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Abstract
Purpose: Motesanib is a small-molecule antagonist of vascular endothelial growth factor receptor 1, 2,
and 3, platelet-derived growth factor receptor, and Kit. This phase 1b study assessed the safety, maximum
tolerated dose (MTD), and pharmacokinetics, and explored the objective response of motesanib plus carboplatin/paclitaxel and/or the fully human anti–epidermal growth factor receptor monoclonal antibody
panitumumab in advanced non–small cell lung cancer (NSCLC).
Experimental Design: Patients with unresectable NSCLC received sequentially escalating doses of motesanib [50, 125 mg once daily; 75 mg twice daily] orally continuously plus carboplatin/paclitaxel (arm A;
first line) or panitumumab (arm B; first and second line) once every 21-day cycle or 125 mg once daily
plus carboplatin/paclitaxel and panitumumab (arm C; first line).
Results: Forty-five patients received motesanib. Three dose-limiting toxicities occurred: grade 4 pulmonary embolism (n = 1; arm A, 50 mg once daily) and grade 3 deep vein thrombosis (n = 2; arm A, 125 mg
once daily; arm C). The MTD was 125 mg once daily. Common motesanib-related adverse events were
fatigue (60% of patients), diarrhea (53%), hypertension, (38%), anorexia (27%), and nausea (22%).
Three cases of cholecystitis occurred but only in the 75-mg twice-daily schedule, which was subsequently
discontinued. At 125 mg once daily, motesanib pharmacokinetics were not markedly changed with carboplatin/paclitaxel coadministration; however, exposure to paclitaxel was moderately increased. The objective response rates were 17%, 0%, and 17% in arms A, B, and C, respectively.
Conclusions: Treatment with motesanib was tolerable when combined with carboplatin/paclitaxel
and/or panitumumab, with little effect on motesanib pharmacokinetics at the 125-mg once daily dose
level. This dose is being investigated in an ongoing phase 3 study in NSCLC. Clin Cancer Res; 16(1); 279–90.
©2010 AACR.

In the United States, non–small cell lung cancer (NSCLC)
accounts for nearly 85% of lung cancer cases (1), with most
patients presenting with locally advanced (stage III) or metastatic (stage IV) disease (2). Although 15% to 40% of patients initially respond to cytotoxic chemotherapy, which
remains the primary therapeutic option, long-term prognosis is poor: standard-of-care treatment of advanced NSCLC
with carboplatin in combination with paclitaxel yields
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response rates of 17% to 25%, with a median survival time
of ∼8 months (3, 4). Although a number of new, thirdgeneration cytotoxic therapies have become available, improvements in outcomes for patients with advanced disease
remain modest (5), suggesting that conventional treatment
may have reached an effectiveness plateau.
Vascular endothelial growth factor (VEGF) through activation of its receptors VEGFR1 and VEGFR2 is a potent
proangiogenic factor and a key mediator of neovascularization (6) in normal and malignant tissue (7). Platelet-derived
growth factor is thought to play a role in angiogenesis by
regulating vascular survival (8) and, in NSCLC, by increasing expression of VEGF (9). Several studies have shown
that elevated VEGF and high microvessel density are associated with poor prognosis in NSCLC (10–13) and that
VEGF may be associated with the promotion of malignant
pleural effusion and pleural dissemination (14, 15).
In a separate signaling pathway, epidermal growth factor receptor (EGFR) directly promotes tumor growth and
survival by regulating angiogenesis and apoptosis and by
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Translational Relevance
Non–small cell lung cancer (NSCLC) remains a significant therapeutic challenge. Most patients present
with advanced or metastatic disease at initial diagnosis, and traditional, chemotherapy-based treatment
provides limited benefit. Targeted therapies blocking
the pathways involved in tumor growth and survival,
such as the vascular endothelial growth factor and the
epidermal growth factor receptor pathway, have
emerged as important alternative treatment options.
Added benefit may be achieved by combining targeted
therapies with chemotherapy. Motesanib is a smallmolecule antagonist of the vascular endothelial growth
factor receptors 1, 2, and 3, and of platelet-derived
growth factor and Kit receptors. This phase 1b study
in patients with advanced NSCLC shows that treatment with motesanib plus carboplatin/paclitaxel with
or without the fully human anti–epidermal growth
factor receptor monoclonal antibody panitumumab
was tolerable, with pharmacokinetic characteristics
supporting 125-mg once-daily dosing of motesanib
as combination therapy. By blocking multiple signaling pathways, motesanib may represent a novel targeted treatment approach for advanced NSCLC.

