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Abstract

Purpose To assess the maximum-tolerated dose (MTD),
dose-limiting toxicity (DLT), safety, and tolerability of the
24-h continuous intravenous (CIV) infusion of MK-0457, a
novel pan-Aurora kinase inhibitor, in patients with
advanced solid tumors and to determine the bioavailability
of an oral dose of 100 mg MK-0457.

Study design  MK-0457 was administered as a 24-h CIV
infusion every 21 days. Dose escalation proceeded per
toxicity criteria. A 100-mg oral dose was administered to
seven patients 48 h prior to the CIV infusion dose of
64 mg/m?/h.

Results Twenty-seven patients received a total of 86
infusions of MK-0457. Dose-limiting toxicity at 96 mg/m*/h
included grade 4 neutropenia and grade 3 herpes zoster.
The MTD was identified as 64 mg/m®/h. The most com-
mon adverse events were nausea, vomiting, diarrhea, and
fatigue. Pharmacokinetic analyses revealed that CIV
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infusion MK-0457 had an estimated mean terminal half-
life of approximately 6.6-10.2 h and that end-of-infusion
concentrations and mean AUCs were approximately dose
proportional. The estimated mean oral bioavailability of
MK-0457 was 7.9%. One patient with advanced ovarian
cancer attained prolonged stable disease for 11 months.

Conclusions MK-0457 was well tolerated in this sche-
dule. Almost half the patients attained stable disease.
Further development of this class of agents will likely
occur in combination with other anti-cancer treatments.

Keywords Phase I - Aurora kinase -
Serine/threonine protein kinases - BCR-ABL mutations

Introduction

The Aurora kinases are a family of three highly homolo-
gous serine/threonine protein kinases that regulate multiple
processes in cell division, leading to high-fidelity pro-
gression through mitosis [1-6]. Aurora A, encoded by
AURKA on chromosome 20q13.2-q13.3, is responsible for
centrosome maturation and separation, and for regulation
of the microtubule network that determines mitotic spindle
function. Aurora B, encoded by AURKB on chromosome
17p13.1, serves as the catalytic component of the chro-
mosomal passenger complex. This complex plays critical
roles in the condensation of chromosomes, formation of the
bipolar spindle, attachment of the chromosomes to the
mitotic spindle, regulation of the spindle checkpoint, and
completion of cytokinesis [3]. The function of Aurora C
remains largely unknown.

Interest in inhibiting Aurora kinase function in cancer
therapeutics derives from evidence that links their activity
to the progression of human cancer, although neither
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Aurora A nor B, alone, have consistently been shown to be
potent inducers of cellular transformation [5]. Elevated
Aurora kinase function gives rise to aneuploid cells con-
taining multiple centrosomes and multipolar spindles,
resulting in genetic instability [7, 8]. In addition, Aurora
kinase RNA and protein overexpression has been observed
in many cancers and serves as a negative prognostic factor
[9-11]. Pre-clinical pharmacologic inhibition of Aurora
kinase activity has enhanced the anti-tumor activity of
cytotoxic chemotherapeutics, molecularly targeted agents,
and radiation therapy [12-14].

MK-0457 is potent and selective small molecule inhib-
itor of all three Aurora kinases, with K; values of 0.6, 18,
and 4.6 nM for Aurora kinases A, B, and C, respectively. It
inhibits Aurora kinase activity by a competitive and
reversible mechanism at the ATP-binding site. MK-0457
demonstrates significant selectivity for the Aurora kinase
family over 190 kinases tested, although it does have some
cross-reactivity with Flt-3 and Abl kinases, showing a K; of
30 nM against each of these [3]. Harrington et al. dem-
onstrated that MK-0457 inhibited the proliferation of
transformed MCF-7 cells (ICsq 15-113 nM). Following
exposure of MCF-7 cells to MK-0457, 4 N DNA content
accumulated and histone H3 phosphorylation of Serl0
declined, indicative of Aurora kinase B inhibition. Treat-
ment with MK-0457 resulted in marked tumor regression in
nude mice xenografts of leukemia, pancreatic cancer, and
colon cancer, and in 4 of 7 HCT116 colon cancer nude rat
models. Data from these nude rat models suggested that the
target plasma concentration of MK-0457 for achieving
efficacy is 2 uM [1]. Exposure to MK-0457 yielded a
marked increase in G,-M arrest, aneuploidy, and apoptosis
in acute myelogenous leukemia (AML), anaplastic thyroid,
and ovarian cancer cell lines, while treatment of orthotopic
murine models of metastatic ovarian cancer with either
MK-0457 alone or MK-0457 combined with docetaxel
resulted in reductions in tumor volume [6, 15, 16].

