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LESSONS LEARNED

• Treatment with the Aurora kinase A inhibitor yields often durable disease control, but limited tumor regression, in heavily
pretreated patients with unresectable malignant pleural or peritoneal mesothelioma.

• In a limited sample size, MYC copy-number gain or gene amplification, a candidate predictive biomarker for alisertib, did
not correlate with improved response numbers or patient outcomes.

ABSTRACT

Background. Malignant mesothelioma is an aggressive
disease for which few effective therapies are available. The
Aurora family kinases are critical for mitotic fidelity and
highly expressed in mesothelioma, wherein their inhibition
leads to growth arrest in vitro. We evaluated the efficacy of
alisertib, an Aurora A kinase inhibitor, in relapsed malignant
mesothelioma.
Methods. Twenty-six patients with previously treated, un-
resectable pleural or peritoneal mesothelioma were enrolled
on a single-arm, single-institution phase II trial of alisertib at a
dosage of 50 mg twice daily for 7 of every 21 days. The pri-
mary endpoint was 4-month disease control rate. Secondary
endpoints included overall response rate, progression free sur-
vival, overall survival, safety/toxicity, and correlation of end-
points withMYC copy number.
Results. Of the 25 evaluable patients treated on study, 8 (32%)
experienced 4-month disease control, surpassing the futil-
ity endpoint. There were no confirmed partial or complete
responses. Median progression-free and overall survival were
2.8 months and 6.3 months, respectively. No associations
betweenMYC copy number and outcomes were observed.

Conclusion. Alisertib has modest activity in this unselected
malignant mesothelioma population. Several patients achieved
durable disease control. Although the study did meet its
prespecified futility endpoint, the sponsor elected to close
the trial at the interim analysis. The Oncologist 2020;25:
e1457–e1463

DISCUSSION

There are no Food and Drug Administration–approved thera-
pies for patients with pretreated malignant mesothelioma,
and this is a significant unmet need. Alisertib is a selective
small molecule inhibitor of Aurora A kinase [1]. Preclinical
studies have strongly suggested Aurora kinases to be relevant
therapeutic targets in patients with mesothelioma. Aurora
kinase gene expression is upregulated in mesothelioma tumor
tissue and is a negative prognostic factor [2]. Aurora A kinase
expression is strongly correlated with the expression of MYC
oncogene, and increased expression of MYC, via over-
expression or gene amplification, has been shown to predict
sensitivity to Aurora kinase inhibitors [3]. Molecular profiling
of mesothelioma identifiedMYC copy number gains (≥4 copies
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by fluorescence in situ hybridization [FISH]) in 23% of biphasic
mesotheliomas and 13% of epithelioid mesotheliomas [4].

The present study is a single-arm, single-institution
phase II trial to evaluate the efficacy and safety of alisertib
in patients with unresectable pleural or peritoneal mesothe-
lioma who had received at least one prior line of therapy,
including platinum-pemetrexed. The primary endpoint tar-
get was 4-month disease control rate (DCR) of >30%. The
observed 4-month DCR was 32% (8/25), which met the
prespecified efficacy endpoint for the interim analysis.
Unfortunately, strategic changes at the sponsor level pre-
cluded expansion of this study as planned.

Among the overall evaluable population (n = 25), 1 patient
(4.0%) had a documented minor response as best response,
whereas an additional 13 patients (52.0%) experienced stable
disease as best response. Median progression-free and over-
all survival were 2.8 months (95% confidence interval [CI],
1.3–4.0) and 6.3 months (95% CI, 5.7–11.1), respectively
(Fig. 1). The most common adverse events were fatigue, alo-
pecia, anemia, nausea, and oral mucositis, and most events

were grade 1 or 2. There were no grade 4 toxicities reported.
There was one death on study, as a result of complications
related to pre-existing renal failure and pulmonary disease,
including probable disease progression. An additional second-
ary endpoint related toMYC copy number identified between
two and five patients with tumors bearing MYC copy number
gain/amplification, depending on FISH criteria, but there was
no correlation with response, duration of response, or sur-
vival in this small data set. Following relapse, patients with
mesothelioma are typically re-treated with platinum-based
chemotherapy or a variety of single-agent immunotherapies
or chemotherapies, each with modest and similar clinical ben-
efit. An accepted standard of care for previously treated
mesothelioma remains elusive, and additional, effective ther-
apies are badly needed. Although alisertib, specifically, is
unlikely to undergo further development for mesothelioma
owing to shifting developmental strategies, several patients
did achieve prolonged disease control. Further investigation
is warranted to evaluate the role for Aurora kinase inhibitors
and MYC as a biomarker in relapsed mesothelioma.

