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Olaparib in hormone receptor-positive,
HER2-negative metastatic breast cancer
with a somatic BRCA2 mutation

Abstract: The oral poly(adenosine diphosphate-ribose) polymerase inhibitor olaparib is
approved for the treatment of patients with human epidermal growth factor 2-negative
(HER2-) metastatic breast cancer (mBC) and a germline breast cancer susceptibility gene
(BRCA) mutation who have been treated with chemotherapy. This case report describes a
63-year-old postmenopausal woman with somatic BRCA2-mutated mBC who responded to
olaparib treatment following multiple prior lines of therapy. The patient presented in January
2012 with locally advanced, hormone receptor-positive [HR+), HER2- BC which, despite
initial response to neoadjuvant chemotherapy, recurred as bone disease in February 2014,
and subsequently skin (June 2016] and liver (October 2016) metastases. A comprehensive
592-gene next-generation sequencing panel (Caris Life Sciences), performed on a skin
biopsy, detected a pathogenic frameshift mutation in BRCA2 (H3154fs, c.9460delC), which was
not identified in a 28-gene hereditary cancer germline analysis (Myriad Genetics, Inc.), and
was therefore considered to be a somatic mutation. In January 2017, cell-free DNA (cfDNA)
analysis (Guardant Health, Inc.) confirmed the BRCA2 H3154fs mutation in plasma. After
several lines of chemotherapy and endocrine therapy, deriving clinical benefit from eribulin
and capecitabine, the disease progressed by October 2017, and olaparib (300 mg orally twice
daily) was initiated in January 2018. By April 2018, the liver lesions had shrunk by 80% and a
>90% response in multiple skin lesions was noted. Clinical response was maintained for 8
months, followed by progression in the skin in September 2018. Biopsy of recurrent lesions
revealed a novel BRCA2 mutation, E3152del (c.9455_9457delAGG), predicted to restore the
open reading frame and presumably the mechanism of resistance to olaparib. Further likely
resistance mutations were noted in subsequent cfDNA analyses. This case demonstrated a
clinical response with olaparib as a later-line therapy for HR+, HER2- mBC with a somatic

BRCAZ2 mutation.
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Breast cancer (BC) susceptibility genes (BRCA1
and BRCA?2) encode proteins essential to high-
fidelity repair of DNA double-strand breaks
(DSBs).! Deletions or mutations in these genes,
particularly in breast and ovarian cancer,? result
in compromised homologous recombination
repair (HRR), posing significant risks to genome
integrity.>*
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Poly(adenosine diphosphate-ribose) polymer-
ase (PARP) is a major factor in the repair of
DNA single-strand breaks (SSBs).> Olaparib,
an oral PARP inhibitor (PARPi),% traps
PARP at DNA SSBs, thereby stalling replica-
tion forks, leading to their collapse and creat-
ing irreparable DNA DSBs implicated in
tumour-specific cell death in BRCA-mutated
cancers.®7

Case Report

Ther Adv Med Oncol
2021, Vol. 13: 1-7

DOI: 10.1177/
17588359211006962

© The Authorl(s), 2021.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:

West Cancer Center,
7945 Wolf River Blvd.,
Germantown, TN 38138,
USA

Lesli A. Kiedrowski
Department of Medical
Affairs, Guardant Health,
Inc., Redwood City, CA,
USA

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tam
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:lschwartzberg@WESTCLINIC.com
mailto:lschwartzberg@WESTCLINIC.com

Therapeutic Advances in Medical Oncology 13

Time course of anticancer therapies before initiating treatment with olaparib.

Treatment Start treatment End treatment Treatment duration,
months
Neoadjuvant docetaxel + bevacizumab 13 February 2012 7 June 2012 3.8
Letrozole 12 September 2012 17 March 2014 18.3
Cyclophosphamide + methotrexate + 17 March 2014 28 April 2014 1.4
fluorouracil
Dose-dense adriamycin + 30 April 2014 11 June 2014 1.4
cyclophosphamide + paclitaxel
Everolimus + exemestane 22 July 2014 21 August 2014 1
Eribulin 17 September 2014 20 July 2016 22
Fulvestrant + palbociclib 27 July 2016 14 December 2016 4.6
Capecitabine 10 January 2017 21 December 2017  11.5
Olaparib, 300mg twice daily 26 January 2018 25 November 2018 10

