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ABSTRACT
Aurora kinases (AURK) are key regulators of the mitotic 
spindle formation. AURK is frequently overexpressed 
in ovarian cancer and this overexpression has been 
frequently associated with prognosis in these tumours. 
Interestingly, AURK have been shown to interact with DNA 
repair mechanisms and other cell cycle regulators. These 
functions have brought light to Aurora family as a potential 
target for anticancer therapy. In the last years, two clinical 
trials with different AURK inhibitors have shown activity 
in epithelial and clear- cell ovarian cancer. Although there 
is a lack of predictive factors of AURK inhibition activity, 
recent trials have identified some candidates. This review 
will focus in the functions of the AURK family, its role as 
prognostic factor in epithelial ovarian cancer and potential 
clinical implications.

INTRODUCTION
Aurora kinases (AURK) are a family of serin–
threonin kinases which principal function is 
the regulation of mitotic spindle formation. 
The family of AURK includes Aurora kinase A 
(AURKA, STK15), Aurora kinase B (AURKB, 
STK12) and Aurora kinase C (AURKC, 
STK13).12 Recent studies have identified 
that AURK family plays a role not only in the 
mitotic process but also in cell- cycle regula-
tion such as chromosome segregation failure, 
causing genetic instability, polyploidy and a 
significantly increased tumour incidence.3 
AURK are highly conserved and hold homol-
ogous structure, constituting of a N- terminal 
domain, a protein kinase domain and a highly 
preserved C- terminal domain.

AURK family overexpression or ampli-
fication is a common alteration in cancer. 
In breast cancer, AURKA overexpression is 
related with ki67, proliferation and basal like 
phenotype, and AURKB with ki67 and histo-
logical grade among others. Gliomas, pros-
tate cancer, cervical cancer and lung cancer 
are other tumour types in which AURKA and 
AURKB overexpression or amplification have 
been found and related to adverse clinical 
factors. AURKC overexpression was found to 
be associated to tumour grade in colorectal 
cancer.4

In epithelial ovarian cancer (EOC), AURK 
is frequently overexpressed and its expres-
sion has shown to have a prognostic impact 

in several published series. AURK family 
is implicated in mitosis, cell cycle regula-
tion and DNA repair system. The balance 
AURKA–BRCA2 (has been suggested as a 
regulator of tumourigenesis. Preclinical data 
also suggest that AURK family might play a 
role in chemoresistance mechanisms. More-
over, AURK family has evolved as a potential 
target for precision medicine in cancer. In 
the last decade, several AURK inhibitors have 
been developed and tested in several cancer 
types. In EOC, AURK inhibitors have also 
been tested with different results.

Two recent clinical trials with different 
AURK inhibitors have shown activity in EOC 
and clear- cell ovarian cancer (OC). In this 
subtype, ARID1a mutations have been iden-
tified as a potential predictive biomarker for 
AURK inhibition.

This review will focus in the functions of 
the AURK family, its role in chemoresistance 
and as prognostic factor in EOC. Also, the 
potential clinical implications and the results 
of the recent trials with AURK inhibitors will 
be analysed .

METHODS
According to the objectives of this review, a 
search using PubMed with the terms “Aurora 
kinase” and “Ovarian Cancer” has been 
performed.

The search was limited to English language 
papers published in the last 15 years (between 
2004 and 2019). Publications were selected by 
two different authors separately. References 
of selected publications were also checked 
for cross- references. Of the 118 potential 
entrances returned after the search, 71 were 
discarded (36 for not being related to the 
subject, 11 for being focused in other tumour 
types, 8 dealt with preclinical data of different 
compounds and 6 were review articles). 
Finally, 51 publications were selected for this 
review (see figure 1).

For the AURKA expression point, apart 
to the search review, an in silico analysis 
of the public database  cbioportal. org was 
performed. This analysis was focused in 
the frequency of amplifications of AURKA, 
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AURKB and AURKC using the TCGA (The Cancer 
Genome Atlaso) (Nature 2011) database.5

Mitotic functions of AURK
AURK family is crucial for mitosis spindle formation and 
progression of mitosis. Every member of the family plays a 
different role as a regulator of the cell division.

Aurora-A (AURKA)
AURKA plays an important role in microtubule formation 
in OC cell lines and its inhibition has shown an antian-
giogenic effect as well as an increased cell proliferation, 
migration and invasion in preclinical studies.6

AURKA is involved in various process related to the 
spindle formation:
1. Centrosome maduration: AURKA is such an essen-

tial enzyme in the maduration of centrosomes that 
absence of AURKA leads to inhibition of centrosome 
maduration.7

2. Centrosome separation.
3. Mitotic entry: the active form of AURKA is first detect-

ed in the late G2 phase at the centrosome. Activation 
of AURKA is required for the recruitment of CDK1 to 
the centrosome and further progression into mitosis.

