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LESSONS LEARNED

x Patients with metastatic castration-resistant prostate cancer did not tolerate the combination of alisertib with abiraterone and
prednisone.

x There was no clear signal indicating that adding alisertib might be beneficial for those patients progressing on abiraterone.

ABSTRACT

Background.We hypothesized that Aurora A kinase (AK)
contributes to castrate resistance in prostate cancer (PCa) and
that inhibiting AK with alisertib can resensitize PCa cells to
androgen receptor (AR) inhibitor abiraterone.
Methods.Thiswasaphase I/II trial todetermine the safety and
efficacy of alisertib when given in combination with abirater-
one plus prednisone (AP). Metastatic castration-resistant
prostate cancer (mCRPC) patients were treated with dose
escalation (alisertib at 30, 40, and 50mg orally b.i.d., days 1–7
every 21 days) per standard 313 design.
Results. Nine of 43 planned subjects were enrolled. The
maximum tolerated dose (MTD) was not reached, and the
dose-limiting toxicities (DLTs) included neutropenic fever (1 of
9), neutropenia (1 of 9), fatigue with memory impairment (1
of 9), and diarrhea/mucositis (1 of 9). No prostate-specific
antigen (PSA) decrease or circulating tumor cell (CTC) changes
wereobservedduringthestudy.Pharmacodynamically, adding
alisertib did not affect total testosterone or dehydroepian-
drosterone (DHEA) levels. There was some change in
neuroendocrine markers after therapy. Mean duration on
study was 2.5 months. The trial was terminated early.
Conclusion. A tolerable dose of alisertib in combination with AP
in mCRPC was not established in this study. There was no clear
signal indicating that alisertib might be beneficial for patients
with mCRPC progressing on abiraterone. The Oncologist 2016;
21:1296–1297e

DISCUSSION

Abiraterone acetate is active andapproved for use in patients
with metastatic castration-resistant prostate cancer [1, 2],

but resistance does develop, and the mechanism of drug

resistance is under active investigation [3]. Preclinical studies

have shown AK as a potential target for advanced PCa,

especially for PCa with neuroendocrine differentiation. We

investigatedwhether theadditionofalisertib, anAK inhibitor,

to an AP regimen was tolerable and effective to reverse

resistance to abiraterone.
The trial was terminated early because of toxicity and lack

of clinical benefit.The first three patients in cohort 1 (30mg b.
i.d., days 1–7 every 21 days) did not experience a DLT. Two
patients experienced DLTs in cohort 2 (40 mg level) (fatigue
with memory impairment or neutropenic fever), resulting in
dose de-escalation Three additional patients were treated at
30 mg b.i.d., and two developed DLTs (neutropenia and
diarrhea/mucositis). Evaluation of side-effect profile among
the nine patients demonstrated poor tolerability of alisertib
and abiraterone/prednisone combination. Bone marrow
suppression is a known side effect from alisertib [4, 5], but
the rate of grade 3/4 toxicities was higher in our study
compared with others. It is important to note that previous
studies used alisertib as monotherapy in solid tumors. To
improve patient tolerance, it might be reasonable to use a
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different dose and schedule for patients with relatively slow-
growing tumors such as prostate cancer.

The efficacy is difficult to assess in this phase I trial. Three
patients were taken off the study because of disease progres-
sion. Seven (of 9) patients had an increase in PSA during the
study. Four (of 9) patients in the trials had$5CTCs at baseline,
but no conversion was observed at the end of therapy. Mean
durationon the studywas2.5months.These results suggestan
unfavorable efficacy-to-toxicity ratio for this combination.The
trialwas prematurely terminated, and thephase II portionwas
not performed.

