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Abstract: Brain metastases from epithelial ovarian cancer are very rare with an incidence of
only 1-2.5%. Many therapeutic methods such as surgery, irradiation and chemotherapy do
produce survival benefits, but the overall outcome remains unsatisfactory. The BRCA (breast
cancer susceptibility gene) mutation status seems to be associated with the development of
brain metastases from ovarian cancer and these patients may benefit from treatment with
PARP (poly ADP ribose polymerase) inhibitors. Here is a case where a Chinese female
patient diagnosed with high-grade serous ovarian cancer with brain metastases was detected
to have known germline 47M mutation and somatic BRCA2 mutation. The patient underwent
whole brain radiotherapy and systemic chemotherapy, commenced niraparib as maintenance
treatment and then presented considerable clinical and radiological response.
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Introduction

Brain metastasis (BM) is an uncommon and late-stage complication of epithelial
ovarian cancer (EOC). The incidence of brain metastasis is between 1 and 2.5%
with an increasing trend in recent reports, probably associated with progressed
detection technology and longer survival from ovarian cancer.' Brain metastases
often develop two years after primary diagnosis of EOC, accompanied by dismal
prognosis with an overall survival (OS) of only 6—12 months, and poor performance
status and presence of extracranial lesions have negative impacts on the
outcome.” * Previous studies suggest that multimodality approaches including
chemotherapy, radiotherapy, stereotactic radiosurgery (SRS) and resection surgery
benefit the survival of brain metastasis, but the long-term prognosis is still
unsatisfactory.” The rarity of ovarian cancer brain metastases suffocates the estab-
lishment of best treatment consensus.

BRCA1/2 gene mutations recognized as genetic predisposition factors for ovar-
ian and breast cancer, were carried by 20% of high-grade serous ovarian cancer
(HGSOC) patients.” Several studies demonstrated an increased risk for brain
metastases in patients with EOC associated to BRCA mutations.®® Despite this,
BRCA1/2 mutation carriers have been reported to have longer OS and better

prognosis as result of higher sensitivity to platinum-based chemotherapy.'®"!
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Assessment of BRCAI/2 mutational status also produces
a relevant clinical value in selecting patients eligible for
surgical therapy in recurrent ovarian cancer.'>'?

PARP inhibitors (PARPis) induce the formation of double-
strand DNA breaks by “trapping” of PARP1 and blocking the
repair pathway of single-stranded DNA breaks. Tumor cells
deficient in homologous recombination repair pathway ulti-
mately come to death owing to inability to accurately repair
doubled-stand DNA breaks, which is known as synthetic
lethality.'*'> PARPis have demonstrated clinical benefits in
ovarian cancer with homologous recombination deficiency
(HRD), particularly effective in BRCA-mutated patients.'®!”
In December of 2019, the China National Medical Products
Administration approved the use of olaparib as frontline
maintenance therapy in EOC patients who achieved complete
or partial remission by first-line chemotherapy and the appli-
cation of niraparib as maintenance therapy in patients with
platinum-sensitive recurrent ovarian cancer.

Here is a case where a 62-year-old Chinese woman suf-
fered from recurrent ovarian cancer with multiple BM was
effectively treated with niraparib as maintenance therapy.

Case Presentation

A 62-year-old female patient with dizziness and decreased
myodynamia for one week was admitted to Renji Hospital of
China) in
October 2018. The treatment timeline is shown in Figure 1.

Shanghai Jiaotong University (Shanghai,
For her past history, she underwent primary debulking sur-
gery in November 2017 in another hospital. The postopera-
tive specimen revealed high-grade serous epithelial ovarian
cancer involving bilateral ovaries, fallopian tubes and omen-
tum. Intraoperative exploration suggested the diagnosis of
HGSOC with FIGO stage IIIC due to extensive peritoneal
dissemination especially omental implants measuring
20*8*2 cm. The patient then received intravenous che-

