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Summary Aim Two studies investigated the effect of gastric
acid reducing agents and strong inducers/inhibitors of
CYP3A4 on the pharmacokinetics of alisertib, an investiga-
tional Aurora A kinase inhibitor, in patients with advanced
malignancies. Methods In Study 1, patients received single
doses of alisertib (50 mg) in the presence and absence of either
esomeprazole (40 mg once daily [QD]) or rifampin (600 mg
QD). In Study 2, patients received single doses of alisertib
(30 mg) in the presence and absence of itraconazole
(200 mg QD). Blood samples for alisertib and 2 major metab-
olites were collected up to 72 h (Study 1) and 96 h (Study 2)
postdose. Area under the curve from time zero extrapolated to
infinity (AUC0-inf) and maximum concentrations (Cmax) were
calculated and compared using analysis of variance to

estimate least squares (LS) mean ratios and 90% confidence
intervals (CIs). Results The LS mean ratios (90% CIs) for
alisertib AUC0-inf and Cmax in the presence compared to the
absence of esomeprazole were 1.28 (1.07, 1.53) and 1.14
(0.97, 1.35), respectively. The LS mean ratios (90% CIs) for
alisertib AUC0-inf and Cmax in the presence compared to the
absence of rifampin were 0.53 (0.41, 0.70) and 1.03 (0.84,
1.26), respectively. The LS mean ratios (90% CIs) for alisertib
AUC0-inf and Cmax in the presence compared to the absence of
itraconazole were 1.39 (0.99, 1.95) and 0.98 (0.82, 1.19), re-
spectively. Conclusions The use of gastric acid reducing
agents, strong CYP3A inhibitors or strong metabolic enzyme
inducers should be avoided in patients receiving alisertib.
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Introduction

Alisertib is a selective small molecule inhibitor of Aurora A
kinase that is being developed for the treatment of advanced
malignancies. The recommended dose of alisertib for clinical
development as a single agent in Western patient populations
is 50 mg BID administered for 7 days in 21-day cycles [1–3].
This dose and schedule has been used in multiple Phase 2
clinical studies in solid tumor and hematologic malignancies,
with clinical antitumor activity observed in small cell lung
cancer, breast cancer, head and neck cancer, gastroesophageal
adenocarcinoma, ovarian cancer, and various hematologic
malignancies [4–7]. Alisertib has also demonstrated antitumor
activity in Phase 2 studies in ovarian cancer [7] and small cell
lung cancer [8] at a dose of 40 mg BID administered on Days
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1–3, 8–10, 15–17 in combination with weekly paclitaxel
(60 mg/m2 on Days 1, 8 and 15) in 28-day cycles.
Identification of further appropriate combination partners
and sensitive patient populations is anticipated to ensure that
an acceptable risk/benefit profile can be achieved. Aurora A
has been implicated in the development of resistance to mul-
tiple chemotherapies and targeted agents and preclinical data
suggest that alisertib can be combined with multiple therapies
to yield additive or synergistic antitumor activity.
Furthermore, combinations with targeted therapies might
yield more favorable clinical risk/benefit profiles than combi-
nations with chemotherapeutic partners due to decreased risk
for overlapping toxicities [9]. Most common treatment related
toxicities observed with alisertib were fatigue and toxicities
related to the antiproliferative mechanism of action, namely
neutropenia and stomatitis.