4. Bipolar- spindle assembling.
5. Chromosomal alignment on metaphase.
6. Cytokinesis.
At the end of the mitosis, AURKA will be degraded. 
AURKA is turned over through the anaphase promoting 

complex/cyclosome–ubiquitin–proteasome pathway. In 
vivo degradation study showed that this process is depen-
dent on cadherin-1.8

Aurora-B (AURKB)
AURKB is part of the chromosome passenger complex 
which is formed by AURKB, INCEP (Inner Centromere 
Protein), survivin and borealin.9 This complex will 
mediate chromosome condensation and is also related to 
the spindle assembly checkpoint.10 Thus, AURKB plays an 
essential role in chromosome condensation, alignment 
and segregation.11

A recent publication in different cell lines, including 
OC lines, suggested that chromosome instability cells 
have a defect that limits accessibility of AURKB to the 
kinetochores that are important for error correction.12

It has also been demonstrated that activated AURKB 
mediates phosphorylation of histone H2AX at Ser121, 
which promotes the autophosphorylation of AURKB. 
This results to further accelerating AURKB activation.13

Aurora-C (AURKC)
AURKC has been identified in the centrosome during the 
mitosis from anaphase to cytokineses suggesting a role in 
the centrosome regulation in late mitosis. However, its 
function is no well known. Like AURKA and AURKB, 
AURKC is also allocated in the spindle poles but only 
in the late phases of the mitosis.14 Inhibition of AURKB 
and AURKC leads to a multinucleated cell; neverthe-
less, AUKRC is able to rescue a multinucleated pheno-
type produced by a silencing of AURKB. These findings 
suggest that AURKC complements and overlaps AURKB 
function in mitosis.15 Furthermore, AURKC may interact 
with transforming acidic coiled- coil 1 and colocalise to 
the mid- body of Hela cells during cytokinesis.16

AURK and cell cycle regulation: implications in cancer
Cell cycle control and DNA repair are two processes that 
are closely related. Cell- cycle arrest facilitates DNA repair 
system to supervise and repair any damage. High prolif-
erative cells, such as tumour cells, acquire more genetic 
instability as DNA repair becomes more difficult.17

P53 is a tumorous suppressor protein that is responsible 
for the arrest of the cell- cycle in G2.

Several tumours such as triple negative breast cancer 
(TNBC) or high- grade serous OC have shown a high 
frequency of phenotypes with a gain of function of AURK 
and a loss of function of p53. The evidence of both alter-
ations in several cases suggest the hypothesis that AURK 
and p53 are involved in similar molecular changes.18

These data have been confirmed by multiple evidences 
underlying a crosstalk between AURK and p53. P53 wild- 
type inhibits AURKA by a direct effect in a transactivation- 
dependent method. In this context, tumours associated 
with an inactivating p53 mutation might upregulate 
AURKA.

Moreover, AURK family has shown to regulate p53 by 
a post- transcriptional phosphorylation process.19 AURKA 

Figure 1 Flow chart.
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throughout the phosphorylation of the serine 315 of p53 
facilitates the ubiquitination of p53 mediated by MDM2 
and therefore the p53 degradation. Throughout the 
phosphorylation of serine 215 of p53 AURKA inhibits the 
capacity of p53 to join the DNA chain.20

Finally, AURKA regulates p53 in an indirect way by 
phosphorylation of other molecules such as hnRNPK or 
MDM2 that are positive and negative regulators of p53.

AURKA interactions also with proteins involved in the 
apoptosis, in particular with p73, a protein of the family 
of p53, implicated in the regulation of cell cycle and 
apoptosis. A preclinical study showed that the inhibition 
of AURKA in a p53- deficient cell line leads to overexpres-
sion of genes related with apoptosis mediated by p73. 
Other studies suggested that p73 function was inhibited 
by AURKA avoiding apoptosis and leading the cells to be 
resistant to drug- dependent cell death.21

The checkpoint kinase 1 (CHEK1) is a member of the 
regulation of DNA repair mediating cell- cycle arrest in 
response to DNA damage.22

Inhibition of AURKA has shown to be synthetic lethal 
in combination with CHEK1 inhibitors in the OC cell 
lines OVCAR3, OVCAR8, IGROV1 and SKOV3.23 The 
combination of alisertib and LY2603618, a CHEK1 inhib-
itor, triggered apoptosis and reduced the stem cell popu-
lation. Moreover, this combination showed an increase of 
the effect of taxanes and platinum compounds.

AURKB also interactions with p53 phosphorylating 
multiples areas in the DNA- binding domains. This inter-
action leads to an inhibition of the transactivator func-
tion or the degradation of p53.24 25 AURKB decreases the 
expression of the cell cycle inhibitor p21WAF1/CIP1 via 
suppressing p53 activity, resulting in aberrant activation 
of CDK1. This leads to cell cycle progression and there-
fore promotes cell survival.26

DNA repair system and AURK
Apart from the regulatory mitotic function, it has been 
seen that AURK family plays other relevant non- mitotic 
roles. In fact preclinical studies suggested that AURK 
interactions with repair system mechanisms, mainly with 
BRCA in OC cells. By consecutive silencing of AURKA/B 
and BRCA1/2 in BRCA defective pancreatic and ovarian 
cell lines, it was seen that AURKA/B and BRCA 1/2 inhib-
ited each other through proteasome- mediated proteol-
ysis. This negative balance AURK–BRCA regulated cell 
cycle progression through p53 and cyclin A.27 In 2017, 
an American group published the results of a preclinical 
study dealing with the issue of AURKA and DNA repair 
mechanisms interactions in OC.28 AURKA was found to 
modulate the expression and activity of polyadenosine 
ribose phosphatase (PARP). The specific in vitro inhi-
bition of AURKA with the selective inhibitor alisertib 
decreased the expression of PARP and BRCA1/2 and stim-
ulated the non- homologous end joining (NHEJ) repair 
pathway by elevating DNA- dependent protein kinase 
catalytic subunit (DNA- PKcs) activity, a catalytic subunit 
required for the double strand breaking. Furthermore, 

alisertib stimulated error- prone NHEJ repair of DNA 
double strand breaks with incompatible ends. Consistent 
with these findings, in vivo experiments confirmed that 
AURKA inhibition increased phosphorylated DNA- PKcs 
and decreased PARP levels.

