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Summary Introduction MSC1992371A is an aurora kinase
inhibitor with potential antitumor activity. Methods This
trial established the maximum tolerated dose (MTD) and
dose-limiting toxicities (DLTs) of oral MSC1992371A giv-
en before or after gemcitabine (1,000 mg/m2) in a 21-
day cycle in patients with advanced malignancies. In sched-
ule 1 (n=31), gemcitabine was administered on days 1 and
8 followed by escalating doses of MSC1992371A on days 2
and 9. In schedule 2 (n=35), MSC1992371A was given on
days 1 and 8 followed by gemcitabine on days 2 and 9.
Patients had a range of solid tumors, the most frequent of
which was colorectal (n=19). Results In both schedules, the
37 mg/m2 dose level was defined as the MTD. The main
DLT was grade 4 neutropenia. Adverse events consisted of

neutropenia, thrombocytopenia, asthenia, fatigue, nausea,
vomiting, anorexia, and diarrhea. Administration of
MSC1992371A prior to gemcitabine had no effect on the
metabolism or elimination of gemcitabine. Time to reach
maximum plasma concentration and area under the plasma
concentration-time curve for MSC1992371A increased pro-
portionally with dose. Exploration of drug-target-related and
tumor biomarkers did not identify predictors of biologic
activity or response. Two patients (1 with lung carcinoma
and 1 with hepatocellular carcinoma) had durable partial
responses in schedule 2, and 5 patients had stable disease
(SD) lasting 6−14 months. Conclusion Oral MSC1992371A
can be administered at a MTD of 37 mg/m2 in combination
with the standard 1,000 mg/m2 dose of gemcitabine, but
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hematologic toxicity requires careful monitoring. Prelim-
inary signs of efficacy were indicated by durable responses
and SD.

Keywords Aurora kinase inhibitor . Mitosis .
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Introduction

Aurora kinase-A, -B, and -C are specialized serine/threonine
kinases that play essential roles in spindle assembly, centro-
some maturation, chromosomal segregation, cytokinesis,
and the tight regulation of mitosis [1, 2]. Within the aurora
kinase family, the expression, distribution, and function of
aurora kinase-A and -B differ according to cell cycle stage.
Aurora kinase-A co-localizes with the centrosome through-
out the cell cycle, whereas aurora kinase-B localizes to the
centromere in prometaphase and metaphase, followed by
transportation to the spindle midzone in anaphase. The
aurora kinases are overexpressed in many solid tumors and
aurora-kinase inhibitors (AKIs) have been recognized as
potential novel anticancer agents [3, 4].

MSC1992371A1 (formally AS703569) is an oral, aden-
osine triphosphate-competitive inhibitor of all 3 mammalian
aurora-kinase isoforms (A, B, and C). MSC1992371A
blocks cell separation by disrupting the mitotic spindle,
leading to polyploidy and, ultimately, cell death. In vitro,
MSC1992371A is a potent inhibitor of tumor cell growth,
with half-maximal inhibitory concentration (IC50) values
typically less than 100nM [5]. In vivo, the compound has
demonstrated significant antitumor activity in several xeno-
graft models including those of the pancreas, breast, colon,
kidney, lung, and ovary [5]. Studies in MiaPaca-2 pancreatic
and Colo-205 colorectal xenografts showed that a weekly
dosing schedule offered the best therapeutic window. This
type of schedule has the added advantage of flexibility in
combination therapy.

Several preclinical studies (Merck Serono, data on file)
evaluated the potential of combining MSC1992371A with
drugs that are standards of care in the treatment of different
tumors. When combined with gemcitabine, MSC1992371A
showed either additive or synergistic effects in vitro in
breast and lung cancer models and in vivo in pancreatic
cancer models. In MiaPaca-2 pancreatic xenografts, the
schedule of treatment affected the efficacy and tolerability
of the combination. Oral administration of MSC1992371A
24 h before or after gemcitabine resulted in additive or
synergistic antitumor activity, an effect that was not seen

with concomitant dosing. Slight differences in tolerability
were seen depending on whether MSC1992371Awas given
before or after gemcitabine.