MK-0457 1is hepatically metabolized, primarily by
Cyp3A4, Cyp2C8, and flavin monooxygenase. Oxidation
of the N-methylpiperazine group is the major route of
metabolism, with the principle metabolites being the
N-oxide and N-demethylated analogs [3].

Pan-Aurora kinase inhibitors and inhibitors of Aurora
kinase A have entered early clinical trials in oncology
therapeutics [17-21]. Common toxicities have included
neutropenia, with and without fever, gastrointestinal dis-
tress (nausea, vomiting, anorexia, constipation, diarrhea),
stomatitis, and fatigue. Anti-tumor activity has been seen in
a patient with liposarcoma and in patients with AML and
chronic myelogenous leukemia (CML) [17, 20]. Evidence
of Aurora kinase inhibition has been confirmed with a
decrease in bipolar spindles in mitotic cells from tumor
biopsies [17] and from the reduction in phosphorylation of
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histone H3 in peripheral blood mononuclear cells [20] and
in skin biopsies [18].

Here, we report a phase 1 study conducted to determine
the safety and tolerability of the pan-Aurora kinase inhib-
itor, MK-0457, administered over 24 h every 21 days in
patients with refractory solid tumors. Based on the regu-
lation of multiple processes in cell division by the Aurora
kinases, early clinical development of MK-0457 utilized
continuous intravenous (CIV) infusion in an attempt to
maximize exposure to cycling cancer cells. Rubin and
colleagues conducted a phase I study of MK-0457 infused
over 5 days every 28 days to patients with refractory solid
tumors. Preliminary pharmacokinetic data from this study
demonstrated that MK-0457 had a high clearance and short
half-life and that MK-0457 concentrations declined biex-
ponentially after the end of infusion [22]. This rapid
clearance of MK-0457 further supported clinical adminis-
tration via CIV infusion. A 24-h duration of administration
was selected in this study since pre-clinical data from
MK-0457 suggested that the minimal duration of treatment
for maximal anti-proliferative effects, cell cycle effects,
and apoptosis was between 24 and 48 h. Therefore, com-
parison of the safety, efficacy, and pharmacokinetic results
from a 5-day CIV infusion and from this study’s 24-h CIV
infusion would help determine the lower and upper limits
of infusion duration for phase II studies. No other sched-
ules of administration are under evaluation.

Patients and methods
Patient selection

Eligible patients were at least 18 years of age and had a
histologically documented, advanced solid tumor that was
refractory to standard therapy or for which no curative
therapy was available. Other inclusion criteria included:
Eastern cooperative oncology group (ECOG) performance
status of 0-2; adequate bone marrow function (absolute
neutrophils >1,500 cells/pl, platelets >100,000/ul); ade-
quate hepatic function [total bilirubin <1.5 mg/dL, aspar-
tate transaminase (AST) <3x institutional upper limit of
normal (IULN) or alanine aminotransferase (ALT) <3x
the TULN, or AST or ALT <5x the IULN if hepatic
metastases were present]; adequate renal function (serum
creatinine <2.0 mg/dL, or calculated creatinine clearance
>40 mL/min); and life expectancy greater than 12 weeks.
If central nervous system metastases were present, patients
must have completed a course of radiotherapy and been on
a stable dose of glucocorticoids for at least 4 weeks.
Exclusion criteria included the following: concurrent
hematologic malignancy including leukemia; concurrent
second malignancy, other than non-melanoma skin cancer;
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carcinomatous meningitis or primary brain tumors;
<3 weeks since prior chemotherapy, radiation, surgical, or
biological anti-neoplastic therapy (<6 weeks if prior
chemotherapy had been mitomycin-C or a nitrosurea);
<30 days since prior investigational therapy; pregnant or
lactating women; uncontrolled intercurrent illness, includ-
ing history of myocardial infarction within the past
3 months, unstable angina, uncontrolled heart failure,
ongoing or active infection, or psychiatric/substance abuse
disorders that would limit compliance with study require-
ments; history of symptomatic pleural effusions or ascites;
history of allogeneic stem cell or bone marrow transplan-
tation; history of hepatitis B or C, or treatment for such;
history of HIV positivity; or history of hypersensitivity to
the study drug or its analogs.

