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Abstract

Introduction Linifanib is a potent, orally active, and
selective inhibitor of vascular endothelial growth factor
and platelet-derived growth factor receptor kinase activi-
ties with clinical efficacy in non-small cell lung cancer
(NSCLC). This phase 1 dose-escalation study evaluated the
pharmacokinetics, safety, and efficacy of linifanib in com-
bination with carboplatin/paclitaxel in Japanese patients
with advanced NSCLC.

Methods Carboplatin (AUC = 6 mg/mL/min) and pacli-
taxel (200 mg/m*) were administered on day 1 of each
21-day cycle up to a maximum of six cycles. Oral linifanib
(7.5 mg) was given to six patients once daily throughout all
cycles and escalated to 12.5 mg/day in a second cohort of
six patients.

Results Twelve patients received at least one dose of
linifanib. The most common adverse events were hema-
tologic and consistent with expected toxicities with
carboplatin/paclitaxel. With 12.5 mg linifanib, grade 3/4
neutropenia, leukopenia, and thrombocytopenia occurred in
100, 83, and 83 % of patients, respectively. Dose-limiting
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grade 4 thrombocytopenia occurred in one patient at each
dose level. Linifanib pharmacokinetics was similar to that
in non-Japanese patients. At 12.5 mg, linifanib C,, was

0.32 pg/mL and AUC,, was 4.29 g h/mL. Linifanib C,,
occurred at 2-3 h with both doses and when given alone
or in combination with carboplatin/paclitaxel. Exposure to
linifanib appeared to be increased by carboplatin/paclitaxel,
and exposure to paclitaxel appeared to be increased by lini-
fanib. Partial responses were observed in nine patients.

Conclusions Linifanib added to carboplatin/paclitaxel
is well tolerated in Japanese patients with advanced/meta-
static NSCLC. The recommended dose of linifanib with

carboplatin/paclitaxel is 12.5 mg, same as for US patients.

Keywords Angiogenesis - Linifanib (ABT-869) -
NSCLC - PDGFR - VEGFR

Introduction

Treatment of advanced/metastatic non-small cell lung can-
cer (NSCLC) remains challenging. Compared with older
regimens, platinum-based chemotherapy modestly extends
survival of previously untreated patients with advanced
NSCLC [1]. Further improvements in the treatment of
advanced NSCLC are urgently needed. Molecular studies
defining mutations involved in NSCLC have resulted in
prolonged progression-free survival with agents targeting
these mutations, but to the benefit of a small proportion of
patients with NSCLC [2-5].

Growth of new blood vessels (angiogenesis), an impor-
tant factor in the progression of most cancers, is regulated
by growth factors, principally the vascular endothelial
growth factors (VEGFs) and platelet-derived growth factors
(PDGFs), and their production is prognostic in NSCLC.
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For example, VEGF-A expression correlates with the
development of metastatic disease and poor survival [6-9].
Bevacizumab, a monoclonal antibody to VEGF-A, added to
standard carboplatin and paclitaxel chemotherapy for recur-
rent NSCLC increased progression-free survival (PFS) and
extended overall survival (OS) for patients with advanced
non-squamous NSCLC [10]. However, overall survival for
the patients who received bevacizumab with their chemo-
therapy was only about 1 year.

PDGFs are also associated with a poor outcome in
NSCLC and have the ability to contribute in several ways
to angiogenesis and tumor progression [8]. Linifanib (ABT-
869) is an orally active, selective tyrosine kinase inhibitor
that targets VEGF and PDGF receptors with 1Cs, values in
the low nanomolar range [11]. The breadth of its activity,
potency, and selectivity against unrelated cellular kinases
compares favorably with those of other small molecules
targeting VEGF and PDGF receptors [12]. In preclinical
studies, linifanib potentiated the activity of carboplatin and
paclitaxel in a number of tumor models, including NSCLC
[12,13].

In previous clinical studies, linifanib demonstrated activ-
ity as a single agent in patients with advanced NSCLC,
encouraging further evaluation of linifanib as a component
of therapy for these patients [14-16). In a phase 1 trial with
18 Japanese patients with advanced NSCLC and a median
of 3 prior treatment regimens, the pharmacokinetics of oral
once daily linifanib was reported as being dose proportional
and unremarkable over the range of 0.10-0.25 mg/kg. The
principal linifanib toxicities were hypertension, increased
AST, rash, and neutropenia [16]. In a multinational (35 %
Asian) study of 139 patients with relapsed NSCLC, rand-
omized to receive linifanib 0.1 or 0.25 mg/kg, dose-related
fatigue, loss of appetite, hypertension, diarrhea, nausea,
palmar—plantar erythrodysesthesia (PPE), and proteinuria
were seen in >20 % of patients, and grade 3 hypertension
occurred in 14 % of patients [15, 16]. The pharmacokinetic
profile was similar in Japanese, non-Japanese Asian, and
Caucasian patients [16].

