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ABSTRACT

Poly (adenosine diphosphate-ribose) polymerase inhibitors (PARP)i are emerging as standard oncology treatments in various

tumor types. The indications will expand as PARPi are being investigated in various breast cancer subtypes. Currently, except for

BRCA1/2 mutation carriers with human epidermal growth factor receptor 2 (HER2)-negative breast cancer, there is inadequate

identification of predictive biomarkers of response. We present a 57-year-old woman with metastatic breast cancer, hormone-

receptor-positive, HER2 negative with a germline ataxia-telangiectasia mutation with a large brain metastasis with clinical benefit

to talazoparib. This case report exemplifies the importance of the multidisciplinary management of patients with brain metastases

and personalized biomarker selected treatment.
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INTRODUCTION

Approximately 10–30% of patients with metastatic
breast cancer will develop brain metastases during their
disease.[1,2] Based on the number, size, and location of
the brain metastases, primary treatment relies on surgical
resection or radiation therapy (stereotactic radiosurgery

or whole-brain radiation therapy [WBRT]).[3–5] Here we
present a report on the multidisciplinary approach of a
patient with metastatic hormone-receptor–positive, hu-
man epidermal growth factor receptor 2 (HER2)-negative
breast cancer with ataxia-telangiectasia mutation (ATM)
loss and a large brain metastasis. The patient provided
written informed consent before initiation of treatment
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and for publication of the data contained in this case
report.

CASE SUMMARY

A 57-year-old woman was diagnosed in August 2005
with stage IIb invasive ductal carcinoma of the left
breast, estrogen and progesterone receptor positive
(estrogen receptor, 95%; progesterone receptor, 90%),
HER2 negative. She was treated surgically with a left
mastectomy and left axillary lymph node dissection
(pT2N1M0) along with breast reconstruction, followed
by anthracycline and taxane-based adjuvant chemo-
therapy, regional chest wall radiation, and was not
compliant with adjuvant tamoxifen.

In December 2006, she was diagnosed with biopsy-
proven left iliac bone metastasis of her known breast
cancer. She was started on therapy with anastrozole and
zoledronic acid until May 2012, when a bone scan
showed new metastases in the left iliac bone and fifth
lumbar vertebra (L5). She received palliative radiation to
these two areas and continued anastrozole with the
addition of fulvestrant.

Genetic testing for germline mutations in breast
cancer genes (BRCA)1 and BRCA2 was negative. For
tumor genetic analysis, DNA was extracted from
formalin-fixed, paraffin-embedded analysis tumor sam-
ples. Tissue genetic analysis was conducted by next-
generation sequencing using the Foundation One
platform, which includes all genes known to be
somatically altered in solid human tumors that are
validated as targets for therapy, either approved or in
clinical trials and/or that are unambiguous drivers of
oncogenesis based on current knowledge. The current
assay interrogates 315 genes and introns of 28 genes
involved in rearrangements.

In March 2014, a chest computed tomography (CT)
showed lung and lymph node metastases resulting in a
therapy change to exemestane and everolimus until
January 2015. Genomic testing (Foundation One plat-
form) on tumor tissue showed several genomic alter-
ations, including ATM loss (Table 1). The patient
received several other treatments, including tamoxifen,
capecitabine, eribulin, palbociclib, and fulvestrant until
August 2017.

In October 2017, she was enrolled in a cisplatin-based
chemotherapy phase I clinical trial that she tolerated
well initially. In July 2018, she presented with hearing
loss and bilateral tinnitus. A CT head without contrast
showed no acute intracranial findings. She reported
other intermittent neurological complaints, such as
occasional headaches, difficulties with word-finding
and writing, decreased short-term memory, and im-
paired attention. However, these were considered
possibly chemotherapy-related in the absence of a focal
neurologic deficit and the intermittent nature of the
neurological symptoms.