increasing expression of VEGF (16, 17). Expression of
EGFR mRNA in tumor tissue from patients with NSCLC
has been correlated with survival (18).
VEGF and its receptors as well as the EGFR signaling
cascade are now two validated molecular targets for the
development of novel treatment options for patients with
advanced NSCLC, as shown in the Eastern Cooperative
Oncology Group study E4599 (19), the Avastin in Lung
(AVAIL) study (20), and the First-Line Treatment for Patients with EGFR-expressing Advanced NSCLC (FLEX)
study (21). Currently, the anti-VEGF monoclonal antibody bevacizumab in combination with carboplatin and
paclitaxel is approved for the first-line treatment of advanced or metastatic nonsquamous NSCLC (19); the
EGFR inhibitor erlotinib is approved for second- or
third-line treatment of NSCLC (22). Other antiangiogenic
agents have been evaluated as first-line treatment in the
setting of advanced NSCLC but thus far have failed to
show improved clinical outcomes (23, 24).
Motesanib is an orally administered small-molecule antagonist of VEGFR1, 2, and 3; the platelet-derived growth
factor receptor; and stem cell factor receptor (Kit; ref. 25).
In monotherapy studies, motesanib has shown acceptable
toxicity and promising antitumor activity in patients with
advanced solid malignancies (26, 27). Preclinical studies
have shown improved antitumor activity of motesanib
against NSCLC-derived tumor xenografts when combined
with panitumumab (Amgen Inc., data on file), a fully human anti-EGFR antibody approved for the treatment of
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third-line metastatic colorectal cancer (28). Clinical studies
have suggested that combined VEGF and EGFR inhibition
can improve outcomes in patients with advanced NSCLC
(29, 30). The aim of the present study was to assess the
safety and pharmacokinetics and to evaluate the efficacy
of motesanib in the treatment of NSCLC when combined
with cytotoxic chemotherapy and/or panitumumab.