In January 2018, olaparib was approved by
the United States (US) Food and Drug
Administration (FDA) for the treatment of
patients with deleterious or suspected deleteri-
ous germline BRCA-mutated human epidermal
growth factor receptor 2-negative (HER2-)
metastatic BC (mBC) treated with chemother-
apy in the neoadjuvant, adjuvant or metastatic
setting.8 Approval was based on the results of
the phase III OlympiAD trial, in which olaparib
monotherapy improved median progression-
free survival (PFS; 7.0 months) compared with
standard chemotherapy (4.2 months; hazard
ratio [HR], 0.58; 95% confidence interval [CI],
0.43-0.80; p<0.001).°

In a cohort study of 273 unselected patients with
BC,° germline BRCA mutations were twice as
likely as somatic BRCA mutations; 3% of patients
harboured only somatic mutations in BRCA1 or
BRCA?2, for which there is no approved therapy
in the USA. HRR deficiency has also been
reported in a significant proportion of patients
with BRCA-wildtype BC,” as hereditary and
somatic mutations can occur in other genes
involved in the HRR pathway, such as PALB2
and PTEN.!%-13 This suggests the clinical benefit
of PARPi in mBC could extend to somatic BRCA
mutations, and conceivably to other non-BRCA
mutation HRR-deficient cells, regardless of ger-
mline versus somatic origin.*7

We present the case of a postmenopausal woman
with oestrogen receptor-positive (ER+), HER2—
mBC and a somatic BRCA2 mutation in tumour
tissues and plasma, who after several lines of
chemotherapy, with responses and ultimately pro-
gression, had a clinically meaningful response to
olaparib.

In January 2012, a 57-year-old, postmenopausal,
white woman presented with a left breast mass
and family history of later-onset breast and pros-
tate cancer. Examination revealed a 13 X 13cm
mass, an ulcerating satellite mass in the left
inframammary fold and a matted 4cm mass in
the left axillary lymph nodes.

A biopsy of the left breast demonstrated invasive
lobular carcinoma, which was ER+ (96%), pro-
gesterone receptor-positive (PR+; 95%), HER2—
by immunohistochemistry (IHC) and Ki-67 40%.

A computed tomography (CT) scan of the chest
and abdomen and a bone scan were negative for
distant metastases. The patient was staged as hav-
ing locally advanced, initially inoperable, stage 3
(cT4, cN3, cM0) cancer. Neoadjuvant chemo-
therapy with docetaxel and bevacizumab was ini-
tiated (Table 1). Complete clinical response was
achieved after six cycles of therapy.
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Summary of common cancer-associated somatic genetic variants detected in skin specimens using NGS.

Gene 592-gene NGS panel #1, 22 June 2016 592-gene NGS panel #2, 16 October 2018

Detected variants Functional VAF, % Detected variants Functional VAF, %

classification classification

Protein Nucleotide Protein Nucleotide change

alteration change alteration
ALK P40OH NA VUS 25 — — — —
BRCA2 H3154fs c.9460delC Pathogenic 74 = = = =
BRCA2 — — — — E3152del €.9455_9457delAGG Probable 35

reversion
ESR1 Y537S NA Pathogenic 36 Y537S c.1610 _1611delinsCC Pathogenic 22
NOTCH1 R176Q NA VUS 16 - — -
RB1 G840R NA VUS 14 — — —
WT1 E154" NA Pathogenic 36 — — - —
WT1 E153D NA VUS 37 — — — —
WT1 — — — — E153 _E154  c.459_460delinsCT Pathogenic 27
delinsD*

A total of 592 genes was tested using NGS. Alterations prefaced by: p., protein; c., complementary DNA.
ALK, anaplastic lymphoma receptor kinase gene; BRCA2, breast cancer type 2 susceptibility gene; ESR1, oestrogen receptor alpha gene; NA, not
available; NGS, next-generation sequencing; NOTCHT, notch homologue 1, translocation-associated gene; RBT, retinoblastoma-1 gene; VAF, variant
allele frequency; VUS, variant of uncertain significance; WT1, Wilms tumour 1.

In July 2012, the patient underwent a left mastec-
tomy with axillary lymph node dissection and a
contralateral right prophylactic mastectomy.
Pathologic stage was ypTla(m), pNZ2a.
Postoperatively, she received left chest wall and
regional nodal irradiation; adjuvant letrozole was
initiated in September 2012. A bone scan in 2013
was negative for metastatic disease.