AURKA and BRCA2 balance plays a role as a key regu-
lator of tumourigenesis and metastasis in OC. While 
AURKA provokes, BRCA restrains primary tumourigen-
esis. The metastatic promoting markers SLUG, FBN1 and 
MMP2 are either stimulated or suppressed by AURKA or 
BRCA. However, the metastatic suppressors e- cadherin 
and p53 are either inhibited or promoted by AURKA or 
BRCA, respectively. In this context, AURKA stimulates 
malignancy while BRCA avoid tumour development.29

In other study, BRCA2 mutations and overexpression of 
AURKA hyperactivated CDK1 through phosphorylation 
of cell division cycle phosphatase 25B (CDC25B) lead to 
tumourigenesis.30

Other evidences suggest that the RAS (Rat Sarcoma)- 
induced genomic instability and ovarian tumourigenesis 
induced by RAS pathway lead through the regulation of 
the imbalanced expression of AURKA and BRCA2.31

These findings suggest that AURKA plays a non- mitotic 
function by regulation of PARP and BRCA, which could 
represent a new potential target for OC.

AURK amplification and overexpression as biomarker in OC
One of the most important limitations of AURKA as 
biomarker is the identification of its expression in solid 
tumours. Assessment of AURK overexpression or gene 
amplification varies alongside the literature. Depending 
on the different techniques and thresholds for the defini-
tion of overexpression, the proportion of this alteration 
may vary accordingly. See table 1.

AURKA overexpression by immunohistochemistry 
(IHC) has been assessed in many studies in different solid 
tumours.

One of the first studies assessing AURKA overexpres-
sion was performed by Lassmann et al.32 This group anal-
ysed AURKA mRNA and protein expression by IHC. 
AURKA expression was measured with a semiquantita-
tive score and overexpression was defined as a score 2–3. 
Overexpression of AURKA protein was detected in 68 of 
107 samples (63.5%). However, none of the later studies 
found such a high rate of overexpression.

The amplification of AURKA by fluorescence in sity 
hybridisation was assessed in only 68 EOC samples. 
AURKA was amplified in 27.6% of cases in this series.33

Other studies analysed AURKA expression in specific 
subtypes. In a series of 51 endometrioid OC samples, 
AURKA was found to be expressed in 48% of the 
samples.34

In serous OC,35 identified a 40.3% overexpression of 
AURKA in 223 samples. In a Finnish study36 AURKA 
protein expression was assessed by IHC in 592 serous OC 
samples, copy number by CISH (Chromogenic in situ 
hybridization) in 169 samples, AURKA mRNA by real- 
time PCR in 158 and DNA ploidy by flow cytometry in 
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Table 1 Studies assessing the expression of Aurora kinase A (AURKA) and AURKB in ovarian cancer

N Determination Sample Techn Methods
Antibody 
used in IHC Overexpression Observations

AURKA           

Lassmann 
et al32

107 Protein 
expression

Tumour 
tissue

IHC Score 0 100% −
Score1 <10% + cit
Score 2 10%–30%+cit
Score 3 >30% + cit
Scores 2–3 → 
overexpressed

Clone JLM28 
Novocastra

63.5% EOC

Mendiola 
et al 33

68 Protein 
expression 
amplificatio

Tumour 
tissue

IHC
FISH

Score <5% −
Score ≥5% +
Amplified if in >5% 
of cells of more than 
10 gene signals or 
three more signals as 
centromere

Clone JLM28 
Novocastra

58.8%
27.6%

EOC

Yang et 
al44

223 Protein 
expression

Tumour 
Tissue

IHC Score 0<5% +cit/nu
Score 1 5%–20%+cit/
nu
Score 2 20%–
50%+cit/nu
Score 3 >50% + cit/nu
Scores 1–3 → 
overexpressed

GTX13824 
monoclonal 
Ab Genetax

40.3% Serous OC

Yang et 
al 34

51 Protein 
expression

Tumour 
Tissue

IHC Score 0<5% +cit/nu
Score 1 5%–20%+cit/
nu
Score 2 20%–
50%+cit/nu
Score 3 >50% + cit/nu
Scores 1–3 → 
overexpressed

GTX13824 
monoclonal 
Ab Genetax

48% Primary 
endometrioid 
OC

Lassus et 
al 36

592 Protein 
expression
Amplificatio

Tumour 
Tissue

IHC
CISH

AURKA
Weak/negative versus
Overexpression
PhosphoAURKA
− versus +

Polyclonal Ab 
Cell Signalling 
Technology
Polyclonal Ab 
Cell Signalling 
Technology

27% AURKA
(11% cit 17%nu)
13% phospho 
AURKA
9%

Serous OC

Juan et 
al 39

33 Amplification ctDNA NGS Illumina 33.3% Platinum- 
resistant EOC

33 Amplification Archived
Tumour 
tissue

FISH Gene AURKA 
20q13/20q11
Amplified >2.0 copies
Borderline >1.5–2 
copies
Not amplif <1.5 copies

3% Platinum- 
resistant EOC

AURKB           

Chen et 
al 35

156 Protein 
expression

Tumour 
tissue

IHC Score of % cells 
stained
(0) no staining, (1) 
1%–10%, (2) 11%–
50% (3) 51%–80% (4) 
81%–100% stained
Intensity:
0) negative, (1) weak, 
(2) moderate, (3) 
strong
IHS=score % × 
intensity if 5–12 
is considered 
overexpressed

Polyclonal 
Ab Abcam 
Cambridge

34% Overexpress 
more likely in 
poorly dif and 
lymph nodes

Continued
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other 440 samples of serous OC. Overexpression by IHC 
was found in 27% of the tumours with cytoplasmic over-
expression in 11% and nuclear overexpression in 17%.