Alisertib has been shown to be extensively metabolized in
humans [10] by both oxidation and glucuronidation pathways.
Direct acyl glucuronidation results in the formation of metab-
olite, M1 whereas CYP-mediated O-demethylation of the
fluoromethoxyphenyl moiety results in the formation of me-
tabolite M2, representing the two primary metabolites of
alisertib. Studies in human liver microsomes suggest the in-
volvement of multiple cytochrome P450 (CYP) isozymes and
uridine diphosphate-glucuronosyltransferase (UGT) iso-
zymes. Multiple UGT enzymes (UGT1A1, 1A3, and 1A8)
were involved in alisertib metabolism based on in vitro data.
Genotyping of UGT1A1 was performed in more than 300
patients. The impact of UGT1A1 genotype was not identified
as a significant covariate on the apparent oral clearance of
alisertib [3]. CYP3A4 was the major CYP isozyme contribut-
ing to the oxidative metabolism of alisertib and it is estimated
that CYP3A4-mediated metabolism may account for approx-
imately 60% of alisertib total clearance (Takeda data on file).
Given the importance of CYP3A4 and glucuronidation to
alisertib clearance, moderate and strong inhibitors of
CYP3A4, and clinically significant inducers of CYP3A4/
UGT enzymes have the potential to alter the systemic expo-
sure of alisertib. The contribution of CYP3A4 to alisertib bio-
transformation also exceeds the 25% threshold of potential
clinical relevance for drug-drug interactions (DDIs) based on
the US Food and Drug Administration (FDA) and European
Medicines Agency (EMA) guidance documents [11, 12].

Alisertib is an acidic drug (pKa of 4.53 for the free acid)
with low aqueous solubility at acidic pH. To bypass the stom-
ach and delay dissolution until delivery to the upper small
intestine, alisertib is formulated as an enteric-coated tablet
(ECT). Proton pump inhibitors (PPIs) inhibit gastric acid se-
cretion, and therefore have the potential to interfere with the
absorption of drugs/dosage forms for which gastric pH is an
important determinant of dissolution, absorption and bioavail-
ability [13]. The use of gastric acid reducing agents is partic-
ularly prevalent in cancer patient populations [14], making the

assessment of potential DDIs especially important in the de-
velopment of orally administered anticancer agents with pH-
dependent solubility [15].

To investigate the potential for clinically relevant DDIs,
two clinical studies were conducted. Study 1 investigated the
effects of rifampin, a strong metabolic inducer of pregnane X
receptor (PXR)-inducible drug-metabolizing enzymes (eg,
CYP3A), and esomeprazole, a PPI on the pharmacokinetics
of alisertib ECTs. Study 2 investigated the effect of
itraconazole, a strong CYP3A4 inhibitor, on the pharmacoki-
netics of alisertib ECTs. Alisertib is a cytotoxic agent and as it
cannot be administered to healthy subjects, these studies were
conducted in patients with advanced solid tumors or lympho-
mas. Given the high likelihood of polypharmacy in advanced
cancer patients, these studies were important to assess the
potential risk for clinically meaningful alterations in alisertib
exposure with co-administered drugs and to guide DDI risk
management in the clinical development program [16].

Methods

Study design

Study 1 was a phase 1, open-label, fixed sequence, 2-cycle
study in patients with advanced solid tumors or lymphomas. A
primary objective of the study was to evaluate the effect of
multiple doses of esomeprazole and rifampin on the pharma-
cokinetics of a single 50-mg dose of alisertib administered as
ECTs. Another objective was to evaluate the effect of single
and multiple doses of alisertib on the QTc interval. The
methods and results of the QT analysis will be reported sepa-
rately, and hence only details pertinent to the DDI assessment
are provided here (Fig. 1, panel A).

Patients were screened up to 28 days prior to the first dose
of alisertib to assess eligibility. Eligible patients were then
enrolled into the study and received a single dose of 50 mg
alisertib on Day 1 of Cycle 1 and Day 8 of Cycle 2. In Cycle 2,
patients also received single daily doses of either
esomeprazole (40 mg QD delayed-release capsules) or rifam-
pin (600 mg once daily [QD]) on Days 1 through 10. On Day
8, the dose of alisertib was either administered 1 h after
esomeprazole or co-administered with rifampin (as appropri-
ate). Patients also received 50 mg BID alisertib in Cycle 1
(Day 4 through until the morning dose on Day 10) and
Cycle 2 (Day 11 through until the morning of Day 17). Day
1 of Cycle 2 started after a 2-week washout following alisertib
dosing in Cycle 1. Beginning Cycle 3, patients received
alisertib 50 mg BID on Days 1–7 in 21-day cycles until dis-
ease progression or unacceptable toxicity.