A phase I monotherapy study of oral MSC1992371A in
patients with advanced solid tumors established a maximum
tolerated dose (MTD) of 74 mg/m2 per 21-day cycle [6].
The MTD was the same whether the study drug was given
on days 1 and 8 every 3 weeks, or on days 1, 2, and 3 every
3 weeks. The main dose-limiting toxicity (DLT) was grade 4
neutropenia or febrile neutropenia. Maximum plasma con-
centrations of the drug (Cmax) and area under the
concentration-time curve (AUC) increased with dose, and
Cmax was reached 1.5–4 h after administration. Signs of
antitumor activity were limited, with a few minor tumor
responses, but no confirmed complete or partial responses
were reported.

This paper presents the results of a phase I, dose-
escalation, pharmacokinetics (PK), and pharmacodynamics
(PD) study of MSC1992371A combined with gemcitabine
in 2 different sequences in patients with advanced solid
tumors.

Patients and methods

Patients

Eligible patients had a histologically or cytologically con-
firmed diagnosis of a solid tumor, for which gemcitabine is
either approved or considered the standard of care, or a
tumor for which there was no standard treatment available.
All patients had measurable or assessable disease. Patients
were required to be older than 18 years of age, with an
Eastern Cooperative Oncology Group Performance Status
(ECOG PS) of less than 2, and adequate renal, hepatic, and
bone marrow function. Prior treatment with gemcitabine
was permitted. Other inclusion and exclusion criteria rou-
tinely used in phase I studies were also applied.

Study objectives

The primary objective of this phase I trial was to determine
the MTD of MSC1992371A when given in combination
with a standard fixed dose of 1,000 mg/m2 gemcitabine.
As a result of preliminary evidence of schedule-dependent
tolerability in preclinical models, this trial investigated 2
sequences of drug administration: oral MSC1992371A was
administered 24 h after gemcitabine infusion (schedule 1),
or 24 h before gemcitabine infusion (schedule 2). Secondary
objectives included preliminary evaluation of safety, PK,
PD, and antitumor activity of the agents administered
according to the 2 dosing schedules.

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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Study design

This was a phase I, open-label, 2-schedule trial with esca-
lating doses of MSC1992371A and a fixed dose of
gemcitabine. The trial was conducted in 2 centers in France
and 1 center in Belgium.

Sequential cohorts of 3–6 patients were enrolled in par-
allel in 2 schedules (Fig. 1). In schedule 1, gemcitabine was
administered on days 1 and 8 and MSC1992371A on days 2
and 9. In schedule 2, the sequence was reversed, with
MSC1992371A being administered on days 1 and 8 and
gemcitabine on days 2 and 9. Patients were assigned to each
schedule centrally. The dose of gemcitabine was fixed at
1,000 mg/m2, given as a 30-min infusion. MSC1992371A
was administered orally at a starting dose of 10 mg/m2/day.
Dose escalation proceeded with an increment of 50 % to the
second dose level and 40 % to the third level, followed by
increments of 30 % to the fourth and subsequent levels until
DLTs occurred and the MTD could be defined. When
DLTs occurred, the dose of MSC1992371A was reduced
to the preceding dose level. The protocol did not allow
for further dose reductions. The dose of gemcitabine
could be reduced or omitted, if required due to toxicity,
according to instructions in the Summary of Product Charac-
teristics. Treatment with MSC1992371A and gemcitabine
was continued until the patient experienced progressive dis-
ease and/or unacceptable toxicity, or withdrew consent. If
there were no further DLTs, dose escalation proceeded and
was conducted independently for each schedule based on the
observed DLTs.

The trial was conducted in accordance with the Interna-
tional Conference on Harmonization guidelines for Good
Clinical Practice, the Declaration of Helsinki, and applicable
local regulations. The study, including the patient-information
and consent forms used, was approved by the independent
ethics committees of participating centers. Patients provided
written informed consent. The study sponsor was Merck
Serono S.A., Geneva.

Definition of dose-limiting toxicities and maximum
tolerated dose

DLTs were evaluated during the first cycle. A DLT, graded
according to CommonTerminologyCriteria for Adverse Events
(CTCAE) version 3.0, was defined as any of the following:
grade 4 neutropenia lasting at least 7 days; grade 4 thrombocy-
topenia (or grade 3 with bleeding); febrile neutropenia and any
other grade 3 or 4 non-hematologic toxicity (excluding grade 3
increase in alanine aminotransferase, aspartate aminotransfer-
ase, or alkaline phosphatase reversible within 7 days, and grade
3 vomiting and/or nausea if encountered with non-optimal
therapy); or any grade 2 or greater neurologic toxicity.

