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Summary Purpose BI 831266 is a potent, selective, low-
molecular-weight inhibitor of Aurora kinase B. This trial
aimed to determine the maximum tolerated dose (MTD) of
BI 831266 in patients with advanced solid tumors
(NCT00756223; EudraCT 2008-001631-36; 1257.1).
Methods BI 831266 (4–130 mg) was administered over 24 h
on days 1 and 15 of a 4-week schedule. A modified 3+3 dose-
escalation design was utilized to evaluate the MTD. Safety,
pharmacokinetics, pharmacodynamics, objective response

rate, progression-free survival (PFS) and exploratory bio-
markers were secondary endpoints. Results Twenty-five pa-
tients received BI 831266. The most frequent tumor type was
colorectal cancer (48 %). One patient (130 mg) experienced a
dose-limiting toxicity of grade 3 febrile neutropenia. The trial
was prematurely terminated (sponsor decision) without fur-
ther dose-escalation. The most frequent treatment-related ad-
verse events (AEs) were fatigue (20 %), neutropenia, alopecia
(16 % each), anemia, dry skin, and nausea (12 % each).
Treatment-related grade ≥3 AEs were neutropenia (12 %),
anemia (8 %), and febrile neutropenia (4 %); 15 patients
experienced serious AEs. High variability in the pharmacoki-
netic profiles precluded definitive pharmacokinetic conclu-
sions. Exploratory biomarker determination revealed consis-
tency with the mode of action as an Aurora kinase B inhibitor.
One patient (4 %; 32 mg) with cervical cancer demonstrated a
confirmed partial response (duration 141 days, PFS 414 days).
Four patients had stable disease. Conclusion The MTD of BI
831266 was not reached because of early trial termination. BI
831266 demonstrated a generally manageable safety profile
and signs of antitumor activity in some patients’ solid tumors.
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Introduction

Aurora kinases comprise a family of 3 nuclear serine/
threonine kinases (Aurora kinases A, B, and C) that play
important roles in maintaining the fidelity of mitosis and
genetic stability of cells [1, 2]. Aurora kinase A is involved
in mitotic entry, separation of centriole pairs, bipolar spindle
assembly, alignment of metaphase, and completion of cytoki-
nesis [1–4]. Aurora kinase B, previously known as AIM-1,

C. Dittrich (*) : R. Koenigsberg
LudwigBoltzmann Institute for Applied Cancer Research (LBI-ACR
VIEnna) – LB Cluster Translational Oncology and Applied Cancer
Research-Institution for Translational Research Vienna (ACR-ITR
VIEnna), Third Medical Department, Center for Oncology and
Hematology, Kaiser-Franz-Josef-Spital, Vienna, Austria
e-mail: christian.dittrich@wienkav.at

C. Dittrich
e-mail: ch.dittrich@chello.at

M. A. Fridrik
Center for Hematology and Medical Oncology, General Hospital
Linz, Linz, Austria

C. Lee
Boehringer Ingelheim Ltd., Bracknell, Berkshire, UK

R.<G. Goeldner
Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der
Riß, Germany

J. Hilbert
Boehringer Ingelheim Pharmaceuticals, Inc, Ridgefield, CT, USA

R. Greil
Third Medical Department of Hematology, Medical Oncology,
Hemostaseology, Rheumatology and Infectiology, Salzburg Cancer
Research Institute, Laboratory for Immunological and Molecular
Cancer Research (SCRI-LIMCR) and Center for Clinical Cancer and
Immunology Trials (SCRI-CCCIT), Paracelsus Medical University,
Salzburg, Austria

Invest New Drugs (2015) 33:409–422
DOI 10.1007/s10637-014-0201-7



regulates chromosomal orientation, chromosome condensa-
tion, spindle assembly, and cytokinesis [1, 2, 5]. It also plays
a direct role in the phosphorylation of histone H3, which is
thought to be principally linked to the initiation of cell division
[6, 7] and to chromosome instability and carcinogenesis [8].
While the role of Aurora kinase C is less well characterized,
Aurora kinases A and B are known to be involved in tumor-
igenesis [1, 2]. For example, overexpression of Aurora kinase
B induces metastasis after implantation of tumors in nude
mice [8]. Furthermore, overexpression of Aurora kinase B
has been associated with poor outcome in a variety of tumors
including glioblastoma, thyroid, and colon cancers [9–11].

The essential functions of Aurora kinases, along with their
aberrant expression across a range of tumor types, has resulted
in numerous small molecule inhibitors currently being inves-
tigated as potential therapies for solid and hematologic tumors
[1, 2]. One of these agents is BI 831266, a potent and selective
low-molecular-weight inhibitor of Aurora kinase B. Preclini-
cal studies show that BI 831266 inhibits the proliferation of
human non-small cell lung cancer (NSCLC), pancreatic can-
cer, and prostate cancer cell lines. Furthermore, in murine
xenograft tumor models (HCT 116 colon carcinoma, BxPC3
pancreatic adenocarcinoma, and NCI-H460 NSCLC), a 24-h
continuous infusion of BI 831266 resulted in tumor regression
and growth inhibition (data on file, Boehringer Ingelheim).

Here, we report the results from a multicentric, phase 1 trial
of single-agent BI 831266. The purpose of this study was to
determine the maximum tolerated dose (MTD) of BI 831266
administered to patients with a range of advanced solid tu-
mors, and to assess the safety and tolerability of the com-
pound. The pharmacokinetic (PK) and pharmacodynamic
profiles and the clinical antitumor activity of BI 831266 were
also investigated. In an exploratory approach, the role of
inhibiting the phosphorylation of histone H3 in the skin and
caspase cleaved fragment of cytokeratin-18 (CK-18) in plas-
ma were investigated as potential biomarkers. Furthermore, a
potential dependence of exposure to BI 831266 on endoge-
nous alpha-1-acid glycoprotein (AGP) concentration was
investigated.

Methods

Patient selection

Patients ≥18 years of age with advanced, non-resectable and/
or metastatic solid malignant tumors, and a life expectancy of
≥3 months were eligible for inclusion in this study. Patients
had failed conventional treatment, were not amenable to
established treatment options, or there was no therapy of
proven efficacy available. Other eligibility criteria included:
Eastern Cooperative Oncology Group performance status ≤2;
recovery from toxicities from previous treatments to Common

Terminology Criteria for Adverse Events (CTCAE) grade ≤1;
adequate bone marrow, liver, and renal function (absolute
neutrophil count ≥1500/mm3, platelet count ≥100,000/mm3,
bilirubin ≤1.5 mg/dL [≤26 μmol/L, SI unit equivalent], aspar-
tate aminotransferase and/or alanine aminotransferase ≤2.5
times the upper limit of normal; if related to liver metastases,
≤5 times the upper limit of normal, serum creatinine ≤1.5 mg/
dL [≤132 μmol/L, SI unit equivalent]); no chemotherapy,
radiotherapy, immunotherapy, hormone therapy, or investiga-
tional therapy within 2 weeks prior to the start of treatment
with the trial drug; no symptomatic brain metastases,
leptomeningeal disease, or second malignancy requiring ther-
apy; and no serious illness or concomitant disease that could
potentially compromise patient safety (including clinically
significant cardiovascular disease and/or a left ventricular
ejection fraction <50 %). Also, it was required that patients
had a secure central venous access.

During the study, treatment with corticosteroids was per-
mitted. Use of growth factors, such as granulocyte colony
stimulating factor, was also allowed for treatment of
prolonged hematotoxicity at the investigator’s discretion, but
not in cycle 1 of treatment unless medically necessary. Ongo-
ing treatment with bisphosphonates or gonadotropin-releasing
hormone analogs for prostate cancer could be continued in the
trial, and concomitant therapies to provide adequate care were
given as deemed clinically necessary.