AURKB expression was analysed by a semiquantitative 
IHC test in 80 OC tissues FIGO stage III.37 AURKB was 
frequently elevated (99%) in ovarian carcinomas with 
significant differences versus non- malignant ovarian 
lesions. The expression of AURKB in ovarian tumours 
was mild (score 1) in 51%, moderate (score 2) in 29% 
and strong (score 3) in 19% of the cases. The expres-
sion of AURKA and AURKB was significantly correlated 
(p=0.002).

AURKB levels by IHC, and reverse transcriptase PCR 
were analysed in 156 Taiwanese patients with EOC.35 
AURKB was overexpressed in 53 samples (34%) which 
was significantly superior to the expression in normal 
ovarian tissue samples (0%), p=0.006. Overexpression 
of AURKB was more likely in patients with poorly and 
moderately differentiated versus well- differenciated carci-
nomas (53.6%, 28.2% and 10.0% respectively). Moreover, 
AURKB expression was higher in patients with lymph 
node metastasis (p=0.001) and a positive ascites cytology 
(p=0.008).

Regarding gene amplifications of AURK family in OC, 
an analysis in silico by a Spanish group from the cBio-
portal database showed that amplification of AURKA and 
B is an uncommon issue. In fact, AURKA amplifications 
were 9.6% and that AURKB was amplified in 0.6% of the 
samples and deleted in other 0.6%.38 cBioportal included 
information from 311 serous OC.

A study presented in AACR in 2016 evaluated the ampli-
fication of AURKA in serum and archived tumour samples 
in patients with OC in the context of a phase I trial with 
the pan- inhibitor AMG900. Patients included in this trial 
were resistant to platinum and carboplatin. The ampli-
fication determination was performed in archived tissue 
(mainly obtained at diagnosis of the primary tumour) 
and in ctDNA before treatment with AMG900. This study 
showed that AURKA amplification is a late event, as the 
amplification frequency was very low in archived tumour 
tissue (1 out of 33 patients) but the determination in 

ctDNA (extracted at study entry when the patients were 
resistant to conventional therapies) was higher (11 out of 
33 patients).39 These data suggest that AURKA amplifica-
tion could be a late and acquired alteration, probably as a 
clonal selection of AURKA amplified tumour cells.

Data about AURKC are scarce in the literature. In 
order to include some data of the frequency of AURKC 
alterations and mRNA expression of the three members 
of AURK, we performed a similar in silico analysis of 
the cBioportal database.40 Based on the TCGA database 
published in Nature in 2011, the number of copy- number 
alterations observed for AURKC was only 2.2% (73.6% 
amplifications and 36.4% deletions).

In terms of mRNA expression, there were an altered 
mRNA expression in 7.2% of samples for AURKA (28 
samples with high and 5 with low expression), 3.1% for 
AURKB (5 high and 10 low) and 3.1% for AURKC (14 
high and 1 low).

AURK and prognosis in OC
The role of AURK as a prognostic factor has been 
extensively explored in OC; nevertheless, its role is still 
controversial and need to be further clarified. The main 
concern is that the heterogeneity of AURK expression 
and its evaluation depending on technique and score are 
not completely standardised and thus this might affect to 
the prognostic value of this factor. See table 2.

AURKA and AURKB were identified as prognostic 
factors of tumour progression in a cohort of 143 patients 
with EOC.41 AURKA and tumour ploidy states were asso-
ciated with impaired disease- free survival (DFS) (HR for 
AURKA 1.29; 95% CI 1.06 to 1.58; p=0.001). Moreover in 
this cohort AURKA expression in early stages was of partic-
ular prognostic importance (DFS for early stages HR 1.72; 
95% CI 1.19 to 2.48; p=0.004 and overall survival (OS) for 
early stages HR 1.81; 95% CI 1.14 to 2.81; p=0.01).

A study of the University of Texas42 showed that patients 
with strong AURKA expression (score 3) were associated 
with impaired survival (median survival 1.44 vs 2.81 years; 
p=0.001) when compared with mild or moderate expres-
sion. In fact AURKA, with suboptimal cytoreduction, were 

N Determination Sample Techn Methods
Antibody 
used in IHC Overexpression Observations

Mendiola 
et al 33

68 Protein 
expression

Tumour 
tissue

IHC Score <5% −
Score ≥5% +

Polyclonal 
Ab Abcam 
Cambridge

83.5% EOC

Beussel et 
al 37

80 Protein 
expression

Tumour 
tissue

IHC Score 0 100% −
Score 1 <10% + cit
Score 2 10%–30%+cit
Score 3 >30% + cit
Scores 2–3 → 
overexpressed

Polyclonal 
Ab Novus 
Biologicals 
Cambridge

99% (score 1–3)
19% strong 
expression (score 
3)

Primary EOC 
FIGO III

AB, antibody; EOC, epithelial ovarian cancer; FISH, fluorescence in sity hybridation; IHC, immunohistochemistry; NGS, next- generation 
sequencing; Tech, technique.