If more than 1 out of 3 (or 1 out of 6) patients experi-
enced a DLT at a given dose during cycle 1, up to 12
additional patients were enrolled at the preceding dose level,
which was considered to be the MTD.

Safety assessments

In addition to DLTs, adverse events (AEs) were recorded
according to CTCAE v.3.0 criteria throughout the period of
treatment until 31±3 days after the last administration of the
study drug. Treatment-emergent adverse events (TEAEs)
were defined as AEs that started or worsened in the period
from the first day of drug administration to 28 days after the
last drug administration (inclusive). Changes from baseline
were assessed for laboratory parameters, vital signs, physi-
cal exam, ECG, and echocardiography (or multiple gated
acquisition scans).

Pharmacokinetic and pharmacodynamic assessments

To investigate PK, plasma and urine concentrations of
MSC1992371A and gemcitabine (including its inactive me-
tabolite dFdU and main active metabolite dFdCTP) were
determined at pre-specified time points after the first dose in
each schedule. For schedule 1, blood samples were collected

Fig. 1 Treatment schedules
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immediately prior to dosing and 1, 2, 3, 4, 6, and 8 h after
administration of oral MSC1992371A. For schedule 2,
blood samples were collected immediately prior to dosing
and 1, 2, 3, 4, 6, 8, 24, 28, and 32 h after administration of
oral MSC1992371A. The renal excretion of MSC1992371A
was determined from urine samples collected at 0–4 and 4–
8 h in schedule 1 and 0–4, 4–8, 8–24, and 24–32 h in
schedule 2. Plasma concentrations of gemcitabine were
determined from blood samples taken before and at 0.25,
0.5, 0.75, 1, 2, and 8 h following infusion.

Plasma and urine concentrations of MSC1992371A were
determined using a validated liquid chromatography-mass
spectrometry (LC-MS) method with a lower limit of quantifi-
cation (LLoQ) of 0.05 ng/mL and a linearity ranging from
0.05 to 10.00 ng/mL for human plasma and urine. Plasma
concentration of gemcitabine was calculated using a validated
high performance LC-MS/MS method with a LLoQ of
0.05 ng/mL and a linearity ranging from 0.5 to 1,000 ng/mL.
PK parameters were calculated using non-compartmental
methods (Kinetica™ Program Version 4.4.1).

A series of PD parameters was assessed to explore early
markers and potential predictors of toxicity and response.
Levels of circulating tumor cells (CTCs) were measured in
whole blood and gene expression profiles were obtained
from peripheral blood mononuclear cells (PBMCs). Markers
of cell death (cytokeratin 18 and cleaved cytokeratin 18) and
levels of phosphorylated ERK downstream of FLT3 were
also measured in PBMCs to obtain evidence of target-
related drug activity. Archived tissue from the primary tu-
mor and/or metastases (where available) was analyzed by
immunohistochemistry to determine the levels of expression
of aurora kinase-A and -B and p53. The copy number of the
aurora kinase-A and -B genes and p53 gene deletion were
assessed by fluorescence in situ hybridization.

Tumor response

Tumor response was evaluated at the end of every
second cycle according to Response Evaluation Criteria In
Solid Tumors (RECIST) v1.0 [7].

Statistical methods

The trial design followed the well-established methodology
used in dose-finding studies in oncology [8]. The main ana-
lytic tools used were descriptive statistics and graphical rep-
resentations (SAS® version 9.1.3). Continuous variables were
tabulated using the following summary statistics: number of
values, mean, standard deviation, median, and minimum and
maximum. Continuous variables were categorized, when ap-
plicable, into grouped intervals for analysis with frequencies
and percentages. Categorical variables were tabulated using
frequencies and percentages.