All patients were required to provide written informed
consent consistent with International Conference on Harmo-
nization–Good Clinical Practice guidelines and local
legislation.

Study design and endpoints

This was an open-label, phase 1, dose-escalation trial of BI
831266 in patients with advanced solid tumors conducted at 3
sites in Austria (NCT00756223; EudraCT 2008-001631-36;
1257.1). The trial was conducted in accordance with the
principles laid down by the Declaration of Helsinki and ap-
proved by the Independent Ethics Committees and/or Institu-
tional Review Boards of the participating centers.

A modified 3+3 dose-escalation design was used to eval-
uate the MTD of BI 831266, which was administered by
intravenous infusion over 24 h (via central venous access)
on days 1 and 15 of a 4-week schedule. Initially, 2 treatment
schedules had been planned: a 4-week schedule and a 3-week
schedule (day 1, every 3 weeks). After the MTD for the 4-
week schedule had been established, recruitment to determine
the MTD of BI 831266 on a 3-week schedule was to be
initiated, with dose tiers starting at the MTD determined in
the 4-week schedule. However, for reasons stated in the Re-
sults section and presented in detail in the Discussion, the 3-
week schedule was not started.
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Cohorts of 3–6 patients were enrolled sequentially into
escalating dose tiers of BI 831266. The MTD was defined as
the highest dose of BI 831266 at which no more than 1 of 6
patients experienced a dose-limiting toxicity (DLT) during the
first cycle of treatment. Upon determination of the MTD,
entry of additional patients at this dose level, in the form of
an expansion cohort, was planned to obtain additional safety
data.

The safe starting dose was calculated based on the FDA
guidance for starting dose selection for a cytotoxic agent in
cancer patients. Based on the data from the 3-cycle toxicity
study in rats, the dose severely toxic to 10 % (STD10) of the
animals was 4.5 mg/kg which is equivalent to 27 mg/m2 body
surface area. One tenth of this rodent dose was not severely
toxic to dogs in the 3-cycle toxicity study in dogs. One tenth of
the STD10 in rats, 2.7 mg/m2, is equivalent to 4.3 mg per
patient (based on a body surface area of 1.6 m2 per patient).
Therefore, 4 mg was determined as the safe starting dose in
humans. Dose escalation occurred in steps of 100 % until the
observation of the first drug-related grade ≥2 adverse event
(AE) in cycle 1. Thereafter, doses of BI 831266 were intended
to be escalated in decreasing steps of 100 to 20 % (or, prior to
the protocol amendment dated July 20, 2009: ≤50 % until the
first DLT, and ≤35 % thereafter). Patients were treated for as
long as clinical benefit was derived. Treatment was terminated
if a DLT occurred which did not resolve to a degree that
allowed treatment continuation; if a second DLT occurred; if
there was an intolerable AE; if consent was withdrawn; or if a
treatment cycle was delayed for >2 weeks.

One protocol amendment was made during the study: the
dose escalations were changed from ‘100 % until the first
CTCAE grade ≥2, then ≤50 % until the first DLT, then
≤35 % thereafter’, to ‘100 % until the first DLT followed by
100 to 20 % thereafter, depending on the overall safety infor-
mation, including previous dose cohorts and cycles ≥2’. This
amendment was performed to make the dose escalation more
flexible and faster, and to reduce the number of patients
unnecessarily treated at low (and possibly sub-therapeutic)
doses of BI 831266 in the early part of the study. This was
supported by the safety data from the on-going phase 1 study
of the sister front-runner compound BI 811283 [12], which
was already recruiting patients at much higher doses (105 mg
in Schedule A) using the same treatment schedules as in this
study and a similar starting dose, with no significant safety
issues. The amendment also changed the criterion for starting
the 3-week treatment schedule from ‘the occurrence of the
first relevant drug-related AE’ to ‘the establishment of the
MTD in the 4-week schedule’. The reason for this amendment
was to reduce the overall number of patients treated in the
study, again based on the data from the ongoing phase 1 study
of the front-runner compound BI 811283, which was already
treatingmore patients than anticipated due to the unexpectedly
high number of dose steps in that study. Thus, it was decided

not to recruit patients into the 3-week schedule of BI 831266
until the MTD for the 4-week schedule had been established.

The primary endpoint of the trial was the MTD of BI
831266, administered as a 24-h continuous infusion in a 4-
week schedule. Secondary endpoints included incidence and
intensity of AEs; incidence of DLTs; the PK profile of BI
831266; progression-free survival (PFS); objective response
rate; and duration of response. Pharmacodynamic endpoints
included change from baseline in the percentage of epidermal
cells expressing phosphorylated histone H3 (pHH3) and plas-
ma concentrations of caspase-cleaved fragment of CK-18 and
AGP.

Definition of DLT

A DLT was defined as one of the following events occurring
during the first treatment cycle: a drug-related non-hemato-
logic toxicity grade ≥3 (except untreated nausea, vomiting, or
diarrhea); drug-related neutropenia lasting for ≥7 days or
febrile neutropenia grade 4; or drug-related thrombocytopenia
grade 4 or thrombocytopenia grade ≥3 with complications.

Assessments

Safety was assessed as incidence and intensity of AEs, using
Medical Dictionary for Regulatory Activities criteria and
graded according to CTCAE version 3.0. Changes in safety
tests, including vital signs (blood pressure and pulse rate were
evaluated every 2 h during infusion of BI 831266), echocar-
diograms, electrocardiograms, and laboratory tests, were also
assessed.

Objective tumor response was measured using CT and/or
MRI scans performed at baseline and at the end of every other
treatment course, and evaluated according to Response Eval-
uation Criteria in Solid Tumors (RECIST) version 1.0 [13].
The duration of overall response was measured from the time
at which the measurement criteria were met for complete
response or partial response (PR; whichever was recorded
first) until the first date that recurrent or progressive disease
(PD) was objectively documented. PFS was defined as the
duration of time from the start of treatment to the time of
progression or death.

Plasma samples for PK analysis were collected for the first
and second infusions of BI 831266 at the following times:
5 min before the start of the 24-h infusion and 01:00, 02:00,
04:00, 12:00, 20:00, 23:59 (just before the end of the infu-
sion), 24:15, 24:30, 25:00, 26:00, 28:00, 32:00, 48:00, 72:00,
and 168:00 h after the start of the infusion. Further samples
were obtained in subsequent treatment cycles up to cycle 6,
just prior to the start and the end of the infusion of BI 831266.
Urine samples were also obtained after the first and second
infusions of BI 831266 at 0–4 h, 4–12 h, 12–24 h, 24–48 h,
and 48–72 h after the start of infusion. Concentrations of BI
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831266 in plasma and urine were determined using a validated
high-performance liquid chromatography–tandem mass spec-
trometry assay (data on file, Boehringer Ingelheim). Quanti-
fication was performed using a weighted (1/x2) linear least-
squares regression analysis generated from calibration stan-
dards. For plasma samples, the lower limit of quantification
for BI 831266 was 0.2 nM and the assay had a linear range up
to 200 nM. For urine samples, the lower limit of quantification
for BI 831266 was 2.00 nM and the assay had a linear range
up to 2000 nM. The mean relative error of the quality control
samples was 0.6–2.8 % and the mean coefficient of variation
range was 5.2–5.9 %.