Table 1 Continued
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Table 2 Prognostic role of Aurora kinases (AURK) expression in ovarian cancer

Reference Type Biomarker
Prognosis of 
high expression Endpoint HR/p value Observations

Kulkarni et al41 EOC AURKA Adverse DFS HR 1.29
(95% CI 1.06 to 
1.58)

Early stages: HR 
1.72 for DFS and 
1.81 for OS

Landen et al42 EOC
(91% serous OC)

AURKA IHC 
expression 
(score 3)

Adverse OS 1.44 versus 2.81 
years p=0.001

AURKA and 
suboptimal 
cytoreduction 
adverse prognostic 
factors in 
multivariate analysis

Chen et al35 EOC AURKB 
expression

Adverse PFS
OS

p=0.001
p=0.023

Das et al43 EOC AURKA nuclear 
staining

Adverse OS 29.6 versus 
106.7 months 
p<0.0005

Yang et al34 Endometrioid 
ovarian cancer

AURKA IHC 
expression

Adverse OS
DFS

p=0.001
p=0.002

BRCA2 and AURKA 
inversively regulated

Alcaraz Sanabria 
et al23 2017

EOC FIGO I/II AURKA 
expression
AURKB 
expression

Adverse
Adverse

PFS
PFS
OS

HR 1.85 (95%CI 
1.01 to 3.38)
HR 1.91 (95% CI 
1.05 to 3.48)
HR 3.29 (95%CI 
1.37 to 7.91)

Analysis in silico

Yang et al44 Serous ovarian 
cancer

AURKA Adverse OS
DFS

p=0.026
p=0.037

Chiba et al45 Clear- cell ovarian 
cancer

AURK Adverse
Not ptognostic

OS (Stages 
IC3- IV)
OS (all stages)

p=0.02
p=0.18

  

Lassus et al 36 Serous ovarian 
cancer

AURKA
IHC expression

Adverse OS p<0.0001 (AURKA)
p=0.0116 (citoplas 
AURKA)
p=0.0014 (nuclear 
AURKA)

AURKA IHC 
expression and 
AURKA DNA ploidy 
adverse factors for 
DFS in multivariate 
analysis

He et al48 EOC Adverse DFS (seven 
studies)
OS (five 
studies)

HR 1.14 (95%CI 
0.50 to 1.78) p<0.01
HR 1.40 (95%CI 
0.82 to 1.98) p<0.01

MEtanalsis of seven 
studies (Kulkani 
2007, Landen 2007, 
Mendiola 2008, Das 
2010, Lassus 2010, 
Yang 2011 and 
Yang 2011)

Kulbe et al50 EOC AURKA gene 
expression

Not prognostic
Adverse

PFS
OS

p=0.08 NS
p=0.0125

Analysis in silico

Lassmann et al32 Primary EOC 
optimally debulked

AURKA 
expression

Adverse if non- 
taxane based 
adjvant CT
Protective if 
taxane- based 
adjuvant CT

OS
OS

p=0.003
p=0.018

Mendiola et al33 EOC AURKA
(+vs −)
AURKB
(+ vs −)

Protective
Protective
Not prognostic

OS
PFS
OS
PFS

HR 0.51 (95% CI 
0.27 to 0.95)
HR 0.52 (95% CI 
0.29 to 0.92)
HR 0.3 (95% CI 
0.10 to 0.87)
HR 0.43 (95% CI 
0.17 to 1.09)

In multivariate 
analysis only 
AURKA remains 
a protective 
prognostic factor in 
both PFS and OS

Continued
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independent predictors of survival in the multivariate 
analysis.

In 2010, the analysis of 45 OC samples43 showed that 
AURKA nuclear staining was associated with decreased 
survival with 29.5 versus 106.7 months in AURKA non- 
expresssed patients (p<0.0005).

The deleterous impact of AURK expression has been 
observed as well in studies designed specifically in different 
ovarian subtypes, such as endometrioid, serous or clear- 
cell OC. In endometrioid ovarian carcinoma, IHC expres-
sion of AURKA was found to have an adverse prognosis.35 
AURKA expression was more frequent in non- familial 
endometrioid OC and was negatively correlated with the 
expression of BRCA2 score (p=0.019) suggesting a double 
negative regulation. In the log- rank test, AURKA expres-
sion was related with shorter overall (OS) (p=0.001) and 
DFS (p=0.002). Other study asssessing the role of AURKA 
and BRCA2 in high- grade serous ovarian carcinoma 
(HGSOC) confirmed that AURKA expression predicted 
poor OS and DFS, but the ratio AURKA/BRCA2 was 
identified as a negative prognostic factor as well.44

In serous OC, cytoplasmic or nuclear IHC AURKA 
overexpression was found to have an adverse prognosis in 
terms of survival and to be associated with other adverse 
factors such as high grade, high proliferation index and 
aberrant p53.28 AURKA IHC overexpression and AURKA 
DNA ploidy were identified as adverse for DFS in multi-
variate analysis.