Results

Patient characteristics

A total of 66 patients were enrolled; 31 patients assigned to
schedule 1 received treatment over 6 dose levels that rose
progressively from 10–49 mg/m2, and 35 patients assigned
to schedule 2 were treated at 5 dose levels that increased
from 10–37 mg/m2. The median age was 60 years (range
20–80 years), 72 % of patients were male, and 55 % had an
ECOG PS of 0 (Table 1). Patient characteristics were com-
parable in both groups, with a higher proportion of patients

Table 1 Baseline patient demographics and disease characteristics
(safety population)

Characteristic Schedule 1 Schedule 2 Total
n=31 n=35 n=66

Age, years

Median (range) 62 (31–75) 58 (20–80)

Sex, n (%)

Female 9 (29) 9 (26) 18 (27)

Male 22 (71) 26 (74) 48 (72)

ECOG Performance Status, n (%)

0 13 (42) 23 (66) 36 (55)

1 18 (58) 12 (34) 30 (45)

Tumor type, n (%)

Colorectal 10 (32) 9 (26) 19 (29)

Pancreas 5 (16) 3 (9) 8 (12)

NSCLC 4 (13) 2 (6) 6 (9)

Liver 1 (3) 5 (14) 6 (9)

Biliary tract/cholangio 1 (3) 3 (9) 4 (6)

Bladder 1 (3) 3 (9) 4 (6)

Stomach 2 (7) 2 (6) 4 (6)

Chondrosarcoma 2 (7) 1 (3) 3 (5)

Othera 5 (16) 7 (20) 12 (18)

Median (range) time
since primary
diagnosis, months

27.2 (1.4–213) 22.3 (1.8–107)

Median (range) time
since last relapse,
months

1.9 (0.1–12.3) 1.7 (0.3–20.7)

Number of prior
chemotherapyb

regimens
(median, range)

3 (1–6) 3 (1–8)

ECOG Eastern Cooperative Oncology Group; NSCLC non-small cell
lung cancer
a Breast and prostate cancer, squamous cell cancer of the skin, meso-
thelioma, and parotid cylindroma in schedule 1; head and neck cancer
(2 cases), chondroblastic sarcoma, chondrosarcoma, desmoplastic
small round cell tumor of the peritoneum, mesothelioma, and esopha-
geal carcinoma in schedule 2
b Includes adjuvant/neoadjuvant treatment prior to development of
metastatic/advanced disease
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with ECOG PS 1 in schedule 1 (58 %) than in schedule 2
(34 %). The median time from diagnosis of the primary
tumor was 2 years, and the median time from last
relapse or tumor progression was less than 2 months.
Patients had various malignancies, the most frequent
being colorectal (29 %) and pancreatic adenocarcinoma
(12 %), which were represented comparably in both
schedules. The number of prior lines of chemotherapy
(including neoadjuvant and adjuvant treatment) ranged
from 1 to 8, with a median of 3 prior regimens in both
schedules.

Dose-limiting toxicities and maximum tolerated dose

Full data are presented in Table 2.

Schedule 1

At a dose of 37 mg/m2/day of MSC1992371A, 1 out of 3
patients experienced grade 4 neutropenia lasting more than
7 days, and grade 4 thrombocytopenia during cycle 1. The
cohort was therefore expanded to 6 patients; as no further
DLTs occurred, dose escalation proceeded. At a dose of
49 mg/m2/day, 2 patients had grade 4 neutropenia lasting
more than 7 days. In line with the study protocol, the
previous dose level (37 mg/m2) was defined as the MTD
and a further 6 patients were recruited to better define the
tolerability of MSC1992371A. Of these patients, 2 experi-
enced febrile neutropenia in cycle 1. In summary, a total of 5
patients experienced severe hematologic toxicity in cycle 1,
defined as grade 4 neutropenia lasting for more than 7 days
or febrile neutropenia; this toxicity occurred at a dose of
49 mg/m2 in 2 out of 6 patients and at 37 mg/m2—the
defined MTD—in 3 out of 12 patients.

Schedule 2

Of the first 3 evaluable patients who received 10 mg/m2/day
of MSC1992371A, 1 developed grade 4 neutropenia on day
3 and died as a consequence of multi-organ failure,
suggesting severe sepsis from a pre-existing condition. An
additional 3 patients were recruited at this dose, none of
whom experienced a DLT. At the next dose levels
(15 mg/m2 and 28 mg m2), 1 of 6 patients had a DLT at
each dose (grade 3 worsening of performance status and
asthenia at 15 mg/m2, grade 4 neutropenia lasting for more
than 7 days at 28 mg/m2 ). At 37 mg/m2, 1 of the first 3
patients developed a DLT of grade 4 neutropenia lasting
more than 7 days. In the expanded cohort of 6 patients, 3
patients experienced grade 4 neutropenia in cycle 1 lasting
less than 7 days, and therefore, not meeting the DLT criteria.
These cases of hematologic toxicity were considered clini-
cally significant and dose escalation was stopped. In addi-
tion, 1 episode of grade 4 febrile neutropenia was observed
in this dose cohort. Therefore, similar to schedule 1,
37 mg/m2 was defined as the MTD for schedule 2.