Following the development of right hip pain in
February 2014, a bone scan revealed multiple
new sites of osseous metastatic disease in the right
iliac wing, multiple thoracic vertebrae, both scap-
ulae, right ribs and sternum. A CT-guided biopsy
of the right iliac crest showed metastatic, poorly
differentiated adenocarcinoma consistent with
breast origin: ER+ (100%), PR+ (100%) and
HER2- (0/3) by IHC. The patient underwent
chemotherapy with one cycle of cyclophospha-
mide, methotrexate and fluorouracil, followed by
three cycles of adriamycin, cyclophosphamide
and paclitaxel.

Re-evaluation in July 2014 showed new meta-

static foci in the mid-thoracic spine and right
femur. A subsequent switch to everolimus plus
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exemestane was poorly tolerated, and was discon-
tinued after 1 month.

Eribulin, initiated in September 2014, was gener-
ally well tolerated. Bone scans revealed mild
improvement at some sites in March 2015 and
September 2015, and stable disease in December
2015 and April 2016. CT scans in April 2016
were negative for visceral disease.

Physical examination in June 2016 revealed two
new skin lesions on the left chest and back; skin
punch biopsies were positive for breast carci-
noma. A comprehensive 592-gene next-genera-
tion sequencing (NGS) panel (Caris Life
Sciences, Phoenix, AZ, USA), performed on the
skin biopsy, detected a pathogenic frameshift
mutation in BRCA2 (H3154fs, c.9460delC, vari-
ant allele frequency [VAF] 74%). IHC testing
confirmed continued ER- and PR-positivity, with
HER2- by IHC and chromogenic i situ hybridi-
zation. Key NGS panel findings are summarized
in Table 2. One month later, a 28-gene hereditary
cancer germline analysis (Myriad Genetics, Inc.,
Salt Lake City, UT, USA) of a blood specimen
was negative, confirming that the BRCAZ2
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Highest variant

allele fraction  15.3%

JAN-11-2017 OCT-11-2017 JAN-31-2018 JUN-06-2018 NCYESRUI I N-30-2019 |
Alteration % cfDNA or Amp Alteration trend
ESR1Y537S 122% 12'W2%
24% 09%
BRCA2 H3154fs 106% B ooy, et
BRCA2K3151fs 42% ND ND ND ND_42%
D—O—O—O'/O/‘
0.4%
BRCA2 E3152fs 1.4%
ND ND ND ND ND_»
1.4%
BRCA2 G3153_E3157del 1.3% ND ND ND ND ND Variant of uncertain
oo a0s significance
BRCA2 E3152fs 12% ND ND ND ND ND
o—o—o—o—(r/.
12%
BRCA2 E3152fs 11% ND ND ND ND ND
11%
ARID1A A2137G 1.0% ND ND ND ND 02% Variant of uncertain
o—o—o0—o0—""700, significance
RB1 F721fs 1.0% ND ND ND ND 0%
0.1%
BRCA2 Q3156fs 05% ND ND ND ND ND
05%
BRCA2 T3158fs 0.5% ND ND ND ND ND
05%
BRCA2 Q3156fs 0.4% ND ND ND ND ND
0.4%
BRCA2 G3153G 0.2% ND ND ND ND ND Synonymous
oy alteration
2%
GATA3 F431L 0.1% ND ND ND ND ND Variant of uncertain
01% significance
APC S2262N 0.1% ND ND ND ND Variant of uncertain
X0 % significance
EGFR C326R ND ND ND ND ND ND
02%
ALK G1201E ND 02%  ND ND ND ND
01%
APC G2070fs ND ND ND ND0.08%  ND
0.06%
BRAF N581! ND ND ND ND ND ND

01%

Summary of genetic mutations showing the allele frequencies of
cfDNA alterations in plasma across multiple time points.
ALK, anaplastic lymphoma receptor kinase gene; Amp, amplified by polymerase
chain reaction; APC, adenomatous polyposis coli gene; ARID, AT-rich interactive
domain gene; BRAF, B-Raf gene; BRCAZ2, breast cancer type 2 susceptibility gene;
cfDNA, cell-free DNA; EGFR, epidermal growth factor receptor gene; ESRT, oestrogen
receptor alpha gene; GATA3, GATA binding protein 3 gene; ND, not detected; RBT,
retinoblastoma-1 gene.

mutation identified in the tumour tissue was
somatic, not hereditary.