motherapy with taxol (175 mg/m?, dl) and carboplatin

(area under the curve; AUC=5, d1). After six cycles of the
same chemotherapy regime, no residual disease was found
on CT scan and the level of CA125 was normal. The patient
kept routine follow-up and remained well for seven months.
Dizziness occurred in October 2018, accompanied by
decreased myodynamia of the left upper and lower limbs.
On physical examination, myodynamia of her right upper
limb was grade V, left upper limb was grade II, and both
lower limbs were grade IV. In addition, there were no other
positive neurological signs and the laboratory test findings of
tumor markers were all within the normal limits. Her serum
level of CA125 was 30.41 U/mL. CT head scan demon-
strated multiple lesions within bilateral frontal lobe, parietal
lobe and right cerebellum as well as MRI-detected multiple
BMs at the same locations (Figure 2). Although we did not
have a biopsy of intracranial lesions to confirm metastasis
over primary carcinoma, the performance of 18F-FDG PET/
CT consistent with metastatic lesions of lesser sac and lymph
nodes was a reliable basis for diagnosis (Figure 3). After
obtaining informed consent from the patient, we performed
next generation sequence of her primary tumor tissue from
the primary debulking surgery and paired peripheral blood.
The next generation sequencing panel included 508 cancer-
related genes which weres run on a BGISEQ-2000 platform.
This test detected five clinically significant variations
included four somatic mutations and one germline mutation
(Table 1). The four somatic mutations included BRCA2 non-
sense mutation (c.7171G>T, p.E2391%), NFI nonsense
mutation (¢.3367G>T, p.E1123*), NF2 nonsense mutation
(c.361G>T, p.E121*) and CREBBP missense mutation
(c.4054C>G, p.P1352A). The germline mutation was ATM
p.Y1203%),
a pathogenic mutation predicted to cause truncation of the
ATM protein. ATM as member of the PI3K related kinase
family plays a key role in homologous recombination repair
and the loss function mutation of ATM may lead to HRD.

nonsense mutation (c.3609del, which is
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Figure 2 MRI baseline of brain metastases. (A) Axial T2-weighted fluid-attenuated inversion recovery (FLAIR) shows circular high signal (black arrow) of the left anterior
border of cerebellum. (B) Axial T2-weighted FLAIR shows patchy edema of bilateral frontal and left occipital lobes (white arrows) and right frontal lobes signals such as
nodules (black arrow). (C) Axial gadolinium-enhanced T |-weighted MRI shows cerebellar left front ring mass with peripheral rim enhancement surrounding a low-signal-
intensity area of central necrosis (white arrow). (D) Axial gadolinium-enhanced T I-weighted MRI shows bilateral frontal lobe and left occipital small ring enhancement (white

arrows).

Figure 3 PET-CT showed recurrence and metastases of ovarian cancer. Increased |8F-FDG uptake was shown in brain (A), right para-aortic lymph nodes (B), and lesser sac (C).

Due to the coexistence of both abdominal cavity metastasis
and intracranial lesions, the patient was treated with one cycle
of intravenous chemotherapy with irinotecan (140 mg/m?, d1)
and cisplatin (75 mg/m?, d1). Then she received whole-brain
irradiation (WBRT) and the target was given 30 Gy in total in
10 fractions. By the end of radiotherapy, she developed a series
of side effects like fatigue, somnolence, anorexia, and

Table | Gene Mutation

dermatitis, which then improved by symptomatic support
treatment. Afterwards the patient received systematic intrave-
nous chemotherapy with irinotecan (140 mg/m?, dl) and
nedaplatin (80 mg/m?, dl) for five cycles in total.
A remission of brain metastases was then detected by head
MRI after WBRT and chemotherapy (Figure 4), and her
CAI125 reduced from 46.8 IU/mL to 23.7 IU/mL.

Characteristics Somatic Gene Germline Gene
BRCA2 NFI NF2 CREBBP ATM

Nucleotide change c7171G>T c.3367G>T c361G>T c. 4054G >T c. 3609del

Amino acid change p.E2391* p.1123* p.121* p.P1352A p.Y1203*

Gene region EX14 EX26 EX5 EX24 EX25

Frequency 53.01% 35.79% 15.21% 30.98% -

Transcript NM_000059.3 NM_000267.3 NM_181830.2 NM_004380.2 NM_00005.3

Note: *Means termination codon.
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Figure 4 Head MRI after whole-brain irradiation and chemotherapy. (A) Axial T2-weighted FLAIR shows small spot high signal (black arrow) of the left anterior border of
cerebellum. (B) Axial T2-weighted FLAIR shows patchy edema of right frontal lobes (white arrow). (C) Axial gadolinium-enhanced T |-weighted image shows cerebellar left
front small spot enhancement (white arrow). (D) Axial gadolinium-enhanced T|-weighted image shows right frontal lobe small spot enhancement (white arrow).

The patient commenced niraparib capsules 200 mg
orally once daily as maintenance therapy since June 2019
and the result of routine blood test ten days later was
normal. The treatment was suspended for two weeks
because she developed bone marrow suppression (neutro-
penia grade 2, thrombocytopenia grade 3 based on the
National Cancer Institute Common Toxicity Criteria for
Adverse Events version 4.0). When recovered from the
bone marrow suppression, the patient continued niraparib
treatment again, with 100 mg once daily for a month. Since
August 2019, the dosage has been increased to 200 mg once
daily and the patient is currently on this treatment regimen.
After nine months of niraparib administration, BM almost
disappeared on the head MRI (Figure 5). In addition,
abdominal contrast-enhance CT scan also revealed no evi-
dence of disease progression. In the past 15 months after the
initiation of niraparib treatment, the patient has tolerated
well without the severe side effects such as nausea, asthe-
nia, and fatigue.

