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Abstract Aurora kinase inhibitors (AKIs) are a class of anti-
mitotic, small-molecule anticancer agents. MSC1992371A is
an AKI being evaluated for the treatment of patients with solid
tumors. This phase I, open-label, dose-escalation study deter-
mined the maximum tolerated dose (MTD) ofMSC1992371A
in different dosing schedules in patients with locally advanced
or metastatic solid tumors. MSC1992371Awas administered
on days 1 and 8 (schedule 1) or on days 1, 2, and 3 (schedule
2) of a 21-day cycle. The study was expanded with a third
schedule (study drug on days 1–3 and 8–10). Adverse events
were monitored throughout the study. Antitumor efficacy,
drug pharmacokinetics, and pharmacodynamics were evalu-
ated. Ninety-two patients were enrolled. MSC1992371Awas
dosed over eight levels in schedules 1 and 2, and the MTD
was determined as 74 mg/m2 per cycle for both schedules and
as 60 mg/m2 in schedule 3, albeit only in three patients due to
discontinuation of the study. Overall, the most common grade

3 or 4 treatment-emergent adverse events were neutropenia,
febrile neutropenia, thrombocytopenia, anemia, and fatigue.
The most frequent dose-limiting toxicity over all schedules was
neutropenia. MSC1992371A plasma concentrations tended to
increase with increasing dose levels. Although no complete or
partial responses were seen, stable disease ≥3 months was
observed in 11 patients. Analysis for markers of target mod-
ulation and pharmacodynamics effects was unsuccessful.
MSC1992371Awas generally well tolerated in patients, with
mainly transient hematologic toxicities apparent at anMTD of
60–74 mg/m2/21-day cycle, independent of dosing frequency.
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Introduction

Mitosis, the final phase of the cell division cycle, has been
successfully targeted by cancer drugs such as those derived
from the vinca alkaloids and the taxanes. These agents dis-
rupt intracellular microtubule dynamics, activate the mitotic
checkpoint, block cell division after DNA duplication, and
lead to cell death [1]. However, disrupting microtubules is
associated with significant neurotoxicity, myelosuppression,
mucositis, and neutropenia. Therefore, other mitotic targets
have been pursued. The mammalian mitotic kinases, aurora
kinases A, B, and C, have been identified as important
regulators of mitosis. They are involved in several different
steps such as centrosome duplication, formation of a bipolar
mitotic spindle and chromosome alignment on the spindle,
and in the surveillance of the mitotic checkpoint [2–4]. These
serine/threonine kinases are overexpressed in many types of
solid tumors including those of the breast, ovary, colon, and
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liver, and they have been suggested as appropriate targets for
small-molecule anticancer drugs [5]. MSC1992371A1 (former-
ly known as AS703569) is a potent, adenosine triphosphate-
competitive inhibitor of mammalian aurora kinases A, B, and C
as well as several other kinases involved in cell proliferation,
including AMP-activated protein kinase, fibroblast growth fac-
tor receptor 3, and Janus kinase 2.

MSC1992371A is orally available and has demonstrated
significant activity, both as a single agent and in combination
with several commonly used chemotherapeutic agents, against
a range of solid and hematologic tumors in preclinical models
[6]. In these models, activity and toxicity appeared to be
schedule dependent with an indication that repeated daily
dosing had a better therapeutic window over single high
doses. The antiproliferative effects observed were due to
disruption of mitosis, which results in irreversible DNA
endoreduplication and ultimately apoptosis [6].

Here, we present the results of the first phase I study of
MSC1992371A, carried out to determine the maximum tol-
erated dose (MTD) in different dosing schedules in patients
with locally advanced or metastatic solid tumors.

Patients and methods

Patients

The study included patients with histopathologically con-
firmed locally advanced or metastatic solid tumors that were
refractory to standard treatment or for whom therapeutic op-
tions were not available. All eligible patients were over
18 years of age, had an Eastern Cooperative Oncology Group
performance status of 0–2, and gave written informed consent.
Using criteria that are standard in phase I studies, patients
were excluded if there was evidence of impaired bone mar-
row, renal or hepatic function, coagulation disorder, or history
of uncontrolled central nervous system metastasis. Patients
who had received chemotherapy or investigational anticancer
agents within 28 days of study onset were excluded, as were
those with prior radiation therapy involvingmore than 30% of
bone marrow reserves and those who had previously under-
gone a marrow or stem cell transplant.