Materials and Methods
Patients. Eligible adult (≥18 y) patients had histologically confirmed, unresectable stage IIIB or stage IV NSCLC
with measurable or evaluable (nonmeasurable) disease
per Response Evaluation Criteria in Solid Tumors (RECIST;
ref. 31). Patients either were chemotherapy-naïve (arm A
and C) or had received no more than one prior chemotherapy regimen for NSCLC (arm B). Other key inclusion
criteria were Eastern Cooperative Oncology Group performance status of 0 or 1, life expectancy of ≥3 mo, and adequate hematologic, renal, and hepatic function. Key
exclusion criteria were symptomatic or untreated central
nervous system metastases requiring concurrent treatment;
large (≥3 cm) central tumor lesions (located adjacent to or
within the hilum or mediastinum) of squamous cell histology unless treated by central irradiation; uncontrolled
hypertension; history of arterial or venous thrombosis,
bleeding diathesis, pulmonary hemorrhage, gross hemoptysis, or ischemic heart disease; systemic chemotherapy, radiation therapy, or antibody therapy within 14, 21 d, or
6 wk of study enrollment, respectively; or treatment with
any anti-VEGF or anti-EGFR therapy. All patients provided
written informed consent before any study-related procedures were done.
Study design. This was a multicenter (conducted in six
centers in the United States), open-label, dose-finding,
phase 1b study of motesanib (Amgen Inc.) administered
in combination with carboplatin/paclitaxel as first-line
treatment (arm A), with panitumumab as second-line treatment (arm B), or with carboplatin/paclitaxel and panitumumab as first-line treatment (arm C) in patients with
advanced NSCLC. Primary end points were the incidence
of treatment-related adverse events and dose-limiting toxicities (DLT) and determination of the motesanib pharmacokinetic profile in the three treatment arms. Secondary end
points included paclitaxel and motesanib exposure [maximum observed plasma concentration (Cmax) and area under the concentration-time curve (AUC)] when motesanib
and carboplatin/paclitaxel were administered 30 min and
∼48 h apart, panitumumab exposure when coadministered
with carboplatin/paclitaxel or motesanib plus carboplatin/
paclitaxel (arms B and C), and the objective response rate in
each treatment arm.
Arms A and B tested escalating doses of motesanib up
to 125 mg orally once daily, which had been established
as the maximum tolerated dose (MTD) in a previous
monotherapy setting in advanced solid tumors (26), or
at 75 mg twice daily. Dose cohorts in arms A and B enrolled concurrently, and once dose escalation was completed, arm C started enrollment to test motesanib at a
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dose established to be tolerable in arms A and B. In each
of the three treatment arms, six patients were planned to
be enrolled per dose cohort.
The study protocol and all study-related procedures
were approved by each site's Institutional Review Board.
To verify adherence to the protocol, monitoring visits to
each study center were conducted on an approximate
monthly basis. The study monitor had access to all
study-related records. The ClinicalTrials.gov registration
number for this study is NCT00094835.
Treatment and dose escalation. In arm A, patients received motesanib orally at escalating doses of 50 mg once
daily, 125 mg once daily, or 75 mg twice daily starting on
day 3 of cycle 1, and then from day 1 of each subsequent
cycle until disease progression or intolerability occurred.
Paclitaxel was given concomitantly through a 3-h i.v. infusion at 200 mg/m2, and carboplatin was given through a
30-min i.v. infusion at an area under the AUC of 6 mg/
mL·min. Carboplatin/paclitaxel was administered once
on day 1 of each 21-d cycle for up to six cycles (in the absence of disease progression). Thereafter, patients received
motesanib alone if no disease progression or drug intolerance occurred.
In arm B, patients received motesanib orally beginning
on day 3 at escalating doses at 50 mg once daily, 125 mg
once daily, or 75 mg twice daily plus panitumumab
9 mg/kg through i.v. infusion on day 1 of each 21-d cycle.
This dose was modeled to achieve a panitumumab trough
concentration comparable with the one reached with the
2.5-mg/kg dose given once weekly, which, in combination with paclitaxel/carboplatin, was found to be tolerable in patients with advanced NSCLC (32). The dose of
panitumumab was reduced to 4.5 mg/kg in the event of
a grade ≥3 skin-related toxicity. If the reduced dose was
tolerated for one cycle, it could be escalated to 7 mg/kg.
In arms A and B, dose escalation occurred when greater
than or equal to four of the planned six patients in the current cohort completed one cycle without experiencing a
DLT (defined below). A single intrapatient dose escalation
to the highest tolerable dose was allowed. In the event of a
DLT, motesanib was withheld and resumed with a 25-mgper-dose reduction if toxicity resolved to grade 1 or reached
the patient's baseline value. Patients were withdrawn from
the study if motesanib was withheld for >3 wk.
In arm C, patients received 125 mg once daily motesanib orally plus carboplatin/paclitaxel beginning on day 3
(dose and schedule as described in arm A) and panitumumab (9 mg/kg through i.v. infusion on day 1 of each 21-d
cycle). Enrollment in arm C started after the 125-mg once
daily dose had been established as safe and tolerable in
treatment arms A and B. There was no dose escalation in
arm C. Carboplatin/paclitaxel treatment and panitumumab dosing followed the same rules as outlined for arms