Safety evaluation across cycles

Patients treated according to schedule 1 received a total of
92 complete cycles, with a median of 2 cycles (range 0–
16 cycles). In schedule 2, a total of 124 cycles were deliv-
ered, with a median of 3 cycles (range 0–11 cycles). The
median overall compliance with gemcitabine was 99 % in
schedule 1 and 92 % in schedule 2. Twelve patients in
schedule 1 and 18 patients in schedule 2 did not receive
either drug (gemcitabine or MSC1992371A) on day 8/9 in at
least 1 cycle. Neutropenia was the main reason for toxicity-
related dose omission. No consistent pattern of increased

Table 2 Number of patients treated and number with DLTs (in cycle 1) by dose level and schedule

Dose mg/m2/day Pts treated Schedule 1 Pts with DLT Pts treated Schedule 2 Pts with DLT
Evaluable for dose escalation Evaluable for dose escalation

n=31 n=27 n=35 n=33

10a 3 3 0 7a 6 1

15 4b 3 0 7 6 1

21 4c 4 0 3 3 0

28 4b 3 0 6 6 1

37 12 11 3 12 12 1d

49 4 3 2

DLT dose-limiting toxicity
a The first patient enrolled developed progressive disease after day 1 and so was not evaluable
b One patient had to be replaced for the purposes of DLT assessment since 1 treatment dose was missed in cycle 1 for reasons other than a DLT
cOne patient was assigned to the wrong schedule and had to be replaced
d Although only 1 patient experienced a DLT as defined per protocol, 3 others had considerable hematologic toxicity and this limited further dose
escalation
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need for gemcitabine dose reduction or omission with esca-
lating doses of MSC1992371A was found.

In both schedules, grade 3–4 hematologic toxicity, in
particular grade 4 neutropenia, was predominant at doses
of 28 mg/m2, or higher, of MSC1992371A. Grade 3–4
neutropenia occurred in 10 out of 12 (83 %) patients treated
at 37 mg/m2 according to schedule 1, and in 5 out of 6
(83 %) patients treated at 28 mg/m2 according to schedule 2.

Hematologic toxicity by schedule is summarized in
Table 3. Overall, the occurrence of grade 4 neutropenia
was similar for both schedules, affecting 39 % and 34 %
of patients on schedule 1 and 2, respectively. Febrile neu-
tropenia was reported in 4 patients on schedule 1 (2 at
39 mg/m2 and 2 at 49 mg/m2) and in 1 patient on schedule
2 (at 37 mg/m2). Grade 3–4 anemia was less frequent,
occurring in 19 % of patients on schedule 1 and 17 % of
patients on schedule 2; grade 4 anemia occurred in only 1
(3.2 %) patient on schedule 1. Grade 3 thrombocytopenia
occurred in 13 % of patients on schedule 1, while no patients
experienced grade 4 neutropenia. With schedule 2, 6 % of
patients had grade 3 thrombocytopenia and 11 % had grade 4.
Although most cases occurred at a dose of 28 mg/m2 or
higher, there was no clear dose effect.

Table 4 shows non-hematologic treatment-emergent AEs
(TEAEs) experienced by 10 % or more of patients in at least
1 schedule. The majority of TEAEs were grade 1 or 2. The
most common grade 3–4 TEAEs were asthenia and dys-
pnea. Grade 3 or 4 asthenia occurred more frequently in
patients on schedule 1 (26 %) than on schedule 2 (9 %).

Six patients died during the trial. Two patients treated
according to schedule 1 died due to disease progression
while on study treatment. Two patients on schedule 2 died
while on treatment; both deaths were due to sepsis and were
considered related to study treatment (MSC1992371A
10 mg/m2/day). In addition, 2 patients died in the 28-day
post-treatment follow-up period from ischemic stroke and
upper gastrointestinal hemorrhage; both deaths were not
considered to be treatment related.

