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Abstract

Metastatic breast cancer, despite many medical advanc-
es, remains an incurable disease. Therefore, treatments
that overcome cancer cell resistance to current treat-
ments are needed to decrease relapse and onset of met-
astatic disease. Aurora-A kinase has been implicated in
breast cancer tumorigenesis and progression of the dis-
ease. It has also been shown to play a role in increasing a
more chemotherapy-resistant, mesenchymal phenotype,
and cells with stem cell-like characteristics. Pre-clinical
data have been encouraging with inhibitors of Aurora-A
kinase signaling, showing decreased proliferation and
increased sensitivity of breast cancer cells to both hor-
monal and chemotherapy treatments. In early clinical tri-
als with Alisertib, the most clinically advanced Aurora-A
inhibitor, there have been early signals of activity, espe-
cially in the HR+ and HER2-positive breast cancer patient
population. There is ongoing research in developing fur-
ther specific Aurora-A and pan-Aurora kinase inhibitors
and to identify biomarkers to show appropriate patient
population for treatment. The first breast cancer-specific
clinical trial with an Alisertib and Fulvestrant combination
has completed accrual, and we are eagerly awaiting data
to confirm that Aurora-A kinase inhibition has a role in
the treatment of breast cancer.
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Breast cancer, despite many medical advances, remains a major
health problem in the United States and worldwide. De novo
and acquired resistance to systemic therapy remains a significant
issue contributing to poor clinical outcomes. It is most evident
in patients with metastatic disease, as these breast cancer cells
develop resistance to sequential therapies, ultimately leading to
disease progression and death. Novel approaches to both prevent
and overcome resistance to breast cancer therapies are in devel-
opment and urgently needed.

Pre-Clinical Studies of Aurora-A Kinase in Breast Cancer
Aurora-A kinase (AURKA) belongs to the family of serine-thre-
onine kinases that play an integral part in cell cycle regulation by
recruiting the cyclin B1/CDKI1 complex and committing cells
to mitosis."> AURKA overexpression in murine fibroblasts and
breast epithelial cells results in centrosome amplification and
aneuploidy, suggesting it plays an important role in malignant
transformation.*> AURKA is expressed in multiple carcinomas
including breast cancer.*” AURKA overexpression has been as-
sociated with centrosome amplification and DNA instability.!®!?
It has been proposed that cancer cells may overexpress AURKA
through a switch in mRNA transcription through cap to internal
ribosome entry site (IRES)-dependent translation, which allows
for change in transcriptional regulation and increased mRNA
production.”” The non-mitotic function of AURKA has been
implicated in breast cancer progression and resistance to chemo-
therapy agents through epithelial to mesenchymal transition and
the acquisition of stem cell-like characteristics."!> Breast cancer
cells with stem cell-like properties have been associated with
resistance to standard therapies, tumor progression and onset
of distant metastasis.'*"” AURKA can activate NOTCH signal-
ing, a pathway implicated in breast cancer cells acquiring stem
cell-like properties.>* The NOTCH pathway has furthermore
been shown to be important in mammary carcinomas in tumor-
igenesis,” development of resistance to endocrine treatments,*
and cross-talk with the HER2 signaling pathway.?*?* Therefore,
increasing interest in targeting AURKA for the treatment of
breast cancer has evolved. There are several compounds target-
ing AURKA in clinical development, with the most advanced
being alisertib (MLN8237), a selective AURKA inhibitor. Oth-
er compounds, targeting AURKA selectively or as part of their
broader activity, are under evaluation in pre-clinical and early
clinical testing (Table 1).%

Translational Studies With AURKA Inhibitors in Breast
Cancer

Increased expression of both mRNA and protein correlates
with worse clinical outcomes in patients with estrogen receptor
positive (ER+), HER2-negative breast cancer; in cohorts of tri-
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ple-negative breast cancer, the same analyses have yielded mixed
results.?**® AURKA has been identified as a relevant therapeutic
target in ER+, endocrine resistant, breast cancer cell lines in a
genetic screen by Thrane et al.’® Experimental testing has shown
that AURKA activation has been associated with resistance to
endocrine therapies in ER+ breast cancer models.**** Aurora-A
and B have been identified through the kinase inhibitor screen
as targets for the treatment of aromatase inhibitor-resistant breast
cancer cells.** One proposed mechanism of AURKA causing re-
sistance to endocrine therapies is down-regulation of the ERa
through expansion of a sub-population of ER" tumor-initiat-
ing cells.’? An alternative proposed mechanism is through direct
phosphorylation of ERa.>* Importantly, inhibition of AURKA
either resulted in growth arrest or restored sensitivity to estro-
gen blockade in ER+ breast cancer cells and increased efficacy of
hormonal therapies in in vitro and in vivo models of ER+ breast
cancer.”*

Inhibition of AURKA results in reversal of mesenchymal pho-
notype and reduction of cancer stem cell-like cells with increased
sensitivity to chemotherapy agents.'** The combination of AUR-
KA inhibitors with chemotherapy was much more effective than
either treatment when compared in various breast cancer mod-
els with anthracyclines®® and taxanes.”” AURKA inhibitors may
target cancer cells with increased propensity for metastasis and
treatment-resistance either directly or through interference with

the NOTCH signaling pathway.