The combination of linifanib (7.5 or 12.5 mg flat dose)
or placebo with carboplatin and paclitaxel was assessed
for efficacy and safety in a randomized phase 2 study in
138 patients with advanced or metastatic, non-squamous
NSCLC. Events occurring more frequently with treatment
compared with the placebo arm included dose-related
thrombocytopenia, hypertension, diarrhea, weight loss, and
PPE. The only severe toxicity occurring more frequently in
the treatment group was grade 3 thrombocytopenia in 17 %
with 7.5 mg and 30 % with 12.5 mg linifanib. Responses
were seen in 43, 32, and 26 % of patients with linifanib
7.5 mg, linifanib 12.5 mg, and placebo, respectively. PFS
was extended from 5.4 to 8.3 months with the addition of
linifanib 7.5 mg/day [17].

@ Springer

The objectives of this phase 1 trial were to evaluate
the safety, tolerability, pharmacokinetics, and the recom-
mended phase 2 dose of linifanib in combination with car-
boplatin and paclitaxel in Japanese patients with advanced/
metastatic NSCLC.

Methods
Study design

This was an open-label, phase 1, dose-escalating, multi-
center trial conducted at three sites in Japan (Registration
NCT01225302). The study was approved by the Institu-
tional Review Board at each study site and was conducted in
accordance with the International Conference on Harmoni-
zation guidelines and the ethical principles of the Declaration
of Helsinki. All patients provided written informed consent.

The doses tested in this phase 1 trial were selected on
the basis of results of previous phase 1 and phase 2 stud-
ies in which linifanib doses of 7.5 and 12.5 mg/day showed
no significant safety concerns. The primary study objective
was to assess the safety and pharmacokinetics of linifanib
and to identify the tolerable dose of linifanib in combina-
tion with carboplatin and paclitaxel in Japanese subjects
with advanced or metastatic NSCLC. The secondary objec-
tive was to obtain a preliminary assessment of antitumor
activity of the therapy as first-line treatment.

Patients

Patients were >20 years of age with cytologically or his-
tologically confirmed advanced/metastatic (i.e., stage IITb/
IV) non-squamous NSCLC, measurable disease defined by
Response Evaluation Criteria in Solid Tumors version 1.1
(RECIST vl.1), an Eastern Cooperative Oncology Group
performance status (ECOG PS) 0 or 1, no prior chemo-
therapy for NSCLC, and adequate bone marrow, renal, and
hepatic function. Men and women of childbearing potential
had to agree to use adequate contraception.

Patients were excluded if they had prior chemotherapy
for NSCLC, radiation therapy, or surgery within 21 days
prior to study drug, brain, or meningeal metastases that
were symptomatic or required treatment, or radiologic
evidence of tumor invading major blood vessels. Other
exclusion criteria included current anticoagulation therapy,
clinically significant bleeding <3 months, proteinuria,
uncontrolled hypertension (i.e., >140/90 mm Hg), myocar-
dial infarction or transient ischemic attack <6 months, left
ventricular ejection fraction (LVEF) <50 %, autoimmune
disease with renal involvement, or any medical condition
that was clinically significant and uncontrolled or that may
interfere with gastrointestinal absorption.



Cancer Chemother Pharmacol (2014) 74:37-43

39

Treatment

All patients received standard carboplatin (AUC = 6 mg/
mL/min) and paclitaxel (200 mg/m?) on day 1 of each
21-day cycle. Patients received linifanib 7.5 mg/day begin-
ning on day 3 of cycle 1. A second cohort received 12.5 mg/
day after the first cohort of six patients demonstrated ade-
quate tolerability [dose-limiting toxicity (DLT) in <3 of 6
patients]. Overall, 12 patients were enrolled, six at each
linifanib dose level. Linifanib dose reduction (2.5 mg/
reduction) or interruption was allowed for linifanib-related
adverse events (AEs). Patients received up to a maximum
of six cycles of carboplatin/paclitaxel and, after completing
these cycles, could continue single-agent linifanib until dis-
ease progression or criteria for discontinuation were met.
Carboplatin/paclitaxel dose reductions and delays followed
procedures as defined in the locally approved product label.

Assessments

Study visits were conducted on day 1 weekly for the first
two cycles (6 weeks) and then on day 1 of every sub-
sequent 21-day cycle. A follow-up visit was performed
30 days after the last linifanib dose. Safety assessments
included evaluation of AEs, laboratory profiles, physical
examination, and vital signs throughout the study. During
the first cycle (21 days), patients were hospitalized for the
evaluation of DLT. AEs and DLT were defined according
to CTCAE v4.0. DLT was defined as grade 4 neutropenia
>7 days; grade 4 febrile neutropenia; grade 4 thrombocy-
topenia (<25,000/mm?) or thrombocytopenia that requires
transfusion due to persistent hemorrhage; grade >3 and
uncontrollable hypertension; and grade >3 non-hemato-
logic toxicity, with the exception of grade 3 febrile neutro-
penia, nausea, vomiting and anorexia, diarrhea, constipa-
tion, and electrolyte abnormality that were controlled with
an intervention and that the investigator considered not to
be a DLT. The investigator monitored patients for clinical
and laboratory evidence of AEs routinely throughout the
study. AEs were assessed for severity and relationship to
study drug.

