCA1/2 mutation status was available for 63 of these 91 (69%) cases: 21 (33%)
patients had a BRCA mutation (15 BRCA1 mutation, 6 BRCAZ mutation).

The majority (n=58, 92%) of these patients were treated at our institution for most of their
disease course (including pre- and post-BM diagnosis). Among the patients with BM there
were no significant differences in baseline characteristics between those with mBRCA and
those with wtBRCA (Table 1). Although not included in this report, it is noteworthy that the
clinical characteristics of patients with EOC and BM who did not have germline testing were
not significantly different from those who did.

Median age at diagnosis was 59 years (range, 36-86). The most common histologic subtype
was high-grade serous (HGS) carcinoma (n=56; 89%). Most patients had stage 111/IV
disease at initial diagnosis (n=62; 98%) (Table 1). Primary treatment included frontline
cytoreductive surgery in 51% (n=32), and neoadjuvant chemotherapy in 49% (n=31).
Cytoreductive surgery was considered optimal in 81% (n=51) of patients. As previous
research has suggested that patients treated with intraperitoneal (IP) chemotherapy had
extra-abdominal disease recurrence more frequently than those treated with 1V
chemotherapy [22], we noted that, of the entire cohort, 67% (n=42) received IP
chemotherapy. Sixty-eight percent (n=43) were considered to have platinum-sensitive
disease at the time of first recurrence.
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The majority of these patients (n=59; 94%) were diagnosed with and treated for their BM at
our institution: 20 (95%) mBRCA, 39 (93%) wtBRCA. Forty percent (n=25) of BM cases
were confirmed by pathology, with an additional 5% (n=3) showing adenocarcinoma in
cerebrospinal fluid cytology. Of the 25 tumors submitted for pathology review, 24 (96%)
showed HGS carcinoma consistent with a primary, and 1 (4%) tumor sample showed
necrotic tissue that was insufficient for further analysis.

BM were diagnosed at a median of 31 months (95% Cl, 22.6-39.4) from the time of initial
diagnosis in the mBRCA group, and 32 months (95% Cl, 23.7-40.3) in the wtBRCA group
(p=0.78) (Table 2). BM were diagnosed at the time of first recurrence in 38% (n=8) of
mBRCA and 20% (n=8) of wtBRCA patients (p=0.10). There was no extracranial disease at
the time of BM diagnoses in 48% (n=10) of mBRCA patients and 19% (n=8) wtBRCA
patients (p=0.02). The number of BM lesion at diagnosis was 1 in 24% (n=5) of mBRCA
and 36% (n=15) of wtBRCA patients (p=0.34), while the remaining patients were noted to
have 2 or more lesions. Two patients (3%) had leptomeningeal disease at the time of BM
diagnosis; both were wtBRCA patients.

There was no difference in treatment of BM between patients with or without BRCA
mutation (p=0.84). Best supportive care was provided to 5% (n=3) of the cohort; all 3 of
these patients had widely metastatic disease, and declined treatment. Ninety percent (n=57)
underwent RT; of these, 49% (n=28) also had surgical resection of their disease. Of the 57
patients who underwent any RT, 17 (30%) had whole brain RT and 40 (70%) had lesion-
targeted RT. In those patients who underwent both surgery and RT, the surgical resection of
the lesion(s) was done first, followed by RT to the surgical bed. Thirty-nine patients (68%)
were noted to have radiologic response to RT (including complete response, partial response,
and stable disease). There was no difference in response to RT by BRCA status (p=0.90).
Two patients (3%) did not have treatment specifically for BM, but instead underwent close
monitoring of their BM while they continued the systemic chemotherapy they had received
prior to their BM diagnosis. Treatment information was not available for 1% (n=1); this
patient was lost to follow-up after her BM diagnosis.

None of the patients received a PARP inhibitor as part of treatment specifically for BM.
However, PARP inhibitor therapy was used by 19% of patients (n=12) at some point for
treatment of systemic disease; 7 of these patients were BRCA mutation positive and 5 were
not. Of the 5 wWtBRCA patients who received a PARP inhibitor, 4 received it as part of a
clinical trial (during which a PARP inhibitor was given in combination with chemotherapy)
prior to their diagnosis with BM: 2 of these patients were prescribed rucaparib, 1 niraparib,
and 1 veliparib. One patient received niraparib as treatment for late-stage disease, after her
tumor was noted to have a somatic BRCAI mutation. Of the 7 BRCA mutation positive
patients, 3 were prescribed a PARP inhibitor (olaparib) before their BM diagnosis; 4 were
prescribed a PARP inhibitor after their BM diagnosis (2 olaparib, 1 rucaparib and 1
niraparib).

After a median follow-up of 48 months (range, 13-105), there were 42 deaths (67% of
included patients). Median OS was 70 months (95%Cl, 52.1-87.8) for patients with a BRCA
mutation and 52 months (95%Cl, 41.9-62.1) for patients with no mutation. Survival from
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the time of BM diagnosis was 29 months (95%ClI, 15.5-42.5) for patients with a BRCA
mutation and 9 months (95% ClI, 5.5-12.5) for those without a mutation (p=0.015), adjusted
HR 0.53, p=0.09; 95% CI, 0.25-1.11). HR was adjusted for presence of systemic disease at
the time of BM diagnosis (Figure 2).