Discussion

Brain metastases are considered to be rare and advanced
manifestations of ovarian cancer. Since whole body radi-
ological examinations such as PET/CT have been included
in routine assessment increasingly, there are likely to be
more reports of asymptomatic brain metastases.” There are
several indices to assess the prognosis of patients with
brain metastasis from ovarian cancer, generally taking
account for patients’ age, number, and sites of lesions,
existence of extracranial metastases, performance status,
and primary disease status.'® So far, there is no agreed
consensus on optimal treatment of ovarian cancer with
BM. Resection surgery and gamma-knife radiosurgery

have been shown effective for solitary metastasis, but
they have limited feasibility in patients with multiple
lesions or poor performance status.'*° Furthermore, sur-
gical approach combined with radiotherapy such as WBRT
or SRS, offers better advantages than either of them
individually.?' Platinum-based chemotherapy as an excel-
lent systematic control approach, has limited efficiency in
preventing central nervous system tumor spread though,
owing to insufficient penetration to the blood—brain barrier
(BBB). However, studies have shown that WBRT can
increase the permeability of the BBB to chemotherapeutic
drugs.”*?* Thus, WBRT combined with chemotherapy has
been the most common treatment for patients with multi-
ple BM."* In this case, we chose irinotecan with platinum
as the chemotherapy regimen for this platinum-sensitive
relapsed ovarian cancer patient with BM. Irinotecan,
a semi-synthetic water-soluble cytotoxic quinoline alka-
loid camptothecin analog, is activated by hydrolysis to
SN-38, an inhibitor of topoisomerase I. Irinotecan has
demonstrated activity with the response rate of 52% as
a combination therapy in platinum-sensitive relapse ovar-
ian cancer.”*** Furthermore, the ability of irinotecan to
cross the BBB has been demonstrated in primary brain
tumors.*® Preliminary research shows that irinotecan and
SN-38 are transported across the BBB with brain/plasma
ratios of 2.1 and 2.3 respectively.?’

A retrospective analysis on clinical data from the
Flatiron Health database, which is a longitudinal, demogra-
phically, and geographically diverse database derived from
electronic health records data in the USA, was conducted by
Ratner et al to estimate the association between BRCA
mutations and the risk of brain metastasis in ovarian cancer
patients.® Among 4515 patients diagnosed with ovarian
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A After 3 months

B After 6 months

C After 9 months

Figure 5 Head MR after niraparib maintenance therapy. (A) after three months of niraparib. (B) After six months of niraparib. (C) After nine months of niraparib. Axial T2-
weighted FLAIR shows reduction of small spot high signal of the left anterior border of cerebellum (black arrow), Axial gadolinium-enhanced T |-weighted MRI shows vanish
of cerebellar left front tiny dot enhancement (white arrow) and of the right frontal lobe tiny dot enhancement.

cancer, 2206 (49%) underwent BRCA testing. Patients were
defined as having a BRCA mutation if they carried either
a BRCA1/2 mutation, genetic variant favor polymorphism,
genetic variant of unknown significance, or BRCA mutation
not otherwise specified. Of patients with confirmed BRCA
status (germline or somatic mutation), brain metastases were

observed in 3% of patients with BRCA mutations compared
with 0.6% of those with BRCAwt. The data demonstrated
that patients with a BRCA mutation had a significantly
higher risk for brain metastases than those without.® The
mutation profile of ovarian cancer brain metastases was
assessed by Balendran et al through next-generation
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sequencing.” In total, seven out of eight samples carried
either a BRCAI or a BRCA2 pathogenic alteration, with
fiveout of eight patients showing a BRCAI mutation and
two out of eight a BRCA2 mutation. BRCA-mutations were
confirmed by an independent analysis in four patients, and
two cases were further proved to be of somatic origin by
testing matched normal tissue. Due to these results, the
development of brain metastases is probably relevant to
both germline and somatic BRCA mutations. Furthermore,
all eight BM samples revealed mutations in at least one
DNA repair gene and most commonly mutated genes were
BRCAI/2, TP53, and ATM.” However, whether the BRCA
and DNA repair malfunction is functionally related to ovar-
ian cancer cells metastasizing to the brain remains unclear,
hence, the mechanism confirming the correlation needs to be
further explored. The knowledge of mutation status of DNA
homologous recombination associated protein in ovarian
cancer patients with BM is of vital importance, because
some patients may benefit more from targeted therapeutic
of PARP inhibitors.