Study objectives

The primary aim of the present phase I, first-in-human study
was to determine the MTD of MSC1992371A in different
dose schedules in patients with advanced solid tumors. Sec-
ondary objectives were to provide a preliminary evaluation of

the safety, pharmacokinetic (PK), pharmacodynamic (PD),
and antitumor effects of MSC1992371A in these patients.
The study was conducted at two sites in the USA.

Study design

This was a phase I, open-label, three-schedule, dose-escalation
study in patients with solid tumors. Cohorts of three patients
with advanced or metastatic solid tumors were sequentially
assigned to one of two dose schedules (schedules 1 and 2)
and received monotherapy with MSC1992371A in escalating
doses. MSC1992371Awas administered orally on days 1 and
8 (schedule 1) and on days 1, 2, and 3 (schedule 2) of a 21-day
cycle (Fig. 1). The total dose by cycle was the same for both
schedules. With schedule 1, the starting dose level based on
preclinical toxicology findings was 3mg/m2/day; with schedule
2, it was 2 mg/m2/day.

For each dose schedule, dose escalation followed a mod-
ified Fibonacci scheme with increments of 100 % (from dose
1 to dose 2), 65 % (from dose 2 to dose 3), 52 % (from dose 3
to dose 4), and 40% (from dose 4 to dose 5), with subsequent
doses increased by 33 %. For schedule 3, the dose was
increased by 40 % from dose 1 to dose 2 and then by 33 %
for subsequent cycles. A sequential 3+3 design was used to
define the MTD for each dose schedule according to the
number of dose-limiting toxicities (DLT) observed. DLTs
were evaluated during the first treatment cycle only, and no
dose modifications were allowed during this cycle. If no
patient experienced a DLT over 21 days at the lowest dose,
a new cohort of three patients was enrolled at the next dose
level. If one of three patients experienced a DLT, a further
three patients were enrolled at that dose. Escalation proceeded
only if there were no further DLTs. In the case of two or more
DLTs at a dose level, the dose of MSC1992371Awas reduced
to the next lower dose level. This dose was expanded and
declared the MTD. Patients were treated until disease progres-
sion or development of unacceptable toxicity.

After enrollment into the first two schedules was com-
plete, a third dose schedule (with MSC1992371A given on
days 1, 2, and 3 and 8, 9, and 10 of a 21-day cycle) was
investigated. This third schedule, involving more frequent
dosing, was added since few signals of antitumor activity had
been seen with schedules 1 and 2. Preclinical data, and
experience from the phase I study in hematologic malignan-
cies that was ongoing at the time, suggested that more
frequent dosing of MSC1992371A might enhance antitumor
activity. Patients accrued to schedule 3 were started at a dose
of 10 mg/m2/day, giving a total dose in the first cycle of
60 mg/m2/day. Following a review of the clinical and PD
data available from all ongoing clinical studies, the sponsor,
in agreement with the investigators, decided to halt recruit-
ment before the MTD with this schedule had been
determined.

1 The compound is also known as R763. Rights to this compound are
currently owned by Rigel Pharmaceuticals Inc., South San Francisco,
CA, USA.
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The study was conducted in accordance with the Decla-
ration of Helsinki, the International Conference for Harmo-
nization Harmonized Tripartite Guideline for Good Clinical
Practice, and all applicable regulatory requirements. Ap-
proval of the protocol, protocol amendments, and procedures
for obtaining informed, written patient consent was given by
the institutional review boards of participating institutions.

Safety and definition of DLT and MTD

The safety of MSC1992371A was evaluated throughout the
study by a safety monitoring committee. Safety monitoring
involved the evaluation of DLTs, the type and number of
treatment-emergent adverse events (TEAEs), serious adverse
events, physical examinations (including 12-lead electrocar-
diograms and echocardiograms or multigated angiocardiog-
raphy), and regular monitoring of clinical laboratory param-
eters in blood and urine. AEs were coded using the Medical
Dictionary for Regulatory Activities (MedDRA) version 9.1
and graded according to the Common Terminology Criteria
for Adverse Events version 3.0.