Fulvestrant and palbociclib were initiated in
July 2016. By October 2016, bone lesions
(mixed lytic and blastic disease) were stable, but
subtle liver metastases were suspected in a CT
scan. A further CT scan in January 2017 showed
enlarging liver metastases, with the largest
measuring 2.2 X 1.6cm in segment 6. Plasma
cell-free DNA (cfDNA) analysis (Guardant
Health, Inc., Redwood City, CA, USA) con-
firmed the somatic BRCA2 H3154fs mutation
(VAF, 15.3%; Figure 1). The patient was
switched to capecitabine chemotherapy, with
prompt dose reduction due to hand—foot
syndrome.

By March 2017, near-complete resolution of skin
lesions was noted. CT scans demonstrated 80%
reduction in liver lesion diameters and stable
bone disease. CT scans in July 2017 were stable.

In October 2017, skin lesions recurred and pro-
gressed, with a CT scan revealing substantial
progression of multiple metastases in the liver.
The capecitabine dosage was increased, and the
cutaneous lesions responded briefly, but a CT
scan in January 2018 showed multiple new liver
lesions and doubling in size of the largest lesion
(Figure 2). The skin lesions had progressed, and
new satellite nodules were detected. Bone scan
results remained stable. Capecitabine was dis-
continued after almost 12 months of therapy.

Olaparib therapy (300mg orally twice daily)
was initiated on 26 January 2018. A cfDNA
assay on 31 January 2018 again showed the
original BRCA2 H3154fs (c.9460delC), this
time at a much lower VAF of 0.2%. Skin lesions
improved by 50% within 3 weeks. Initial symp-
tomology (nausea, fatigue, irritated mouth) also
improved. Olaparib treatment was paused
briefly in February 2018, during hospitalization
for Kilebsiella bacteraemia complicating febrile
pancytopenia, and was restarted at a full dose
(300 mg twice daily) following recovery of the
white blood cell count.

In April 2018, a CT scan showed liver lesion
shrinkage of 80% (Figure 2). Multiple lytic lesions
in the spine remained unchanged. Physical exam-
ination showed >90% response in multiple skin
lesions. Olaparib treatment was continued, with
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mild fatigue and resolution of nausea. Periodic
packed red blood cell transfusions were required.

By June 2018, a >95% improvement in the meta-
static skin lesions and further reduction in liver
lesions was noted; bone scan results remained
stable. A cfDNA analysis at this time demon-
strated undetectable levels of BRCAZ2 and of other
mutations, including ESRI and ALK (Figure 1).
CT scans on 30 August 2018 showed further
reduction in the hepatic metastases.

One month later, a lesion on the left back had
grown from approximately 7mm to 20mm,
although no new skins lesions were noted. A skin
biopsy (16 October 2018) showed GATA3-
positive, ER+ (90%), PR+ (90%), HER2-
mBC. A repeat 592-gene NGS panel on the skin
biopsy detected a novel BRCAZ2 mutation,
E3152del (c.9455_9457delAGG), at a VAF of
35%, predicted to restore the open reading frame
and potentially lead to resumption of functional
activity (Table 2).

cfDNA analysis on 21 November 2018 showed
co-occurring BRCA2 H3154fs (c.9460delC;
VAF, 0.8%) and emerging K3151fs
(c.9452_9453delAA; VAF, 0.4%) mutations
(Figure 1). A CT scan showed minimal liver dis-
ease, stable bone disease, and small left pleural
effusion. New satellite skin lesions on the back
were detected on physical examination. Olaparib
treatment was discontinued after 10 months of
therapy, and vinorelbine was initiated.

By January 2019, multiple skin nodules had
progressed, with unchanged bone disease.
Eastern Cooperative Oncology Group perfor-
mance status remained at 1. Pain was controlled
with long-acting narcotics, vinorelbine treat-
ment was discontinued and liposomal doxoru-
bicin treatment was initiated, with poor tolerance.
A subsequent cfDNA analysis (30 January
2019) showed VAF increases in the original
BRCA2 H3154fs to 10.6% and in the recently
emerging BRCA2 K3151fs to 4.2%, as well as
three new genomically distinct variants of
BRCA2 E3152fs (c.9453dupA, ¢.9450_9454del
AAAAGInsCAAAAA, and c.9455_9456delAG)
at 1.4%, 1.2% and 1.1% VAF, respectively, and
three genomically distinct BRCA2 Q3156fs vari-
ants  (c.9465dupT, ¢.9471_9472insT, and
c.9466delCinsAA), at 0.5%, 0.4%, and 0.2%
VAF, respectively (Figure 3). A CT scan
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CT scans of liver metastases. (a) January 2018, before olaparib
therapy. (b) April 2018, following interruption to olaparib therapy. (c) June
2018, during olaparib therapy. (d) January 2019, after stopping olaparib
therapy.