A and B, respectively.
Adverse event assessment and management. Adverse
events were recorded and classified according to the Medical Dictionary for Regulatory Activities. Severity was graded according to the Common Terminology Criteria for
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Adverse Events version 3.0 of the National Cancer Institute. DLTs were defined as grade 3 fatigue persistent for
≥7 d; grade 3 or 4 nausea, diarrhea, and vomiting despite
maximum supportive care; grade 3 or 4 neutropenia with
fever >38.5°C; grade 4 neutropenia (absolute neutrophil
count, <0.5 × 109/L) for >7 d; grade 4 thrombocytopenia
(platelet count, <25.0 × 109/L); grade 4 anemia; grade 4
hypertension; aspartate aminotransferase or alanine aminotransferase of >10 times the upper limit of normal;
grade 4 rash/desquamation; or any other treatment-related
grade 3 or 4 adverse event occurring during the first cycle.
Use of antihypertensive medications to control blood
pressure was permitted. Motesanib was discontinued if hypertension persisted or if patients experienced cholecystitis
or symptomatic gallbladder enlargement; treatment was
withheld for at least 1 wk if patients experienced grade 3
or 4 asymptomatic thrombosis.
Pharmacokinetic analyses. Plasma samples for intensive
pharmacokinetic analysis of motesanib were collected predose and at 0.25, 0.5, 1, 2, 4, 6, and 24 h (immediately before the next morning dose) after administration of
motesanib on day 3 of cycle 1 and day 1 of cycle 2. Additional samples from the twice daily cohorts were collected
at 12 (immediately before the second daily dose), 12.5, 13,
14, and 16 h on day 3 of cycle 1 and day 1 of cycle 2. The
concentration of motesanib in plasma was assessed using a
validated liquid chromatography/tandem mass spectrometry assay (CEDRA Clinical Research, LLC) with a lower limit
of quantification of 0.500 ng/mL. Plasma samples for paclitaxel intensive pharmacokinetic analysis were collected
predose; at the completion of infusion; and 0.5, 2.5, 6.5,
24, and 48 h after infusion on day 1 of cycles 1 and 2.
The concentration of paclitaxel in plasma was analyzed using a validated liquid chromatography/tandem mass spectrometry assay (BASi Northwest Laboratory, Inc.) with a
lower limit of quantitation of 0.100 ng/mL. Serum samples
for the measurement of panitumumab concentrations were
collected predose on day 1 of cycles 1 to 4 and at the completion of infusion on day 1 of cycles 1 to 3. Panitumumab
concentrations were measured using a validated ELISA
(Amgen Inc., data on file) with a lower limit of quantitation
of 400 ng/mL. Patients who received motesanib and had
evaluable plasma data were included in pharmacokinetic
analyses using standard noncompartmental methods and
WinNonlin software version 4.1e (Pharsight Corporation).
To assess the impact of motesanib administration on paclitaxel exposure, geometric least square means (GLSM) and
the ratio of GLSM between cycle 2 and cycle 1 were calculated for Cmax and AUC values using the SAS PROC MIXED
procedure (SAS for Windows, version 9.1, WIN_PRO platform; SAS Institute, Inc.). Specifically, GLSM were calculated by obtaining the least squares means for the logtransformed Cmax and AUC values (logCmax and logAUC)
for cycle 2 and cycle 1 and then converting it back to their
original scale. The ratio of GLSM with a 90% confidence
interval (CI) was calculated by estimating the difference
(and 90% CI) in the least squares means between cycle 2
and cycle 1 for logCmax and logAUC and then converting
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it back to their original scale. Only patients with available
data for both cycle 1 and cycle 2 were included in the GLSM
analysis.
Assessment of tumor response. In patients with measurable or evaluable disease (based on imaging studies), tumor
response was assessed by either computed tomography or
magnetic resonance imaging scans performed within 4 wk
of enrollment, at week 9, and every 9 wk (±1 wk) thereafter,
regardless of treatment cycle, or immediately if disease progression was suspected. Tumor responses were evaluated by
investigators using RECIST (31). Complete or partial
responses were confirmed by computed tomography or
magnetic resonance imaging no less than 4 wk after the
initial response. A best tumor response of stable disease
required patients to be stable for ≥50 d.
Statistical analysis. The initial study size selected was 85
patients, which would allow meeting the primary end
point of incidence of adverse events and clinical laboratory abnormalities defined as DLTs by providing a 92%
probability of observing a rare adverse event (i.e., an adverse event with a frequency of 10%). The safety analysis
set consists of all patients who received at least one dose of
motesanib. The efficacy analysis set consists of all patients
who received at least one dose of motesanib (arm A) or at
least one dose of motesanib and panitumumab (arms A
and C). Progression-free survival was calculated as the
number of days between the first day of protocol-specified
treatment and the date when disease progression was determined or the date when death occurred. Duration of response was calculated as the number of days between the
date when an objective response that was subsequently
confirmed occurred and the date when relapse was determined or death of any cause occurred. All data were analyzed using SAS software version 8.2 (SAS Institute, Inc.).
Statistical analysis of the data was completed on August
20, 2007.