Blood samples for linifanib, carboplatin, and paclitaxel
pharmacokinetic analyses were collected during cycles 1
and 2 of the study. Samples for the determination of carbo-
platin concentrations were obtained at hour 0 and at 0.92,
4, 5, and 21 h after the start of carboplatin infusion on day
1 of cycles 1 and 2. Samples for determination of paclitaxel
concentrations were obtained at hour O and at 2.92, 4, §,
and 48 h after the start of paclitaxel infusion on day 1 of
cycles 1 and 2. Samples for determination of linifanib con-
centration were collected on day 21 of cycle 1 and day 1 of
cycle 2 at O h and at 2, 3, 4, 8, and 24 h after dosing. Plasma
was stored at —20 °C until shipment to Abbott Laboratories

(Abbott Park, IL). Standard pharmacokinetic parameters
were determined using non-compartmental methods.

The effects of coadministration of paclitaxel/carbopl-
atin on the pharmacokinetics of linifanib were evaluated
by analyzing linifanib pharmacokinetic variables on cycle
2, day 1 (linifanib with carboplatin/paclitaxel) and cycle
1, day 21 (linifanib alone). Analysis of variance was per-
formed including subject and day as classification vari-
ables. A point estimate and 90 % confidence interval (CI)
were determined for the ratio of the central values for these
dosing time points. Likewise, the effects of coadministra-
tion of linifanib on carboplatin and paclitaxel pharmacoki-
netics were assessed by measuring the pharmacokinetic
parameters of carboplatin and paclitaxel on cycle 1, day 1
versus values on cycle 2, day 1 in a similar fashion.

Efficacy assessments included determination of tumor
response and disease progression (PES). Tumor response
was evaluated by CT scan every 6 weeks using RECIST
v1.1 criteria until progression.

Results
Patients and treatment

Twelve patients were enrolled (6 each receiving linifanib
7.5 or 12.5 mg) between September 2010 and June 2012,
and all received at least one dose of study drug. Patient
characteristics are summarized in Table 1. Dose interrup-
tions/delays of linifanib or carboplatin/paclitaxel were
observed in all patients. Reasons for patients discontinu-
ing linifanib included progressive disease (n = 6), AEs
(n = 5), and sponsor discontinuation of study (n = 1), and
eight patients discontinued carboplatin/paclitaxel after 1-4
cycles (median 2.5 cycles) including 4 due to AEs. One or
more reasons for study drug discontinuation were reported
for each subject. The median number (and range) of treat-
ment cycles with carboplatin/paclitaxel was 3 (1-6) and
with linifanib was 4 (1-214). The median exposure (and
range) to linifanib was 66.0 days (16-449).

Safety

Linifanib in combination with carboplatin and paclitaxel
was tolerated in this population of Japanese patients with
advanced NSCLC. AEs were consistent with the known
toxicities of the study medications. Overall, most linifanib-
related AEs were mild to moderate in severity. All grade 3
and 4 AEs and those which occurred with at least grade 2
severity in two or more patients are shown in Table 2. The
most common AEs were hematologic; neutropenia, leuco-
penia, thrombocytopenia, and anemia. The most common
grade 3/4 AEs were neutropenia (92 %), leukopenia (67 %),
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Table 1 Patient characteristics

Characteristic AN =12 Linifanib 7.5 mg N = 6 Linifanib 12.5 mgN =6
Gender, male (%) 7 3 3
Age, mean (years) 60.4 64.0 56.8
Median (range) 61.5 (43-72) 64.5 (54-72) 56.0 (43-69)
ECOG PS (%)
0 5 4
1 ‘ 3 1 2
Tobacco use, n (%)
Yes 4 5
Never 3 2
Adenocarcinoma, n (%) 12 6 6
Tumor stage, n (%)
Stage I1IB 1 1 0
Stage IV 11 5 6
ECOG PS Eastern Cooperative Prior oncology surgery 2 1 1
Oncology Group performance Prior radiation ) 1 1

status

Table 2 Patients with linifanib-

Adverse event
related adverse events

Linifanib 7.5 mg + C/P (N = 6)

Linifanib 12.5 mg + C/P (N =6)

Grade 1

Grade 2 Grade 3

Grade4 Gradel Grade2 Grade3 Grade4

Thrombocytopenia
Neutropenia
Anemia
Leukopenia
Alopecia
Skin eruption
Weight decreased
Hypertension
Anorexia
Diarrhea
Febrile neutropenia
PPE syndrome
Hyperglycemia
Highest grade for each patient Lymphopenia
C/P carboplatin/paclitaxel,

PPE palmar—plantar
erythrodysesthesia

Hypophosphatemia

—_ O e = e OONN O N W R O NO —

Stomatitis

— = D O wm O BN e e e e O = N O N

OO OO O N OO =000 W~ O N
O OO OO0 OO0 00000 oo Wwn —~
OO e = O N R, N WN O WO
_ RN O RN e O o e RN = N m = O =
OO = O O W O‘OOOOO L T S
O O O O 0O 0O OO0 O 00 O O O N~

and thrombocytopenia (67 %). One patient in each lini-
fanib dose cohort developed a serious AE, grade 3 febrile
neutropenia, and a DLT of grade 4 thrombocytopenia was
experienced by two patients, one patient in each cohort.
Five patients experienced a treatment-emergent AE that led
to discontinuation of study drug, the most frequent being
neutropenia (33 %). Other AEs commonly associated with
antiangiogenic agents were seen: grade 2 fatigue and pro-
teinuria in one patient each and grade 1 proteinuria in three
patents. There were no clinically significant abnormalities
in laboratory chemistries or urinalysis, and no clinically
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meaningful changes in cardiac function (LVEF). Changes
in vital signs (fever, weight loss, hypertension) occurred
in 11 patients, and these were low grade except for grade
3 hypertension in one patient. There were no treatment-
related deaths.