Histone H3 is a well characterized substrate of Aurora B,
and measurement of its phosphorylation on serine 10 may be
used as a pharmacodynamic biomarker of Aurora B inhibition
[14]. In a previous study (data on file, Boehringer Ingelheim)
[15] a method had been described that allowed parallel deter-
mination of the pHH3 content in skin biopsies using Western
Blot and immunohistochemistry analyses. This method was
included in this study to analyze patient’s skin biopsies, taken
before and after treatment, with the expectation that there
should be a reduction in pHH3 post-treatment. Epidermal
pHH3 expression was determined in skin biopsies obtained
during screening and on day 16 of the first 4-week treatment
cycle, as soon as possible (within 6 h) after the end of the
second infusion of BI 831266 at TARGOS Molecular Phar-
macology GmBH (Kassel, Germany). Forearm punch biop-
sies of 3–4 mm were fixed in formaldehyde prior to being
paraffin-embedded. Sections were stained for hematoxylin
and eosin to identify areas of well preserved, healthy epider-
mis. Automated immunohistochemical staining for pHH3was
performed (Benchmark XT, Ventana/Roche Tissue Diagnos-
tics, Basel, Switzerland), utilizing a standard Universal DAB
detection procedure. Sections were counterstained in hema-
toxylin II solution. The number of cells with nuclear staining
of pHH3 (intensity 3+) per mm of stratum germinativum was
counted, and the percentage decrease from baseline in pHH3+
cells/mm of epidermis with BI 831266 was calculated.

Caspase-cleaved fragment of CK-18 is a marker for tumor
cell apoptosis. A specific antibody (M30) recognizes a neo-
epitope of CK-18 generated during apoptosis. This marker for
apoptosis was investigated in an exploratory manner in this
study, with the expectation that it should rise following treat-
ment if the treatment causes tumor cell apoptosis. Caspase-
cleaved fragments of CK-18 were quantified in plasma sam-
ples obtained predose and at 48, 72, and 168 h after the first 2
infusions of BI 831266. Samples were also collected predose
and at 168 h post-dose up to cycle 6. Plasma concentrations of
caspase-cleaved CK-18 were determined using a validated
enzyme-linked immunosorbent assay (ELISA) at Nuvisan
GmbH (Neu-Ulm, Germany) and a monoclonal antibody
M30-Apoptosense® ELISA kit (Peviva AB, Bromma, Swe-
den). The assay method is a sandwich type immunoassay that

uses the monoclonal ‘M5’ capture antibody directed against
CK-18 and a horseradish peroxidase conjugated monoclonal
‘M30’ antibody directed against the CK-18 asparate 396 neo-
epitope.

BI 831266 showed a moderate binding to plasma proteins
in humans, dogs and rats that was independent of the BI
831266 concentration. BI 831266 is bound to human serum
albumin as well as to AGP. Binding to AGP was highly
dependent on the AGP concentration. Higher AGP led to
higher total exposures of BI 831266 in plasma. To explore
the relevance of this finding, AGP plasma levels were inves-
tigated in this study. AGP was quantified in plasma samples
obtained during the first 2 treatment cycles at the same time
points as those used for the PK analysis. Further samples were
obtained up to cycle 6, predose, and at 168 h post-dose. AGP

Table 1 Patient demographics and disease characteristics at baseline

Total patients
(N=25)

Median age, years (range) 66 (39–79)

Gender, n (%)

Male 16 (64.0)

Female 9 (36.0)

Baseline ECOG PS, n (%)

0 15 (60.0)

1 9 (36.0)

2 1 (4.0)

Type of cancer, n (%)

Colorectal 12 (48.0)

Pancreas 4 (16.0)

Liver and biliary tree 2 (8.0)

Sarcoma of soft tissue or bone 2 (8.0)

Bladder 1 (4.0)

Cervix, vagina, vulva 1 (4.0)

Kidney and ureter 1 (4.0)

Prostate 1 (4.0)

Unknown 1 (4.0)

Prior anticancer therapy, n (%)

Chemotherapya 24 (96.0)

≥3 chemotherapies 18 (72.0)

Surgery 25 (100.0)

Radiotherapy 7 (28.0)

Hormone therapyb 3 (12.0)

Immunotherapyb 5 (20.0)

Otherb 3 (12.0)

ECOG PS Eastern Cooperative Group performance status
a Patients had received up to 7 lines of prior chemotherapy for metastatic
disease
bData missing for n=2 patients
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concentrations were determined using a validated
immunoturbidimetric assay.

Statistical analyses

All statistical analyses were descriptive and exploratory in
nature. A single population was defined for the efficacy and
safety analyses, which included all patients who received at
least 1 dose of BI 831266. All treated patients were also
included in the PK analysis, but patients with PK data that
did not appear plausible, or those with insufficient data, were
excluded from PK analyses.

Results

Patient demographics and disposition

Of the 29 patients who were enrolled in this trial, 25 were
subsequently entered and treated with study medication be-
tween November 2008 and October 2010. The most frequent
tumor type was colorectal cancer (CRC; n=12, 48 %). All
patients had undergone prior surgery and all patients except
for 1 had received prior chemotherapy for metastatic disease.
Most patients were heavily pretreated, with 18 patients (72 %)
having received ≥3 lines of prior chemotherapy (Table 1).

Treatment exposure

Patient cohorts were treated with escalating doses of BI
831266: 4 mg (n=4), 8 mg (n=3), 16 mg (n=3), 32 mg

(n=3), 64 mg (n=5), and 130 mg (n=7). One patient who
received both the day 1 and day 15 infusions died while still
on treatment prior to the end of cycle 1 due to PD with multi-
organ failure, which was not considered to be drug-related;
this patient was therefore not evaluable for DLT. The median
number of cycles completed was 2 (minimum: 1 cycle; max-
imum: 14 cycles; Table 2). Twenty-four patients (96.0 %)
discontinued treatment because of PD.

DLTs, safety, and tolerability

Only 1 patient (treated with 130 mg BI 831266) experienced a
DLT: treatment-related grade 3 febrile neutropenia associated
with grade 3 reduction in white cell count in cycle 1 starting
on day 15 (second infusion). This patient had received 7 prior
lines of treatment. The second BI 831266 infusion was com-
pleted as planned and the patient’s fever resolved on day 17
following treatment with standard therapy, including
filgrastim. Blood counts recovered on day 18 and the patient
completed a second cycle of treatment at a reduced dose of
100 mg according to the protocol. There were no other DLTs
in the 130 mg cohort. The trial was terminated prematurely by
the sponsor without further dose escalation at this stage;
therefore, the MTD of BI 831266 in the 4-week treatment
schedule could not be determined. The rationale for terminat-
ing the trial is described in the Discussion.

Among 25 patients treated, 17 (68 %) patients experienced
treatment-related AEs. Across all treatment cycles the most
frequent treatment-related AEs were fatigue (20 %), neutro-
penia and alopecia (16 % each), and anemia, dry skin, and
nausea (12% each; Table 3).Most treatment-related AEs were
mild (grade 1/2), with higher grade treatment-related AEs

Table 2 Exposure to BI 831266

BI 831266 dose

4 mg 8 mg 16 mg 32 mg 64 mg 130 mg Total

Patients treated, n (%) 4 (100) 3 (100) 3 (100) 3 (100) 5 (100) 7 (100) 25 (100)

Number of cycles completeda, n (%)

1 0 2 (66.7) 0 0 1 (20) 2b (28.6) 5 (20)

2 3 (75) 0 3 (100) 2 (66.7) 2 (40) 4 (57.1) 14 (56)

3 0 1 (33.3) 0 0 0 0 1 (4)

4 0 0 0 0 1 (20) 1 (14.3) 2 (8)

6 1 (25) 0 0 0 0 0 1 (4)

10 0 0 0 0 1 (20) 0 1 (4)

14 0 0 0 1 (33.3) 0 0 1 (4)

Total exposure time (days)

Mean 90.5 56.0 65.0 181.0 104.4 57.0 87.6

Minimum, maximum 47, 185 37, 93 65, 65 64, 414 37, 289 23, 109 23, 414

aA cycle was defined as completed if the patient received both infusions of BI 831266
bOne patient received both the day 1 and day 15 infusions of BI 831266 but died before the end of cycle 1
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(grade 3/4) observed only at 130 mg, the highest dose admin-
istered. All treatment-related grade 3/4 AEs were hematologic
and included neutropenia (grade 3: n=2; grade 4: n=1),
anemia (grade 3: n=2), and febrile neutropenia (grade 3:
n=1; Table 3). The treatment-related grade 4 neutropenia
lasted less than 7 days and was not considered a DLT. More
hematologic AEs (neutropenia, anemia, thrombocytopenia,
febrile neutropenia) and alopecia were observed with
130 mg BI 831266 than with the lower doses. All 7 patients
treated with 130 mg BI 831266 experienced at least 1 drug-
related hematologic AE, whereas no patients treated at lower
doses (4–64 mg) experienced drug-related AEs. In addition,
drug-related alopecia was reported more frequently in the
130 mg dose group than in the lower dose groups (Table 3).