DLTs were defined as any of the following: grade 4 neu-
tropenia lasting more than 5 days; grade 3 or 4 neutropenia
with fever and/or infection; grade 4 thrombocytopenia (or
grade 3 thrombocytopenia with bleeding); any grade 3 or 4

nonhematologic toxicity (except grade 3 increase in transam-
inase lasting less than a week or suboptimally treated grade 3
nausea and vomiting); any grade 2 neurologic toxicity; and
any delay in treatment lasting more than 2 weeks due to
MSC1992371A-related toxicity.

If more than one of three or one of six patients experi-
enced a DLT at a given dose, up to 12 additional patients
were enrolled at the previous dose level, which was consid-
ered the MTD. The dose-escalation analysis set, from which
the MTD was determined, consisted of all patients who
experienced any DLT during cycle 1 and patients who re-
ceived ≥90 % of all planned study drug doses during cycle 1.

PK parameters and the effect of food

Plasma and urine samples were collected and regularly
reviewed throughout the study to determine single-dose
and multiple-dose PK parameters for MSC1992371A. Key
PK parameters assessed included maximum serum concen-
tration (Cmax), time to reach Cmax (tmax), area under the
serum concentration–time curve from time zero to the last
sampling time (AUC0–t), and apparent terminal half-life. The
lower limit of quantification in plasma was 0.05 ng/mL.
Plasma samples were collected at the nine time points shown
in Fig. 2. Urine was collected pre-dose and over 0–4 and 4–

Fig. 1 Study design
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Fig. 2 Mean plasma
concentrations of MSC1992371A
according to dose level on day
1 of cycle 1 in fasting patients
treated according to schedules
1–3
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24 h postdose on day 1 of cycles 1 and 2. PK parameters
were calculated using Kinetica 4.4.1 software.

After determination of the MTD in schedules 1 and 2, the
effect of food on MSC1992371A pharmacokinetics was
evaluated in the six to nine patients recruited to the expanded
MTD cohort. Patients were randomly assigned using a 1:1
ratio to receive either a high-fat, high-calorie breakfast or to
fast before dosing. Using a crossover design, patients who
fasted in cycle 1 received breakfast before dosing in cycle 2
and vice versa. For cycles beyond cycle 2, all patients
remained fasted.

Antitumor activity

The antitumor activity of MSC1992371Awas assessed from
computed tomography and magnetic resonance imaging
scans using the Response Evaluation Criteria in Solid Tu-
mors (RECIST) version 1.0 [7]. Tumor response was evalu-
ated every second cycle. Duration of response was calculated
for patients who experienced a complete or partial response
(CR, PR).

PD parameters

A series of PD parameters was measured before and
during the course of treatment in order to explore for
markers expected to be associated with pharmacodynam-
ics effects, antitumor activity, or potential predictors of
toxicity. Changes in PD markers were assessed in cir-
culating tumor cells (CTCs). Markers of cell death
(cytokeratin 18 [M65] and cytokeratin 18 cleavage
[M30]) were measured in plasma. Histone 3 phosphor-
ylation (pHH3) was investigated by immunohistochem-
istry (IHC) in skin biopsies. The copy number of the
aurora kinase A gene was assessed by fluorescence in
situ hybridization (FISH). Mutations in p53 were also
investigated.

Statistics methods

Continuous variables were summarized using mean,
standard deviation, median, minimum, and maximum
values. Continuous variables were categorized when ap-
plicable into grouped intervals for analysis, with fre-
quencies and percentages. Categorical variables were
tabulated using frequencies and percentages. All patients
who received at least one dose of study drug and had at
least one follow-up visit were included in the safety
analysis. The efficacy analysis included all patients
who received at least one dose of drug and had at least
one objective assessment of response according to
RECIST. All analyses were undertaken using SAS ver-
sion 9.2.