Pharmacokinetics

The mean plasma concentration-time curves for the first
dose of MSC1992371A at each dose level (in schedule 2)

are shown in Fig. 2. Maximal plasma concentrations were
reached between 1 and 3 h (range 1–6 h) after administra-
tion. Cmax and drug exposure (area under the plasma con-
centration curve from administration to last observed
concentration at t [AUC 0−t]) increased with increasing
doses of MSC1992371A. The interindividual variability in
rate of absorption (Cmax and time to maximum concentra-
tion [tmax]) and extent of exposure (AUC 0−t) was 54 %,
70 %, and 51 % for schedule 1 and 52 %, 69 %, and 58 %
for schedule 2.

For schedule 1, PK samples were obtained only up to 8 h
post-administration. Applying non-compartmental analysis,
the terminal half-life, area under the concentration-time
curve from zero to infinity (AUC0−∞), clearance, and vol-
ume of distribution of MSC1992371A could not be estimat-
ed reliably, as the extrapolated part of the exposure
(AUCextra) exceeded 20 % of the total exposure. For sched-
ule 2, PK samples were obtained up to 32 h post-
administration, which enabled the estimation of further rel-
evant PK parameters. In a subset of patients with evaluable
PK profiles treated according to schedule 2, MSC1992371A
had a geometric mean terminal half-life in the range 9.4–
13.7 h, geometric mean apparent clearance (CL/f) of 50–
213 L/h, and an apparent volume of distribution (Vz/f) of
988–3594 L by dose group. Urinary PK data implied that renal
excretion was only of minor importance in the elimination of
MSC1992371A (data not shown).

Mean calculated PK parameters for MSC1992371A ad-
ministered at the MTD of 37 mg/m2/day (both schedules)
are summarized in Table 5. For gemcitabine, the plasma
concentration profiles and other relevant PK parameters in
patients treated according to schedule 2 were similar to
those in patients treated on schedule 1, indicating that ad-
ministration of MSC1992371A prior to gemcitabine has no
effect on the metabolism or elimination of the drug.

Pharmacodynamics

Analysis of blood and tissue biomarkers described in the
Methods section did not provide any consistent evidence of
modulation by MSC1992371A either in the study popula-
tion as a whole or in individual patients. This could be
attributed partly to the inability to fully investigate those

Table 3 Hematologic adverse
events (% of patients) Schedule 1 (n=31) Schedule 2 (n=35)

All grades (%) Grade 3–4 (%) All grades (%) Grade 3–4 (%)

Neutropenia 58 58 63 60

Febrile neutropenia 13 13 3 3

Anemia 52 19 54 17

Thrombocytopenia 36 13 37 17
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markers as a result of the limited number of samples, tech-
nical difficulties related to sample quality, and lack of ap-
propriate validation for some of the assays used. Since few
patients showed a tumor response, potential predictors of the
activity of MSC1992371A in combination with gemcitabine
could not be explored.

Antitumor activity

Signs of antitumor activity were observed in patients with
different types of tumors, with 5 patients showing substan-
tial tumor shrinkage.

Two (7 %) patients treated according to schedule 2 had a
partial response (PR) as per RECIST v1.0. One patient, with
non-small cell lung cancer (NSCLC) that had responded
previously to gemcitabine in combination with oxaliplatin,
who was treated for 10 cycles at 15 mg/m2/day had a PR in
cycle 2 lasting for 6 months. Another patient, with hepato-
cellular carcinoma with liver and lymph-node lesions, who
received 11 cycles of MSC1992371A at the MTD of
37 mg/m2/day, had a PR after 6 cycles of treatment. In
addition, 2 patients had significant tumor shrinkage with
prolonged stable disease (SD). One patient, with adenocar-
cinoma of the gastroesophageal junction, had SD for over
9 months (12 cycles) and sustained tumor shrinkage (max-
imum −29 % by RECIST). The second patient, with locally
advanced pancreatic adenocarcinoma, had SD for more than
7 months (11 cycles) and sustained tumor shrinkage (max-
imum of −22 % by RECIST). In schedule 1, one patient with
locally advanced spinocellular skin carcinoma invading the
eye treated at 37 mg/m2 MSC1992371A had an unconfirmed
PR after 3 cycles of treatment.