InMarch 2019, an 18F-2-fluoro-2-deoxy-D-glucose (FDG)
positron emission tomography-CT (PET-CT) showed a new
pericardial metastasis, which resulted in the discontinua-
tion of the phase I trial. Given that the patient’s sister was
found to have an ATM del exons 56–62 germline mutation
and the presence of ATM loss on the Foundation One
report of our patient, the patient underwent repeat genetic
counseling and testing in January 2019. Her results were
positive for an ATM gene mutation (del exons 56–62).
In April 2019, she started a clinical trial with talazoparib,

a poly-ADP-ribose polymerase inhibitor (PARPi) because of
the ATM loss (ClinicalTrials.gov Identifier: NCT02286687).
Her previously reported neurologic symptoms had resolved
shortly after starting treatment with the PARPi. She had an
overall stable disease until January 2020, when a PET-CT
showed new lungmetastases and suggested a possible brain
metastasis. A brainmagnetic resonance imaging (MRI) scan
revealed a 3.8 3 2.9-cm well-demarcated T2 hyperintense
lesion with intrinsic T1 hyperintensity involving the left
posteriormedial and inferior temporal gyri with an internal
1.1 3 0.9 cm enhancing nodule (Fig. 1A). In addition, a
1-cm-thick hemosiderin ring was seen in the left
cerebellum and a 0.9-cm nonenhancing, T2 hyperin-
tense, well-demarcated lesion in the left posterior
parietal lobe (Supplemental Fig. 1).
The patient was referred to the Multidisciplinary Brain

Metastasis Clinic at the University of Texas MD Anderson
Cancer Center. Her case was reviewed by a neuroradiol-
ogist, a neurosurgeon, a radiation oncologist, and amedical
oncologist. Because of the resolution of her initial
neurologic symptoms and the atypical presentation of a
large brain metastasis without any mass effect or edema,
the multidisciplinary recommendation was to forgo
surgery and continue systemic therapy with plans to
repeat a brain MRI in 4–6 weeks. The patient was started
on treatment with liposomal doxorubicin for systemic
and not intracranial disease progression. A follow-up

Table 1. Next-generation sequencing genomic profile by
Foundation One (as of January 2015)

Genomic Profilea

CCND1 amplification
ATM loss exons 57–63
MCL1 amplification
NOTCH2 p.A3F
EMSY amplification
ESR1 p.Y537S
FGF19 amplification
FGF3 amplification
FGF4 amplification

aGene symbols and full gene name as approved by the HUGO Gene
Nomenclature Committee.
ATM: ATM serine/threonine kinase; CCND1: cyclin D; EMSY: BRCA2
(DNA repair associated) interacting transcriptional repressor; ERBB2:
erythroblastic oncogene; ESR1: estrogen receptor 1; FGF3: fibroblast
growth factor 3; FGF4: fibroblast growth factor 4; FGF19: fibroblast
growth factor 19; MCL1: myeloid cell leukemia 1; NOTCH2: neuro-
genic locus notch homolog protein 2.
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brain MRI performed in February 2020 showed no
change in the size of the large cerebral lesion, and she
continued chemotherapy (Fig. 1B). In May 2020, a brain
MRI demonstrated eight new supratentorial lesions
measuring up to 4 mm; however, the previous 3-cm
metastasis remained unchanged (Fig. 1C). Because of
new brain metastases, WBRT was recommended.

DISCUSSION

Breast cancer is the second most common cancer type
causing brainmetastases after lung cancer.[6] Several factors
in breast cancer are associated with developing brain
metastasis, including young age, high tumor burden,
high nuclear grade, triple-negative disease, HER2 overex-
pressing tumors, and positive nodal disease.[7] Evaluation
for central nervous systemmetastases by brain MRI is not
routinely performed. Current guidelines do not recom-
mend routine MRIs for patients with breast cancer, even
at high risk, unless symptoms are present.

During replication, DNA is exposed to exogenous and
endogenous factors that can generate single-strand (SS)
or double-strand (DS) DNA breaks. The PARP protein
initiates the repair process of SS breaks.[8] Without the
PARP complex, SS breaks progress to DS breaks, requiring
a more sophisticated repair process called the homolo-
gous repair (HR) pathway. Loss or inactivation of both
copies of HR genes such as BRCA1, BRCA2, ATM, ATR,
CHEK1, CHEK2, RAD50, RAD51, RAD51C, and RAD54L
generate DNA repair errors and cause cell death.[9] As a
consequence, BRCA1/2 were rapidly adopted in clinical
practice given the predictive biomarker value with a
significant correlation with the clinical response to
PARPi. In addition, since the clinical development of
tumor sequencing in clinical practice, molecular testing
for other HR genes, including ATM, ATR, CHEK1, CHEK2,
RAD50, RAD51, RAD51C, and RAD54L, gained traction
over the past years.