Pharmacokinetics

Pharmacokinetic parameters are summarized in Table 3.
Maximum plasma linifanib concentrations (C,,,) were

observed at approximately 2-3 h after administration. C,,,
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Table 3 Pharmacokinetic

R PK parameter Monotherapy Combination
parameters of linifanib,
carboplatin, and paclitaxel 7.5 mg 12.5 mg 7.5 mg 12.5 mg
administered alone and in
combination with Japanese Linifanib
patients N 5 5 4 2
T (B) 24+£05 24405 33405 3.5(3.0,4.00°
Cruax (g/mL) 0.25 4 0.03 0.32 £ 0.05 0.33 4+ 0.10 0.45 (0.46, 0.43)°
Cra/dose (ng/mL/mg) 0.033 £0.004  0.025:£0.004 0.043£0.013 0.036 (0.037, 0.034)°
AUC,, (g h/mL) 3.49 4 0.72° 429 £ 048" 5.06 £ 111 6.56 (6.56, 6.56)°
AUC, /dose (g WmL/mg) 0.465 £ 0.096"°  0.344 +0.038"  0.67540.148  0.524 (0.524, 0.524)°
Carboplatin
N 6 6 4 2
Tnax () 09400 0.9:£0.0 09400 0.9 (0.9, 0.9)®
Crax (1g/mL) 229427 23.04£33 26.5 6.1 28.6 (28.8,28.3)°
AUC,, (g h/mL) 96.8 4 16.8 903 £ 8.5 105.5 £ 17.6 101.8 (107.0, 96.6)°
Paclitaxel
N 6 6 4 2
Tax () 29+£0.0 29400 2.940.0 2.9(29,2.9)°
@ N4 Crax (kg/mL) 7.6+1.8 65427 98413 8.3(8.3,8.3)°
b Mean (individual values) AUCyq (g h/mL) 34.7+£87 28.9 + 13.0 48.1 +4.6 34.7 (35.6, 33.9)°
Fig. 1 Best percentage change Patients
(decrease) in tumor size from 20 100101 200102 200201 200202 200104 100302 200101 200703 100202 00201 100203 1003201

baseline. Nine patients achieved
a partial response; of these, six
were confirmed

Percent Change in Tumor Size
From Baseline (%)

and AUC from time zero to 24 h post-dose (AUC,,) of
linifanib appeared to be increased by coadministration of
carboplatin/paclitaxel. The ratios of central values of dose-
normalized linifanib with and without coadministration of
carboplatin/paclitaxel showed an increase of 36 % (90 % CI
12-66 %) in C,,, and 55 % (90 % CI 22-97 %) in AUC_y,.

Paclitaxel exposure appeared to be increased by coad-
ministration of linifanib. The ratios of central values of
dose-normalized paclitaxel C,,, and AUCy,; with and
without coadministration of linifanib were increased by
59 % (90 % CI 32-90 %) in C,,,, and 62 % (90 % CI 41—
87 %) in AUC_,,. In contrast, the pharmacokinetics of car-
boplatin was not affected by coadministration of linifanib.
Plasma exposure to linifanib was higher in 12.5 mg linifanib

10

PR = Partial response at 21 assessment

cohort compared to that in the 7.5 mg linifanib cohort. The
exposures to carboplatin and paclitaxel were comparable
between the two cohorts.

Efficacy

Antitumor activity was observed in all 12 patients (Fig. 1).
There were nine partial responses (5 in 7.5-mg group and
4 in 12.5-mg group) and 3 with stable disease, for an over-
all response rate of 75 %. The median duration of response
was 2.0 months, with a range of 0-16.0 months. Dur-
ing the study, five patients in the 7.5 mg cohort and one
in the 12.5 mg cohort developed PD. The median PFS was
7.2 months across both groups.
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Discussion

The PK and safety profiles of linifanib in combination with
carboplatin and paclitaxel in patients with no prior chemo-
therapy for advanced non-squamous NSCLC support the
use of the same dose and regimen for both Japanese and
US patients. The PK similarity between these populations
is consistent with those reported by Asahina and colleagues
[16] in their phase 1 trial of linifanib monotherapy in Japa-
nese patients in which they presented a post hoc analysis
showing the similarity in PK among Japanese, non-Japa-
nese Asian, and Caucasian patients. They reported average
steady-state dose-normalized C,, of 0.028-0.036 pg/mL/
mg and AUC,, of 0.37-0.52 pg h/mL/mg at 0.10-0.25 mg/
kg linifanib dose in Japanese patients.