From measuring the total testosterone and DHEA levels
during the study, we believe alisertib does not interferewith the
ability of abiraterone to inhibit biosynthesis of androgens. For

neuroendocrine biomarkers, we observed three (of nine)
patients who had a sustained decreased in chromogranin A
levels and four (of nine) patients who had a decrease in neuron-
specific enolase levels. The significance of these changes is not
clear, given the small sample size of the study. Fluorescence in
situ hybridization analysis of collectedCTCs did notdemonstrate
AK amplification. Further study is certainly needed to make any
conclusions.

In summary, addingalisertib to abiraterone regimen seems
intolerable in mCRPC. The optimal dose and schedule of
alisertib could not be determined. There was no clear signal
indicating that alisertib might be beneficial for patients with
mCRPC progressing on abiraterone, and further development
of this treatment combination is not warranted.

TRIAL INFORMATION

Disease Prostate cancer

Stage of disease / treatment Metastatic/advanced

Prior Therapy 1 prior regimen

Type of study - 1 Phase I

Type of study - 2 313 dose escalation

Primary Endpoint Safety

Primary Endpoint Maximum tolerated dose

Secondary Endpoint PSAkinetics after alisertib is added toabirateroneandprednisone
regimen

Secondary Endpoint Baseline and post-therapy CTCs enumeration

Secondary Endpoint Baseline and post-therapy chromogranin A and neuron-specific
enolase levels

Additional Details of Endpoints or Study Design 1. DHEA and testosterone kinetics after alisertib
2. Aurora kinase A gene amplification status

Investigator’s Analysis Poorly tolerated/not feasible

DRUG INFORMATION

Drug 1

Generic/working name MLN 8237

Trade name Alisertib

Company name Millennium: The Takeda Oncology Company

Drug type Small molecule

Drug class Mitotic - Aurora kinase

Dose milligrams (mg) per flat dose

Route oral (p.o.)

Dose-limiting toxicities

Dose level Dose of drug: MLN 8237
Number
enrolled

Number
evaluable for toxicity

Number with a
dose-limiting toxicity

Dose-limiting toxicity
information

21 20 mg p.o. b.i.d.,
days 1–7 every 21 days

0 0 0 None

0 30 mg p.o. b.i.d.,
days 1–7 every 21 days

3 3 0 None

1 40 mg p.o. b.i.d.,
days 1–7 every 21 days

3 3 2 Grade 3 fatigue; grade 4
white blood cell decrease

0* 30 mg p.o. b.i.d.,
days 1–7 every 21 days

3 3 3 Grade 4 febrile neutropenia;
grade 3 mucositis

*First cohort treated at level 0 with no dose-limiting toxicities. Second cohort treated at level 1 with two dose-limiting toxicities. Per protocol, dose
de-escalation to level zero with three additional subjects.

www.TheOncologist.com ©AlphaMed Press 2016

Lin, Patel, Sama et al. 1297

http://www.TheOncologist.com


Schedule of
administration

Dose Level21: Alisertib, 20mg p.o. b.i.d., days 1–7 every 21 days

Dose Level 0 (starting): Alisertib, 30 mg p.o. b.i.d., days 1–7 every
21 days

Dose Level 1: Alisertib, 40 mg p.o. b.i.d., days 1–7 every 21 days

Dose Level 2: Alisertib, 50 mg p.o. b.i.d., days 1–7 every 21 days

The first cohort was treated at dose level 0 with no DLTs. The
second cohort was treated at dose level 1 with two DLTs. Per
protocol, dose de-escalation was to level 0 with three additional
subjects.

PATIENT CHARACTERISTICS
Number of patients, male 9

Number of patients, female 0

Stage Stage IV, Metastatic

Age Median (range): 68 (62–82)

Number of prior systemic therapies Median (range): 1 (1–2)

Performance Status: ECOG 0— 7
1— 2
2— 0
3— 0
Unknown— 0

Other Not collected

Cancer types or histologic subtypes Adenocarcinoma of prostate: 9

PRIMARY ASSESSMENT METHOD

Number of patients screened 9

Number of patients enrolled 9

Number of patients evaluable for toxicity 9

Number of patients evaluated for efficacy 9

Evaluation method Clinic visit at 12 weeks or progression: CT\MRI Abd and
Pelvis; CT of chest or CXR; Bone Scan; PSA; Androgen Panel