Serious AEs were reported in 15 patients (Table 4); 12 of
these patients required hospitalization, with prolonged hospi-
talization required for 6 patients, and 5 patients had serious
AEs resulting in death. One patient died as a result of renal and

hepatic failure (4 mg cohort), 1 died because of multi-organ
failure (32 mg cohort), and 3 died because of malignant
neoplasm progression (64 mg: n=2; 130 mg: n=1). None of
these fatal AEs were considered to be drug-related.

Treatment discontinuation occurred in only 1 patient (who
was treated at 130 mg). This patient suffered a grade 3 general
physical health deterioration, which was not drug-related, and
subsequent disease progression.

CTCAE grade 3 white blood cell count was reported in 3
patients in the 130mg dose group. There was no trend towards
reduction of leucocytes or neutrophils over the treatment
period.

Pharmacokinetics

The PK characteristics of BI 831266 during cycle 1 are
summarized in Table 5. Plasma concentrations of BI 831266
generally increased during the 24-h infusion of each dose on

Table 3 Treatment-related AEs occurring in any patient (total number of patients treated N=25)

Treatment-related AEs in all patients

BI 831266 dose cohort 4 mg 8 mg 16 mg 32 mg 64 mg 130 mg Total
(n=4) (n=3) (n=3) (n=3) (n=5) (n=7) (N=25)

n (%) All
grades

Grade
3/4

All
grades

Grade
3/4

All
grades

Grade
3/4

All
grades

Grade
3/4

All
grades

Grade
3/4

All
grades

Grade
3/4

All
grades

Grade
3/4

Total number of patients
with treatment-related AE

1 0 2 0 3 0 2 0 2 0 7 5 17 (68) 5 (20)

Fatigue – – 1 – – – 1 – 1 – 2 – 5 (20) –

Neutropenia – – – – – – – – – – 4 3 4 (16) 3 (12)

Alopecia – – – – – – 1 – – – 3 – 4 (16) -

Anemia – – – – – – – – – – 3 2 3 (12) 2 (8)

Dry skin 1 – – – – – – – 1 – 1 – 3 (12) –

Nausea – – 1 – 1 – – – – – 1 – 3 (12) –

Thrombocytopenia – – – – – – – – – – 2 – 2 (8) –

Abdominal pain – – 1 – – – – – – – 1 – 2 (8) –

Myalgia – – 1 – – – – – – – 1 – 2 (8) –

Febrile neutropenia – – – – – – – – – – 1 1a 1 (4) 1 (4)

Stomatitis – – – – – – – – – – 1 – 1 (4) –

Pyrexia – – – – – – – – – – 1b – 1 (4) –

Arthralgia – – – – – – – – – – 1 – 1 (4) –

Dysgeusia – – – – – – – – – – 1 – 1 (4) –

Paresthesia – – – – – – 1 – – – – – 1 (4) –

Change of bowel habit – – – – 1 – – – – – – – 1 (4) –

Gynecomastia – – – 1 – – – – – – – 1 (4) –

Abdominal discomfort – – 1 – – – – – – – – – 1 (4) –

Abdominal pain lower – – 1 – – – – – – – – – 1 (4) –

Scratch – – 1 – – – – – – – – – 1 (4) –

AE adverse event; DLT dose-limiting toxicity
a DLT
b Treatment-related serious AE
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day 1 or day 15; there was a slight increase of the first 4 dose
levels until 4–20 h after the start of the infusion. Time from
dosing to maximum measured concentration (tmax) was
reached at ~20 h after the start of the infusion. After the
infusion was stopped, plasma concentrations of BI 831266
declined in a biphasic fashion, with an initial rapid decline
followed by a much slower elimination phase (BI 831266
plasma concentration-time profiles are shown in Fig. 1). The
geometric mean terminal elimination half-life ranged from 15
to 39 h after the first dose and from 14 to 29 h after the second
dose. As a consequence of high variability in the BI 831266
exposure profiles, dose proportionality could not be deter-
mined. Ten PK profiles did not appear plausible, since plasma
concentrations rose and declined extremely rapidly (data not
shown). In all treatment groups, the amount of BI 831266
excreted in urine accounted for <15 % of the dose, indicating
urinary excretion is a minor pathway of elimination, and
nearly all of the BI 831266 that would have been excreted in
urine was eliminated within 72 h.

Pharmacodynamics

Twenty-two (88 %) patients were evaluable for analysis of the
change in pHH3 expression in skin biopsies (4 mg: n=3/4;
8 mg, 16 mg, 32 mg: n=3/3 each; 64 mg: n=4/5; 130 mg:
n=6/7) and analysis of the change in plasma concentrations of

caspase-cleaved CK-18 and AGP (4 mg: n=4/4; 8 mg: n=2/3;
16mg, 32mg, 64mg: n=3/3 each; 130 mg: n=7/7). Mean and
individual percentage changes in epidermal cells/mm positive
for pHH3 from baseline to post-treatment with BI 831266 are
shown in Fig. 2a. There was a general trend towards a de-
crease in pHH3with increasing doses of BI 831266. However,
high interpatient variability was observed at all doses, except
the 130 mg dose. At this dose, there was a mean reduction of
71.6 % (standard deviation, 4.5) in the number of pHH3+
cells/mm, and this reduction was consistent and robust. Im-
munohistochemical staining images for pHH3 at baseline and
post-treatment at cycle 1 day 16 are shown in Fig. 2b for a
patient with cervical cancer treated with 32 mg BI 831266 and
who had a PR (described below). Each individual patient’s
percentage decrease was plotted against the patient’s PK area
under the concentration-time curve (AUC) for the dose at
which the skin biopsy sample was taken. This did not show
an apparent relationship between percentage decrease and
drug exposure.

Plasma concentrations of caspase-cleaved CK-18 showed
variability and no consistent association with the dose of BI
831266 (Fig. 3a).

It has been reported that the exposures of some com-
pounds are related to the concentration of AGP in patients
[16, 17]. Therefore, BI 831266 dose-normalized AUC0-∞

exposure was plotted against the overall AGP exposure
assessed as the area under the effect curve to the last
evaluable time point (AUEC0-tz), excluding AUC0-∞ values
from patients with abnormal PK profiles (Fig. 3b). Although
the patient with the highest AGP concentrations also had the
highest BI 831266 AUC0-∞, the overall data showed no trend
of BI 831266 exposure with AGP concentration.

Antitumor activity

One patient (4.0%) with cervical cancer, whowas treated with
32 mg BI 831266, experienced a confirmed PR according to
RECIST, with a duration of 141 days and PFS of 414 days.
The patient initially experienced stable disease (SD) during
the first 9 cycles, and was first documented to have a PR after
cycle 10. The patient completed a total of 14 cycles and
remained in PR but stopped treatment due to serious AEs of
gangrene and multi-organ failure.

CT scans showing tumor shrinkage in this patient are
shown in Fig. 4. An additional 4 patients (16.0 %; colorectal
cancer: n=2; pancreatic cancer: n=1; bladder cancer: n=1)
experienced SD according to RECIST as best response. PFS
among these patients ranged from 78 to 274 days. PFS in the
20 patients (80.0 %) without an objective RECIST response or
SD ranged from 21 to 94 days.