Clinical Studies With Aurora Inhibitors in Breast Cancer

Alisertib is an orally administered, small molecule inhibitor
highly selective for AURKA.* The safety and tolerability of al-
isertib has been investigated in multiple phase I clinical trials in
patients with hematologic and solid malignancies. In a first-in-
human trial performed by Dees et al, 87 patients with solid ma-
lignancies (3 with breast cancer) were treated at escalating doses
of 2 different formulations of alisertib from 5 mg to 150 mg
twice daily for 7, 14, or 21 consecutive days followed by 14 days
of recovery. The recommended phase II dose (RP2D) was 50 mg
twice daily for 7 days with a 14-day recovery. The most common
adverse events were fatigue, nausea, and neutropenia. Twenty
patients achieved stable disease (SD) for a period greater than 3
months, with 1 patient achieving partial response lasting for over
a year.”® Cervantes et al corroborated the RP2D results in a sep-
arate, dose escalation phase I study in 59 adults with advanced
solid malignancies (one with breast cancer).*® Pharmacokinetic
studies revealed fast absorption, and at the RP2D the steady-state
concentration exceeded that associated with saturating pharma-
codynamic effects and preclinical activity. There was one partial
response, and 22 (37%) patients achieved SD, 6 of whom (10%)
maintained it for a period > 6 months.*® A third phase I trial of
58 patients with refractory hematologic malignancies supported
the same RP2D, and it further determined enteric coated tablets

TABLE 1. Agents Targeting Aurora-A Kinase and the
Phase of Their Clinical Development

Compound | Target Phase of
Name Development
Enmd 2076 | Multi kinase inhibitor, AURKA | Il
Danusertib/ | Pan-Aurora 1]
PHA-739358

At-9283 Aurora A, B 1]

MK-5108 AURKA |

AMG 900 Pan-Aurora |

KW-2449 Aurora A, B |

TAS-119 AURKA |

AURKA indicates Aurora-A kinase.

to be the preferred formulation.”® Hematological toxicities were
the most frequent doselimiting toxicities (DLTs), particularly
neutropenia. There were also DLTs of stomatitis and skin tox-
icities. >34

A phase II trial reported by Melichar et al investigated the ef-
ficacy of single-agent alisertib in patients with pre-treated breast
cancer, small-cell lung cancer, non-small-cell lung cancer, head
and neck squamous cell carcinoma, and gastro-esophageal ade-
nocarcinoma.” There were 53 patients with breast cancer treated
and 49 were evaluable for response. Of these, 26 patients had
hormone receptor positive (HR+), HER2-negative breast can-
cer, 9 had HER2-positive breast cancer, and 14 had HR-nega-
tive, HER2-negative breast cancer. The majority of the breast
cancer patients (80%) had received 4 or more prior treatment
regimens. Of all patients, 9 (18%) had an objective response. Of
those with HR+ disease, 6 (23%) had an objective response, 8
(31%) achieved SD at least 6 months, and PFS was 7.9 months.
In the small HER2-positive cohort, response rates were similar
though the duration of response was longer at 11.2 months, an
impressive finding given the absence of concurrent HER2-di-
rected therapy. In this heavily pre-treated population, the overall
results were very encouraging and the authors concluded that
further investigation was recommended, especially in HR+ and
HER2-positive patient populations.*!

Grade 3-4 drugrelated neutropenia was reported in 53% of
patients with breast cancer; however, febrile neutropenia was
only reported in 4% of this cohort. Thrombocytopenia, skin tox-
icities, and infections were also reported in a small percentage
of patients.

In 2014, a phase I trial of alisertib in combination with fulves-
trant in endocrine-resistant breast cancer (NCT02219789) was
the first dedicated breast cancer trial with an AURKA inhibitor
to be open to enrollment; this trial remains active but is no lon-
ger recruiting.
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TABLE 2. Clinical Trials of Alisertib with Special Interest in Breast Cancer

Treatment

Current Status

Phase Il: NCT02187991
and locally advanced breast cancer

Alisertib + Paclitaxel Vs Paclitaxel alone in metastatic | TDP

Primary Outcome

Not yet recruiting

Phase I: NCT02219789

Safety of addition of Alisertib to fulvestrant in

Safety and tolerability Closed to recruiting

Advanced HR + Breast Cancer by MTD
Phase I/1l: NCT01091428 | Alisertib + Weekly paclitaxel in advanced breast Safety and tolerability Active, Not recruiting
cancer (Phase | only) and recurrent ovarian cancer by MTD
PFS

Phase I: NCT01639911
solid tumors (including breast cancer)

Alisertib + Pazopanib (Selective VEGFR inhibitor) in

Optimal tolerated dose Recruiting

AURKA indicates Aurora-A Kinase.

Other active and planned trials specifically in the breast cancer
patient population are listed in Table 2. Alisertib has been com-
bined with taxanes in early clinical trials that form the basis for
future trials in patients with breast cancer, and specifically with
triple-negative breast cancer (TNBC).*#

Conclusion

There are promising data to support the development of breast
cancer therapeutics targeting the inhibition of Aurora kinase.
Promising single-agent activity has been observed with the selec-
tive Aurora-A kinase inhibitor alisertib, and there is particular
interest to evaluate these agents in combination with endo-
crine therapy in HR+ disease and with HER2-directed thera-
pies in HER2+ disease, given the non-overlapping toxicities.
Beyond the molecular subtypes of breast cancer, the pre-clinical
data that suggest AURKA inhibition reduces the sub-popula-
tion of breast cancer stem cell-like cells is indeed encouraging
and suggest a role for this class of drugs to be combined with
other agents that target the main tumor bulk. Triple-negative
breast cancers in particular have been shown to have a higher
percentage of stem cell-like population leading to worse clin-

447 and decreasing the metastatic potential of

ical ooutcomes
breast cancer cells. New treatment options in this patient pop-
ulation are sorely needed, and we will await any hints of activ-
ity in any future clinical trials, including ongoing and planned
clinical trials with alisertib; another specific AURKA inhibi-
tor, TAS-119; and pan-Aurora kinase inhibitors, as correlative

studies from the phase II study of alisertib in all solid tumors.
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