All patients had to practice effective birth control.
Before entering the study, each patient gave written
informed consent indicating that they were aware of the
investigational nature of the study, according to institu-
tional and federal guidelines. The protocol was approved
by the Institutional Review Boards at the two participating
centers.

Study design

This was a multicenter, open-label, non-randomized, accel-
erated dose escalation trial designed to determine the safety,
tolerability, and maximum-tolerated dose (MTD) of MK-
0457 administered as a 24-h CIV infusion in patients with
advanced solid tumors. The starting dose of MK-0457 was
4 mg/m?/h. This study also evaluated the oral bioavailability
of MK-0457. Patients were treated with CIV MK-0457 every
21 days. Plasma samples were collected at defined intervals
for pharmacokinetic analyses. The prophylactic use of
hematologic growth factors was not permitted in this study.
Adverse events were evaluated using the National Cancer
Institute (NCI) Common Terminology Criteria for Adverse
Events (CTCAE) version 3.0 guidelines.

Drug administration

MK-0457 was supplied by Merck & Co., Inc., in 75- and
500-mg vials of lyophilized drug (to achieve a reconsti-
tuted concentration of 13 mg/mL in sterile water) and in
75- and 500-mg vials of liquid solution. It was adminis-
tered as a 24-h CIV infusion in 21-day cycles (£24 h).
Patients at dose levels of 45 mg/m?®/h or higher utilized a
500-mL bag of DsW delivered via a 1.2-micron filtered
administration set. The total 24-h dose was given at a rate
of 10 mL/h utilizing a 250-mL bag of DsW, or at a rate of
20 mL/h utilizing a 500-mL bag of DsW. Each bag of
solution was infused via a PICC line or centrally placed
catheter using a filtered administration set, and the rate of

infusion was the same regardless of the dose infused. In the
bioavailability part of this study, a 100-mg capsule of
MK-0457 was administered orally at least 48 h before
beginning the 24-h infusion at cycle 1 at a pre-set dose of
CIV MK-0457 of 64 mg/m*/h.

Dose escalation

Cohorts consisting of at least one patient were treated
sequentially at escalating dose levels of 4, 8, 16, 32, 64,
and 96 mg/m?/h. This escalation scheme continued until
the occurrence of any first-cycle dose-limiting toxicity
(DLT) or the second instance of a first-cycle > grade 2
toxicity. At that point, cohorts were expanded to three
patients (due to the second occurrence of > grade 2 tox-
icity) or six patients (due to a DLT). If >2 of six subjects at
a given dose level experienced a DLT, or if two subjects
experienced a DLT prior to completing the cohort, dose
escalation was halted, and the dose level below the DLT
level was considered the MTD. If only one of six patients
in the expanded cohort experienced a DLT, further dose
escalation continued. During the conduct of the trial, an
intervening dose level could be evaluated to more fully
characterize the MTD level. Investigator teleconferences
were held throughout the study to monitor patient safety
and dose escalation.

Dose-limiting toxicities at least possibly related to MK-
0457 occurring during cycle one of treatment were defined
as follows: grade 4 neutropenia for at least 5 days; grade 3
or 4 neutropenia with fever >38.5°C; grade 4 thrombocy-
topenia; any > grade 3 non-hematologic toxicity, except
alopecia and inadequately treated diarrhea, nausea, and
vomiting; grade 3 transaminase elevation lasting at least
1 week; and the withholding of treatment for greater than
3 weeks from the scheduled dose due to toxicity.