The serious AEs observed in this one patient with PR were
not considered to be treatment-related. The patient had suf-
fered from hypercoagulability even before entering the

Table 4 All-causality serious AEs occurring in any patient

BI 831266 dose (mg) Serious AE per patient

4 Dyspnea, hepatic and renal failurea

4 Subileus, pyrexia

8 Ascites

8 Fatigue

32 Gangrene, deep vein thrombosis, chest pain,
multi-organ failurea

32 Fatigue

64 Catheter site infection, dyspnea, malignant
neoplasm progressiona

64 Infection

64 Hepatic pain, pyrexia, malignant neoplasm
progressiona

64 Diarrhea

64 Gastric hemorrhage

130 Dyspnea, general physical health deterioration,
malignant neoplasm progressiona

130 Abdominal pain, chest pain

130 Jaundice

130 Pyrexiab

AE adverse event
a Serious AE resulting in death
b Considered by the investigators to be related to trial medication
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clinical trial with BI 831266. The patient had had pulmo-
nary embolization more than 1 month before the first drug
application with BI 831266. After initial heparinization, the
patient received oral anticoagulation with phenprocoumon.
Nevertheless, the patient developed a massive thrombosis
of the entire left lower extremity that extended to the pelvis,
representing a 3-level thrombosis and also a partial throm-
bosis of the right posterior tibial vein. Despite recom-
mencement of low molecular weight heparinization, the
patient developed a gangrene of the left lower extremity,
presenting as phlegmasia coerulea dolens, which necessi-
tated the amputation of the left lower extremity that resulted
in death due to multi-organ failure.

Discussion

This study was discontinued prematurely primarily for two
reasons: firstly, a lack of objective responses demonstrated by
a sister front-runner compound developed by Boehringer
Ingelheim (BI 811283), another intravenously-administered
Aurora kinase B inhibitor [12, 18]. In a phase 1 study of BI

811283 involving a study population similar to the present
study (121 patients with a variety of solid malignancies), no
objective responses were seen and SD was only achieved in a
third of the patients. Secondly, a new oral Aurora kinase
inhibitor was being developed that would offer significantly
improved convenience for patients [19] compared with the
mode of administration of BI 831266 and BI 811283, which
had to be administered via a 24-h continuous infusion through
a central line.

Although reaching clinical activity in the form of responses
does not typically represent a primary objective of a phase 1
trial, the fact that only 1 out of 25 patients experienced an
objective response of the level of a PR let us examine the
entire test assumption. In order to find out whether the antic-
ipated mode of action of the drug and member of that class of
drugs, respectively, was accurate, the measurement of histone
H3 phosphorylated on serine 10, a well characterized substrate
of Aurora kinase B, was performed. Pharmacodynamic anal-
yses of skin biopsy samples demonstrated a reduction of
pHH3 following treatment in some patients, suggesting that
there was evidence of Aurora kinase inhibition. Analysis of
the epidermal expression of the mitosis marker pHH3 as an
indicator of Aurora kinase B inhibition assumes that BI

Table 5 Non-compartmental PK parameters (geometric means±geometric coefficients of variation, unless otherwise stated) for the first and second
infusions of BI 831266

4 mg (n=4) 8 mg (n=3) 16 mg (n=3) 32 mg (n=3) 64 mg (n=5) 130 mg (n=7)

Cycle 1, day 1

Cmax (nmol/L) 5.84±53 22.0±72 88.2±582 126±43 3310±4080 923±1610

Cmax, norm (nmol/L) 1.46±53 2.75±72 5.51±582 3.92±43 51.7±4080 7.10±1610

tmax (hours)
a 20.4 (20–24) 23.6 (20–24) 20.0 (2.0–21) 24.3 (20–25) 20.0 (20–48) 20.1 (1.0–22)

CL (mL/min) 858±66 531±42 410±138 544±15 50.4±660 311±307

AUC0–24 (nmol hours/L) 98.7±64 359±35 928±155 1430±18 29,300±1540 10,400±371

AUC0–∞ (nmol hours/L) 147±66 475±42 1230±138 1860±15 40,100±660 13,200±307

AUC0–∞, norm (nmol hours/L) 36.8±66 59.4±42 77.0±138 58.0±159 626±660 102±307

t1/2 (hours) 19.6±71 14.5±18 21.0±59 16.9±64 39.0±30 24.1±42

Cycle 1, day 15

Cmax (nmol/L) 6.89±16 – 280±220,000 600±71,200 1260±2600 1080±1370

Cmax, norm (nmol/L) 1.72±16 – 17.5±220,000 18.8±71,200 19.6±2600 8.31±1370

tmax (hours)
a 20.1 (20–21) – 20.0 (1.0–21) 20.0 (12–21) 19.1 (12–24) 20.2 (20–24)

CL (mL/min) 649±22 – 219±582 118±4810 109±949 386±245

AUC0–24 (nmol hours/L) 119±6.5 – 1760±898 7200±7270 13,200±1810 13,200±540

AUC0–∞ (nmol hours/L) 194±22 – 2300±582 8540±4810 18,500±949 10,600±245

AUC0–∞, norm (nmol hours/L) 48.6±22 – 144±582 267±4810 289±949 81.9±245

t1/2 (hours) 23.8±108 – 24.2±40 13.8±6.3 26.1±25 29.0±65.3

aMedian (minimum, maximum)

–Insufficient data to calculate descriptive statistics

AUC0–24 area under the plasma concentration–time curve over the time interval from 0 to 24 h after the start of infusion; AUC0–∞ area under the plasma
concentration–time curve over the time interval from 0 extrapolated to infinity; CL total clearance of analyte in plasma after intravenous administration;
Cmaxmaximummeasured concentration; norm dose normalized; PK pharmacokinetic; t1/2 terminal half-life; tmax time from dosing to maximummeasured
concentration
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831266, at a dose of 130 mg, is biologically active, with an
antimitotic mechanism of action. A consistent and robust
reduction of approximately 70 % from baseline was observed
in the number of epidermal cells expressing pHH3 from skin
biopsies in all 6 evaluable patients treated at 130 mg BI
831266. However, a dose relationship was not clear; this is
partly due to interpatient variability in pHH3 expression in
some dose cohorts which precludes a conclusive observation.
The decrease in the number of pHH3+ cells observed at the
highest dose level of BI 831266 was consistent with selective
Aurora kinase B inhibitory activity, which has been observed
previously with other Aurora kinase B inhibitors in preclinical
studies (data on file, Boehringer Ingelheim) [20–24]. We have
therefore demonstrated the mechanism of action of BI 831266
in this trial. However, due to the small number of responders
in this study, an exploratory analysis to determine a correlation
between pHH3 and clinical outcome was not possible. There-
fore, proof of principle in terms of sufficient Aurora kinase B

inhibition leading to corresponding tumor shrinkage could not
be proved in this trial.

A next step in the cascade of necessary proofs is the one of
the mode of action-based consequent proof of a biologic effect
downstream of the triggered initial drug target. As such,
Aurora kinase B-induced apoptosis was investigated. Plasma
concentrations of caspase-cleaved CK-18, a marker of apo-
ptosis [25, 26], were highly variable and did not appear to be

Fig. 1 Mean plasma concentration-time profiles of BI 831266 on a day 1
and b day 15 of cycle 1 after 24-h infusion of 4, 8, 16, 32, 64 and 130 mg
BI 831266. Footnote: Concentration-time data could only be evaluated
for 2 out of 3 patients in the 8 mg cohort on day 15, therefore standard
deviation values could not be calculated

Fig. 2 a Individual and mean decrease in the number of pHH3+ cells at
sc reening and af te r infus ion of BI 831266 by dose . b
Immunohistochemical staining for pHH3 at baseline (top) and post-
treatment (bottom) on cycle 1 day 16 in a patient with cervical cancer
who experienced a confirmed PR. pHH3 phosphorylated histone H3, PR
partial response
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related to exposure to BI 831266. This result does not indicate
that BI 831266 is substantially active. In this context, it has to
be admitted that the molecular pathways through which tumor
cells undergo cell death in response to mitotic arrest are not
well defined. Whereas apoptosis, which is observed with
many antimitotic agents, is a process well characterized by
the activation of caspases, an alternative mechanism of cell
death, termed mitotic catastrophe, is much less elucidated
[27].