Patients attended the study center on the day prior to the
first dose (Day −1) for baseline assessments and returned on
each of Days 1 to 4 of Cycle 1 and Days 8 to 11 of Cycle 2 for
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study assessments. Alisertib was administered in the study
center on Day 1 of Cycle 1 and on Day 8 of Cycle 2. On both
alisertib dosing days, patients were nil-by-mouth (no food or
drink except water) from 2 h prior to alisertib dosing, until
completion of the 4-h assessments.

Study 2 was a phase 1, open-label study in patients with
advanced solid tumors or relapsed/refractory lymphomas. The
primary objective was to assess the effect of multiple dose
administration of itraconazole (200 mg QD) on the single-
dose pharmacokinetics of alisertib (30 mg) (Fig. 1, panel B).

Patients were screened up to 28 days prior to the first dose
of alisertib to assess eligibility. Eligible patients were then
enrolled into the study and received single doses of 30 mg
alisertib on Day 1 and on Day 10, which were both adminis-
tered in the study center. Patients also received oral solution
doses of 200 mg itraconazole QD on Days 5 through 13. On
Day 10, alisertib was administered 1 h after itraconazole.
Itraconazole was administered in the study center on Days 5,
and 10 through 13 with the remaining doses being adminis-
tered at home by the patients. All doses of alisertib and
itraconazole were taken on an empty stomach with patients
being nil-by-mouth (except water) for 2 h before and until 1 h
after each dose. The itraconazole dosing regimen and design

employed in this study were consistent with current best prac-
tice recommendations for the conduct of itraconazole DDI
studies in the development of CYP3A4 substrates [17].

Both studies were conducted in accordance with the
International Conference on Harmonization guideline for
Good Clinical Practice and the ethical principles of the
Declaration of Helsinki. Both studies were conducted in the
United States (Study 1 involved 6 centers, and Study 2 in-
volved 4 centers) and were approved by the institutional re-
view board(s) and/or local independent ethics committee(s) at
each center. The studies were both registered on
ClinicalTrials.gov (Study 1: NCT01844583, Study 2:
NCT02259010). Study 1 was conducted between June 2013
and August 2014, and Study 2 was conducted between
October 2014 and March 2015.

Patients

Eligible patients were male or female with histologically or
cytologically confirmed metastatic and/or advanced solid tu-
mours or lymphomas for which standard curative or life-
prolonging treatment did not exist or was no longer effective
or tolerable. Patients were aged 18 years or older, had an

Fig. 1 Study schema for
assessment of effects of
esomeprazole, rifampin (a) and
itraconazole (b) on
pharmacokinetics of alisertib. D:
day; BID, twice daily; PK,
pharmacokinetics
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Eastern Cooperative Oncology Group (ECOG) performance
status of 0 or 1. All patients had to provide written informed
consent and comply with contraceptive requirements. Key
exclusion criteria included treatment with any anticancer ther-
apy or investigational agent within 3 or 4 weeks (or 5 half-
lives) prior to Day 1, recurrent nausea and/or vomiting or any
known gastrointestinal abnormality or procedures that could
interfere with or modify absorption or tolerance to alisertib.
Patients were excluded if they had known hypersensitivity to
any of the protocol required medications or had any contrain-
dications to those medications. Patients were excluded from
both studies if they required treatment with clinically signifi-
cant enzyme inducers within 14 days prior to Day 1 or during
the study and patients with a medical condition requiring use
of pancreatic enzymes, or daily, chronic or regular use of
proton pump inhibitors or histamine (H2) receptor antago-
nists. Study 2 also excluded patients taking moderate or strong
CYP3A4 inhibitors within 14 days prior to Day 1.