Results

Patient characteristics

A total of 92 patients were treated in the study: 42 patients in
schedule 1, 39 in schedule 2, and 11 in schedule 3. The dose-
escalation analysis set included 83 patients in total; 38, 38, and
7 in schedules 1, 2, and 3, respectively. Schedules 1 and 2 were
escalated through eight dose levels rising from 6 mg/m2 to
approximately 100 mg/m2 per 21-day cycle. Schedule 3 was
dosed at 60 and 83 mg/m2 over a 21-day cycle before discon-
tinuation of the study.

Baseline characteristics for the patients enrolled in each of
the three schedules were comparable (Table 1). Across all
three schedules, the majority of patients were Caucasian
(92%) and female (57%). Patients’median age was 63 years.
The most common types of solid tumors were colorectal
(24 % of patients), prostate and breast (14 % each), and lung
(9 %). Patients were a median of 47 months from tumor
diagnosis in schedules 1 and 2 and 30 months in schedule
3. All patients were heavily pretreated, having received a
median of 3 (range 1–11) prior lines of anticancer therapy
(excluding antihormonal therapy).

DLTs and MTD

The number of patients treated at each dose level for each of
the three schedules and the number of DLTs observed are
given in Table 2. With schedule 1, no DLTs occurred until the
dose of 49.3 mg/m2/day, at which point two of six patients
experienced a DLT of grade 4 neutropenia, considered
probably related to study drug. Additional patients were
therefore enrolled at the previous dose level but none had a
DLT. The dose of 37.1 mg/m2 given on days 1 and 8 (i.e.,
74 mg/m2/cycle) was therefore defined per protocol as the
MTD.

With schedule 2 (i.e., drug administered on days 1, 2,
and 3), no DLTs were experienced until the daily dos-
age reached 32.9 mg/m2, at which point, three of six
patients experienced a DLT (two patients with grade 3
febrile neutropenia and one patient with grade 3 and 4
thrombocytopenia). Increased aspartate aminotransferase
and blood alkaline phosphatase levels in one patient in
schedule 2 were initially thought to be DLTs, but these
hepatic enzyme elevations were retrospectively considered to
be unrelated to study drug and due to disease progression.
None of the additional patients recruited at the previous dose
level of 24.7 mg/m2 had a DLT. This level—at which total
dosage per cycle was again 74 mg/m2—was therefore also
defined as the MTD.

In schedule 3, in which drugwas given on days 1, 2, 3, 8, 9,
and 10, no DLTs were observed in the three evaluable patients
treated at 10 mg/m2/day (60 mg/m2/cycle). Two of five
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evaluable patients experienced a DLT (one patient with grade
4 neutropenia and one patient with grade 3 nausea and
vomiting) after escalation to 14 mg/m2/day (84 mg/m2/cycle),

formally fulfilling for this dose level the criteria for a dose
level above the MTD. Although the 10-mg/m2/day dosing
seems to be tolerable on this schedule, due to the discontinu-
ation of the study, no additional patients were recruited at this
dose level, and therefore, the MTD was not formally con-
firmed for this schedule.

Safety evaluation across cycles

Overall, 109 cycles of schedule 1 and 122 cycles of schedule
2 were completed. Two cycles of treatment were completed
by 55 % of schedule 1 patients and 49 % of patients on
schedule 2. The median number of cycles completed per
patient was 3 for both schedules (range 0–15 in schedule 1
and 1–22 in schedule 2). For schedule 3, the median number
of cycles was 1 (range 0–3). Overall, compliance levels were
high with all three treatment schedules. In cycle 1, on which
MTDs were based, total median compliance was >98 % for
schedules 1 and 2 and 90 % for schedule 3.

All patients in each of the three treatment schedules ex-
perienced at least one TEAE. Hematologic TEAEs of grade 3
or 4 are shown in Table 3. Neutropenia grades 3–4 occurred
in 19 and 18 % of schedule 1 and 2 patients, respectively.
However, febrile neutropenia (2 % in schedule 1, 5 % in
schedule 2) was uncommon in the absence of prophylactic
myeloid colony-stimulating factors, as was grade 3–4 ane-
mia or thrombocytopenia.