Also, in comparison with a similar US trial of linifanib
combined with carboplatin/paclitaxel chemotherapy [18],
PK parameters of linifanib are again comparable between
Japanese and US subjects. In the US study, linifanib C,,,
was achieved in 3.4 h and the average dose-normalized
steady-state C,, and AUC,, were 0.021 pg/mL/mg and
0.26 pg h/mL/mg, respectively, when linifanib was admin-
istered alone, comparing well with the same parameters in
the present study and in the monotherapy trials within the
variations normally seen. However, in the US trial, coad-
ministration of linifanib with carboplatin/paclitaxel had
no significant effect on the exposure of either linifanib or
paclitaxel based on the point estimates of the ratios of cen-
tral values of dose-normalized C,,, or AUC of linifanib or
paclitaxel. The similarities in linifanib PK in these mono-
therapy and combination studies in Japanese and non-Jap-
anese subjects strongly suggest that linifanib is metabo-
lized similarly in these populations. The observed effect of
coadministration of linifanib with carboplatin/paclitaxel on
linifanib pharmacokinetics in this study, and whether this
interference is unique to Japanese patients or due to other
reasons, remains a question to be assessed as part of future
investigations with this regimen.

The antitumor effects seen in this study are generally
similar to those previously reported in a phase 2 study eval-
uating this combination and performed with non-Japanese
patients [17]. That study compared carboplatin/paclitaxel
alone with carboplatin/paclitaxel plus linifanib (7.5
or 12.5 mg). The overall response rate was 319 %
with the 12.5 mg linifanib dose versus 25.5 % with
carboplatin/paclitaxel alone. PFS duration was 7.3 months
with linifanib versus 5.4 months with carboplatin/paclitaxel
alone. The rates of AEs tended to be lower than those
observed in the current study. The findings of this study
support those in the larger US ftrial and suggest that lini-
fanib combined with carboplatin/paclitaxel is active and
tolerable in patients with advanced/metastatic non-squa-
mous NSCLC regardless of ethnicity. These results appear
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to confirm preclinical models suggesting that linifanib
potentiates activity of carboplatin/paclitaxel [12, 13]. The
predominant treatment-related toxicity in combination with
carboplatin/paclitaxel was myelosuppression, as expected.
Of note, there were no unexpected AEs, and only two
patients experienced DLT. This safety profile was consist-
ent with those of other anti-VEGF/VEGEFR agents and with
prior studies of linifanib [10].

The study established the tolerability and appropri-
ate dose and regimen for further investigation of linifanib
in combination with carboplatin/paclitaxel in Japanese
patients with advanced NSCLC. Addition of linifanib to
carboplatin/paclitaxel is a feasible first-line regimen in Jap-
anese patients with advanced NSCLC. Further conclusions
are prevented by the small number of patients and the lack
of a control group, and further trials to evaluate this combi-
nation are warranted.
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Summary Background AZD8931 is an equipotent, revers-
ible inhibitor of signaling by epidermal growth factor receptor
(EGFR), human EGFR 2 (HER2) and HER3. This two-part
Japanese study (NCTO01003158) assessed the safety/
tolerability of AZD8931 monotherapy in patients with ad-
vanced solid tumors and in combination with paclitaxel in
female patients with advanced breast cancer. Methods Mono-
therapy part: ascending doses of AZD8931 (40/60/80 mg
twice daily [bid]) for 21 consecutive days. Combination part:
AZD8931 40 mg bid and paclitaxel 90 mg/m?* (on days 1, 8
and 15 of a 28-day cycle). Results Seventeen patients received
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AZD8931: 11 received AZD8931 monotherapy (40/60/80 mg
[n=3/4/4]) and six AZD8931 40 mg bid plus paclitaxel. No
dose-limiting toxicities were observed for AZD8931 alone or
combined with paclitaxel. The most frequent adverse events
(AEs) were diarrhea, paronychia, pustular rash and dry skin
(each n=8) with AZD893 1 monotherapy and diarrhea, stoma-
titis, rash, alopecia, epistaxis and neutropenia (each n=4) with
combination therapy. Grade >3 AEs were reported for one,
two and four patients in the 40 mg, 60 mg and combination
groups, respectively. AZD8931 was rapidly absorbed with a
half-life of 12 h. There was no evidence of pharmacokinetic
interaction between AZD8931 and paclitaxel. Two patients
(one in each part) had unconfirmed and confirmed partial
responses, with a duration of 42 and 172 days, respectively.
Conclusion Although maximum tolerated dose was not con-
firmed for AZD8931, based on overall incidence of rash and
diarrhea AEs in the 80 mg group, doses up to 60 mg bid as
monotherapy and 40 mg bid combined with paclitaxel are the
feasible AZD8§931 doses in Japanese patients.