Patient evaluability for assessment of DDI required com-
pletion of all protocol-specified PK sampling and dosing for
both alisertib and interacting drugs.

Pharmacokinetic assessments

Blood samples for analysis of alisertib and its metabolites M1
(alisertib acylglurcuronide) and M2 (O-desmethyl alisertib)
were collected at intervals from 0 (predose) to 72 h after the
single doses of alisertib on Day 1 of Cycle 1 and Day 8 of
Cycle 2, in Study 1, and at intervals from 0 (predose) to 96 h
after the single doses of alisertib on Days 1 and 10 in Study 2.

Plasma samples were analyzed for alisertib and its metab-
olite concentrations using previously published validated liq-
uid chromatography tandem mass spectrometry (LC-MS/MS)
methods utilizing solid phase extraction procedure. [1, 2] In
Study 1, the quantitation range for the alisertib assay was 5 to
2500 ng/mL, the assay precision, expressed as percent coeffi-
cients of variation (%CV) for quality control (QC) samples
ranged from 4.0 to 7.1% and the mean accuracy, expressed as
percent bias, for QC samples ranged from −0.8 to 2.0%. The
quantitation range for the M1 assay was 2.00 to 1000 ng/mL,
the assay precision ranged from 3.0 to 4.1% and the mean
accuracy ranged from −1.5 to 0.3%. The quantitation range
for the M2 assay was 2.00 to 1000 ng/mL, the assay precision
ranged from 3.0 to 4.3% and the mean accuracy ranged from
−1.1 to 0.7%. The same assays were used in Study 2, with
similar values for assay precision and accuracy.

Pharmacokinetic parameters were estimated where data
permitted using non-compartmental analysis with Phoenix™
WinNonlin® Version 6.3 (Pharsight Corporation, Mountain
View, CA, USA). The following pharmacokinetic parameters
were calculated following each single dose of alisertib in both
studies where data permitted: maximum observed plasma con-
centration (Cmax), and first time to Cmax (Tmax), area under the

concentration time curve from time 0 to the last quantifiable
time point (AUC0-last), area under the concentration-time
curve from time 0 extrapolated to infinite time (AUC0-inf),
and terminal half-life (t1/2). The AUC parameters were esti-
mated using the linear-log trapezoidal rule.

Safety assessments

Safety was evaluated based on the incidence of adverse
events, and changes from baseline in vital signs, ECGs,
weight and clinical laboratory results and ECOG status.

Statistical analysis

The ratios of geometric mean AUC0-last, AUC0-inf and Cmax of
alisertib in the presence of interactant (ie, esomeprazole, ri-
fampin or itraconazole) versus alisertib alone (as reference),
and associated 2-sided 90% confidence intervals (CIs) were
calculated based on within-patient variance calculated via
analysis of variance (ANOVA). The analyses utilized a
fixed-sequence repeated measures mixed-effects linear model.
All inferences were based on least squares (LS) means esti-
mated from this model. All statistical analyses were conducted
using SAS version 9.2 (SAS Institute, NC, USA). The sample
size for both studies was based on the expected 90% CIs for
the ratio of geometric mean AUCs. For Study 1, the within-
patient CV was estimated to be 39.4% based on prior clinical
PK data in cancer patients. Assuming the alisertib AUC ratio
in the presence versus absence of each interactant was X, a
sample size of 18 patients per arm was expected to provide
90%CIs of 0.8X to 1.25X. For Study 2, the within-patient CV
was estimated to be 31% based on more recent clinical PK
data and a sample size of 16 patients was expected to provide
90% CIs of 0.83X, 1.21X.