Table 4 shows the most frequently reported nonhematologic
TEAEs (all grades). The most common TEAEs were gastroin-
testinal (GI): nausea and vomiting occurred in 23–59 % of
treated patients, and diarrhea, abdominal pain, and constipation
were also evident. The most common non-GI TEAE was
fatigue, which was experienced by 24 and 44 % of patients
treated with schedules 1 and 2, respectively. GI toxicity

Table 2 Dose-limiting toxicities (DLTs) in cycle 1 by schedule and dose level

Schedule 1, n=38 Schedule 2, n=38 Schedule 3, n=7

Dose (mg/
m2/day)

Patients with ≥1 DLT
(patients per DL)

Dose (mg/
m2/day)

Patients with ≥1 DLT
(patients per DL)

Dose (mg/
m2/day)

Patients with ≥1 DLT
(patients per DL)

Neutropenia (grade 4
exceeding 5 days)

49.3 2 (6) – – 14 1 (5)

Febrile neutropenia
(grade 3)

– – 32.9 2 (6) – –

Thrombocytopenia
(grades 3 and 4)

– – 32.9 1 (6) – –

AST increased (grade 4)+alk.
phos. increased (grade 2)a

– – 6.6 1 (6) – –

Nausea (grade 3)+vomiting
(grade 3)

– – – – 14 1 (5)

AST aspartate aminotransferase, alk. phos. blood alkaline phosphatase
a Initially considered as DLT, but retrospectively considered to be unrelated to study drug and due to disease progression

Table 1 Baseline patient demographics and disease characteristics, by
schedule

Characteristics Schedule 1 Schedule 2 Schedule 3
(n=42) (n=39) (n=11)

Median age (range), years 60 (23–82) 62 (25–79) 66 (51–77)

Sex, n (%)

Male 18 (43) 17 (44) 5 (46)

Female 24 (57) 22 (56) 6 (55)a

Race n (%)

Caucasian 39 (93) 36 (92) 10 (91)

Black 2 (5) 1 (3) 0 (0)

Asian 0 (0) 1 (3) 1 (9)

Other 1 (2) 1 (3) –

Tumor type, n (%)

Colorectal 9 (21) 11 (28) 2 (18)

Prostate 4 (10) 7 (18) 2 (18)

Breast 9 (21) 1 (3) 3 (27)

Lung 4 (10) 2 (5) 2 (18)

Esophagus 2 (5) 2 (5) 0 (0)

Cervix 0 (0) 3 (8) 0 (0)

Pancreas 1 (2) 2 (5) 0 (0)

Bladder 2 (5) 0 (0) 0 (0)

Ovary 0 (0) 2 (5) 1 (9)

Other 11 (26) 9 (23) 0 (0)

Median number of prior
anticancer therapiesb (range)

3 (1–10) 3 (1–11) 2 (1–6)

a Percentages do not add to 100 % due to rounding effects
b Hormonal therapies excluded
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(diarrhea, nausea, anorexia) and fatigue appeared to be higher in
schedule 2 compared to schedule 1, and in schedule 3, although
the number of patients was smaller.

Overall, approximately 43% of patients in schedules 1 and 2
and 64 % of patients in schedule 3 experienced at least one
TEAE of grade ≥3. The most frequent grade 3 or 4 events were
hematologic, mainly neutropenia with 12/92 (13 %) patients
overall experiencing grade 4 neutropenia. Individually, severe
nonhematologic toxicities were infrequent and in most cases
not related to study drug: in schedule 1 (n=42), there were two
cases of grade 3 vomiting (5 % of patients) and one of grade 4

pulmonary embolism (3 %). Two patients had grade 3 eleva-
tions of hepatic enzymes and two had elevated bilirubin (the
latter being related to study drug). With schedule 2 (n=39),
there were three cases of drug-related grade 3 fatigue (8%), two
of grade 3 asthenia, and two of grade 4 elevation of aspartate
aminotransferase. Grade 3 drug-related fatigue occurred in
18 % of schedule 3 patients, but the number of cases (2 of
11 evaluable patients) was small. Within each schedule,
TEAE grade ≥3 occurred more frequently at the higher dose
levels of each schedule. In schedule 1, all nine grade 4 events
occurred at 74.2 or 100 mg/m2/cycle. In schedule 2, 13/17

Table 3 Hematologic treatment-
emergent adverse events across
all treatment cycles for each
schedule