Keywords AZD8931 - Paclitaxel - HER - Advanced solid
tumors - Breast cancer

Introduction

The human epidermal growth factor receptor (HER/erbB)
family of receptor tyrosine kinases comprises epidermal
growth factor receptor EGFR (erbB1), HER2 (erbB2),
HER3 (erbB3) and HER4 (erbB4). Homodimerization and/
or heterodimerization of these receptors activates intracellular
signaling pathways involved in cell proliferation and survival
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during normal physiological processes [1-6]. However, aberr-
ant signal transduction via EGFR, HER2 and HER3 has been
identified as a common component of multiple cancer types
and appears to promote solid tumor growth [7-12]. For ex-
ample, EGFR activation is seen in tumor types such as non-
small cell lung cancer, breast, colorectal, and head and neck
cancer, and over-expression of EGFR is observed in a propor-
tion of breast, ovarian, bladder and gastric malignancies [10].

Targeting HER family members with small molecular
agents, such as gefitinib and erlotinib, has demonstrated effi-
cacy in EGFR-mutation-positive non-small cell lung cancer
[13—15]. Similarly, lapatinib has shown eflicacy in the man-
agement of MER2 over-expressing metastatic breast cancer
[16]. Results from preclinical studies have suggested that
EGFR inhibition enhances the antitumor activity of chemo-
therapeutic agents [17, 18]. In one Phase Il study of 86
patients with HER2-positive breast cancer, the combination
of lapatinib and paclitaxel led to statistically significant im-
provements in time to progression, event-free survival, objec-
tive response rate and clinical benefit rate compared with
paclitaxel and placebo [19].

To date, development of agents that specifically target the
HER receptor pathway has focused on inhibition of EGFR
and/or HER2, However, there is increasing evidence that
HER3 plays an important role in human tumorigenesis [7]
due to its effect on phosphatidylinositol 3-kinase (PI3K) sig-
nal transduction, a known mediator of cancer cell survival and
acquired resistance [13, 20]. As such, more complex and
equipotent inhibition of signaling by the HER receptor family
may provide greater antitumor activity [15].

AZD8931 is an orally bioavailable, reversible, tyrosine
kinase, equipotent inhibitor of EGFR, HER2 and HER3 sig-
naling [15]. The combination of AZD8931 with paclitaxel has
shown synergistic cytotoxicity in breast cancer cell lines and
xenograft models [21]. This two-part study was conducted to
assess the safety and tolerability of multiple ascending doses
of AZD893 1 monotherapy in Japanese patients with advanced
solid tumors and in combination with paclitaxel in female
Japanese patients with advanced breast cancer.

Patients and methods
Study design and patients

This was a two-part (monotherapy and combination therapy),
single-center, Phase I open-label study (clinicaltrials.gov:
NCT01003158). The monotherapy part enrolled male or fe-
male Japanese patients aged =20 years with histologically or
cytologically confirmed advanced solid malignancies that
were refractory to standard therapies or for which no standard
therapy existed. The combination part enrolled female Japa-
nese patients aged >20 years with histologically or
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cytologically confirmed locally advanced or metastatic breast
cancer who were ineligible for hormonal or anthracycline
therapy.

Inclusion criteria in both parts included: World Health
Organization performance status of 0-2; life expectancy
>12 weeks; absolute neutrophil count>1.5 x 10°/L or platelets
>100 x 10”/L and hemoglobin >9 g/dL; serum bilirubin <1.5
times the upper limit of normal (ULN), alkaline phosphatase,
aspartate aminotransferase and alanine aminotransferase
(ALT) <2.5 x ULN (except in patients with liver or bone
metastases); serum creatinine <1.5 x ULN or creatinine clear-
ance =50 mL/min; cardiac ejection fraction higher than the
institution’s lower limit of normal range. Patients were ex-
cluded from both parts if they had a history of cardiovascular
disease; resting electrocardiogram (ECG) with measurable
QTc interval >450 ms at >2 time points within 24 h; medical
diagnosis of acne rosacea, psoriasis or severe atopic eczema,;
any ocular disease or condition that was active or likely to be
aggravated during treatment; poorly controlled clinical disor-
ders (eg diabetes mellitus, hypercalcemia or other systemic
condition) or previous/current evidence of brain metastasis,
interstitial lung disease or spinal cord compression; anticancer
therapy within 4 weeks of the start of study treatment (6 weeks
for nitrosurea or mitomycin C) or concomitant medication
with potent inhibitors/inducers of CYP3A4 or CYP2D6;
anti-seizure medication or corticosteroids; unresolved adverse
events (AEs; Common Terminology Criteria for Adverse
Events [CTCAE] grade >2) from previous anticancer therapy,
as well as hypersensitivity to previous therapy with oral tyro-
sine kinase inhibitors; known hypersensitivity to paclitaxel or
progression of disease during or within 6 months of receiving
previous paclitaxel treatment (combination part only).

All patients provided written informed consent. The study
was approved by the Institutional Review Board of Kinki
University, Osakasayama, Japan, and was conducted in accor-
dance with the Declaration of Helsinki, Good Clinical Practice
and the AstraZeneca policy on bioethics [22].