In animal models, niraparib penetrates the BBB and
betrays good sustainability in the brain, whereas olaparib
was eliminated from the brain quickly. Compatible with its
favorable tumor and brain distribution, niraparib accom-
plishes more powerful growth inhibition of tumor than ola-
parib in an intracranial tumor model at greatest tolerable
doses.?® Although in preclinical models it was shown that
niraparib can cross the BBB and show efficacy, the role of
PARPis as maintenance therapy in ovarian cancer with
intracranial metastases is not known from clinical trials.
Until now, PARPis as maintenance therapy have been con-
firmed beneficial in terms of PFS in platinum sensitive
recurrent ovarian cancer, especially for those with BRCA1/
2 mutations, in one Phase II (Study 19) and three Phase III
clinical trials (SOLO2, NOVA, and ARIEL3).**
However, in Study 19, SOLO-2 and ARIEL3 trials, the
enrollment criteria have excluded patients with symptomatic

or untreated central nervous system metastases. In the
NOVA trial, it is unknown whether there are patients with
brain metastases enrolled. Under these circumstances, lim-
ited case reports about the use of PARP inhibitors in ovarian
cancer patients with brain metastasis provide valuable refer-
ence to clinical practice. After searching carefully through
PubMed, we found that only five cases in total (including
three ovarian cancer patients, one endometrial cancer patient
and one primary peritoneal cancer patient) of successful
treatment of brain metastases with PARP inhibitors have
been reported (Table 2).

To the best of our knowledge, this is the first report that
explains the efficacy of niraparib in a Chinese patient with
multiple BMs from germline A7M and somatic BRCA2
mutated HGSOC. The patient achieved partial remission
after receiving WBRT and systemic chemotherapy, and the
lesions of brain metastases continued to decease after
initiation of niraparib therapy. The cerebellar left front
tiny dot enhancement and the right frontal lobe tiny dot
enhancement totally disappeared on the head MRI after
nine months of niraparib treatment (Figure 5C). The
reported OS of EOC patients with multiple BM is only
6—12 months, in our case, however, the patient has main-
tained a very good functional status without disease pro-
gression for nearly two years (up to now) after the onset of
BMs. What is noteworthy is that the patient has both
germline ATM and somatic BRCA2 mutations. ATM,
a member of the PI3K related kinase family, is
involved in mediating the cellular response to doubled-
stand DNA breaks and replication stress. ATM operates as
a key enzyme in homologous recombination repair, and
the loss function mutation of ATM may lead to HRD.>**°
As we known, due to the DNA repair defect, BRCA1/2
deficient or HRD-positive tumor cells are more sensitive to
PARPis through the mechanism of synthetic lethality. In
the NOVA trial, niraparib treatment resulted in signifi-
cantly longer PFS than placebo in both the gBRCA subset

Table 2 Five Cases of Successful Treatment for Brain Metastases with PARP Inhibitors

Authors & Year Tumor Type FIGO Number Extracranial Gene PARPis PFS
Stage of BM Lesions Mutation
Forster et al, 201 136 Endometrioid endometrial IVB >2 Lungs, liver, PTEN Olaparib >|0 months
carcinoma peritoneum

Bangham et al, 2016.37 Ovarian cancer IVB | None BRCA2 Olaparib 12 months
Sakamoto et al, 2019.3® | Primary peritoneal cancer | IlIC >2 None BRCAI Olaparib | 22 months
Gray et al, 2019.%° Ovarian cancer nc >2 None BRCAI Niraparib | 17 months
Favier et al, 2020.* Ovarian cancer nc - Peritoneum BRCA2 Olaparib 14 months
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(median PFS, 21.0 vs 5.5 months) and the HRD-positive
subset including somatic BRCA mutation (median PFS,
12.9 vs 3.8 months). In our case, the great benefit from
niraparib the patient has gained probably lies in the func-
tional loss of both ATM and BRCA2, which contributes to
the synthetic lethality induced by niraparib.

Conclusion

Because of the rarity of BM occurrence in EOC disease,
there is no consensus regarding the best management of
EOC patients with BMs, and the efficacy of PARPis as
monotherapy maintenance in platinum-sensitive recurrent
EOC patients with BMs is almost completely unknown. In
our case, the patient underwent whole brain radiotherapy
and systemic chemotherapy, commenced niraparib as
maintenance therapy and then presented very durable,
considerable clinical and radiological response. This case
brings about very important reference value for handling
similar patients in clinical practice. Future clinical trials
could focus on a larger group of patients with BM related
to BRCA mutated or HRD HGSOC to assess the use of
PARPis in this setting.

Abbreviations

PARP, poly adenosine diphosphate ribose polymerase;
BM, brain metastasis; EOC, epithelial ovarian cancer;
OS, overall survival; PFS, progression-free survival; CR,
complete response; PR, partial response; SRS, stereotactic
radiosurgery; HGSOC, high-grade serous ovarian cancer;
HRD, homologous recombination deficiency; WRBT,
CREBBP, cyclic adenosine
monophosphate response element binding protein; NF,
neurofibromatosis  type;  PI3K,
3-kinase; BBB, blood-brain barrier.

whole-brain radiotherapy;

phosphatidylinositol
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