Response assessment CR 0

Response assessment PR 0

Response assessment SD 0

Response assessment PD n5 3

Response assessment OTHER n5 6

ADVERSE EVENTS
All Dose Levels, All Cycles

Name *NC/NA 1 2 3 4 5 All Grades

Fatigue 22% 67% 0% 11% 0% 0% 78%

Mucositis oral 56% 11% 22% 11% 0% 0% 44%

Alopecia 56% 44% 0% 0% 0% 0% 44%

Dizziness 78% 11% 11% 0% 0% 0% 22%

Memory impairment 56% 11% 22% 11% 0% 0% 44%

Diarrhea 78% 11% 0% 11% 0% 0% 22%

Nausea 78% 22% 0% 0% 0% 0% 22%

Dyspepsia 89% 0% 11% 0% 0% 0% 11%

Anorexia 78% 22% 0% 0% 0% 0% 22%

Constipation 89% 11% 0% 0% 0% 0% 11%

Rectal pain 89% 11% 0% 0% 0% 0% 11%

Confusion 89% 11% 0% 0% 0% 0% 11%

Headache 89% 11% 0% 0% 0% 0% 11%

Personality change 89% 11% 0% 0% 0% 0% 11%
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Dyspnea 89% 11% 0% 0% 0% 0% 11%

Electrocardiogram QT corrected interval prolonged 89% 11% 0% 0% 0% 0% 11%

Hypertension 89% 11% 0% 0% 0% 0% 11%

Pharyngitis 89% 11% 0% 0% 0% 0% 11%

Skin hyperpigmentation 89% 11% 0% 0% 0% 0% 11%

Palmar-plantar erythrodysesthesia syndrome 89% 11% 0% 0% 0% 0% 11%

Rash maculo-papular 89% 11% 0% 0% 0% 0% 11%

Pruritus 89% 11% 0% 0% 0% 0% 11%

Urinary tract infection 89% 11% 0% 0% 0% 0% 11%

Hypocalcemia 67% 33% 0% 0% 0% 0% 33%

Hypokalemia 78% 22% 0% 0% 0% 0% 22%

Hyponatremia 89% 11% 0% 0% 0% 0% 11%

Hyperglycemia 67% 0% 11% 11% 11% 0% 33%

White blood cell decreased 45% 0% 44% 0% 11% 0% 55%

Anemia 56% 0% 44% 0% 0% 0% 44%

Neutrophil count decreased 67% 0% 22% 11% 0% 0% 33%

Platelet count decreased 78% 11% 0% 11% 0% 0% 22%

Febrile neutropenia 89% 0% 0% 0% 11% 0% 11%

Adverse Events Legend
Adverse Events occurring in any patient during any cycle are shown in the table
*No Change From Baseline/No Adverse Event

SERIOUS ADVERSE EVENTS
Name Grade Attribution

Neutropenic Fever 4 Probable

DOSE-LIMITING TOXICITIES

Dose
level Dose of drug: MLN 8237

Number
enrolled

Number
evaluable for
toxicity

Number with a
dose-limiting
toxicity

Dose-limiting toxicity
information

21 20 mg p.o. b.i.d., days 1–7 every
21 days

0 0 0 No data

0 30 mg p.o. b.i.d., days 1–7 every
21 days

3 3 0 No dose-limiting toxicity

1 40 mg p.o. b.i.d., days 1–7 every
21 days

3 3 2 Grade 3 fatigue; grade 4 white blood
cell decrease

0* 30 mg p.o. b.i.d., days 1–7 every
21 days

3 3 3 Grade 4 febrile neutropenia; grade 3
mucositis

*First cohort treated at dose level 0with no dose-limiting toxicities. Second cohort treated at dose level 1with two dose-limiting toxicities. Per protocol,
dose de-escalation to level 0 with three additional subjects.