Treatment

In the monotherapy part, patients in each dose cohort received
asingle oral dose of AZD8931 onday 1 (D1), followed by a 6-
day observation period, and thereafter received AZD8931
twice daily (bid) for 21 consecutive days (R1-R21). The
initial cohort received AZD8931 40 mg, followed by 60 mg
and 80 mg in subsequent cohorts. Following review of
AZDRg931 data from a Caucasian Phase I study, 40 mg was
considered the clinically feasible dose for long-term treatment;
this was primarily based on the incidence of CTCAE grade 3
rash at doses of >80 mg, as well as CTCAE grade 3 diarrhea at
doses =160 mg [23]. In the combination part, patients received
AZD8931 bid (initial dose based on the maximum tolerated
dose [MTD] determined in the monotherapy part) starting on
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day 2 of a 28-day cycle, with paclitaxel 90 mg/m? adminis-
tered on days 1, 8 and 15. Patients were able to continue
treatment indefinitely if they did not meet a withdrawal crite-
rion, were free from intolerable toxicity and were considered
by the investigator to be receiving clinical benefit.

A minimum of three evaluable patients were to be dosed
initially in each dose group in the monotherapy part. If no
patient experienced a dose-limiting toxicity (DLT), dose esca-
lation was permitted. If one patient experienced a DLT, addi-
tional patients were enrolled to a maximum of six; if no further
patients experienced a DLT, enrollment into the next dose
cohort was permitted. If >2 patients experienced a DLT, this
dose was considered non-tolerated and the previous dose was
defined as the MTD. The DLT evaluation period for the
monotherapy part started from the first administration of
AZD8931 and continued until R21 (within 28 days of the first
dose); for the combination part, DLTs were evaluated for the
first 28 days of cycle 1. In both parts, DLTs were defined as
any of the following AEs or laboratory abnormalities consid-
ered related to AZD8931: clinically significant symptomatic
ocular surface lesion; CTCAE grade 4 neutropenia or throm-
bocytopenia with a duration of >4 days; grade >3 neutropenia
that was either associated with a body temperature of >38 °C
and was unresponsive to antipyretics or required hospitaliza-
tion; grade >3 thrombocytopenia associated with non-
traumatic bleeding; grade >3 hyperkalemia or hyperglycemia;
grade >3 events (that could not be attributable to other causes)
of hypotension, urologic toxicity, clinically significant rash
that despite optimal treatment remained grade >3, interstitial
lung disease or pneumonitis, nausea, vomiting, or diarrhea;
any other clinically significant grade >3 toxicity considered
related to study drug; QTcF (Fridericia’s correction) interval
>500 ms or increased by >60 ms compared with baseline on
two ECGs >30 min apart; symptomatic congestive cardiac
failure associated with a decreased left ventricular ejection
fraction (LVEF), or decrease in LVEF >20 % below the lower
limit of the normal range; a delay of >7 days for paclitaxel
administration on day 1 of cycle 2 as a consequence of
AZDg931-induced toxicity (combination part only).

Objectives and assessments

The primary objectives were to assess the safety and tolera-
bility of multiple ascending doses of AZD8931 (monotherapy
part) and of AZD8931 in combination with paclitaxel (com-
bination part). Safety and tolerability were assessed through-
out the study by evaluation of AEs using CTCAE version 3,
laboratory findings, physical examinations, vital signs, cardiac
monitoring and ophthalmic assessments. Full ophthalmic as-
sessments were performed at screening and at R21; beyond
R21, a full examination was only required in the case of a
clinically significant ophthalmic abnormality. Cardiac moni-
toring was performed using a 12-lead ECG at screening,
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D1-D5, R1, R3, R7, R14, R21 and every 3 weeks thereafter
for the monotherapy part, and at screening, D1-D4, D15 and
every 4 weeks from cycle 2 onwards for the combination part.
High-resolution computed tomography and arterial oxygen
saturation were mandatory and had to be performed at base-
line and throughout the study.

Key secondary objectives were to identify the MTD of
continuous AZD8931 bid monotherapy and continuous
AZD8931 bid in combination with paclitaxel; to characterize
the pharmacokinetic (PK) profile of AZD8931 under both
treatment regimens; and to characterize the PK profile of
paclitaxel. During monotherapy, blood samples were taken
for PK analysis on D1 and R14 pre-dose, 1,2, 4, 6, 8, 10 (prior
to the second dose of AZD8931 on R14), 24 (D1 only), 48
(D1 only) and 72 (D1 only) hours post-dose. Additional
samples were taken pre-dose on days R3 and R7. During
combination therapy: blood samples were taken for
AZD8931 PK analysis pre-dose, 1, 2, 4, 6, 8 and 10 h post-
dose on days 7 and 8; samples for AZD8931 combined with
paclitaxel PK evaluations were taken pre-dose, 0.5, 1, 1.5, 2,
4, 6, 8, 10 and 24 h (prior to AZD8931 dosing, day 1 only)
post-dose on days 1 and 8. Plasma concentrations of
AZD8931, O-desmethyl AZD8931 and paclitaxel were deter-
mined using high-performance liquid chromatography with
mass spectrometry.