In order to exclude the possibility that this lack of activity
was, at least in part, also the efflux of variability or insuffi-
ciency of exposure of tumor cells to the BI 831266, detailed
PK investigations were undertaken. Plasma PK profiles
showed extremely high variability, reflected in exposure pa-
rameters during the infusion, with some patients having much

higher maximum measured concentration (Cmax) and AUC
values than others. Therefore, dose proportionality could not
be determined. Ten concentration-time PK profiles, rising and
declining extremely rapidly, were incompatible with what was
to be expected. This type of profile is not typically observed,
even in drug-drug interaction trials. Drug-drug interactions
may change the magnitude of a PK profile, but they usually
do not change the basic shape of a profile in this manner. The
reason for these profiles could not be established from the
available data. Without these profiles, dose-normalized
AUC0-∞ and Cmax values appeared independent of dose (data
not shown), suggesting that the increase in exposure was near
linear at least, when the 64 mg dose level was excluded.
However, the high variability and exclusion of the PK profiles
preclude any definitive conclusions being drawn, especially
with regard to correlation between PK and efficacy. Preclini-
cal efficacy studies using various tumor models have shown
that a target steady-state concentration of BI 831266 required
to reach full antitumor activity was 80–153 nM, depending on
the tumor model (data on file, Boehringer Ingelheim). In this
phase 1 study, the geometric mean Cmax at steady state of the
16 mg dose cohort was 280 nmol/L, which is already above
the target exposure based on preclinical models. Due to high
variability in PK parameter values, but nonetheless also due to
the restricted clinical activity, conclusions about PK correla-
tion with efficacy could not be established.

In contrast thereto, an assessment of the safety data from
the present trial revealed a dose effect for BI 831266. Patients
who received the highest dose tested in this trial (130 mg BI
831266) experienced treatment-related hematologic AEs,
which were not observed in patients treated at lower dose
levels. Treatment-related alopecia was also reported more
frequently in the 130 mg BI 831266 cohort than at lower
doses.

One PRwas reported in this study, with SD seen in 16% of
patients. This is consistent with data from the phase 1 studies
of other Aurora kinase inhibitors, most of which are inhibitors
of Aurora kinase A, B, or all 3 mitotic kinases; SD was the
best response in the majority of these studies [28–35]. Only 2
Aurora kinase inhibitors have reported a PR in their phase 1
studies [28, 30]; 1 of these was with the use of granulocyte
colony-stimulating factor which allowed a higher dose of the
compound to be administered [30]. Hematologic toxicity, an
expected class effect, was a common DLT in all of these
studies, preventing further dose escalation. To date, the most
prominent efficacy of an Aurora kinase inhibitor has been
observed in hematologic malignancies, specifically in acute
myeloid leukemia where a superior objective clinical response
rate was seen with barasertib treatment compared with low-
dose cytosine arabinoside treatment in the control arm [36].

This leads to the fundamental open question of whether
overall this class of compounds is sufficiently attractive and
different from other already existing drugs to be further

Fig. 3 a Individual and mean maximum percentage increase in caspase-
cleaved CK-18 plasma concentrations from baseline after the first 2 infu-
sions of BI 831266. b Individual dose-normalized BI 831266 AUC0-∞
versus AGP AUEC0-tz, excluding abnormal PK profiles. CK-18
cytokeratin-18, AGP alpha-1-acid glycoprotein, AUC0-∞ area under the
plasma concentration–time curve over the time interval from 0 extrapolated
to infinity, AUEC0-tz area under the effect curve to the last evaluable
timepoint, PK pharmacokinetic
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developed and in case of affirmation, which of the represen-
tatives should be selected and how they should be further
developed.

Antimitotic therapies such as vinca alkaloids, taxanes, or
even epothilones directed against tubulin and its homeostasis
are known as highly effective compounds. Various substances
mainly interfering with distinct functions in the mitotic pro-
cess belong to different druggable target classes such as mi-
totic kinesins, polo-like kinases, and Aurora kinases [27]. No
patient selection based on the molecular characterization has
been accomplished to-date. This may be on one hand due to

the assumption that increased mitosis is an ubiquitous phe-
nomenon in all cancer populations, although not substantiated
by data [37], and on the other hand that we do not know yet
which tumors are likely to respond to a particular targeted
inhibitor ofmitosis due to our incomplete understanding of the
respective downstream mechanisms. So, for example, it is
unclear whether response to Aurora kinase inhibition depends
on the p53 status of these tumors [38].

As with most therapeutic scenarios in oncology, particular-
ly in solid tumors, the combination of drugs has proven to be
more effective than monotherapy. Since Aurora kinase B

Fig. 4 CT scans of a patient with cervical cancer who experienced a confirmed PR. a and b: baseline scans; c and d: following 14 cycles of treatment
with BI 831266. PR was first documented after cycle 10. PR partial response
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specifically regulates the spindle checkpoint, combination
with substances that target the mitotic spindle and that depend
on the spindle checkpoint for activity (such as taxanes) could
have been interesting to evaluate [39]. The combination with
substances that require exposure during other phases of the
cell cycle may represent an advantage, since distinct from
traditional antimitotic agents Aurora B inhibitors do not arrest
cells in mitosis, but let them continue to cycle. Combining
Aurora B inhibition with Aurora A inhibition could therefore
be considered in principle. However, an example of lack of
efficacy of simultaneously targeting both enzymes has been
demonstrated on pancreatic cancer cells [40]. Increased inhi-
bition of Aurora kinase B activity with barasertib in combi-
nation with irinotecan and gemcitabine in a sequence-
dependent manner (with barasertib before chemotherapy)
and increased induction of apoptosis has been demonstrated
in colorectal and pancreatic cell lines [41, 42]. It is a matter of
speculation whether potentiation may be possible at doses
below those inducing limiting neutropenia.

The very limited clinical activity observed in our trial
compares well to the overall modest clinical activity of other
Aurora kinase B inhibitors. This limitation is not even restrict-
ed to the entire family of Aurora kinase inhibitors but can be
identified as a general feature of all inhibitors targeting the
process of mitosis, including kinesins, and polo-like kinases
[43–45]. This leads to the fundamental question of whether
the basic theorem that tumors are characterized by short
doubling times and high proliferation rate is correct. Although
a plethora of preclinical data represent the basis of that belief,
insight in patient data in comparison reveal the opposite [37].
Whereas the means and medians of tumor doubling times for
five of the most prevalent cancer entities are accumulating at
about 5 days, the results for patient data vary from about 100
to 400 days. The fact that obviously only a very small sub-
fraction (<1 %) of solid tumors are undergoing mitosis seems
to be a rather simple explanation of why compounds interfer-
ing with the mitotic process are generally so ineffective.

Acknowledgments The authors would like to thank Michaela
Schneebauer for technical assistance and operational responsibilities dur-
ing the conduct of the trial and for input during the writing of the
manuscript. The authors were fully responsible for all content and edito-
rial decisions, were involved at all stages of manuscript development, and
have approved the final version. Medical writing assistance, supported
financially by Boehringer Ingelheim, was provided by Jenny Wilkinson
and Helen Wilkinson of GeoMed, part of KnowledgePoint360, an
Ashfield Company during the preparation of this manuscript.