Patients were removed from protocol treatment for
disease progression, unacceptable adverse events, inter-
current illness that prevented further treatment, subject’s
withdrawal of consent, investigator’s discretion, greater
than two dose reductions, if the patient became pregnant or
failed to use adequate birth control, or were lost to follow-
up. Dose modifications and delays were specified in the
protocol. Participants were followed for a minimum of
30 days following their termination from the study.

Pre-treatment and follow-up studies

History, physical examination, assessment of ECOG per-
formance status, CBC, PT/INR, PTT, and serum chemis-
tries were obtained from all patients at baseline and at the
beginning of subsequent cycles. Additional pre-registration
tests included serum pregnancy testing for women of
childbearing age, an ECG, and a urinalysis. Vital signs, a
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CBC, and serum chemistries were measured twice weekly
during cycles 1 and 2. Electrocardiograms were performed
4-h pre-dose on cycle 1, day 1 (C1D1), and immediately
following the completion of the 24-h infusion on C1D2.
Tumor assessments were obtained by imaging at baseline
and at the completion of every other cycle of treatment.
Patients with measurable disease had their tumor response
assessed using the response evaluation criteria in solid
tumors (RECIST). All patients with responding tumors
were required to have response confirmed no sooner than
4 weeks after the first documented response.

All patients who received at least 1 dose of study drug
were evaluable for safety/toxicity. All patients who
received at least 90% of one dose of MK-0457 and
underwent one post-treatment efficacy assessment were
considered evaluable for efficacy.

Pharmacokinetics

Patient blood samples were collected in heparin-containing
tubes and centrifuged. Plasma samples were stored at
—20°C until processing. Blood samples were collected on
the following schedule on C1D1-C1D3 for the 24-h CIV
infusion of MK-0457: pre-infusion, 0.5, 1, 2, 4, 8, 23, 23.5,
24.33 (20 min post the completion of infusion), 24.67
(40 min post the completion of infusion), 25, 26, 28, 32,
and 48 h post the start of the infusion.

Blood samples for MK-0457 following oral adminis-
tration of the 100-mg capsule were drawn on C1D1-C1D3:
pre-dose, 0.5, 1, 2, 4. 6. 8. 32, and 48 h following oral
administration.

The determination of MK-0457 in human plasma was
based on double liquid-liquid extraction in the 96-well
plate format using a Tomtec Quadra 96 workstation. The
stable isotope-labeled MK-0457 was used as internal
standard. Both analytes were chromatographed by HPLC
and detected by MS/MS in the positive ionization mode
using a turbo-ion spray probe and monitoring their pre-
cursor — product ion combinations in multiple-reaction
monitoring (MRM) mode. The limit of reliable quantifi-
cation was 0.486 nM when 0.25 mL of human plasma was
processed. Standard curve range was 0.86-861 nM.

Pharmacodynamics

Paired tumor biopsies were planned for this clinical trial in
order to document the molecular impact of MK-0457,
including measurements of phosphohistone H3, prolifera-
tive index (Ki-67), mitotic index, TUNEL-positive cells,
pS3 and p21 levels, Aurora kinase levels, and RNA
expression profiling. However, these analyses were not
conducted due to the investigation of MK-0457 in other
clinical trials.
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Statistical methods

The primary outcome of this study was assessment of
safety and tolerability of MK-0457 when administered as a
24-h CIV infusion and determination of the MTD in this
population. Secondary objectives included assessment of
pharmacokinetics of MK-0457, estimation of anti-tumor
activity per RECIST criteria, and determination of the oral
bioavailability and safety of MK-0457 when administered
as a 100-mg capsule. Exploratory analyses, limited to
summary statistics on duration, intensity, and time to onset
of toxicity with respect to dose, were used to assess the
adverse effects of MK-0457. Summary statistics were
provided by dose for the pharmacokinetic parameters
(AUC, end-of-infusion plasma concentration, clearance,
Vass [volume of distribution at steady state], half-life,
and oral bioavailability) obtained after the first treatment
cycle.