Values are rounded to nearest
whole percentage

n (%) Schedule 1 Schedule 2 Schedule 3

n=42 n=39 n=11

All grades Grades 3–4 All grades Grades 3–4 All grades Grades 3–4

Neutropenia 8 (19) 8 (19) 8 (21) 7 (18) 3 (27) 1 (9)

Febrile neutropenia 1 (2) 1 (2) 3 (8) 2 (5) 2 (18) 1 (9)

Anemia 5 (12) 1 (2) 11 (28) 5 (16) 2 (18) 2 (18)

Thrombocytopenia 1 (2) 1 (2) 2 (5) 2 (5) 0 (0) 0 (0)

Table 4 Nonhematologic treat-
ment-emergent adverse events
(all grades) reported by >10 % of
patients

TEAE treatment-emergent
adverse event

Values rounded to nearest whole
percentage; TEAEs coded
according to MedDRA v9.1

Patients with TEAE Schedule 1 Schedule 2 Schedule 3
n (%) n=42 n=39 n=11

42 (100) 39 (100) 11 (100)

GI toxicity

Nausea 15 (36) 23 (59) 6 (55)

Vomiting 10 (24) 9 (23) 4 (36)

Diarrhea 7 (17) 14 (36) 3 (27)

Abdominal pain 7 (17) 5 (13) 2 (18)

Abdominal pain upper 5 (12) 3 (8) –

Constipation 5 (12) 12 (31) 4 (36)

Dry mouth 5 (12) 5 (13) 3 (27)

Anorexia 6 (14) 13 (33) 3 (27)

Constitutional toxicity

Fatigue 10 (24) 17 (44) 6 (55)

Insomnia 8 (19) 3 (8) 2 (18)

Metabolic

Dehydration 4 (10) 8 (21) 3 (27)

Hypokalemia 6 (14) 5 (13) –

Psychiatric

Anxiety 5 (12) 4 (10) 2 (18)

Depression – 5 (13) –

Respiratory

Cough 1 (2) 7 (18) 2 (18)

Dyspnea 6 (14) – 2 (18)

Other

Headache 7 (17) 9 (23) 2 (18)

Dry skin – 6 (15) –
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(76 %) of TEAE grade ≥3 occurred in dose levels 74.1 and
99 mg/m2/cycle, and in schedule 3, 4/7 (57 %) of TEAE grade
≥3 occurred at the highest dose level (84 mg/m2/cycle).

TEAEs leading to treatment discontinuation occurred in a
total of six patients (four in schedule 1 and one each in schedules
2 and 3). These TEAEs were considered drug related in only two
cases: thrombocytopenia at a dose of 99mg/m2 in schedule 2 and
nausea and vomiting at a dose of 84mg/m2 in schedule 3. The six
deaths within the reporting period were all associated with dis-
ease progression rather than the study drug.

PK profile and the effect of food

PK samples were obtained up to 24 h after administration of
MSC1992371A. Moderate to high interindividual variations
were observed in the rate of absorption of MSC1992371A
(Cmax and tmax) and the extent of drug exposure (area under
the plasma concentration curve from administration to last
observed concentration at t (AUC0–t). Maximum plasma
concentrations were reached between 1.5 and 4 h (range
0.5–8 h) after first oral administration and were comparable
across schedules (Fig. 2a–c). Mean plasma concentrations of
MSC1992371A rose with dose level, and therefore, a (non-
dose proportional) trend toward increasing exposure was
observed with increasing dose.

In all schedules, the extrapolated part of the exposure
(AUCextra) exceeded 20 % of the total exposure (AUC0−∞)
in the majority of the patients, with AUCextra values up to
82 %. Due to these limitations, the terminal elimination phase

of MSC1992371A could not be estimated precisely, and
therefore, t1/2 and AUC0−∞, apparent clearance and volume
of distribution could not be reliably determined in this trial.
However, the main PK findings for MSC1992371A in sched-
ules 1 and 2, summarized in Table 5, show the effect of dosing
at the MTD in the fed and fasted state. The results of the
substudy suggested that food taken before dosing delayed and
lowered peak plasma drug concentrations when compared to
the fasted state and potentially led to a lower AUC.