TRIAL INFORMATION

Disease Mesothelioma

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy 1 prior regimen

Type of Study Phase II, single arm

Primary Endpoint 4-month disease control rate

Secondary Endpoints Progression-free survival, overall survival, overall response rate,
safety, correlative endpoint

Figure 1. Individual swimmer plots for all patients receiving alisertib on protocol. Median progression-free survival was 2.8 months
(range: 0.5–10.0 months).
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Additional Details of Endpoints or Study Design

Treatment Plan: We conducted a single-arm, single-institution phase II trial of alisertib administered 50 mg twice daily for
7 days every 21 days at the University of Texas MD Anderson Cancer Center. Patient eligibility included unresectable pleu-
ral or peritoneal mesothelioma, up to four lines of prior therapy, including at least one prior platinum-pemetrexed combi-
nation therapy, and adequate organ function.

Assessments: Efficacy was assessed by either modified RECIST (mRECIST; preferred) or RECIST criteria (if mRECIST
could not be performed) every 6 weeks. Archival or fresh tissue at baseline was collected to assess MYC copy number
and evaluate the association between short-term responses and subgroups defined based on FISH criteria for MYC
gene analysis.

Endpoints and Statistical Analysis: The primary endpoint was 4-month disease control rate and secondary endpoints
were survival (progression-free and overall), overall response rate, duration of response, safety/toxicity, the association
between responses and subgroups defined by MYC copy number gain. An interim analysis was planned after 24 eva-
luable patients were enrolled. Evaluable patients were identified as those who completed at least one cycle
(i.e., 50-mg doses twice daily for days 1–7 of first cycle) of alisertib treatment. The trial was conducted according to
the Simon’s minimax two-stage design and the disease control rate at 4 months was estimated accordingly. It was
assumed that the new regimen would have a target disease control rate of 50% at 4 months. A disease control rate of
30% or lower would be considered a failure and the new regimen would be rejected under this circumstance. When
the probability of accepting a “bad” regimen (i.e., disease control rate ≤ 30%) is 0.05 and the probability of rejecting a
“good” regimen (i.e., disease control rate ≥ 50%) is 0.10, Simon’s minimax design requires entry of 24 patients in the
first stage. If 7 or fewer patients are alive and free of disease progression at 4 months following initiation of treatment,
the trial would be stopped and the regimen declared as ineffective. If 8 or more patients were alive and progression
free at 4 months, 29 more patients would be entered in the study to reach a total of 53 patients. By the end of the
study, the new regimen would be rejected if the disease control rate is less than or equal to 21/53 and would be
accepted otherwise.

Investigator’s Analysis Active but results overtaken by other developments

DRUG INFORMATION

Generic/Working Name Alisertib

Trade Name MLN8237

Company Name Millennium/Takeda

Drug Type Small molecule

Drug Class Mitotic - Aurora kinase

Dose 50 mg per flat dose

Route p.o.

Schedule of Administration Twice daily days 1–7 of 21-day cycle

PATIENT CHARACTERISTICS

Number of Patients, Male 24

Number of Patients, Female 2

Stage Advanced/metastatic

Age Median (range): 69 (44–85)

Number of Prior Systemic Therapies Median (range): 1 (1–4)

Performance Status: ECOG 0 — 7
1 — 15
2 — 4
3 —
Unknown —

Other Prior radiation only: 2; prior surgery only: 4; prior radiation and
surgery: 2

Cancer Types or Histologic Subtypes Epithelioid mesothelioma, 21; biphasic mesothelioma, 5
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PRIMARY ASSESSMENT METHOD: EXPERIMENTAL

Title 4-month disease control rate

Number of Patients Screened 28

Number of Patients Enrolled 26

Number of Patients Evaluable for Toxicity 25

Number of Patients Evaluated for Efficacy 25

Evaluation Method RECIST 1.1

Response Assessment OTHER n = 8 (32%)

Primary endpoint of 4-month disease control rate was defined as no more than 19% increase from baseline in tumor volume,
and therefore, complete response, partial response, or stable disease, when assessed at 16 weeks

SECONDARY ASSESSMENT METHOD: EXPERIMENTAL

Title Overall response rate

Number of Patients Screened 28

Number of Patients Enrolled 26

Number of Patients Evaluable for Toxicity 25

Number of Patients Evaluated for Efficacy 25

Evaluation Method RECIST 1.1

Response Assessment CR n = 0 (0%)

Response Assessment PR n = 0 (0%)

Response Assessment SD n = 14 (56%)

Response Assessment PD n = 10 (40%)

Response Assessment OTHER n = 1 (4%)

Title Progression-free and overall survival

Number of Patients Screened 28

Number of Patients Enrolled 26

Number of Patients Evaluable for Toxicity 25

Number of Patients Evaluated for Efficacy 25

(Median) Duration Assessments PFS 2.8 months, CI: 1.3–4.0

(Median) Duration Assessments OS 6.3 months, CI: 5.7–11.1

PRIMARY ASSESSMENT METHOD: CONTROL

Title 4-month disease control rate

Number of Patients Screened 28

Number of Patients Enrolled 26

Number of Patients Evaluable for Toxicity 25

Number of Patients Evaluated for Efficacy 25

Evaluation Method RECIST 1.1

Response Assessment OTHER n = 8 (32%)