AURK overexpression was associated with poorer 
survival in ovarian clear- cell carcinoma (OCCC) while 
AURKA inhibition has shown to enhance the cytotoxic 
effect of cisplatin in this cancer subtype in a preclinical 
study.45

The prognosis role of AURKA and AURKB was assessed 
from an in silico analysis of cBioportal.18

In early stages (FIGO I/II), high expression of AURKA 
was associated with poorer progression- free survival (PFS; 
HR 1.85; 95% CI 1.01 to 3.38). AURKB showed similar 
results for PFS (HR 1.91; 95% CI 1.05 to 3.48) and for 
OS (HR 3.29; 95% CI 1.37 to 7.91). However, when the 

analysis was conducted for advanced stages (FIGO III/
IV), it was found that the AURKA expression was related 
to an improvement of clinical outcomes (HR 0.86; 95% CI 
0.74 to 0.99) or not significant for AURKB (HR 0.87; 
95% CI 0.75 to 1.01). In line with these results, AURKA 
overexpression was also found as a negative prognostic 
factor for survival depending on the type of adjuvant 
chemotherapy administered in a German series of 115 
EOC treated with adjuvant CT. In this study, AURKA over-
expression was associated with improved OS in optimal 
debulked patients receiving adjuvant taxol and carbo-
platin (p=0.018) but was an adverse prognostic factor in 
patients receiving non- taxane therapy (p=0.03).25

Nevertheless, in other studies, no prognostic impact 
of AURKA expression was detected. A German study 
performed in 93 ovarian benign and malignant tumour 
samples, showed hat the expression of AURKA, and 
AURKB among other cell cycle markers, were not predic-
tive and were not associated with prognostic factors.46

These results are in line with a second study47 in 160 
patients with primary EOC in which any AURKA immu-
nostaining (score 1–3) was not predictive of impaired 
survival vs absence of expression (p=0.63).

Moreover, other series found that AURKA amplifi-
cation could be protective. A series in 68 EOC in Spain 
showed that AURKA overexpression was an independent 
prognostic factor of improved OS and RFS.26

In 2015, a metanalysis of the impact of IHC AURKA 
expression in seven studies with OS as endpoint and 
five other studies with DFS as endpoint was performed. 
AURKA levels in tumour tissue by IHC were correlated 
with an impaired prognosis in OS by univariate analysis 
in seven articles (pooled HR 1.40;95% CI 0.82 to 1.98). 
However the impact of AURKA on OS by multivariate 
analysis in three studies was not confirmed.48 In the 
studies with DFS as an endpoint, AURKA had a delet-
erous prognostic impact.

Despite the controversial results, AURKA gene has 
been identified as a candidate gene in different prog-
nostic genomic platforms. A Chinese group constructed 

Reference Type Biomarker
Prognosis of 
high expression Endpoint HR/p value Observations

Alcaraz Sanabria 
et al 2017

EOC FIGO III/IV AURKA
Expression
AURKB 
expression

Protective
Not prognostic

PFS
PFS

HR 0.86 (95% CI 
0.74 to 0.99)
HR 0.87 (95% CI 
075 to 1.01)

Analysis in silico

Heilmann et al46 EOC AURKA
AURKB

Not prognostic
Nor prognosis

OS
OS

p=0.18
p=0.495

Study included 
breast and ovarian 
cancer. Results 
shown only for 
ovarian cohort.

Lee et al 47 Primary EOC AURKA IHC 
expression

Not prognostic RFS p=0.63

DFS, disease- free survival; EOC, epithelial ovarian cancer; OS, overall survival; PFS, progression- free survival; RFS, recurrence- free 
survival.

Table 2 Continued
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a database- based generated gene support vector machine 
classifier to predict recurrence and survival in OC.49 
Thirty- nine genes were selected according to their 
prognosis relevance from three databases (GSE17260, 
GSE44104 and GSE51088). Among these, AURKA and 
AURKA- interacting protein 1 were identified as one of 
the relevant genes. The prediction accuracies of this SVM 
(Support Vector Machine) classifier for the three afore-
mentioned databases were 92.7%, 93.3% and 90.4%, 
respectively. However, a very recent study of discovery 
and validation of new genes in OC identified AURKA as 
a candidate gene to discern between benign and malign 
pelvic mass. Candidate genes were extracted from an in 
silico analysis of three GSE databases and further vali-
dated in blood from patients with either benign masses or 
ovarian carcinoma. AURKA was identified as a potential 
biomarker of malignancy among four other genes. More-
over, in this study elevated levels of AURKA and T- cell 
differentiation protein myelin and lymphocyte were asso-
ciated with poor prognosis in the OC samples.50

AURKB has been also identified as a potential marker 
for deleterous survival. In a study in more than 150 patients 
with EOC, high AURKB expression group showed a signif-
icant shorter PFS (p=0.001) and OS (p=0.023) versus the 
low- expression group.30

AURK and chemoresistance in OC
Preclinical studies have identified that AURKA might 
be a marker of chemoresistance. Several mechanisms 
have been suggested to explain the AURKA associ-
ated acquired resistance such as the upregulation of 
NF- kappaB51 pathway or the activation of AKT through a 
p53- dependent manner.52

A bioinformatic analyses evaluated the impact of 
gene panels in OC prediction to carboplatin resistance 
by analysing the microarrays datasets GDS1381 and 
GDS3592. AURKA was identified among other four 
genes as a potential key marker involved in carboplatin 
response.53

A Italian group found that AURKA overexpression 
assessed by a semiquantitative IHC score was significantly 
associated with platinum- resistance in 41 patients with 
HGSOC.54