Conflict of interest Christian Dittrich discloses a research grant from
Boehringer Ingelheim Austria presented in 2014 to the research institute
(LBI-ACR VIEnna) directed by him, that may represent a potential
conflict of interest. Michael A. Fridrik, and Robert Koenigsberg have
nothing to disclose. Richard Greil has been a member of an advisory
board for Boehringer Ingelheim for which he received honoraria and
travel cost reimbursement. Chooi Lee, Rainer-Georg Goeldner, and
James Hilbert are Boehringer Ingelheim employees.

Declaration The trial was conducted in accordance with the principles
laid down by the Declaration of Helsinki and approved by the Indepen-
dent Ethics Committees and/or Institutional Review Boards of the partic-
ipating centers.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.

References

1. Green MR, Woolery JE, Mahadevan D (2011) Update on aurora
kinase targeted therapeutics in oncology. Expert Opin Drug Discov
6:291–307

2. KollareddyM, Zheleva D, Dzubak P, Brahmkshatriya PS, Lepsik M,
Hajduch M (2012) Aurora kinase inhibitors: progress towards the
clinic. Invest New Drugs 30:2411–2432

3. Marumoto T, Honda S, Hara T, Nitta M, Hirota T, Kohmura E, Saya
H (2003) Aurora-A kinase maintains the fidelity of early and late
mitotic events in HeLa cells. J Biol Chem 278:51786–51795

4. Carmena M, Earnshaw WC (2003) The cellular geography of aurora
kinases. Nat Rev Mol Cell Biol 4:842–854

5. Adams RR, Maiato H, Earnshaw WC, Carmena M (2001) Essential
roles of Drosophila inner centromere protein (INCENP) and aurora B
in histone H3 phosphorylation, metaphase chromosome alignment,
kinetochore disjunction, and chromosome segregation. J Cell Biol
153:865–880

6. Goto H, Yasui Y, Nigg EA, Inagaki M (2002) Aurora-B phosphory-
lates Histone H3 at serine28 with regard to the mitotic chromosome
condensation. Genes Cells 7:11–17

7. Hans F, Dimitrov S (2001) Histone H3 phosphorylation and cell
division. Oncogene 20:3021–3027

8. Ota T, Suto S, Katayama H, Han ZB, Suzuki F, MaedaM, TaninoM,
Terada Y, Tatsuka M (2002) Increased mitotic phosphorylation of
histone H3 attributable to AIM-1/Aurora-B overexpression contrib-
utes to chromosome number instability. Cancer Res 62:5168–5177

9. Katayama H, Ota T, Jisaki F, Ueda Y, Tanaka T, Odashima S, Suzuki
F, Terada Y, Tatsuka M (1999) Mitotic kinase expression and colo-
rectal cancer progression. J Natl Cancer Inst 91:1160–1162

10. Sorrentino R, Libertini S, Pallante PL, Troncone G, Palombini L,
Bavetsias V, Spalletti-Cernia D, Laccetti P, Linardopoulos S, Chieffi P,
FuscoA, Portella G (2005) Aurora B overexpression associates with the
thyroid carcinoma undifferentiated phenotype and is required for thy-
roid carcinoma cell proliferation. J Clin Endocrinol Metab 90:928–935

11. Zeng WF, Navaratne K, Prayson RA, Weil RJ (2007) Aurora B
expression correlates with aggressive behaviour in glioblastoma
multiforme. J Clin Pathol 60:218–221

12. Scheulen ME, Mross K, Richly H, Nokay B, Frost A, Scharr D
(2010) A phase I dose-escalation study of BI 811283, an Aurora B
inhibitor, administered on Day 1 and 15 every 4 weeks, in patients
with advanced solid tumours. Eur J Cancer(Supplement 8):496, abstr

13. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinstein L, Verweij J, van Glabbeke M, van Oosterom AT,
Christian MC, Gwyther SG (2000) New guidelines to evaluate the
response to treatment in solid tumors. European Organization for
Research and Treatment of Cancer, National Cancer Institute of the
United States, National Cancer Institute of Canada. J Natl Cancer Inst
92:205–216

14. Carpinelli P, Moll J (2008) Aurora kinase inhibitors: identification
and preclinical validation of their biomarkers. Expert Opin Ther
Targets 12:69–80

420 Invest New Drugs (2015) 33:409–422



15. Graeser R, Birkle M, Rentzsch C, Schaechtele C (2010) A combined
IHC/Western method to measure phosphorylated histone H3 in skin
biopsies as potential biomarker for anticancer drug action. Cancer
Res 70:4665

16. Gambacorti-Passerini C, Zucchetti M, Russo D, Frapolli R, VergaM,
Bungaro S, Tornaghi L, Rossi F, Pioltelli P, Pogliani E, Alberti D,
Corneo G, D'Incalci M (2003) Alpha1 acid glycoprotein binds to
imatinib (STI571) and substantially alters its pharmacokinetics in
chronic myeloid leukemia patients. Clin Cancer Res 9:625–632

17. Gibbons J, Egorin MJ, Ramanathan RK, Fu P, Mulkerin DL, Shibata
S, Takimoto CH, Mani S, LoRusso PA, Grem JL, Pavlick A, Lenz
HJ, Flick SM, Reynolds S, Lagattuta TF, Parise RA, Wang Y, Murgo
AJ, Ivy SP, Remick SC (2008) Phase I and pharmacokinetic study of
Imatinib mesylate in patients with advanced malignancies and vary-
ing degrees of renal dysfunction: a study by the National Cancer
Institute organ dysfunction working group. J Clin Oncol 26:570–576

18. Mross K, ScheulenM, Frost A, Scharr D, Richly H, Nokay B, Lee K,
Hilbert J, Fleischer F, Fietz O (2010) A phase I dose-escalation study
of BI 811283, an Aurora B inhibitor, administered every three weeks
in patients with advanced solid tumors. J Clin Oncol 28:3011, abstr

19. Aftimos P, Dumez H, Awada A, Billiet M, Deleporte A, De Block K,
Costermans J, Meeus M-A, Goeldner R-G, Schnell D, Lee C,
Schöffski P (2013) Phase I study of two dosing schedules of BI
847325, an orally administered dual inhibitor of MEK and aurora
kinase B, in patients with advanced solid tumors. Mol Cancer Ther
(Supplement 12):B281, abstr

20. Dewerth A,Wonner T, Lieber J, EllerkampV,Warmann SW, Fuchs J,
Armeanu-Ebinger S (2012) In vitro evaluation of the Aurora kinase
inhibitor VX-680 for hepatoblastoma. Pediatr Surg Int 28:579–589

21. Xie H, Lee MH, Zhu F, Reddy K, Peng C, Li Y, Lim DY, Kim DJ, Li
X, Kang S, Li H,MaW, Lubet RA, Ding J, Bode AM,Dong Z (2013)
Identification of an Aurora kinase inhibitor specific for the Aurora B
isoform. Cancer Res 73:716–724

22. Fraedrich K, Schrader J, Ittrich H, Keller G, Gontarewicz A, Matzat
V, Kromminga A, Pace A, Moll J, Blaker M, Lohse AW, Horsch D,
Brummendorf TH, Benten D (2012) Targeting aurora kinases with
danusertib (PHA-739358) inhibits growth of liver metastases from
gastroenteropancreatic neuroendocrine tumors in an orthotopic xeno-
graft model. Clin Cancer Res 18:4621–4632

23. Aihara A, Tanaka S, Yasen M, Matsumura S, Mitsunori Y, Murakata
A, Noguchi N, Kudo A, Nakamura N, Ito K, Arii S (2010) The
selective Aurora B kinase inhibitor AZD1152 as a novel treatment for
hepatocellular carcinoma. J Hepatol 52:63–71