ADVERSE EVENTS

All Cycles

Name NC/NA 1 2 3 4 5
All
grades

Fatigue 36% 52% 12% 0% 0% 0% 64%

Alopecia 44% 48% 8% 0% 0% 0% 56%

Anemia 48% 12% 24% 16% 0% 0% 52%

Nausea 60% 40% 0% 0% 0% 0% 40%
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Pharyngeal mucositis 64% 24% 8% 4% 0% 0% 36%

Constipation 72% 28% 0% 0% 0% 0% 28%

Platelet count decreased 72% 16% 12% 0% 0% 0% 28%

Vomiting 72% 28% 0% 0% 0% 0% 28%

Neutrophil count decreased 80% 0% 8% 12% 0% 0% 20%

White blood cell decreased 80% 4% 12% 4% 0% 0% 20%

Somnolence 80% 12% 8% 0% 0% 0% 20%

Diarrhea 84% 12% 0% 4% 0% 0% 16%

General disorders and administration site conditions - Other,
specify

84% 16% 0% 0% 0% 0% 16%

Anorexia 88% 12% 0% 0% 0% 0% 12%

Alanine aminotransferase increased 92% 8% 0% 0% 0% 0% 8%

Aspartate aminotransferase increased 96% 4% 0% 0% 0% 0% 4%

Lung infection 92% 0% 0% 8% 0% 0% 8%

Confusion 96% 4% 0% 0% 0% 0% 4%

Gastrointestinal disorders - Other, specify 96% 0% 4% 0% 0% 0% 4%

Generalized muscle weakness 96% 0% 4% 0% 0% 0% 4%

Headache 96% 4% 0% 0% 0% 0% 4%

Hypokalemia 96% 4% 0% 0% 0% 0% 4%

Oral pain 96% 4% 0% 0% 0% 0% 4%

Hallucinations 96% 4% 0% 0% 0% 0% 4%

Skin and subcutaneous tissue disorders - Other, specify 96% 4% 0% 0% 0% 0% 4%

Hypersomnia 96% 0% 4% 0% 0% 0% 4%

Adverse Events Legend

Abbreviation: NC/NA, no change from baseline/no adverse event.

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study terminated before completion

Terminated Reason Company stopped development

Investigator’s Assessment Active but results overtaken by other developments

Malignant mesothelioma, particularly when unresectable,
has a very poor prognosis, with even the most favorable esti-
mates suggesting a median overall survival of just over
1.5 years after the initiation of therapy [5]. The standard-of-
care treatment for patients with newly diagnosed mesotheli-
oma remains a combination of platinum and pemetrexed
chemotherapy, with or without antiangiogenic therapy. The
outlook after initial progression of disease is especially dis-
couraging. Here, in the second line and beyond, there is no
established standard of care based on a prospective, ran-
domized trial. Instead, patients receive retreatment with
first-line therapy, presuming an initially durable response, or
a selection of chemotherapies and immunotherapies. Prelim-
inary results from a recent phase III trial in which patients
with previously treated, unresectable mesothelioma were
randomized to receive either pembrolizumab or gemcitabine
plus vinorelbine highlight the challenges faced in the
relapsed setting [6]. Although both arms represent acceptable
options, progression-free survival was similar and disappoint-
ing in each (2.5 months vs 3.4 months for the immunotherapy

and chemotherapy arms, respectively). There is a clear, unmet
need for additional and, especially, more efficacious alterna-
tives in the relapsed setting.

Alisertib, also known as MLN8237, is a selective small
molecule inhibitor of Aurora A kinase that has shown mod-
est antitumor activity in a number of clinical settings
[7]. The Aurora kinases are a highly conserved family of ser-
ine/threonine protein kinases that localize to centrosomes
and the proximal mitotic spindle to ensure accurate mitosis
[8]. As a result, inhibition of Aurora kinases lead to mitotic
delays, severe chromosomal alignment and segregation
defects, and, ultimately, apoptosis [1, 9–11]. Aurora kinases
are functionally linked to the MYC oncogene—for example,
Aurora A kinase binds directly to and stabilizes the MYC
oncogene to promote tumor progression [3].

Unsurprisingly, Aurora A kinase expression is strongly
correlated with MYC expression and, in other studies, MYC
expression has been observed to predict sensitivity to
Aurora kinase inhibitors [6, 8]. Overexpression of Aurora
kinases and/or MYC is common in malignant mesothelioma,
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and in vitro inhibition of Aurora kinases leads to cell growth
arrest in mesothelioma cell line models [2, 4, 12–14]. In
light of these preclinical data and our own profiling studies,
we hypothesized that alisertib was a feasible and relevant
target in mesothelioma.