Results
Patients. Between January 2005 and September 2006,
45 patients were enrolled in the study and received at least
one dose of motesanib (arm A, n = 23; arm B, n = 16; arm
C, n = 6). Demographics and baseline characteristics are
summarized in Table 1. Across treatment arms, most patients were men (64%) and current or former smokers
(82%). Eighty-two percent of patients had advanced metastatic (stage IV) disease per investigator assessment, and
most patients (91%) had one or more sites of disease.
The most common histologic cancer subtype was adenocarcinoma (27 patients, 60%); two patients (4%) had
squamous histology. Patients in treatment arms A and C
were chemotherapy-naïve per inclusion criteria (Table 1).
All patients discontinued treatment with motesanib because of the following reasons: disease progression (42%
of patients), adverse events (40%), administrative decision
(13%), and withdrawal of consent (4%). Twenty-seven patients (60%) completed the safety follow-up; overall median follow-up time was 16 weeks (range, 3-51 weeks).
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Dose escalation, DLTs, and MTD. In arm A (motesanib
plus carboplatin/paclitaxel), six patients received a motesanib starting dose of 50 mg once daily. One DLT of grade 4
pulmonary embolism, considered serious, occurred in the
second enrolled patient; the remaining five patients completed the first treatment cycle without experiencing a
DLT. Six patients were then enrolled into the next cohort
and the motesanib dose was escalated to 125 mg once daily.
No DLTs occurred. To support further development of the
125-mg once daily dosing regimen, which had been established as the MTD for motesanib monotherapy (26), an additional five patients were enrolled in this dose cohort to
allow for a methodical review of clinical safety data. One
DLT of grade 3 deep vein thrombosis occurred among these
five patients. Subsequently, a final cohort of six patients was
enrolled, with dose escalation to 75 mg twice daily. No DLTs
occurred in this group. In arm B, four patients initially received motesanib 50 mg once daily plus panitumumab.
No DLTs occurred in this cohort and dose escalation to
125 mg once daily (seven patients; the sixth and seventh patient were screened and found eligible at the same time) and
75 mg twice daily (five patients) continued. There were no
DLTs reported in either of these two cohorts. In both arms A
and B, the 75-mg twice daily dose cohort was discontinued
after an increased risk of cholecystitis was observed with that
dose (the twice daily cohort in arm B was discontinued early
before enrollment of a sixth patient). In arm C, six patients
received motesanib 125 mg once daily plus carboplatin/paclitaxel and panitumumab. One DLT of grade 3 deep vein
thrombosis occurred. Based on the dose escalation results,
the motesanib MTD was established as 125 mg once daily
administered continuously. Because the primary objective
of the study had been met and additional studies specifically
investigating the safety and efficacy of motesanib plus carboplatin/paclitaxel had been initiated, enrollment was stopped
before the planned sample size of 85 patients was reached.
Across treatment arms, median time on motesanib treatment was 11.6 weeks (range, 1-46 weeks); the median daily dose was 125 mg (range, 25-150 mg). In treatment arm
A, patients received a median of four cycles of carboplatin/
paclitaxel (range, 1-6) and, in arm C, a median of 3.5 cycles (range, 1-6). Seven patients (26%) in arm A and one
patient (17%) in arm C completed the protocol-specified
six cycles of carboplatin/paclitaxel treatment. Patients in
arm A received 98.7% and 100% of the full intended dose
of carboplatin and paclitaxel, respectively; patients in arm
C received 100% and 90.5% of the full intended dose of
carboplatin and paclitaxel, respectively. One patient each
had at least one carboplatin (arm A) or paclitaxel (arm C)
dose interruption, respectively. Patients treated with panitumumab received a median of 3.5 infusions (range, 1-12)
in arm B and 3.5 infusions (range, 1-6) in arm C. Eight
patients (18%) had at least one motesanib dose reduction
(arm A, B, C: n = 4, 3, 1, respectively) mostly due to adverse events (n = 6; arm A, B, C: n = 2, 3, 1, respectively).
Adverse events. Across treatment arms, 42 patients
(93%) experienced at least one motesanib-related adverse
event. Among these, grade 3 adverse events occurred in
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Table 1. Patient demographic and baseline characteristics
Characteristic
Sex, no. (%)
Women
Men
Median age, y (range)
Race, no. (%)
White
Black
Asian
Disease stage, no. (%)
Stage IIIB
Stage IV
No. of sites of disease,* no. (%)
0
1
2
Histologic subtype, no. (%)
Adenocarcinoma
Bronchoalveolar carcinoma
Large cell carcinoma
Squamous cell carcinoma
Other
ECOG performance status, no. (%)
0
1
Median time since initial diagnosis, y (range)
Time since last prior therapy, mo (range)
Prior therapy for lung cancer,† no. (%)
Any therapy
Prior chemotherapy
Prior radiotherapy
Prior other therapy
Tobacco use, no. (%)
Never
Former
Current