DISCUSSION

EOC-associated BM has historically carried a poor prognosis, with median survival of less
than 12 months following diagnosis of BM. It has been demonstrated that risk factors,
including a greater number of metastases and poorly controlled extracranial disease, confer
worse outcomes [6, 7]. Previous research suggests that extraperitoneal disease, including
BM, may be more common in patients who carry a BRCA1/2 gene mutation [11, 12].
However, there is little data on the clinical outcomes of patients with EOC-associated BM,
with respect to BRCA mutation status.

In a study exploring the relationship between BRCA1/2 mutations and EOC metastatic to
the central nervous system (CNS), Jernigan et al. used a family history of hereditary breast
and ovarian cancer (HBOC) as a surrogate for germline mutation [12]. The study had limited
data: of 32 cases with a family history of HBOC, only 7 underwent germline testing.
However—although it did not establish a correlation between HBOC status and survival—
this hypothesis-generating report showed that the presence of BRCA mutation/history of
HBOC was more common in women with EOC metastatic to the CNS.

More recently, Ratner et al. conducted a time-to-event analysis of a cohort of patients with
EOC, to determine whether patients with a germline BRCA mutation were more likely to
develop BM compared to wtBRCA patients [11]. This analysis identified 46 of 4515 EOC
patients with BM (overall rate, 1%) and noted a higher rate of BM among mBRCA (3%),
compared to wtBRCA (0.6%) patients. Importantly, there was no survival difference
between the two groups following diagnosis of BM.

The present study builds on these reports in describing outcomes of patients with EOC and
BM by BRCA mutation status. We found that, although time to diagnosis of BM does not
differ by mutation status, patients with a BRCA mutation are more likely to have BM
diagnosed in the absence of systemic disease and have a non-statistically significant longer
survival time following BM diagnosis, than patients without a BRCA mutation. Importantly,
there were no differences in treatment of BM between the two groups; only 3 patients in the
entire cohort received best supportive care, and the remainder received RT, surgery,
chemotherapy, or a combination of these. Our findings support prior research noting lack of
extracranial disease as a predictor for longer survival following diagnosis of BM [6]. Similar
to previous findings, when controlling for presence of extracranial disease, a statistically
significant difference in survival between the mutated and wild-type groups disappears [11].
This may be because OS is primarily driven by disease burden and extent of disease
systemically; or it may be due to the relatively small cohort of patients in this study.

We show that patients with BRCA1/2 mutation are more likely than those without a
mutation to have BM without extracranial disease, which may contribute to their long
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survival. This is probably related to the exquisite chemosensitivity of BRCA-associated
EOC to platinum-based therapy, facilitating systemic disease control. This is also the case in
HER2-positive breast cancer, where isolated CNS metastases in the setting of systemic
disease control is seen with the extremely effective anti-cancer therapy trastuzumab. [23].
Platinum-based chemotherapy provides excellent systemic control but has limited
penetrance of the blood/brain barrier, and therefore plays a limited role in preventing CNS
tumor spread.

The mutation status of patients with EOC-related BM is critically important, as these
patients may be candidates for PARP inhibitor therapy. Although none of the women in our
cohort received PARP inhibitors specifically for BM, these novel therapies have potential
implications for the treatment of BM.

Preclinical studies suggest that neither rucaparib nor olaparib cross the blood/brain barrier
[24-26]. However, there is a case report of olaparib used successfully as treatment for
leptomeningeal disease in 1 patient with mBRCA EOC [27]. After a 2-year disease-free
interval following completion of primary treatment, the patient was noted to have disease
recurrence with isolated BM. She underwent resection and RT to the lesion beds but had
another BM recurrence 1 year later and was treated with RT alone. Over the next several
months she was noted to have leptomeningeal disease, at which time single-agent
carboplatin was attempted; however, she was intolerant of the drug. Given her worsening
neurologic symptoms, she was started on single-agent olaparib and derived 12 months of
clinical benefit from the therapy before progression of disease was noted, and the drug
discontinued [27].

Niraparib has been shown to cross the blood/brain barrier, and its efficacy in BM treatment
has been confirmed in animal models [26, 27]. Veliparib, a PARP inhibitor that is not
currently FDA-approved for EOC, also crosses the blood/brain barrier and has demonstrated
promising results when used with whole brain RT, in treating BM associated with solid
tumors [28]. As more patients—especially in the maintenance setting—are prescribed PARP
inhibitors that can penetrate the blood/brain barrier, it is plausible that the rate of CNS
disease will decrease as these highly active drugs infiltrate this disease sanctuary.