Results

Patient disposition and demographics

In Study 1, a total of 55 patients were enrolled and 38 (69%)
patients completed the protocol specified dosing and pharma-
cokinetic sampling requirements for DDI assessments in
Cycles 1 and 2. Of these 38 patients, 18 patients were in the
esomeprazole arm and 20 patients were in the rifampin arm.
Overall, the median age of the patients was 61 years (range 32
to 80 years) and the majority of patients were women (64%),
White (87%) and not Hispanic or Latino (84%). Fifty four
patients had advanced solid tumors and one patient had mantle
cell lymphoma.

In Study 2, a total of 24 patients were enrolled and 19
(79%) completed the protocol specified dosing and pharma-
cokinetic sampling requirements. The median age of the
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patients was 64 years (range 34 to 76 years), the majority of
patients were women (54%), White (83%), and not Hispanic
or Latino (83%). All patients had advanced solid tumors.

Pharmacokinetics

Themean plasma concentration-time profiles for alisertib in the
presence and absence of the interactants are shown in Fig. 2 and
the pharmacokinetic parameters for alisertib and its metabolites
M1 and M2 are shown in Table 1, along with the results of the
statistical analysis of alisertib pharmacokinetic parameters in
the presence and absence of the interactants. The individual
comparison of alisertib PK parameters in the presence and ab-
sence of the interactants are presented in Fig. 3.

The pharmacokinetics of 50 mg alisertib administered
alone were similar in both treatment arms of Study 1 with
median Tmax of 3 to 4 h, and mean t1/2 of 16 h. Exposure
parameters (Cmax and AUC parameters) for alisertib were also
similar between the arms. Variability of alisertib pharmacoki-
netics was moderate with CV% of 23% to 43% for Cmax and
AUC parameters. Metabolite M1 had similar median Tmax

(4 h) and mean t1/2 (approximately 15 to 18 h) to alisertib
and exposure was approximately 22% to 29% of alisertib ex-
posure (based on comparison of mean AUC0-last in each arm).
Variability for metabolite M1 was generally higher than for
alisertib with CV% values for Cmax and AUC parameters of
74% to 164%. Median Tmax of metabolite M2 was 10 h (ie,
later than the parent). It also appeared to have a longer t1/2
(mean values of 19.1 to 22 h) although it should be noted that
the number of patients with evaluable data was low (N = 4 or
5) in both treatment arms and hence these values should be
interpreted with caution. Metabolite M2 exposure was ap-
proximately 31 to 45% of alisertib exposure (based on com-
parison of AUC0-last in each arm). Variability for metabolite
M2 was generally higher than for alisertib with CV% values
for Cmax and AUC0-last of 37% to 65%. CV% for metabolite
M2 was lower for AUC0-inf but this is likely due to the low
number of patients with evaluable data for this parameter.

As expected, alisertib exposure in Study 2 was lower than
in Study 1 due to the lower dose (30 mg cf. 50 mg). Median
Tmax was approximately 3 h and mean t1/2 was approximately
23 h. Variability of Cmax and AUC parameters was similar
across the 2 studies for alisertib and both of its major
metabolites.

Following a single oral dose of 50mg alisertib in Study 1, the
median Tmax of alisertibwas 3 h in the presence of esomeprazole
compared to 4 hwhen administered alone, and themean t1/2 was
similar (approximately 16 h) in the presence and absence of
esomeprazole. Statistical comparison of alisertib exposure pa-
rameters suggested that esomeprazole increased the AUCinf by
28% (Table 1). The geometric mean ratio for alisertib Cmax was
1.14 suggesting a small increase in the presence of
esomeprazole, although the 90% CIs included 1.00.