24. Wilkinson RW, Odedra R, Heaton SP, Wedge SR, Keen NJ, Crafter
C, Foster JR, Brady MC, Bigley A, Brown E, Byth KF, Barrass NC,
Mundt KE, Foote KM, Heron NM, Jung FH, Mortlock AA, Boyle
FT, Green S (2007) AZD1152, a selective inhibitor of Aurora B
kinase, inhibits human tumor xenograft growth by inducing apopto-
sis. Clin Cancer Res 13:3682–3688

25. Linder S, Havelka AM, Ueno T, Shoshan MC (2004) Determining
tumor apoptosis and necrosis in patient serum using cytokeratin 18 as
a biomarker. Cancer Lett 214:1–9

26. OlofssonMH,Ueno T, Pan Y, Xu R, Cai F, van der Kuip H,Muerdter
TE, SonnenbergM, AulitzkyWE, Schwarz S, Andersson E, Shoshan
MC, Havelka AM, Toi M, Linder S (2007) Cytokeratin-18 is a useful
serum biomarker for early determination of response of breast carci-
nomas to chemotherapy. Clin Cancer Res 13:3198–3206

27. Jackson JR, Patrick DR, Dar MM, Huang PS (2007) Targeted anti-
mitotic therapies: can we improve on tubulin agents? Nat Rev Cancer
7:107–117

28. Dees EC, Cohen RB, von Mehren M, Stinchcombe TE, Liu H,
Venkatakrishnan K, Manfredi M, Fingert H, Burris HA III, Infante
JR (2012) Phase I study of aurora A kinase inhibitor MLN8237 in
advanced solid tumors: safety, pharmacokinetics, pharmacodynam-
ics, and bioavailability of two oral formulations. Clin Cancer Res 18:
4775–4784

29. Cervantes A, Elez E, Roda D, Ecsedy J, Macarulla T,
Venkatakrishnan K, Rosello S, Andreu J, Jung J, Sanchis-Garcia
JM, Piera A, Blasco I, Manos L, Perez-Fidalgo JA, Fingert H,
Baselga J, Tabernero J (2012) Phase I pharmacokinetic/
pharmacodynamic study of MLN8237, an investigational, oral, se-
lective aurora A kinase inhibitor, in patients with advanced solid
tumors. Clin Cancer Res 18:4764–4774

30. Cohen RB, Jones SF, Aggarwal C, von Mehren M, Cheng J, Spigel
DR, Greco FA, Mariani M, Rocchetti M, Ceruti R, Comis S,
Laffranchi B, Moll J, Burris HA (2009) A phase I dose-escalation
study of danusertib (PHA-739358) administered as a 24-hour infu-
sion with and without granulocyte colony-stimulating factor in a 14-
day cycle in patients with advanced solid tumors. Clin Cancer Res 15:
6694–6701

31. Traynor AM, Hewitt M, Liu G, Flaherty KT, Clark J, Freedman SJ,
Scott BB, Leighton AM, Watson PA, Zhao B, O'Dwyer PJ, Wilding
G (2011) Phase I dose escalation study of MK-0457, a novel Aurora
kinase inhibitor, in adult patients with advanced solid tumors. Cancer
Chemother Pharmacol 67:305–314

32. Steeghs N, Eskens FA, Gelderblom H, Verweij J, Nortier JW,
Ouwerkerk J, van Noort C, Mariani M, Spinelli R, Carpinelli P,
Laffranchi B, de Jonge MJ (2009) Phase I pharmacokinetic and
pharmacodynamic study of the aurora kinase inhibitor danusertib in
patients with advanced or metastatic solid tumors. J Clin Oncol 27:
5094–5101

33. Arkenau HT, Plummer R, Molife LR, Olmos D, Yap TA, Squires M,
Lewis S, Lock V, Yule M, Lyons J, Calvert H, Judson I (2012) A
phase I dose escalation study of AT9283, a small molecule inhibitor
of aurora kinases, in patients with advanced solid malignancies. Ann
Oncol 23:1307–1313

34. Schöffski P, Jones SF, Dumez H, Infante JR, van Mieghem E, Fowst
C, Gerletti P, Xu H, Jakubczak JL, English PA, Pierce KJ, Burris HA
(2011) Phase I, open-label, multicentre, dose-escalation, pharmacoki-
netic and pharmacodynamic trial of the oral aurora kinase inhibitor
PF-03814735 in advanced solid tumours. Eur J Cancer 47:2256–2264

35. Schwartz GK, Carvajal RD, Midgley R, Rodig SJ, Stockman
PK, Ataman O, Wilson D, Das S, Shapiro GI (2013) Phase I
study of barasertib (AZD1152), a selective inhibitor of Aurora
B kinase, in patients with advanced solid tumors. Invest New
Drugs 31:370–380

36. Kantarjian HM,Martinelli G, Jabbour EJ, Quintas-CardamaA, Ando
K, Bay JO, Wei A, Gropper S, Papayannidis C, Owen K, Pike L,
Schmitt N, Stockman PK, Giagounidis A (2013) Stage I of a phase 2
study assessing the efficacy, safety, and tolerability of barasertib
(AZD1152) versus low-dose cytosine arabinoside in elderly patients
with acute myeloid leukemia. Cancer 119:2611–2619

37. Komlodi-Pasztor E, Sackett DL, Fojo AT (2012) Inhibitors
targeting mitosis: tales of how great drugs against a promising
target were brought down by a flawed rationale. Clin Cancer
Res 18:51–63

38. Margolis RL, Lohez OD, Andreassen PR (2003) G1 tetraploidy check-
point and the suppression of tumorigenesis. J Cell Biochem 88:673–683

39. Keen N, Taylor S (2004) Aurora-kinase inhibitors as anticancer
agents. Nat Rev Cancer 4:927–936

40. Warner SL, Munoz RM, Stafford P, Koller E, Hurley LH, Von Hoff
DD, Han H (2006) Comparing Aurora A and Aurora B as molecular
targets for growth inhibition of pancreatic cancer cells. Mol Cancer
Ther 5:2450–2458

41. Nair JS, de Stanchina E, Schwartz GK (2009) The topoisomerase
I poison CPT-11 enhances the effect of the aurora B kinase
inhibitor AZD1152 both in vitro and in vivo. Clin Cancer Res
15:2022–2030

42. Azzariti A, Bocci G, Porcelli L, Fioravanti A, Sini P, Simone GM,
Quatrale AE, Chiarappa P, Mangia A, Sebastian S, Del Bufalo D, Del
Tacca M, Paradiso A (2011) Aurora B kinase inhibitor AZD1152:
determinants of action and ability to enhance chemotherapeutics

Invest New Drugs (2015) 33:409–422 421



effectiveness in pancreatic and colon cancer. Br J Cancer 104:769–
780

43. Gautschi O, Heighway J, Mack PC, Purnell PR, Lara PN Jr, Gandara
DR (2008) Aurora kinases as anticancer drug targets. Clin Cancer
Res 14:1639–1648

44. Lens SM, Voest EE, Medema RH (2010) Shared and separate func-
tions of polo-like kinases and aurora kinases in cancer. Nat Rev
Cancer 10:825–841

45. Rath O, Kozielski F (2012) Kinesins and cancer. Nat Rev Cancer 12:
527–539

422 Invest New Drugs (2015) 33:409–422


	A phase 1 dose escalation study of BI 831266, an inhibitor of Aurora kinase B, in patients with advanced solid tumors
	Abstract
	Introduction
	Methods
	Patient selection
	Study design and endpoints
	Definition of DLT
	Assessments
	Statistical analyses

	Results
	Patient demographics and disposition
	Treatment exposure
	DLTs, safety, and tolerability
	Pharmacokinetics
	Pharmacodynamics
	Antitumor activity

	Discussion
	References