The current study is limited by its retrospective nature and small sample size. Of note, 31%
(n=28/93) of patients with BM in our database were excluded from analysis due to their
unknown BRCA status. The Society of Gynecologic Oncology did not endorse genetic
testing for all EOC patients until 2014, and our study period began in 2008. When grouped
by 5-year increments, 30 of 52 (57%) patients diagnosed between January 1, 2008 and
December 31, 2012, and 33 of 39 (85%) patients diagnosed between January 1, 2013 and
July 31, 2018 underwent genetic testing. Although most of the patients included in our study
received their care (pre- and post- BM diagnosis) at our institution, we do not have the
longitudinal data on the treatment of all patients with EOC seen at our institution; therefore,
the stated 2.5% rate of BM may be an under- or an over-estimate.

Recent studies have shown that patients with somatic BRCA1/2 gene mutations also have an
improved prognosis independent of germline mutation status, and up to 6% of HGS tumors
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harbor a somatic BRCA mutation [13, 29, 30]. Furthermore, somatic BRCA mutations are
biologically similar to germline BRCA mutations, and patients with somatic BRCA
mutations also show improved responses to PARP inhibitors [15, 17]. Unfortunately, due to
the time period of this study, only 33% (n=21/63) of patients had somatic tumor profiling.
Therefore, we were unable to include data on somatic BRCA mutation status and BM
outcomes.

BM in EOC is a rare occurrence. Although this was a relatively small cohort, it is the largest
analysis to date comparing outcomes of patients with EOC and BM by BRCA1/2 mutation
status. We have shown that women with a BRCA mutation are significantly more likely to
have BM without extracranial disease; this may contribute to their long survival. The long
survival we observed supports the pursuit of aggressive, disease-targeted treatment for BM
in BRCA1/2mutated EOC patients. Additional studies examining the correlation of both
somatic and germline BRCA mutation with brain metastases, and the evolving use of PARP
inhibitor therapy, are warranted.
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HIGHLIGHTS

Approximately 2.5% of epithelial ovarian cancer patients develop brain
metastases

There was no difference in time from EOC diagnosis to brain mets in
MBRCA vs WtBRCA

mBRCA patients were more likely to have brain mets without extracranial
disease

Median survival from brain mets diagnosis to death was longer in mBRCA
patients
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Figure 1.
Patients selected for inclusion

Of 3649 patients with EOC seen between 1/1/08 and 7/31/18, 91 (2.5%) were diagnosed
with BM. Of these, 63 had germline testing performed. When grouped by 5-year increments,
30 of 52 (57%) patients diagnosed 1/1/2008-12/31/2012 and 33 of 39 (85%) patients
diagnosed 1/1/13-7/31/18 underwent genetic testing. 21 patients had a BRCA mutation: 15,
BRCAZI; 6, BRCAZ. 42 patients were germline BRCA mutation negative.
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Overall survival from brain metastasis diagnosis by mutation status
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Figure 2.
Overall survival from time of brain metastasis in patients with EOC

Kaplan-Meier curve for overall survival by mutation category and adjusted HR (aHR) for
death. HR adjusted for presence of extracranial disease.
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Table 1.

Clinical characteristics of patients with EOC diagnosed with BM, by mutation category

Clinical characteristic BRCAZL1/2 positive n=21 BRCAL1/2 negative n=42 n (%) p-value
n (%)
Median age at diagnosis (range) 54.0 (36-80) 59.5 (41-86) 0.28
Histology
High-grade serous 21 (100) 35 (83) 0.56
Carcinoma, NOS 0(0) 1(2)
Mixed histology 0 (0) 2 (5)
Endometrioid 0 (0) 1(2)
Clear cell 0(0) 1(2)
Carcinosarcoma 0 (0) 2 (5)
Low-grade serous 0 (0) 0 (0)
Stage at diagnosis
1 0(0) 1(2) 0.48
v 21 (100) 41 (98)
Primary treatment
PDS 11 (52) 21 (50) 0.86
NACT 10 (48) 21 (50)
Debulking surgery (primary or interval)
Optimal 18 (86) 33(79) 0.76
Sub-optimal 0(0) 0(0)
Unknown/did not have surgery 3(14) 9 (21)
Intraperitoneal chemotherapy
Received 10 (48) 11 (26) 0.09
Did not receive 11 (52) 31 (74)
Platinum sensitivity at first recurrence
Sensitive 17 (81) 26 (62) 0.13
Resistant 4(19) 16 (38)

NOS, not otherwise specified; PDS, primary debulking surgery; NACT, neoadjuvant chemotherapy
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Table 2.

Characteristics of BM diagnosis in women with EOC, by mutation category

Brain Metastasis characteristics BRCAL/2 positive n=21 n (%) BRCAL2 negative n=42n (%) p-value
Time to BM diagnosis (m, 95% CI) 31 (22.6-39.4) 32 (23.7-40.3) 0.78
BM as first recurrence
First recurrence 8 (38) 8 (20) 0.10
Not first recurrence 13 (62) 34 (80)
Extracranial disease
Present 11 (52) 34 (81) 0.02
Absent 10 (48) 8(19)
Number of BM lesions
1 lesion 5(24) 15 (36) 0.34
More than 1 lesion 16 (76) 27 (64)

BM, brain metastasis
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