Arm A (n = 23)

Arm B (n = 16)

Arm C (n = 6)

7 (30)
16 (70)
64 (39-79)

6 (38)
10 (63)
58 (32-76)

22 (96)
1 (4)
0 (0)

14 (88)
1 (6)
1 (6)

5 (83)
0 (0)
1 (17)

4 (17)
19 (83)

3 (19)
13 (81)

1 (17)
5 (83)

2 (9)
19 (83)
2 (9)

2 (13)
11 (69)
3 (19)

0 (0)
5 (83)
1 (17)

12
0
2
1
8

(52)
(0)
(9)
(4)
(35)

10
1
0
1
4

5
0
0
0
1

8
15
0.1
0.7

(35)
(65)
(0-3.9)
(0.5-15.1)

4 (25)
12 (75)
0.7 (0.1-3.7)
3.7 (0.5-213.0)

10
0
4
6

(43)
(0)
(17)
(26)

15
14
8
6

4 (17)
16 (70)
3 (13)

(63)
(6)
(0)
(6)
(25)

(94)
(88)
(50)
(38)

4 (25)
9 (56)
3 (19)

3 (50)
3 (50)
60 (56-64)

(83)
(0)
(0)
(0)
(17)

1 (17)
5 (83)
0.1 (0-0.1)
0 (0)
0
0
0
0

(0)
(0)
(0)
(0)

0 (0)
6 (100)
0 (0)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
*As assessed by investigator.
†
Includes all therapies for lung cancer received before study enrollment.

65% (arm A), 50% (arm B), and 33% (arm C) of patients,
most commonly fatigue (arm A/B: 50 mg once daily, 17%/
0%; 125 mg once daily, 27%/29%; 75 mg twice daily,
33%/20%) and hypertension (arm A/B: 50 mg once daily, 33%/0%; 125 mg once daily, 27%/29%; 75 mg twice
daily, 17%/40%), or fatigue and headache (arm C; Table 2).
A total of five patients (11%) experienced grade 4 motesanib-related adverse events (see below), which occurred more
frequently in arm C than in the other two treatment arms.
No motesanib-related grade 5 adverse events were reported.
Several adverse events of interest considered related to
motesanib treatment were noted (Table 2). Three patients
had acute cholecystitis; all events were grade 3, were rated
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serious, and occurred in patients receiving motesanib
75 mg twice daily in arm A (n = 1) and arm B (n = 2). Six
patients (13%) developed motesanib-related pulmonary
embolism. All of these events occurred in arm A (50 mg once
daily, n = 3; 75 mg twice daily, n = 1) and in arm C (n = 2),
and were either grade 3 (one event in arm A, 50 mg once daily) or grade 4 (the remaining five events) in severity. Three of
the pulmonary embolisms were considered serious (arm A,
50 mg once daily, n = 2; arm C, n = 1), and in five instances,
pulmonary embolism led to study discontinuation. There
were two patients who had pulmonary embolism and
thrombosis (arm A, 50 mg once daily and arm C; n = 1 each).
Two patients developed grade 3 deep vein thrombosis (arm
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in ≥10% of patients were fatigue (27%; grade 3, 7%), dermatitis acneiform (29%; no grade 3), hypomagnesemia
(24%; grade 3, 4%), pruritus (24%; no grade 3), diarrhea
(22%; grade 3, 2%), nausea (16%; no grade 3); (13% each)
anorexia (grade 3, 2%), epistaxis (no grade 3), exfoliative
rash (no grade 3), myalgia (grade 3, 2%), and stomatitis
(no grade 3); and erythema (11%; no grade 3). Three
patients had grade 4 panitumumab-related events of hypomagnesemia (arm B, two patients) and pulmonary embolism (arm C, one patient). Adverse events of specific interest
related to panitumumab treatment included grade 3 deep
vein thrombosis (one patient; arm C), dry skin (three patients; no grade 3), paronychia (three patients; no grade
3), and acne (two patients; no grade 3). Related grade 3 hypertension (two patients; arm B) and grade 3 cholecystitis