Genetic testing for BRCA1/2 mutations has been
adopted into clinical practice, and in addition to
familial implications, these represent predictive bio-
markers for PARPi.[9,10] Mutations in the ATM gene are
associated with an elevated risk of breast cancer (up to
two- to fourfold above the general population) and
possibly other cancers.[10] Genetic testing for ATMs has
gained attention recently. However, there are data
suggesting that not all patients with ATMs have
functional loss of ataxia-telangiectasia.[11]

Based on the findings of a phase III, open-label,
randomized trial in patients with germline BRCA1/2-
associated metastatic breast cancer, talozaparib gained
Food and Drug Administration (FDA) approval.[12]

Although initial preclinical results have shown limited
blood-brain barrier (BBB) penetrance of PARPi, several
preclinical models with a disrupted BBB secondary to
central nervous system malignancy have shown efficacy
in brain lesions to PARPi.[13] Furthermore, a few recently
published case reports have demonstrated encouraging
efficacy with maintenance PARP inhibition in patients
with germline BRCA1/2 mutations and brain metasta-
ses.[14–16]

Currently, multiple clinical trials are exploring the
effect of PARPi and other DNA damage repair targeting
agents in patients with ATM mutations.[17–19] ATM has
been potentially matched with PARPi, like in the clinical
trial in which the patient was enrolled.[13,14] Emerging
results show that ATMs are better predictive biomarkers
for treatment with ATR inhibitors preferentially as
compared with PARPi.[15] This is mainly because there
is some evidence that PARPi might have cytostatic and
not cytotoxic effect in case of ATMs.[11]

However, the role of these drugs in the context of
brain metastases remains unknown, mainly because
early phase I clinical trials often exclude patients with
brain metastases. The FDA and the American Society of
Clinical Oncology have recommended enrolling pa-
tients with brain metastases in clinical trials and
developing specific clinical trials to evaluate the role
of targeted therapies within this subset of patients.[16]

Our patient was treated with multiple lines of
systemic therapy, including chemotherapy and hor-
monal therapy. Because of an ataxia-telangiectasia
germline mutation, a genomically matched treatment
with PARPi on a clinical trial was initiated. Because of
the resolution of her neurologic symptoms after the
start of PARPi, we can hypothesize that the large brain
metastasis might have developed before the treatment
with the PARPi, and the growth of the brain metastasis
was halted while on this therapy. This would explain the
brain MRI findings in January 2020 consistent with a
“treated” lesion, although the patient did not receive
any prior radiation to the brain.
Considering our hypothesis of the brain metastases

predating PARPi therapy, the patient had clinical benefit
of the brain lesion with a duration of response over
10 months (April 2019–January 2020). Nevertheless, after

Figure 1. (A) The T1 post–contrast magnetic resonance image of the
brain in a 42-year-old woman with metastatic hormone-positive breast
cancer in January 2020 showed a 3.8 3 2.9-cm well-demarcated lesion
involving the posterior medial and inferior temporal gyri with a 1.1 3
0.9-cm enhancing nodule. (B) Repeat imaging in February 2020
showed a minimal decrease in lesion size, which then measured 3.7 3
2.8 cm. (C) Additional imaging performed in May 2020 showed the
3.7-cm previous cystic left temporal lesion unchanged, but with the
development of eight new supratentorial metastases measuring up to
4 mm.
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careful radiologic reevaluation of previous PET-CTs over
the past year, in retrospect, a lesion could be suspected in
the same area (Supplemental Fig. 2). However, the role of
18F-FDG PET-CT in detecting unsuspected brain metas-
tases remains low because of physiologically high
background FDG uptake .This supports prior research
that PARP inhibition may be effective by crossing the
BBB, as reported in other publications.[17]

Usually, patients with large brain metastases who are
symptomatic or could become symptomatic are consid-
ered for surgical resection followed by radiation of the
resection cavity. Patients with fewer than 10 lesions are
treated with stereotactic radiosurgery, whereas patients
with more than 10 lesions are often treated with whole-
brain radiation.[3] However, these recommendations
should be personalized for each patient. The multidis-
ciplinary approach is vital in evaluating the radiologic
aspect of the lesion, the patient’s symptoms, the overall
tumor burden, and systemic treatment options.[18]

For our patient, because of the absence of neurologic
symptoms and concern over the size and number of
lung metastases, starting a new line of systemic
treatment was recommended, and a repeat brain MRI
was planned for 4–6 weeks later. The large brain
metastasis remained stable in the subsequent radiologic
examinations for more than 4 months when she
presented new brain metastases, raising the question if
the large lesion was the source of intracranial seeding.
The multidisciplinary brain metastases team recom-
mendations avoided possible complications and mor-
bidity related to craniotomy and delayed radiation.