Table 4 Non-hematologic treat-
ment-emergent adverse events
(TEAEs) in ≥10 % of patients

GI gastrointestinal; AE adverse
event

Number (%) of patients with TEAEs

AE Schedule 1 Schedule 2

(n=31) (n=35)

All grades Grade ≥3 All grades Grade ≥3

GI toxicity

Decreased appetite 14 (45) 3 (10) 14 (40) 1 (3)

Nausea 12 (39) 1 (3) 14 (40) –

Vomiting 7 (23) – 17 (49) –

Diarrhea 10 (32) – 6 (17) –

Constipation 11 (36) 1 (3) 9 (26) –

Abdominal pain 5 (16) 1 (3) 3 (9) 1 (3)

Mucosal inflammation 3 (10) – 5 (14) 1 (3)

Constitutional toxicity

Asthenia 16 (52) 8 (26) 21 (60) 3 (9)

Fatigue 10 (32) 2 (7) 5 (14) 2 (6)

Pyrexia 10 (32) – 15 (43) –

Peripheral edema 3 (10) – 7 (20) 1 (3)

Other

Headache 9 (29) – 4 (11) –

Back pain 8 (26) 3 (10) 5 (14) 2 (6)

Dyspnea 8 (26) 5 (16) 4 (11) 1 (3)

Cough 4 (13) – 5 (14) 2 (6)

Epistaxis 4 (13) – 1 (3) –

Depression 2 (7) – 4 (11) –

Fig. 2 Mean (SD) plasma concentrations over time after a single dose
of MSC1992371A (schedule 2, day 1). SD, standard deviation
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In addition, there were 3 cases of prolonged tumor stabi-
lization, with patients remaining on treatment for between 6
and 14 months. Although these patients had tumor types that
are generally considered slow-growing (parotid cylindroma,
chondrosarcoma, and cholangiocarcinoma) and no substan-
tial tumor shrinkage was noted, such prolonged periods of
SD in patients with documented progression at study entry
are indicative of drug activity and are clinically relevant.

Discussion

The family of aurora kinases has been linked to tumorigen-
esis through its role in regulating mitosis, and the aurora
kinase inhibitor, MSC1992371A, has shown some evidence
of antitumor activity in single-agent phase I studies [6, 9].
Preclinical data suggested additive or synergistic effects
when combined with gemcitabine, and the possibility that
these effects are schedule dependent. This study was there-
fore designed to determine the MTD when administering
MSC1992371A 24 h before or after gemcitabine at the same
dose once per week for the first 2 weeks of a 21-day
treatment cycle. While the dose of MSC1992371A was

escalated until the occurrence of DLTs, that of gemcitabine
remained at the standard dose of 1,000 mg/m2/day (unless
dose reduction was required due to toxicity).

When given with a fixed dose of gemcitabine, the MTD
of MSC1992371A, defined as the dose below the one at
which more than 1 out of 3, or 1 out of 6, patients had a
protocol-defined DLT in the first cycle, was 37 mg/m2 in
both schedules. This MTD is the same as that obtained for
MSC1992371A given as a single agent, however, clinically
significant hematologic toxicity with febrile and grade 4
neutropenia was observed in patients treated at this dose.

Single-agent gemcitabine is not considered particularly
hematotoxic. The neutropenia seen in combination with the
AKI may, therefore, indicate an additive or synergistic effect
on bone marrow cells. Overall, the main toxicities observed,
including asthenia, fatigue, and neutropenia, did not show a
strong relationship to the dose of MSC1992371A.

Although exposure to MSC1992371A increased overall
with rising dose, the PK profiles showed moderate to high
variability between patients, as has been seen for other oral
anticancer drugs including kinase inhibitors [10]. The he-
matologic toxicity reported with the combination of
MSC1992371A and gemcitabine was not associated with

Table 5 Pharmacokinetic parameters of MSC1992371A (at the maximum tolerated dose of 37 mg/m2/day) and gemcitabine (at all doses of
MSC1992371A) for each schedulea

MSC19992371A Gemcitabine

Schedule 1 Schedule 2 Schedule 1 Schedule 2
Day 2 Day 1 Day 1 Day 2

N 11 11 29 34

Cmax (ng/mL)

Median (range) 63 (28–191) 70 (36–136) 16,700 (5,070–167,000) 18,050 (4,460–448,000)

Geometric mean 59 70 19,645 22,816

Geometric CV 66 48 123 198

tmax (h)

Median (range) 2.0 (1.0–6.0) 2.0 (1.0–6.0) 0.5 (0.3–0.8) 0.5 (0.2–1.0)