From June 2015 to August 2016, 26 patients were
enrolled on a single-arm, single-institution phase II trial of
alisertib administered 50 mg twice daily for 7 days every
21 days at the University of Texas MD Anderson Cancer Cen-
ter (NCT02293005). Eligible patients had unresectable pleural
or peritoneal mesothelioma, had received no more than four
prior lines of systemic therapy (including one prior platinum-
pemetrexed combination), and had adequate organ function.
Of the 26 patients who were enrolled, 25 were evaluable
(1 patient did not complete one cycle of treatment—the crite-
rion for evaluability). With respect to the primary endpoint of
4-month disease control rate, 8 patients (32%) remained pro-
gression free at 4 months, which exceeded the prespecified
futility endpoint of 30%.

As for other secondary endpoints related to efficacy and
safety, there were no confirmed responses by RECIST/modi-
fied RECIST criteria. However, 1 patient (4.0%) did have a
documented minor response as best response, whereas an
additional 13 patients (52.0%) experienced stable disease as
best response. Median progression-free and overall survival
were 2.8 months (95% confidence interval [CI], 1.3–4.0) and
6.3 months (95% CI, 5.7–11.1). Among the 26 total enrolled
patients, 8 (30.8%) required a dose interruption and 3 (11.5%)
required a dose reduction. There were 123 adverse events
reported, with the majority grade 1 (69.1%) and 2 (21.1%).
There was a 9.8% grade 3 toxicity rate, including four
patients with grade 3 anemia, three with grade 3 neutrope-
nia, two with grade 3 lung infections, and one each with
grade 3 oral mucositis, diarrhea, and leukopenia. The most
common adverse events were fatigue, alopecia, anemia,
nausea/vomiting, oral mucositis, and constipation. Addition-
ally, one patient expired while on study owing to a combi-
nation of respiratory failure and progression of pre-existing
renal failure. Radiographic evaluation performed just before
this patient’s death suggested possible progressive disease
and questionable pneumonia, although the patient was afe-
brile, was not neutropenic, and had no causative organism
identified in lower respiratory culture. The patient’s respira-
tory failure and renal failure were both deemed not related
to the study drug.

An additional secondary endpoint related to MYC copy
number as a predictive biomarker for alisertib response in
mesothelioma. Sufficient baseline archival or fresh tissue was
available for 22 patients and analyzed for copy number gain
by fluorescence in situ hybridization (FISH). Using four differ-
ent FISH criteria for positivity, between two and five patient
tumors were determined to have MYC copy number gain/
amplification. However, there was no correlation with
response, duration of response, or survival in this small data
set using any of these cutoffs. For example, using the cutoff
of ≥4 copies of theMYC locus [4] (Fig. 2), only 2 of 22 patients
hadMYC copy number gain, and both of these patients expe-
rienced progressive disease as their best response.

Unfortunately, despite exceeding the prespecified futil-
ity cutoff for the primary endpoint of 4-month disease con-
trol rate [15], the sponsor opted to conclude enrollment
because of a shift in developmental strategy for alisertib.
There were some limitations in the activity of alisertib in
this population that may have limited its further
development—most notably the lack of confirmed objective
responses. However, it is worth noting that response rates
are low in relapsed/refractory mesothelioma even for drugs
considered standards of care, especially chemotherapy
[6]. Moreover, the progression-free survival in this trial was
comparable to that seen in other trials evaluating accepted
standards of care, including immunotherapy and chemo-
therapy, while acknowledging the limitations of cross-study
comparisons [6]. Although the biomarker analysis was ulti-
mately underpowered owing to early termination of the
study and few MYC copy number gains detected, there
were no signals to support MYC status as a predictive bio-
marker in this context. This is in contrast to small cell lung
cancer, where MYC status predicted improved clinical out-
comes, although in that case detectable MYC expression by
immunohistochemistry (rather than MYC copy number gain)
was used as cutoff [7].

Although the activity of alisertib in this context was lim-
ited, the drug was well tolerated and safe, and further
exploration of Aurora kinase inhibitors in mesothelioma is
warranted. Future considerations may include the use of
these agents in combination with immunotherapy, as pre-
clinical data support additive or even synergistic activity of
this combination [16], and alternative predictive bio-
markers, including proteomic evaluation of MYC.
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Figure 2. Representative images of MYC copy number examined by fluorescence in situ hybridization in patient samples. (A): Speci-
men with no copy number gain (disomy; n = 2). (B): Specimen with copy number gain (n ≥ 4). Red signals represent MYC gene
probe, whereas green signals represent internal control probe (magnification ×1,000). Copy number analysis was performed in
50 nuclei per tumor in at least four areas.
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