Role of the funding source

The design of the study protocols was the responsibility of
Merck Research Laboratories in collaboration with various
health authorities. All analyses were conducted by scien-
tists at Merck Research Laboratories. All authors had full
access to the study data.

Results
Patient characteristics

Twenty-seven patients enrolled between May 2005 and
October 2006. Pre-treatment characteristics are outlined in
Table 1. Eighty-six infusions of MK-0457 were adminis-
tered. The average number of cycles of MK-0457 adminis-
tered per patient was 2.42 (range 1-8 cycles). Twenty-three
patients (85%) completed two cycles of treatment, and three
patients (11%) completed six cycles.

Dose-limiting toxicities and maximum-tolerated dose

All 27 patients were evaluable for assessment of DLTs.
The starting dose (level 1) was MK-0457, 4 mg/mz/h,
administered as a 24-h CIV infusion every 21 days. No
DLTs were observed in this cohort, and subsequent doses
were escalated according to Table 2. At dose level 7
(MK-0457 at 96 mg/m*/h), a 69-year-old male patient with
colon cancer experienced asymptomatic grade 4 neutro-
penia exceeding 5 days. This cohort was expanded due to
this DLT. A second DLT then occurred when a 70-year-old
female patient with rectal cancer developed neutropenia
and grade 3 herpes zoster. As such, dose escalation was
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Table 1 Patient demographics

N

Number of patients 27
Median age (range) 61 (22-80)
Sex

Male 14

Female 13
ECOG performance status

0 4

1 21

2 1

Unknown

Primary tumor type

—

Colon

Bladder

Ovarian

Renal cell
Prostate

Breast

Germ cell
Melanoma
Non-small cell lung
Pancreas
Leiomyosarcoma
Chondrosarcoma
Rectal

Lung

— e e e e e e e e = R W) W W O

Adenocarcinoma, NOS

Prior lines of cytotoxic chemotherapy
1 1
2 2
>3 23
Unknown 1

Table 2 Dose escalation schema with number of patients and cycles
administered

Dose levels MK-0457 Number Number
(mg/m*/day) of patients of cycles

1 1 2

2 8 2 6

3 16 2 4

4 32 3 7

5% 45 4 23

6 64 2 5

6 + oral dose 64 7 19

7 96 6 20

* Intermediate dose level added due to toxicity in dose level 4

stopped, and dose level 6 (MK-0457 at 64 mg/m?/h) was
identified as the MTD for patients with solid tumors.

Seven patients were treated with a single capsule of
100 mg of MK-0457 48 h prior to C1D1 of MK-0457 at
64 mg/m*/h administered as a 24-h CIV infusion (dose
level 6). As such, nine patients, total, underwent treatment
at the MTD, thus satisfying the need to expand this cohort
for further safety evaluation.

Dose escalation, toxicity, and safety

All 27 patients were evaluable for assessments of safety
and toxicity. MK-0457 was well tolerated overall. There
were no deaths on study in patients who received MK-0457
or within 30 days of follow-up. Very few grade 4 toxicities
occurred. Only 4 patients (15%) had their treatment
delayed or dose reduced due to toxicity.

Serious adverse events (SAEs) were defined regardless
of attribution and were documented in 9 (33%) patients
throughout the study. The most commonly reported SAE
was grade 3 vomiting, seen in two patients. All other SAEs
reported were noted in single patients and included: grade 4
neutropenia, grade 3 anemia, nausea, diarrhea, intestinal
obstruction, herpes zoster, abdominal wall abscess, fatigue,
muscular weakness, and peripheral motor neuropathy.
Although the particular SAE cited was not necessarily the
medical indication for admission, all nine patients were
hospitalized while on study, and the toxicities were thus
recorded as SAEs. All SAEs resolved by each the end of
each patient’s treatment, except for the patient with
peripheral motor neuropathy. That adverse event was still
active at the time of that patient’s discontinuation from the
study, so the duration of the neuropathy is not known.