Geometric mean 2.2 2.2 0.4 0.4

Geometric CV 68 63.2 33 39

AUC0−t (ng/mL∙h)

Median (range) 279 (107–389) 371 (54–525) 10,118 (1,856–99,568) 9,532 (1,655–154,681)

Geometric mean 258 302 10,548 11,501

Geometric CV 54 43 129 168

AUC0−∞ (ng/mL∙h)b

Median (range) nc 810 (117–1,160) 10,119 (1,856–99,579) 9,534 (1,656–154,694)

Geometric mean nc 633 10,428 11,508

Geometric CV nc 59 133 168

AKI aurora kinase inhibitor; AUC0−t area under the plasma concentration curve from administration to last observed concentration at t; AUC0−∞
area under the concentration-time curve from zero to infinity; Cmax maximal plasma concentration; CV coefficient of variation; nc not calculated;
tmax time to maximum concentration
a In schedule 1, gemcitabine was administered on day 1 and the AKI on day 2; in schedule 2, gemcitabine was administered 1 day after the AKI
b n=27 for the gemcitabine groups
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any significant change in the PK of either drug. The PK of
gemcitabine, in particular, seemed unaffected by prior ad-
ministration of the AKI.

A number of PD parameters including markers of pathway
modulation and cell death, circulating tumor cells, and gene
expression were assessed with the aim of exploring drug
activity and potential predictors of toxicity and response.
However, the study found no consistent evidence of PD
activity associated with the administration of MSC1992371A.

Several other AKIs have been investigated in phase I
trials in both solid and hematologic malignancies. Recently,
Schoffski et al assessed the aurora kinase-A and -B inhibitor
PF-03814735 in patients with advanced solid tumors [11].
They found that the agent had manageable toxicities, but
produced very limited evidence of antitumor effects as
assessed by FDG-PET or clinical activity. Similar to the
present study, the DLT was neutropenia. Neutropenia was
also dose limiting in the phase I study of danusertib in
patients with advanced or metastatic solid tumors [12].

In patients with a range of advanced hematologic malig-
nancies, MSC1992371A achieved clinically meaningful re-
sponses. However, these responses occurred at doses
associated with severe neutropenia and gastrointestinal tox-
icities, leading to dose reductions [9]. Other AKIs have
shown a comparable toxicity profile, although with the
selective aurora kinase-B inhibitor barasertib, complete re-
sponses and PRs in acute myeloid leukemia patients were
obtained at tolerable doses [13, 14].

Patients enrolled in this phase I study had a range of ad-
vanced solid tumor types; 42 % had tumors (such as cancer of
the pancreas, NSCLC, and sarcomas) for which gemcitabine is
indicated or has demonstrable activity. Others had refractory
disease with no other options for therapy. In this extensively
pretreated population, therewere signs of antitumor activitywith
the gemcitabine/MSC1992371A combination, irrespective of
prior gemcitabine treatment. Among the 66 patients enrolled,
there were 2 confirmed PRs, one unconfirmed PR, and 5 cases
of SD lasting for at least 6months. In 2 of these cases, significant
tumor shrinkage was noted. Cases of disease control were not
confined to patients with tumors known to be sensitive to
gemcitabine. However, there was no clear association between
the dose of study drug administered and signs of clinical benefit.

In summary, this phase I study in patients with solid tumors
showed that MSC1992371A can be administered safely at its
MTD before or after a standard 1,000 mg/m2 dose of
gemcitabine. The combination did not lead to a significant
PK interaction. Hematologic toxicities predominated but were
generally reversible; grade 4 neutropenia was the main DLT.
In an effort to limit this toxicity, further trials could investigate
either a lower dose of the AKI or the supportive use of
hematopoietic growth factors (HGF). One concern with using
a lower dose, however, is that (given the large PK variability
observed) a subset of patients may not experience therapeutic

drug levels. The addition of HGFwas tested with another AKI
and allowed only minor dose escalation, without obvious
clinical benefit [15]. In terms of antitumor activity, signals
were observed indicating that the combination of
MSC1992371Awith gemcitabine may have clinically mean-
ingful activity. However, while this study reached its stated
objectives by establishing the MTD and defining the safety of
the gemcitabine/MSC1992371A combination, it did not iden-
tify a tumor type that is particularly sensitive and suited to
further investigation.
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