The cumulative amount of MSC1992371A excreted in
urine over 24 h accounted for less than 3 % of the adminis-
tered dose in all individuals. Renal excretion is therefore only
a minor pathway of elimination for this drug.

Antitumor activity

The best overall response to treatment among the 73 evaluable
patients was stable disease in 14 of 38 patients (37 %) in
schedule 1, 15 of 31 patients (48 %) in schedule 2, and 1 of
4 patients (25 %) in schedule 3. Four patients (11 %) in
schedule 1 and seven patients (23 %) in schedule 2 showed
stable disease for at least 3 months. In schedule 3, all four
evaluable patients progressed within the first three cycles of
treatment. No patient on any of the schedules or doses evalu-
ated in this trial had a confirmed CR or PR.

Although signs of antitumor activity were limited, two pa-
tients showed significant tumor shrinkage. In schedule 1, signif-
icant tumor shrinkage (−23 % by RECIST) was observed in a
heavily pretreated patient with metastatic breast cancer, initially

Table 5 Pharmacokinetic pa-
rameters of MSC1992371A at
the maximum tolerated dose in
schedules 1 and 2 in the food
effect substudy after single dos-
ing on day 1 in cycles 1 and 2

AUC0–t area under the serum
concentration–time curve from
time zero to last sampling time,
Cmax maximum serum concen-
tration, CV coefficient of varia-
tion, tmax time to reach maximum
serum concentration
a n=5 in schedule 1 and n=4 in
schedule 2

Schedule 1 Schedule 2

Fasted, n=7 Fed, n=7 Fasted, n=9 Fed, n=8

Cmax (ng/mL)

Geometric mean 42.18 34.66 26.73 20.49

Range 19.98–75.57 16.86–75.64 13.30–85.44 10.37–43.67

% CV 48.67 52.79 75.15 49.43

tmax (h)

Median 3.0 4.0 3.0 6.0

Range 1.0–4.0 3.0–7.3 1.0–6.0 1.0–8.0

% CV 37.4 35.0 50.0 43.3

AUC0–t (ng/mL h)

Geometric mean 479.78 405.86 267.23 245.40

Range 295.33–671.79 177.60–847.84 173.37–487.52 154.75–406.90

% CV 28.81 46.64 42.18 32.72

Cmax ratio fed/fasted

Geometric mean 0.830a 0.586a

Range 0.506–1.220 0.232–1.237

AUC0–t ratio fed/fasted

Geometric mean 0.766a 0.805a

Range 0.391–1.114 0.608–1.007
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treated with tamoxifen and chemotherapy, who had then re-
ceived, for advanced disease, four lines of chemotherapy regi-
mens and two investigational agents. In the course of this study,
the patient was treated with MSC1992371A 27.9 mg/m2/day
(55.8mg/m2/21-day cycle) for 4months (six cycles) until disease
progression.

In addition, a patient in schedule 2 with a neuroendocrine
tumor treated at the MSC1992371 MTD (i.e., 24.7 mg/m2/day;
74.1/mg/m2/21-day cycle) remained on study for 18 months
with a minor response (−17 % by RECIST). This patient had
received two prior lines of chemotherapy and one investiga-
tional agent with stable disease as best response. The patient
discontinued MSC1992371 treatment for progressive disease
after 22 cycles.

PD

Biomarker results did not provide evidence to support a rela-
tionship betweenMSC1992371A administration and levels of
CTCs. In addition, the measured levels of M30 and M65 did
not reveal any association between MSC1992371A and cell
death. IHC and FISH assays performed on skin and tumor
biopsies did not show MSC1992371A-related modulation of
the measured biomarkers (pHH3, AURKA, AURKB, and
p53). Because few signs of clinical activity were observed in
this study, the possible role of biomarkers as predictors of
efficacy and response was not investigated further.

Discussion

Given the role of aurora kinases in regulating mitosis, there
was a clear rationale for investigating their inhibitors as anti-
cancer agents [5]. The aurora kinase inhibitor MSC1992371A
has shown potential in preclinical models [6]. This phase I
study evaluated the MTD of the drug given according to
different dosing schedules in patients with locally advanced
or metastatic solid tumors that were refractory to or ineligible
for standard treatments.