Three patients (11%) had their MK-0457 dose reduced
due to toxicity, including the two patients described above
who experienced DLTs. In addition, a 61-year-old female
patient with renal cell carcinoma on dose level 6 (64 mg/
m?/h) was dose-reduced secondary to asymptomatic grade
3 hyponatremia during cycle two. A 54-year-old patient
with prostate cancer on dose level 6 (64 mg/m?/h) with the
oral 100-mg dose of MK-0457 delayed treatment during
cycle six due to fatigue and worsening peripheral sensory
neuropathy; he subsequently chose to stop MK-0457 with
stable disease due to these symptoms.

Grade 3 and 4 hematologic toxicities that occurred in
any cycle are listed in Table 3. There were no cases of
febrile neutropenia. Grade 2, 3, and 4 non-hematologic
toxicities that occurred in at least 3 (11%) patients are
listed in Table 4. There was no evidence of cumulative
toxicity, though relatively a few patients remained on
therapy beyond two cycles, limiting the ability to deter-
mine whether such an effect might occur. The most com-
mon grade 2, 3, and 4 non-hematologic toxicities that
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Table 3 Grade 3 and 4 hematologic toxicities (N = 27) occurring in any cycle of treatment

Description Dose level 1 Dose level 2 Dose level 3 Dose level 4 Dose level 5 Dose level 6 Dose level 6 (oral 100 mg) Dose level 7

N 1 2 2 3
Neutropenia
Grade 3
Grade 4
Leukopenia
Grade 3
Grade 4
Anemia
Grade 3
Grade 4

2 7 6

occurred in any cycle were nausea, vomiting, diarrhea, and
fatigue. Two patients developed 3 grade 4 non-hematologic
toxicities. One patient on dose level 4 (32 mg/m%h)
experienced asymptomatic elevated lipase on cycle 1, day
15. This grade 4 elevation was believed to be related to a
concomitant medication, rather than to MK-0457; as such,
it was not a DLT. This same patient also developed grade 4
hyperuricemia (cycle 2). Due to these two grade 4 toxici-
ties, an intermediate dose level, 45 mg/mz/h, was investi-
gated. No significant grade 3 or 4 toxicity was seen at this
intermediate dose level. Therefore, dose escalation pro-
ceeded according to the original plan described in the
“Patients and methods” section. In addition, one patient on
dose level six (64 mg/mzlh) with the oral 100-mg dose of
MK-0457 developed grade 4 arthralgia (cycle 1). Prolon-
gation of the QTc was not observed in this population.

No adverse events attributed as at least possibly related
to study drug were observed between administration of the
oral dose of MK-457 and initiation of the CIV infusion in
the 7 patients who ingested a single capsule of 100 mg of
MK-0457 48 h prior to CID1 of MK-0457 at 64 mg/m*h
(dose level 6).

Twenty-two patients were removed from study treat-
ment due to progressive disease. Three patients came off
study due to the investigator’s discretion; all these patients
were experiencing symptoms suggestive of disease pro-
gression. A 69-year-old male patient with pancreas cancer
died from a massive pulmonary embolism following study
registration but prior to receiving MK-0457. Lastly, two
patients withdrew consent for study participation, one
patient with worsening fatigue and peripheral sensory
neuropathy and 1 patient for unknown reasons.

Efficacy
There were no objective anti-tumor responses to MK-0457.

A total of 12 patients experienced stable disease (i.e.
defined as two or more cycles without progression), with a
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median duration of 75.5 days (range 38-328 days). A 60-
year-old female patient with ovarian cancer on dose level 6
(45 mg/m?*/h) attained stable disease as her best response to
treatment and received 15 cycles of MK-0457 over her
11 months on study. In addition, a 70-year-old female
patient with rectal cancer on dose level 7 (96 mg/m2/h)
attained stable disease and received nine cycles of MK-
0457.