Following a single oral dose of 50 mg alisertib in
Study 1, the median Tmax of alisertib was approximately
2 h in the presence of rifampin compared to 4 h when
administered alone, and the mean t1/2 was approximately
8 h compared to approximately 16 h when administered
alone. Statistical comparison of exposure parameters sug-
gested that rifampin did not alter alisertib Cmax but de-
creased AUCinf by approximately 50% (Table 1).
Although not statistically compared, the presence of ri-
fampin did appear to increase exposure of metabolite M1
(approximately 2.8-fold increase in mean Cmax, and 1.6-
fold increase in mean AUC0-last). Mean t1/2 of metabolite
M1 was 12 h in the presence of rifampin compared to
18 h in the absence of rifampin. The mean AUC0-last for
metabolite M2 did not increase in the presence of rifam-
pin although mean Cmax did increase (by approximately
1.8-fold). Mean AUC0-inf was increased and mean t1/2 for
M2 was decreased in the presence of rifampin but again
the number of subjects with evaluable data in the ab-
sence of rifampin was low, making interpretation of these
data difficult.

Following a single oral dose of 30 mg alisertib in
Study 2, the median Tmax of alisertib was 2.9 h in the
presence and absence of itraconazole. Alisertib mean t1/2
was approximately 25 h in the presence of itraconazole
compared to approximately 23 h when administered
alone. Statistical comparison of alisertib exposure param-
eters suggested that itraconazole did not alter alisertib
Cmax, but increased the AUC parameters by approximate-
ly 35 to 40%, although the CIs were wide with the lower
bound being around 1.00 (Table 1). Although not statisti-
cally compared, the presence of itraconazole did not alter
the mean Cmax of metabolite M1, but did appear to in-
crease the mean AUC parameters (approximately 1.4- and
1.2-fold increases in mean AUC0-last, and AUC0-inf, re-
spectively). The mean Cmax and AUC parameters for me-
tabolite M2 were slightly lower (0.8- to 0.9-fold) in the
presence of itraconazole compared to when alisertib was
administered alone.

Safety

In Study 1, a total of 52 (95%) patients had at least 1
adverse event and 43 (78%) patients had treatment-
related adverse events (note that for both studies, ‘treat-
ment’ included both alisertib and the interactants). The
most common treatment-related adverse events (>30%
overall) were diarrhea, alopecia, and neutropenia
(Table 2). Most of the adverse events were more common
in the esomeprazole treatment arm than the rifampin arm.
Four patients died during the study; none of the deaths
were deemed related to study treatment and all were at-
t r ibuted to progress ion of pat ient ’s cancers or
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Fig. 2 Alisertib plasma
concentration-time profiles in the
presence and absence of
esomeprazole (a), rifampin (b)
and itraconazole (c). The insets
are alisertib concentration-time
profiles in semi-log scales
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complications due to progressive disease. Five patients
had other serious adverse events that were considered to
be treatment related; 2 patients in the esomeprazole arm
and 3 patients in the rifampin arm. The most common of
these other treatment-related serious adverse events were
nausea and vomiting which were both reported by 2
patients.

In Study 2, a total of 23 (96%) patients had at least 1
adverse event and 16 (67%) patients had treatment-related
adverse events. The most common treatment-related adverse
event (>30%) was nausea (Table 3). One patient died during
the study from glioblastoma which was not considered to be

treatment-related. Drug-related serious adverse events (SAEs)
occurred in 3 (13%) patients including vomiting, melena, dis-
seminated herpes zoster, and sepsis, which occurred in 1 (4%)
patient each.

In both studies, decreases were observed in leukocytes
and neutrophils over the course of the study which is
consistent with the known safety profile of alisertib
(Takeda data on file). There were no notable trends ob-
served for vital signs or ECG findings. As expected, the
ECOG status showed changes over the studies, which in
most cases reflected a worsening condition with a differ-
ence from screening by 1 score.

Fig. 3 Individual comparisons of alisertib Cmax and AUC0-last in the presence and absence of esomeprazole (a), rifampin (b) and itraconazole (c)

Invest New Drugs (2018) 36:248–258 255



Discussion

Polypharmacy is common in cancer patients with advanced
disease. Concomitant medications that are likely to produce
clinically significant alterations in anticancer agent exposure
can have an adverse impact on their safety and efficacy. In the
case of cytotoxic agents with narrow therapeutic windows,
clinical DDIs can be potentially life threatening. Therefore,
clinical development of anticancer drugs requires unique

considerations for management of DDI risks as well as for
the conduct of controlled pharmacokinetic DDI studies to
guide risk management in later-phase clinical trials and even-
tually inform product labelling [16]. Herein, we present the
results of 3 clinical DDI evaluations with alisertib as the po-
tential victim drug that were designed based on understanding
of factors that may alter alisertib exposure through modulation
of its absorption or clearance.