Nevertheless, other studies failed to identify AURKA as a 
chemoresistance factor in HGSOC. Li et al performed a study 
evaluating the expression of different genes in 96 patients 
with OCCC and 113 patients with HGSOC. Four biomarkers 
were differently expressed in HGSOC versus OCCC. HER2 
and PDL1 overexpression was common in OCCC while loss 
of BRCA1 and BRCA2 was frequent in HGSOC. Of note, 
AURKA and PDL1 were correlated with platinum- resistance 
only in the OCCC group (p=0.043) while no relation with 
platinum resistance and AURKA was seen in HGSOC.55

AURKB has been identified as well, as a potential target 
for chemoresistance reversion. In a preclinical study with 
cisplatin- resistant OVCAR-8 cells, sequential combination of 
AURKB inhibitors followed by cisplatin showed a synergistic 

effect with an enhanced apoptotic response. This effect was 
dependent on c- Myc expression.56

In breast cancer, AURKB overexpression has been also 
related with resistance to the endocrine agent tamoxifen. 
AURKB overexpression was also related with impaired prog-
nosis in these tumours.57

Dacomitinib, a pan inhibitor of ErbB receptors, have been 
studied in chemoresistant ovarian cell lines. Dacomitinib 
impaired growth and increased apoptosis of resistant- ovarian 
cells by inhibiting PLK1- FOXM1 signalling pathway and its 
downstream targets including AURKB.58 This effect suggest 
that downregulation of AURKB with dacomitinib could 
have an impact in chemoresistance reversion. These results 
suggest that AURKB inhibition could be a potential target in 
chemoresistant EOC.

On contrary, a clinical analysis in 88 pleural effusions from 
advanced- stage OC showed that low AURKB expression in 
prechemotherapy effusion was related with primary chemo-
therapy resistance (p=0.006) and poor treatment response 
(p=0.013). Compared with their primary tumour, primary 
effusions showed a significantly higher levels of AURKA 
expression.59

There is scarce information about AURKC and its role in 
chemoresistance. Nevertheless, an AURKC interacting mole-
cules has been identified as a potential resistant biomarker 
to paclitaxel in OC. The disulphide isomerase ERp57, that 
intearacts with AURKC and beta- actin among others, was 
asssociated to paclitaxel resistance.60

AURK as a target in OC: AURK inhibition as a therapeutic 
approach
In the recent years, several AURK inhibitors have been 
tested in OC. In this context, compounds with both selec-
tive Aurora or pan- Aurora activity have been developed.

In a retrospective analysis, the outcomes of more than 240 
patients with high- grade EOC included in 94 phase I trials in 
the University of Texas MD Anderson Cancer Center were 
analysed.61 Patients were stratified according with the study 
drug administered. Among the targeted agents included in 
these trials, there were bevacizumab, anti- VEGFR (Vascular 
Endothelial Growth Factor Receptor) inhibitors and other 
compounds targeting PI3K- AKT- mTOR, MAPK, Src, Wee1 
and AURKA signalling pathways. Those patients treated 
with chemotherapy plus bevacizumab or AURKA inhibitors 
showed a PFS longer than 6 months, suggesting the potential 
benefit deriving from AURKA inhibitors.

Hereby, we present the most relevant AURK inhibitors 
evaluated in OC in clinical trials.

Alisertib in OC
Alisertib (previously known as MLN8237) is an oral small 
inhibitor selective for AURKA. The selectivity in the inhi-
bition of AURKA may result in a better toxicity profile and 
therapeutic index compared with the pan- Aurora inhibitors.

A preclinical study in OC cell lines showed that alisertib 
blocked cell cycle and induced apoptosis through p53 upreg-
ulation but also inhibited epithelial mesenchymal transition 
via PI3K/AKT/mTor and sirtuin-1 mediated pathways.62
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In a phase 1 trial63 including different solid tumours 
alisertib was administered to 59 patients, of whom 3 (5%) 
were patients with OC. Neutropenia and stomatitis were 
the most commons dose limitants toxicities (DLT). More 
common grade 3 toxicities were neutropenia (34%), leuco-
penia (22%) and thrombocytopenia (12%). Signs of antitu-
mour activity was also observed, with prolonged stable disease 
for more than 6 months in six patients. The recommended 
phase II dose for alisertib was 50 mg two times a day on a 7- day 
schedule.

Thirty- one patients with platinum- resistant or platinum- 
refractory epithelial ovarian (n=25), fallopian tube (n=5) or 
primary peritoneal tumours (n=1) were treated with alisertib 
at the aforementioned doses of the phase I study. Response 
rate was 10% and the duration of responses were prolonged 
for this adverse prognosis population (6.9–11.1 months). 
Moreover, 52% achieved stable disease with six patients 
(19%) lasting ≥3 months.64 This results suggest a modest but 
durable activity of alisertib as monotherapy in OC.

When tested in combination with chemotherapy, in OC 
cell lines and in orthotopic xenograft models of OC, alisertib 
in monotherapy or combined with paclitaxel showed inhibi-
tion of tumour growth and metastatisation. The combination 
was more effective than either drug alone.65

A recent phase Ib/II trial66 evaluated the activity of 
alisertib in combination with weekly paclitaxel in patients 
with breast (phase 1) and OC (phase 1 and phase 2). The 
primary endpoint for the phase 2 trial was PFS. In this 
trial, patients were randomised to receive alisertib 40 mg 
3 days on and 4 days off for 3 weeks plus paclitaxel 60 mg/
m2 intravenously days 1, 8 and 15 versus weekly paclitaxel 
80 mg/m2 in 28- day cycles.