Pharmacokinetics

Concentrations of MK-0457 were measured in plasma before
dosing and at multiple times during C1D1-C1D3 as detailed
in “Patients and methods”, in 25 patients who received MK-
0457 dosed at 8 mg/m*h, or higher, including the seven
patients who received the oral 100-mg capsule of MK-0457.
The pharmacokinetic parameters of CIV infusion MK-0457
are described in Table 5 and Fig. 1. MK-0457 concentrations
rose rapidly following the start of infusion and appeared to
decline biexponentially after the end of infusion, with an
estimated mean terminal half-life of approximately 6.6—
10.2 h (Fig. 1). The end-of-infusion concentration was
approximately dose proportional and averaged from 0.274 to
7.635 uM. The estimated mean clearance ranged from 54 to
139 L/h. The mean AUCs ranged from 6.4 to 167 pM-h and
were also approximately dose proportional. The dose-adjusted
AUC averaged 0.0315 uM-h/mg. Pharmacokinetic results of
MK-0457 following single oral 100-mg doses are available for
seven of those patients who received 64 mg/m*/h IV doses.
The estimated mean oral bioavailability of MK-0457 was
7.9%. Pharmacokinetic data from 1 patient at 16 mg/m*h
were not available.

Discussion

Inhibition of Aurora kinase activity is a potential thera-
peutic target for the treatment of cancer [1-5]. Disruption
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Table 4 Grade 2, 3, and 4 non-hematologic toxicities that occurred in at least three patients (11%), regardless of attribution (N = 27) during any

cycle of treatment

Description Dose level 1 Dose level 2 Dose level 3 Dose level 4 Dose level 5 Dose level 6 Dose level 6 (oral 100 mg) Dose level 7

N 1 2 2 3
Nausea
Grade 2 1
Grade 3 1 1
Vomiting 1
Grade 2
Grade 3 1 1
Diarrhea
Grade 2 1 1
Grade 3
Fatigue
Grade 2 1 1 1
Grade 3
Urinary tract infection
Grade 2 1
Dehydration
Grade 2 1
Arthralgia
Grade 2 1 1
Grade 4
Back pain
Grade 2 1
Dyspnea
Grade 2
Grade 3
Increased alk phos
Grade 2 1
Hypoalbuminemia
Grade 2 1
Grade 3
Hypophosphatemia
Grade 2
Grade 3
Hyperglycemia
Grade 2
Grade 3

4

2 7 6

alk phos alkaline phosphatase

of high-fidelity mitosis mediated by Aurora kinases selects
for rapidly cycling cells, as shown by the toxicities seen to
date with the early clinical use of Aurora kinase inhibitors
(marrow, gut epithelium). Evidence of anti-cancer activity
in the preliminary results from single-agent studies has
been sparse, despite some pharmacodynamic evidence of
target inhibition [17-22].

MK-0457 is small molecule pan-Aurora kinase inhibitor
that does have cross-reactivity with Flt-3 and Abl kinases.
Rubin et al. reported the preliminary results from their

phase I study of MK-0457 infused over 5 days every
28 days to patients with refractory solid tumors. Toxicities
included neutropenia, with and without fever, and a grade 2
allergic reaction. The MTD with this schedule of admin-
istration was 10 mg/m?/h. One patient, each, with pancreas
cancer and non-small cell lung cancer attained stable dis-
ease on treatment [22].

As with the experience from the 5-day continuous
infusion, we found that MK-0457 was well tolerated when
administered over 24 h. Neutropenia, an expected
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101.2

18.8

883 8.5 0911

36.8

16 (N=1)

328 (16.3)

69.5 (26.1)
83.6 (18.7)
76.2 (46.7)
53.6 (32.8)

47.2 (19.2)
62.9 (16.6)
90.3 (25.4)

2.170 (8.1)

10.2 (1.4)
10.2 (0.5)
8.0 (1.5)
6.6 (1.2)

1,477 (1,306-1,613)

61.5 (54.4-67.2)
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Fig. 1 Pharmacokinetic profiles of MK-0457. Mean plasma concen-
trations (UM) of MK-0457 following a 24-h CIV infusion in patients
with advanced solid tumors. Dose is in mg/m*h according to symbols
shown above

mechanism-based toxicity, was observed to be dose-lim-
iting, and adverse effects were also seen on the rapidly
cycling cells of the gut epithelium. However, drug-related
effects on the platelet count were not observed, in keeping
with the clinical experience from other Aurora kinase
inhibitor studies, and possibly related to down-regulation
of Aurora A and B during megakaryocyte maturation [5].
No unexpected patterns of toxicities were seen in our
heavily pre-treated population, 85% of whom completed
two cycles of treatment. There were no deaths on study in
patients who received MK-0457, minimal grade 4 toxici-
ties, and no clear-cut discontinuations of study treatment
due to toxicity. Toxicities related to oral MK-0457 were
not detected, likely due to its poor bioavailability.