The rationale for testing different dosing schedules of
MSC1992371A was based on preclinical studies showing
that toxicity depended on both the dose and the frequency
of drug administration. Toxicity was typically delayed in
onset, reversible, and to a great extent modifiable by dose
scheduling. This study was therefore initially designed to
assess two different, clinically relevant schedules that pro-
vided equivalent total doses of study drug over a 21-day
treatment cycle. A third schedule was added to the study to
determine whether more frequent dosing of MSC1992371A
could enhance the antitumor effect. Sequential dosing (on
the first 3 days per 21-day cycle) and intermittent dosing
(with drug given on days 1 and 8) had the same MTD and a
similar toxicity profile. The third schedule was not fully

evaluated but appeared to have a similar safety profile to
the other two schedules.

The majority of grade 3 or 4 TEAEs were hematologic and
occurred at higher doses. The main DLT for the three sched-
ules was grade 4 neutropenia or febrile neutropenia. Most of
the nonhematologic TEAEs were gastrointestinal (nausea,
vomiting, abdominal pain), although cases of drug-related
fatigue, as well as asthenia and grade 3 liver enzyme eleva-
tions, were reported.

Subsequent to this study, there have been clinical studies
of MSC1992371A in combination with gemcitabine in pa-
tients with advanced solid tumors [8, 9] and as monotherapy
in patients with hematologic malignancies such as acute
myeloid leukemia and myelodysplastic syndromes [10].

In addition, several other aurora kinase inhibitors (AKIs)
are currently in clinical development for the treatment of
advanced solid tumors such as colorectal or pancreatic cancer
[11–16]. These AKIs have different specificities for the aurora
kinase subtypes. Some, such as AZD1152, are specific inhibi-
tors of aurora kinase B [11, 13]; others, such as MLN8054, are
specific for aurora kinase A [14]; and others still—such as
MSC1992371A—are pan-aurora kinase inhibitors [16]. The
reported toxicity of agents targeting aurora kinase appears to
vary according to their specificity and may in some cases be
overshadowed by off-target effects such as benzodiazepine-
like adverse effects with somnolence for one compound [14,
15]. Inhibition of the aurora kinase B subtype is consistently
associated with hematologic toxicities such as neutropenia
and GI adverse events [13]. The pan-aurora kinase inhibitor
investigated in this study, MSC1992371A, has a toxicity
profile similar to that reported for the other pan-aurora kinase
inhibitors MK0457 [16] and danusertib (PHA739358) [17,
18]. The most common adverse events result from aurora
kinase B inhibition are neutropenia, vomiting, nausea, and
fatigue, with DLTs of neutropenia or febrile neutropenia re-
ported in phase I trials in patients with solid tumors [16, 17].

Phase I studies in patients with solid tumors treated with
one of the above-mentioned AKIs all show modest signs of
antitumor activity with only occurrences of prolonged stable
disease and inconsistent PD effects [12, 13, 15–17, 19]. These
results are in line with the antitumor activity and the PD effects
seen for MSC1992371A in this study.

In conclusion, oral MSC1992371A has mainly transient and
manageable hematologic and—to a lesser extent—GI dose-
limiting toxicity becoming evident at higher doses and with
more intense dosing regimens in patients with solid tumors
refractory to standard cancer treatments. No objective responses
were seen at doses up to and including theMTD. The evaluation
of a schedule involving more frequent administration was in-
complete, but sufficient to conclude that the MTD was similar
and that significant differences in clinical activity were unlikely
to be observed. The study of the effect of food on PK showed
that in the fasted state, absorption was faster and higher.
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In addition to this study, the use of MSC1992371A has
been investigated in patients with solid tumors in combination
with gemcitabine and in patients with hematologic malignan-
cies as monotherapy over prolonged periods of time [9, 10].

Antitumor activity of MSC1992371A dosed at the MTD
appeared modest. Moreover, PD markers have been exten-
sively investigated and have failed to provide guidance for
dosing, scheduling, or patient/tumor type selection in any of
the conditions studied. The clinical development of this
agent has currently been halted. Therefore, additional re-
search will be needed to provide a better insight in the
clinical activity of MSC1992371A and other aurora kinase
inhibitors for the treatment of advanced malignancies.
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