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study terminated before completion

Terminated reason Toxicity

Investigator’s assessment Poorly tolerated/not feasible

Abiraterone acetate is active and approved for the
treatment of patients with metastatic castration-resistant
prostate cancer (mCRPC) [1, 2]. Unfortunately, disease progres-
sion inevitably occurs, and patients require additional therapy,
which remains an unmet medical need. The mechanism of
resistance to abiraterone is not clear and is still under active
investigation [3]. It iswidely accepted thatprostate cancer (PCa)
is composedofheterogeneouslydistinctcell subtypes, including
neuroendocrine prostate cancer (NEPC). NEPC is generally
considered an aggressive and lethal variant of PCa that most
commonlyarises fromexistingPCa [6]. Clinically,NEPCoftenhas
high serum levels of chromogranin A (CgA) and neuron-specific

enolase (NSE) [7]. The presence of the neuroendocrine (NE)
tumor subpopulation can be gauged noninvasively by measur-
ing circulating levels of secretory products, primarily CgA [8].
Increased plasma CgA was observed in 64.3% of patients with
CRPC [9]. Increased NSE was seen in 35% of patients [10]. These
NEPC can be considered to be castration-resistant and androgen
receptor (AR)-independent because AR signaling is not a key
player for survival of these cells [11, 12].The development of
the NE features (transformation) in androgen-deprived
conditions may contribute to castrate resistance and/or
abiraterone resistance. Molecularly, Aurora Kinase (AK) (and
concurrentMYCN oncogene) amplification was identified by
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fluorescence in situ hybridization (FISH) in 75% of primary
PCa of patients with NEPC (.95% cells) [11]. By using tissue
biopsies from metastatic sites, up to 53% metastatic PCa
were found to harbor AK amplification [11].

In vitro studies support the fact that there is a functional
relationship betweenAK and PCa: (a) AK is overexpressed in
PCa, especially in anti-androgen-resistant PCa [13, 14]; (b)
AK phosphorylates and interacts with AR, enhancing AR
DNAbinding [15]; (c) AK induces cell growth in the presence
and absence of androgen; (d) AK induces/enhances AR
activity and potentiates androgen action in AR; and (e)
targeting AK reverses the androgen-independent pheno-
type in vitro [15]. Features of mCRPC likely include AK (and
concurrent MYCN) amplification/overexpression with NE
phenotype. AK is potentially an important drugable target
for CRPC with or without neuroendocrine differentiation.
Therefore, we investigated whether mCRPC is sensitive to
AK suppression by alisertib, especially in the subgroup of
patients with neuroendocrine phenotype. We hypothe-
sized that adding alisertib to the existing androgen-
deprivation therapy regimen may reverse the resistance
to abiraterone.

Wedesignedaphase I/II, open-label, single-institution trial
todetermine thesafetyandefficacyof theAK inhibitoralisertib
when given in combination with abiraterone plus prednisone
(AP). In the phase I portion, we evaluated the maximum
tolerated dose of alisertib. In the phase II study, we planned
to evaluate the proportion of patients who had no disease
progression after alisertib is added to abiraterone and
prednisone.

The trial was terminated early because of toxicity and lack
of clinical benefit. The first three patients in cohort 1 (30 mg
b.i.d., days 1–7 every 21 days) did not experience a dose-
limiting toxicity (DLT).Twopatients experiencedDLTs in cohort
2 (fatigue with memory impairment and neutropenic fever),
resulting in dose de-escalation.Three additional patientswere
treated at 30 mg b.i.d., and two developed DLTs (neutropenia
and diarrhea/mucositis). Evaluation of the side-effect profile
among thenine patients demonstratedpoor tolerability of the
alisertib and abiraterone/prednisone combination. Five (of 9)
patients requiredatreatmentdelay.Bonemarrowsuppression
isaknownsideeffect fromalisertib [4,5], andalthoughtherate
of grade 3/4 toxicities was higher in our study compared with

others, it is important to note that previous studies used
alisertib as monotherapy. To improve patient tolerance, it
might be reasonable to use a different dose and schedule for
patients with relatively slow-growing tumors such as prostate
cancer.