CT, computed tomography

demonstrated a slight increase in pleural effusion,
with stable liver and bone disease. Carboplatin
and radiation therapy for ulcerated skin lesions
began on 30 January 2019, and continued until
April 2019, when hepatic progression was
observed. The patient received palliative care and
died in August 2019.

These findings indicate that olaparib was effective
as later-line therapy in a 63-year-old woman with
a somatic BRCAZ2 mutation, who was diagnosed
7 years earlier with ER+, PR+ and HER2- inva-
sive lobular carcinoma. Metastatic recurrence in
bone developed <2.5years after neoadjuvant
chemotherapy, while she was receiving adjuvant
endocrine therapy. She subsequently received
multiple therapeutic lines, deriving clinical bene-
fit from eribulin and capecitabine, followed by
cutaneous and hepatic progression prior to olapa-
rib treatment.
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VAF Mutation Net Ant
106% 09460delC I B
oo [ N

13%  c9457_9471delGGCCACTTTCAAGAG [ e s
2% oo sisienworsciwes  [NGARAKANINN I o
comonerc [N D

Summary of BRCAZ genetic mutations showing the allele frequencies of cfDNA alterations in
plasma from the analysis on 30 January 2019 and predicted net change in nucleotides highlighting predicted

restoration of the open reading frame.

BRCAZ2, breast cancer type 2 susceptibility gene; cfDNA, cell-free DNA; Net Ant, net change in nucleotides; VAF, variant

allele frequency.

Genomic alterations were detected in skin biop-
sies performed more than 2years apart and in
sequential plasma cfDNA analyses. The most
pertinent and potentially actionable mutation
found was BRCA2 H3154fs, a pathogenic muta-
tion leading to a non-functional BRCAZ2 protein.
A subsequent multigene panel for germline muta-
tions in blood was negative for BRCA2, confirm-
ing the somatic origin of the BRCA2 pathogenic
mutation, concordant with genomic testing across
breast, skin and plasma specimens (Table 2 and
Figure 1). The mutational analyses provided a
strong rationale for treatment with olaparib, con-
sidering the known sensitivity of germline BRCA
mutations to the effects of PARPI therapy.'* The
patient had a clinical response to olaparib that
lasted 8 months, with tolerable toxicity.

Non-detection of the original somatic BRCAZ2
H3154fs mutation in skin in the second NGS
panel and in sequential plasma cfDNA assays
suggests a positive effect of olaparib in suppress-
ing the pathogenic clone, leading to prolongation
of the clinical response.

Somatic BRCA2 reversion mutations and treat-
ment resistance have been reported in metastatic
prostate cancer exposed to PARPi.!>1¢ cfDNA
analysis has the advantage of detecting heteroge-
neous alterations from multiple tumour sites with
a minimally invasive approach, and quantitative
VAFs can serve as a measure of the tumour bur-
den and therapeutic response, especially when
used sequentially.!317

In this patient, sequential cfDNA analyses
revealed multiple mutations over time, each

predicted to restore the open reading frame.
Concurrent identification of the original
H3154fs mutation with reversion mutations
likely represents differing subclonal tumours’
responses to olaparib. These polyclonal altera-
tions were probable mechanisms of resistance,
emerging after months of olaparib therapy, as
previously reported in patients with pathogenic
germline and somatic BRCA mutations in breast
and ovarian cancers.!®2! To our knowledge,
this is the first case of clinical response to olapa-
rib documented for somatic BRCAZ2-mutated
mBC, with presumed resistance emerging from
reversion mutations. Further research into
PARPi therapy in patients with somatic BRCA-
mutated, germline BRCA-wildtype mBC is
underway.

This case report demonstrates clinical response
to olaparib as later-line therapy for ER+,
HER2- mBC, with germline wildtype BRCA
genes and an actionable somatic BRCA muta-
tion, for which PARPi could provide substantial
clinical benefit.

Written informed consent for publication of this
case report was provided by the patient’s next of
kin (husband). Medical writing support was
provided by Laura Fullerton-Batten, CMC
Connect, a division of McCann Health Medical
Communications Ltd, Macclesfield, UK, and
by Michael Riley, of Oxford PharmaGenesis,
Cardiff, UK. Medical writing support, under
the direction of the authors, was in accordance
with Good Publication Practice (GPP3) guide-
lines (Ann Intern Med 2015; 163: 461-464).
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