A total of 191 patients with advanced breast cancer or 
recurent OC were enrolled, including 142 patients with OC 
randomised to alisertib +paclitaxel (n=73) versus paclitaxel 
monotherapy (n=69). Median PFS was 6.7 months for the 
combination arm versus 4.7 months for paclitaxel alone (HR 
0.75; 80% CI 0.58 to 0.96, p=0.14). The prespecified two sided 
p value cut- off to be considered for further investigations 
was 0.20; thus, the study was considered positive. Grade 3 or 
higher toxic events reported were 63 (86%) versus 14 (20%) 
for the patients in the alisertib versus paclitaxel alone arms, 
including 77% versus 10% neutropenia and 25% versus 0% 
stomatitis.

Other AURK inhibitors in OC
ENMD-2076
ENMD-2076 is an orally active multitarget kinase inhibitor 
that has selective activity against Aurora A and a potent 
antiangiogenic activity by VEGFR and FGFR (Fibroblast 
Growth Factor Receptor) inhibition.67

The phase I trial68 in solid tumours showed that ENMD-
2076 was well tolerated with an maximal tolerated doses 
(MTD) of 160 mg/m(2). Neutropenia grade 3 was the DLT 
of this compound. Expanded cohorts at MTD for ovarian, 
colorectal and refractory tumours showed promising activity 
in ovarian tumours with two partial responses in refractory/
resistant disease.

Recently, a phase II trial of ENMD-2076 in OCCC was 
published by the Princess Margaret Consortium.69 The 
rational for this trial was that apart to a strong expression of 
VEGF in OCCC, the overexpression of AURKA had been 
associated with chemoresistance in this subtype.55

Loss of AT- rich interactive domain 1A (ARID1A) was 
analysed as a potential predictive biomarker for response 
to ENMD-2076. Patients included had been diagnosed with 
an OCCC previously treated with platinum- based chemo-
therapy. Forty patients were finally enrolled. ENMD-2076 
was well tolerated with main related grade 3 toxicities being 
hypertension (28%), proteinuria (10%) and diarrhoea 
(10%). In terms of activity, ENMD-2076 did no meet the 
preset bar for efficacy. The best response was partial response 
for three patients and stable disease for 26. Of note, the 
overall 6- month PFS was superior in those patients with loss 
of ARID1A expression (33% vs 12% p=0.023) suggesting a 
potential predictive role of ARID1A expression.

AMG-900
AMG-900 is an oral selective pan- AURK inhibitor. A phase 
1 trial evaluated the safety, tolerability and dose- expansion 
phases in tree tumour types: taxane- resistant and platinum- 
resistant OC, taxane- resistant TNBC) and castration- resistant 
and taxane- resistant or cisplatin/etoposid- resistant prostate 
cancer (CRPC). The MTD for AMG-900 was 25 mg/day 
increasing to 40 mg/day with G- CSF in a 4 days on/10 days off 
schedule. During dose expansion, 3/29 (10.3%) evaluable 
patients with OC experienced a partial response by RECIST 
V.1.1 criteria. Moreover, seven patients with OC (24.1%) had 
a partial response according to GCIG criteria. No response 
was seen among patients with TNBC or CRPC.70

Danusertib (PHA-739358)
Danusertib hydrochloride, also known as PHA-739358, is an 
intravenous pan- Aurora inhibitor. In the phase I trial, one 
patient with refractory OC had a partial response suggesting 
a potential activity in this setting.71

In a further phase III trial, 223 patients with different 
tumour types including OC (n=34) were included. Primary 
endpoint was the progression- free rate (PFR) at 4 months 
assessed by RECIST V.1.1. Danusertib was administered at 
500 mg/m2 given as a 24 hours intravenous infusion every 14 
days. This compound did not met the prespecified protocol 
criteria for clinically relevant activity in any of the treated 
cancer. PFR at 4 months in OC was 12.1%. The most frequent 
adverse events were fatigue/astenia, nausea, diarrhoea and 
haematological toxicity.72

Tozasertib (VX-680, VE-465, MK-0457)
Tozasertib, a pan- Aurora inhibitor,73 has shown to enhanced 
carboplatin activity by MTT proliferative assay in both 
platinum- sensitive and platinum- resistant ovarian cell lines 
of varying p53 status.74 At low doses, this compound syner-
gises paclitaxel induced apoptosis and is active in paclitaxel 
resistant cells.75 Moreover, the combination of tozasertib 
with the histone deacetylase valproic acid showed a syner-
gistic effect on gynaecological cancer cells including three 
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OC cell lines.76 A phase I trial with tozarsertib as a 24 hours 
continuous intravenous infusion in 27 patients identified the 
MTD as 64 mg/m(2)/h.77 Neutropenia grade 4 and herpes 
grade 3 were the DLTs. Other common adverse events were 
nausea, vomiting, diarrhoea and fatigue. Of note, almost half 
patient achieved stable disease and that was noteworthy in 
one patients with OC a prolonge stabilisation of 11 months.

CONCLUSIONS
AURK family plays an important role in tumourigenesis in 
OC. AURKA overexpression or amplification is a common 
alteration in EOC with prognosis implications. But in the 
last years, AURK have evolved as a potential target with some 
promising results of AURK inhibitors alisertib and ENMD-
2076. Main concern for further development of some of this 
agents is the toxicity, that can be relevant when combined 
with chemotherapy.

Nevertheless, there is a strong need to continue exploring 
the therapeutic potential of the AURK pathway in this setting.
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