Theefficacyof alisertib andabiraterone isdifficult toassess in
this phase I trial.Three patientswere takenoff the study because
of disease progression. Seven (of 9) patients had an increase in
prostate-specific antigen (PSA) during the study. The effect of
alisertib on circulating tumor cell (CTC) enumeration before and
after treatment was also measured. Four (of 9) patients in the
trialshad$5CTCsatbaseline,butnoconversionwasobservedat
the end of therapy.These results suggest an unfavorable efficacy
to toxicity ratio of alisertib with abiraterone and prednisone.
Therefore, the trial was terminated earlier, and the phase II
portion was not performed.

We looked at the possible pharmacodynamic interactions
betweenalisertib and abiraterone.Theaddition of alisertib did
not significantly affect the total testosterone and dehydroe-
piandrosterone (DHEA) levels.This suggests that alisertib does
not interfere with the ability of abiraterone to inhibit the
biosynthesis of androgens.

For neuroendocrine biomarkers, we observed 3 (of 9)
patients who had a sustained decreased in chromogranin A
levels and 4 (of 9) patients who had a decrease in neuron-
specific enolase levels.The significance of these changes is not
clear, given the small sample size of the study. FISH analysis of
collected CTCs did not demonstrate AK amplification. Further
study is certainly needed to make any conclusions.

In summary, adding alisertib to an abiraterone regimen
seems intolerable inmCRPC.The optimal dose and schedule
of alisertib could not be determined. There was no clear
signal indicating that alisertib might be beneficial for
patients with mCRPC progressing on abiraterone, and
further development of this treatment combination is not
warranted.
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FIGURE AND TABLES

Figure 1. Effects of alisertib on androgen synthesis. (A): DHEA levels during the study treatment. (B): Total testosterone levels during the
study treatment.

Abbreviations: C2, cycle 2; DHEA, dehydroepiandrosterone.

Table 1. Summary of the phase I safety data

Pt Age
Prior
systemic treatment

Dose
level (mg)

No. of cycles
received AE > G2

DLT
(yes/no) Reason off Tx

1 67 Docetaxel Abiraterone 30 1 None N Family obligations
(left USA)

2 76 Abiraterone 30 7 None N Disease progression

3 65 Abiraterone 30 3 None N Patient compliance

4 68 Abiraterone 40 1 Grade 3 fatigue,
short-term memory loss

Y DLT

5 82 Abiraterone 40 7 None N Disease progression

6 73 Abiraterone 40 2 Neutropenia,
dysphagia

Y DLT

7 66 Abiraterone 30 5 Neutropenia Y DLT

8 74 Docetaxel Abiraterone 30 1 Neutropenic fever,
mucositis,
thrombocytopenia

Y DLT

9 62 Docetaxel Abiraterone 30 6 Diarrhea, mucositis N Disease progression

Abbreviations: AE, adverse event; DLT, dose-limiting toxicity; G2, grade 2; N, no; Pt, patient; Tx, treatment; Y, yes.
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Click here to access other published clinical trials.

Table 2. Changes of CgA and NSE levels after treatment with alisertib

Patient

Chromogranin A Neuron-specific enolase

Initial End Initial End

1 7 6.4 6.5 7.9

2 2.5 92 13.2 22.5

3 5.8 1.4 7.2 5.6

4 4 3.8 8.1 5.4

5 3.6 2.14 9.1 ,5

6 ,1 ,1 5.5 7.6

7 6.2 9.2 5.1 8.7

8 6 6 7.3 ,5

9 4.2 4.2 29.7 30.8

Abbreviations: CgA, chromogranin A; NSE, neuron-specific enolase.
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