Alisertib is an acidic drug with pH-dependent solubility
and is formulated as an enteric coated tablet. Accordingly,
one of the DDI evaluations was designed to evaluate the ef-
fects of the PPI esomeprazole on alisertib PK, in order to
assess the risk for potential DDIs with gastric acid reducing
agents. Esomeprazole produced a 28% increase in alisertib
systemic exposure. The mean t1/2 of alisertib following a sin-
gle dose with or without esomeprazole was similar, indicating
that esomeprazole did not alter alisertib systemic clearance,
consistent with the interaction being at the level of alisertib
absorption. The observed increase in alisertib exposure upon
administration of a gastric acid-reducing agent is consistent
with alisertib being an acidic drug with potential for increased
solubility under less acidic conditions.

These results support the recommendation that gastric
acid-reducing agents be avoided in patients receiving
alisertib, given that the recommended dose of alisertib for
clinical development is its MTD, suggesting a limited ther-
apeutic window. Specifically, clinical studies of alisertib rec-
ommend avoiding use of PPIs as their effect on intra-gastric
pH is long lasting, secondary to covalent binding to the
gastric [H+/K+] ATPase. However, patients in alisertib

Table 2 Most commonly
reported (≥10% total) treatment-
related adverse events (Study 1)

Adverse Events (Preferred Terms) Esomeprazole
+ Alisertib N = 26
n (%)

Rifampin +
Alisertib N = 29
n (%)

Total N = 55 n
(%)

Patients with at least 1 drug-related
treatment-emergent adverse event

25 (96) 18 (62) 43 (78)

Diarrhea 14 (54) 4 (14) 18 (33)

Alopecia 11 (42) 6 (21) 17 (31)

Neutropenia 11 (42) 6 (21) 17 (31)

Fatigue 8 (31) 6 (21) 14 (25)

Stomatitis 10 (38) 4 (14) 14 (25)

Anaemia 7 (27) 3 (10) 10 (18)

Nausea 5 (19) 5 (17) 10 (18)

Decreased appetite 6 (23) 2 (7) 8 (15)

Vomiting 5 (19) 3 (10) 8 (15)

Leukopenia 3 (12) 4 (14) 7 (13)

Thrombocytopenia 4 (15) 3 (10) 7 (13)

Dehydration 5 (19) 1 (3) 6 (11)

All patients received single and multiple doses (7 days) of alisertib in 2 treatment cycles. Patients also received
either esomeprazole or rifampin in cycle 2. Drug-related includes events potentially related to alisertib,
esomeprazole and/or rifampin

Adverse events were coded using the Medical Dictionary for Regulatory Activities (MedDRA) version 17.0

Table 3 Most commonly reported (≥10%) treatment-related adverse
events (Study 2)

Adverse Events (Preferred Terms) 30 mg Alisertib +
Itraconazole (Part A)
50 mg BID Alisertib
(Part B) N = 24 n (%)

Patients with at least 1 drug-related
treatment-emergent adverse event

16 (67)

Nausea 8 (33)

Diarrhoea 6 (25)

Fatigue 5 (21)

Vomiting 5 (21)

Alopecia 4 (17)

Neutropenia 4 (17)

Stomatitis 4 (17)

Anaemia 3 (13)

Constipation 3 (13)