Our pharmacokinetic results indicated that doses above
32 mg/m*/h of the 24-h CIV infusion surpassed the target
efficacy concentration of 2 uM [1]. Further, MK-0457
pharmacokinetic characteristics of high clearance, short
half-life, and biexponentially declining concentrations
after the completion of the infusion in our 24-h duration of
administration mirrored those identified by Rubin and
colleagues using a 5-day CIV infusion [22].

Two patients in this trial attained prolonged stable dis-
ease exceeding 7 months. However, no anti-tumor
responses were noted, also consistent with prior clinical
use of Aurora kinase inhibitors. Similar patterns of
attaining prolonged survival despite an absence of objec-
tive anti-tumor activity have been noted with the use of
other molecularly targeted inhibitors [23, 24]. Further
development of this class of agents in patients with solid
tumors will likely depend on their use in combination with
cytotoxic chemotherapeutics, molecularly targeted agents,
and radiation therapy [12-14], and upon the identification
of predictive biomarkers needed to identify enriched
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patient populations for treatment. For example, Gizatullin
et al. [2, 25] found that lung, breast, and colon cancer cell
lines with defective p53-p21 pathways were more sensitive
to apoptotic death following exposure to MK-0457.
Moreover, it remains unclear as to which Aurora kinase, A
or B, is the more critical target to inhibit. For example, pre-
clinical evidence suggests that overexpression of Aurora A
exerts a more important role in tumorigenesis than that of
Aurora B [5]. However, through serial exposure of HCT-
116 cells to the selective Aurora kinase B inhibitor
7ZM447439, Girdler and colleagues found that HCT-116
cells resistant to Aurora B inhibition were also resistant to
MK-0457, implying that MK-0457 cytotoxicity is most
likely mediated by Aurora B [26].

Off-target effects may also contribute to the successful
development of Aurora kinase inhibitors. MK-0457 is able
to bind with high affinity to both wild-type and mutant Abl
kinases and is a potent inhibitor of the T315I mutant with a
K; of 42 nM [3]. The BCR-ABL T315I mutation mediates
clinical resistance to imatinib, nilotinib, and dasatinib.
Giles et al. reported in 2007 that three patients with T3151
Abl-mutated chronic myelogenous leukemia (CML) or
Philadelphia chromosome—positive acute lymphocytic
leukemia (Ph + ALL) achieved hematologic responses to
treatment with MK-0457 [27]. Subsequent treatment of
three patients with imatinib-resistant Ph + ALL and CML
with the sequential or concurrent combination of dasatinib
and MK-0457 yielded complete hematologic responses
without significant hematologic toxicity [28]. Exposure of
leukemia cells with and without BCR-Abl T1351 mutations
to the combination of MK-0457 and the histone deacetyl-
ase inhibitor vorinostat greatly potentiated the lethality of
MK-0457 [29, 30]. Thus, the off-target activity of
MK-0457, such as BCR-ABL T315I, may augment its
clinical development.

In summary, MK-0457 was fairly well tolerated in these
doses and schedule in this population of patients with
advanced solid tumors. Toxicities and pharmacokinetic
results were in keeping with the prior limited clinical
experience with this agent [22, 27, 28]. Prolonged stable
disease was seen in a patient with ovarian cancer and a
patient with rectal cancer. Although no objective tumor
responses were observed in this trial, the absence of such
findings is not uncommon for this class of targeted therapy.
Alternative trial designs could be considered to assess
efficacy of MK-0457 as a single agent or combined with
other anti-cancer therapeutics.
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