A, 125 mg once daily and arm C, n = 1 each). Of the described thromboembolic events, only three events occurred
within the first treatment cycle and therefore were considered DLTs (pulmonary embolism, n = 1 and deep vein
thrombosis, n = 2; see above). Nine patients experienced
hemorrhagic adverse events including serious grade 3 gastrointestinal hemorrhage (n = 1) and grade 1 urinary tract
hemorrhage (Table 2); both occurred in the 75-mg twice
daily cohort of arm A. All other bleeding events were of
worst grade 1 and occurred either in the 125-mg once daily
or the 75-mg twice daily cohorts. There were no grade 4 or 5
hemorrhagic events, and neither of the two patients with
squamous cell histology experienced hemorrhagic events.
All 22 patients who received panitumumab experienced
panitumumab-related adverse events. Those that occurred

Table 2. Motesanib treatment–related adverse events occurring in ≥10% of patients and related adverse
events of interest
Related adverse events,
no. of patients (%)

Arm A (n = 23)
All grades

Grade 3

Arm B (n = 16)

Grade 4

Patients with any related
21 (91)
15 (65)
3
adverse event
Related adverse events occurring in ≥10% of patients
Fatigue
12 (52)
6 (26)
0
Diarrhea
12 (52)
1 (4)
0
Hypertension
10 (43)
6 (26)
0
Anorexia
5 (22)
2 (9)
0
Nausea
4 (17)
0 (0)
0
Arthralgia
3 (13)
1 (4)
0
Headache
4 (17)
0 (0)
0
Weight loss
4 (17)
0 (0)
0
Dyspnea
4 (17)
1 (4)
0
Hypomagnesemia
4 (17)
0 (0)
0
Vomiting
1 (4)
0 (0)
0
Pruritus
1 (4)
0 (0)
0
Myalgia
3 (13)
0 (0)
0
Pain in extremity
1 (4)
0 (0)
0
Dizziness
3 (13)
0 (0)
0
Patients with related adverse events of interest
Pulmonary embolism
4 (17)*
1 (4)
3
Cholecystitis
1 (4)
1 (4)
0
Deep vein thrombosis
1 (4)
1 (4)
0
Thrombosis
1 (4)*
0 (0)
0
Hemorrhage
3 (13)
1 (4)
0
Gastrointestinal
1 (4)
1 (4)
0
Other
2 (9)†
0 (0)
0
Cardiac disorders
2 (9)∥
0 (0)
0

Arm C (n = 6)

All grades

Grade 3

Grade 4

All grades

Grade 3

Grade 4

(13)

15 (94)

8 (50)

0 (0)

6 (100)

2 (33)

2 (33)

(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)

11
7
6
6
4
2
2
1
0
2
4
3
2
0
2

(69)
(44)
(38)
(38)
(25)
(13)
(13)
(6)
(0)
(13)
(25)
(19)
(13)
(0)
(13)

3
1
4
2
0
2
1
0
0
0
1
0
0
0
0

(19)
(6)
(25)
(13)
(0)
(13)
(6)
(0)
(0)
(0)
(6)
(0)
(0)
(0)
(0)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)

4
5
1
1
2
2
1
2
2
0
1
1
0
4
0

(67)
(83)
(17)
(17)
(33)
(33)
(17)
(33)
(33)
(0)
(17)
(17)
(0)
(67)
(0)

1
0
0
0
0
0
1
0
0
0
0
0
0
0
0

(17)
(0)
(0)
(0)
(0)
(0)
(17)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)

0 (0)
2 (13)
0 (0)
0 (0)
3 (19)
0 (0)
3 (19)‡
1 (6)¶

0
2
0
0
0
0
0
0

(0)
(13)
(0)
(0)
(0)
(0)
(0)
(0)