Preliminary efficacy of AZD8931 alone and in combina-
tion with paclitaxel was an exploratory objective. Tumor
assessments were performed according to Response Evalua-
tion Criteria in Solid Tumors (version 1.0) [24]. Baseline
radiological tumor assessments were performed <4 weeks
before the start of treatment, following 21 days of continuous
multiple dosing and approximately every 6 weeks thereafter
for AZD893 1 monotherapy, or every 8 weeks for combination
therapy, until withdrawal from the study. Optional exploratory
objectives were to examine the relationship between explor-
atory biomarkers from blood and tumor tissue samples and
clinical outcome, as well as pharmacogenetic analysis.

Statistical analysis

No formal statistical analyses were performed; therefore, data
are summarized descriptively. The safety analysis set com-
prised all patients who received at least one dose of AZD8931.
For inclusion in the DLT set, evaluable patients were defined
as those who had received >75 % of the planned dose of
AZDR8931 within 28 days of the first dose (both study parts),
and for the combination part had completed at least one cycle
of weekly paclitaxel and all safety assessments or experienced
a DLT during the DLT evaluation period. Patients with
evaluable PK data were included in the PK analysis set.
Patients who had received at least one dose of AZD8931
and for whom tumor response data were available were in-
chaded in the efficacy analysis.



Invest New Drugs (2014) 32:946-954

949

Results
Patient characteristics and disposition

Between January 2010 and November 2011, 27 patients
were enrolled. Seventeen patients (11 in the monotherapy
part and six in the combination part) received at least one
dose of AZD8931 and were included in the safety and PK
analysis set (Table 1). Sixteen patients were evaluable for
efficacy as one patient in the monotherapy part
discontinued the study after the first dose of study drug
and no efficacy data were recorded. Sixteen patients com-
pleted the 28-day evaluation period and 14 remained on
treatment after this period.

Safety and tolerability

There were no DLTs in either treatment part; therefore, the
MTD of AZDS8931 as monotherapy or in combination
with paclitaxel could not be determined within the pre-
specified dose ranges. Dosing for the combination part
(AZD8931 40 mg plus paclitaxel) was selected based on
the incidence of rash and diarrhea AEs observed in the
monotherapy part and that observed for patients receiving
AZD8931 in combination with paclitaxel in a Western
population (Clinicaltrials.gov NCT00900627) [25].

The median actual duration of AZD8931 treatment was
43.5 days (range 1--239) for the monotherapy part and
79.5 days (range 53-244) for the combination part. The most

frequently reported AEs were diarrhea, paronychia, pustular
rash and dry skin during AZD8931 monotherapy, and diar-
rhea, stomatitis, rash, alopecia, epistaxis and neutropenia dur-
ing combination therapy (Table 2). Two ophthalmic AEs
(eyelid edema and punctate keratitis) were reported in the
present study, both in the combination part.

In total, seven (41.2 %) patients had grade >3 AEs.
Three patients receiving AZD8931 monotherapy had
grade 3 AEs of anemia, intervertebral disc protrusion
and cancer pain (n=1 each). Four patients receiving
combination therapy had a total of six grade =3 AEs:
grade 3 AEs were neutropenia (reported in two patients),
leucopenia, peripheral sensory neuropathy and papular
rash (reported in one patient each); grade 4 decreased
neutrophil count was also reported in one patient. Only
the papular rash event was considered related to
AZD8931 treatment. Two patients had a serious AE
(grade 3 intervertebral disc protrusion in the AZD8931
40 mg monotherapy cohort; grade 2 infectious pneumo-
nia in the AZD8931 40 mg plus paclitaxel cohort);
neither was considered to be related to study treatment.
Only one AE, grade 1 pneumonia observed in a patient
receiving AZD8931 40 mg bid in combination with
paclitaxel, led to permanent treatment discontinuation;
this event was considered by the investigator to be
related to both AZD8931 and paclitaxel treatment. There
were no findings of clinical concern for vital signs, ECGs,
echocard-iogram or ophthalmological assessments, or for he-
matology or biochemical parameters.

Table 1 Patient demographics and baseline characteristics (safety population)

AZD8931 monotherapy part

AZDR931 combination part

40 mg bid 60 mg bid 80 mg bid Total 40 mg bid + paclitaxel
(n=3) (n=4) (n=4) (n=11) (n=06)
Median age, years (range) 58 (46-63) 54 (37-77) 64 (59-69) 59 (37-77) 54 (49-69)
Male/female, n 2/1 2/2 3/1 74 0/6
Primary tumor type, n (%)
Breast - - - - 6 (100)
Colorectal 1(33) 1 (25) - 2(18) -
Lung - 1(25) - 19 -
Skin/soft tissue - - 1(25) 1(9) -
Stomach - 1 (25) 1 (25) 2 (18) -
Thyroid - - 1(25) 19 -
Other 2(67) 1(25) 1(25) 4 (36) -
Previous cancer treatment, n
Chemotherapy 3 (100) 4 (100) 4 (100) 11 (100) 6 (100)
Radiotherapy 1(33) 1(25) 4 (100) 6 (55) 6 (100)
Immunotherapy - 125 - 1(9) -
Hormonal therapy - - - - 6 (100)
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