Adverse events were coded using the Medical Dictionary for Regulatory
Activities (MedDRA) version 18.0
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clinical studies requiring intermittent use of gastric acid re-
ducing agents are permitted to use H2-receptor antagonists
(e.g., famotidine, ranitidine) on non-dosing days (ie, during
treatment-free rest periods when alisertib is not adminis-
tered) due to the reversible mode of action of these agents
and shorter duration of gastric acid suppression. On alisertib
dosing days, patients are allowed to take neutralizing ant-
acids with the exception of a 4-h window around alisertib
dosing (from 2 h before until 2 h after dosing) when the use
of such antacids is to be avoided. These protocol-specified
risk management guidelines are designed based on under-
standing of the differential pharmacology and duration of
effect on gastric pH among various modalities used to man-
age dyspepsia and gastric acid reflux.

Administration of the strong metabolic enzyme inducer
rifampin (600 mg daily for 10 days) to patients with can-
cer decreased single-dose plasma alisertib exposure
(AUC) by approximately 50%. The mean t1/2 of alisertib
following a single dose is 8 h and 16 h in the presence
and in the absence of rifampin, respectively. Rifampin did
not alter the peak concentration of alisertib. The reduction
in total systemic exposure of alisertib and shortening of
half-life observed upon co-administration with rifampin
indicates the contribution of PXR-inducible enzymes to
the clearance of alisertib in humans. This is consistent
with the observation of both oxidative and conjugative
metabolites of alisertib in a mass balance study (Takeda
data on file), the documentation of circulating exposures
of both the primary glucuronide metabolite M1 and the
primary oxidative metabolite M2 in this study, and the
knowledge of rifampin being a pleiotropic inducer of mul-
tiple drug-metabolizing CYP and UGT enzymes. The
metabolite/parent ratios for both M1 and M2 were in-
creased following rifampin administration, consistent with
induction of both the oxidative and conjugative metabolic
pathways of alisertib. These results support the conclusion
that chronic use of concomitant strong inducers of PXR-
inducible enzymes be avoided in patients receiving
alisertib.

The strong CYP3A inhibitor itraconazole produced an
approximately 40% increase in total alisertib systemic ex-
posure. These results are consistent with a partial contri-
bution of CYP3A-mediated metabolism to the overall
clearance of alisertib in humans. The observed increase
in AUC without corresponding increase in Cmax further
indicates that the interaction between itraconazole and
alisertib is likely explained mainly via inhibition of sys-
temic clearance as opposed to decreased presystemic ex-
traction by the intestine and/or liver. These observations
are consistent with alisertib being a low clearance com-
pound (apparent oral clearance of 4.25 L/h [3] and also
indicate that while hepatic CYP3A is a partial contributor
to alisertib clearance, intestinal CYP3A is unlikely to

contribute meaningfully to the presystemic extraction of
orally administered alisertib. The systemic exposures of
M2/parent ratio were decreased following multiple dose
administration of itraconazole, consistent with inhibition
of oxidative metabolism of alisertib.

The 40% increase in total systemic exposure of alisertib
can be inferred to be of clinical relevance, as alisertib is a
cytotoxic agent administered at its maximum tolerated dose
in clinical development. Accordingly, the standard starting
dose of alisertib is not recommended in patients requiring
coadministration of strong CYP3A inhibitors, and an appro-
priately reduced starting dose may need to be considered if
continued treatment with strong CYP3A inhibitors cannot be
avoided. Specifically, the observed 40% increase in AUC in
the presence of itraconazole suggests that a 30% reduction in
alisertib starting dose (i.e., 35 mg BID instead of 50 mg BID
standard dose in the single agent setting) in patients requiring
treatment with strong CYP3A inhibitors can be expected to
normalize systemic exposures to the general patient
population.

Overall, the results of the DDI studies presented here col-
lectively provide a holistic characterization of the effects of
extrinsic factors on alisertib PK. These findings have been
crucial in informing risk management for DDIs with gastric
acid reducing agents, CYP3A inhibitors and inducers in the
alisertib clinical development program.
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