CONCLUSION

In summary, this case report exemplifies the impor-
tance of the multidisciplinary management of patients
with brain metastases. It suggests that treatment for
large brain metastasis should consider more than the
tumor size. Optimal treatment planning should instead
be individualized following a multidisciplinary case
review. Furthermore, this highlights the value of
genomically matched targeted therapy based on tumor
molecular profiling. The safety and efficacy of systemic
targeted treatments for patients with germline ATMs
with breast cancer and brain metastases remain to be
further evaluated in clinical trials.

Supplemental Material

Supplemental materials are available online with the
article.

References

1. Lin NU, Bellon JR, Winer EP. CNS metastases in breast
cancer. J Clin Oncol. 2004;22:3608–3617.

2. Barnholtz-Sloan JS, Sloan AE, Davis FG, et al. Incidence
proportions of brain metastases in patients diagnosed
(1973 to 2001) in the Metropolitan Detroit Cancer
Surveillance System. J Clin Oncol. 2004;22:2865–2672.

3. Brosnan EM, Anders CK. Understanding patterns of brain
metastasis in breast cancer and designing rational
therapeutic strategies. Ann Transl Med. 2018;6:163.

4. Yamamoto M, Serizawa T, Higuchi Y, et al. A multi-
institutional prospective observational study of stereo-
tactic radiosurgery for patients with multiple brain
metastases (JLGK0901 Study Update): irradiation-related
complications and long-term maintenance of Mini-
Mental State Examination scores. Int J Radiat Oncol Biol
Phys. 2017;99:31–40.

5. Aoyama H, Shirato H, Tago M, et al. Stereotactic
radiosurgery plus whole-brain radiation therapy vs ste-
reotactic radiosurgery alone for treatment of brain
metastases: a randomized controlled trial. JAMA.
2006;295:2483–2491.

6. Ostrom QT, Wright CH, Barnholtz-Sloan JS. Brain metas-
tases: epidemiology. Handb Clin Neurol. 2018;149:27–42.

7. Yeh RH, Yu JC, Chu CH, et al. Distinct MR imaging
features of triple-negative breast cancer with brain
metastasis. J Neuroimaging. 2015;25:474–481.

8. Lord CJ, Ashworth A. PARP inhibitors: synthetic lethality
in the clinic. Science. 2017;355:1152–1158.

9. Konstantinopoulos PA, Ceccaldi R, Shapiro GI, D’Andrea
AD. Homologous recombination deficiency: exploiting
the fundamental vulnerability of ovarian cancer. Cancer
Discov. 2015;5:1137–1154.

10. Robson M, Im SA, Senkus E, et al. Olaparib for metastatic
breast cancer in patients with a germline BRCA mutation.
N Engl J Med. 2017;377:523–533.

11. Jette NR, Kumar M, Radhamani S, et al. ATM-deficient
cancers provide new opportunities for precision oncology.
Cancers (Basel). 2020;12:687.

12. Litton JK, Rugo HS, Ettl J, et al. Talazoparib in patients
with advanced breast cancer and a germline BRCA
mutation. N Engl J Med. 2018;379:753–763.

13. Luo J, Antonarakis ES. PARP inhibition—not all gene
mutations are created equal. Nat Rev Urol. 2019;16:4–6.

14. Marshall CH, Sokolova AO, McNatty AL, et al. Differential
response to olaparib treatment among men with meta-
static castration-resistant prostate cancer harboring
BRCA1 or BRCA2 versus ATM mutations. Eur Urol.
2019;76:452–458.

15. Neeb A, Herranz N, Arce-Gallego S, et al. Advanced
prostate cancer with ATM loss: PARP and ATR inhibitors.
Eur Urol. 2021;79:200–211.

16. Cancer Clinical Trial Eligibility Criteria: Brain Metastases;
Guidance Document, FDA-2019-D-0357, Oncology
Center of Excellence, Center for Biologics Evaluation and
Research, Center for Drug Evaluation and Research,
March 2019.

17. Exman P, Mallery RM, Lin NU, Parsons HA. Response to
olaparib in a patient with germline BRCA2 mutation and
breast cancer leptomeningeal carcinomatosis. NPJ Breast
Cancer. 2019;5:46.

18. Li J, Lang FF, Guha-Thakurta N, et al. MLTI-10. Estab-
lishment of a multidisciplinary brain metastasis clinic to
facilitate patient-centered care and coordinated research.
Neurooncol Adv. 2019;1(Suppl 1):i16.

Case Report 161