0
0
0
0
0
0
0
0

(0)
(0)
(0)
(0)
(0)
(0)
(0)
(0)

2 (33)*
0 (0)
1 (17)
1 (17)*
3 (50)
0 (0)
3 (50)§
0 (0)

0
0
1
1
0
0
0
0

(0)
(0)
(17)
(17)
(0)
(0)
(0)
(0)

2
0
0
0
0
0
0
0

(33)
(0)
(0)
(0)
(0)
(0)
(0)
(0)

(13)
(0)
(0)
(0)
(0)
(0)
(0)
(0)

*One patient experienced pulmonary embolism and thrombosis.
Urinary tract hemorrhage and hemoptysis.
‡
Epistaxis (n = 2) and hemoptysis.
§
Epistaxis (n = 2) and hematuria.
∥
Atrial fibrillation (n = 1) and conduction disorder (n = 1).
¶
Atrial fibrillation (n = 1) and sinus tachycardia (n = 1).
†
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Table 3. Pharmacokinetic parameters of motesanib when administered with or without carboplatin/
paclitaxel
Parameter

Arm A
Cycle 1 (day 3, −CP)

Cycle 2 (day 1, +CP)

Cycle 2 to Cycle 1

Mean ± SD

Mean ± SD

GLSM ratio (90% CI)

50 mg once daily
tmax,* h
Cmax, ng/mL
t1/2,z, h
AUC,† μg·h/mL
C24 h, ng/mL

(n = 3-4)
0.75 (0.50-2.0)
158 ± 55
7.34 ± 2.07
0.971 ± 0.300
9.12 ± 4.17

(n = 2-4)
1.5 (1.0-2.0)
148 ± 25
4.98 ± NR†
1.05 ± NR‡
5.61 ± NR‡

125 mg once daily
tmax,* h
Cmax, ng/mL
t1/2,z, h
AUC,† μg·h/mL
C24 h, ng/mL

(n = 7-9)
1.0 (0.5-6.0)
525 ± 250
5.33 ± 1.05
3.21 ± 1.12
26.5 ± 16.8

(n = 5-9)
1.0 (0.5-4.0)
748 ± 701
6.41 ± 2.08
4.50 ± 2.62
43.4 ± 44.8

(n = 5-6)
0.75 (0.25-1.0)
448 ± 112
5.77 ± 1.45
2.91 ± 1.01
56.7 ± 27.4

(n = 5-6)
0.63 (0.25-4.0)
390 ± 319
6.36 ± 1.70
3.11 ± 2.38
45.4 ± 35.9

75 mg twice daily
tmax(0-12 h),* h
Cmax(0-12 h), ng/mL
t1/2,z(0-12 h), h
AUC0-24 h, μg·h/mL
C24 h, ng/mL

0.97 (0.57-1.66)
NE

0.98 (0.48-2.01)
1.42 (0.89-2.26)

Abbreviations: AUC0-24 h, AUC from time 0-24 h; C24 h, plasma concentration at 24 h; NE, not estimated because only one subject
had AUC data for cycles 1 and 2; NR, not reported; t1/2,z, estimated terminal phase half-life; tmax, time at which maximum plasma
concentration was observed.
*tmax and tmax(0-12 h) are reported as a median (range) value.
†
For once daily cohorts, AUC0-∞ is reported for cycle 1 and AUC0-24 is reported for cycle 2.
‡
SD not reported if n < 3.

(one patient; arm B) were also reported. No grade 5 panitumumab-related events occurred.
Treatment discontinuation due to adverse events was
greater in arm C (67% of patients) and arm A (48%) than
in arm B (25%). Similarly, the incidence of motesanibrelated serious adverse events was generally higher in treatment arm C (33%) and arm A (26%) than in arm B (19%).
Two on-study deaths occurred: one (on study day 167) was
attributed to worsening clinical interstitial pulmonary fibrosis (arm A) and the other (on study day 20) to progression
of NSCLC (arm B). Neither event was considered related to
treatment by the investigator.
Pharmacokinetics. Pharmacokinetic parameters of motesanib as administered per treatment arm A are summarized
in Table 3. After oral administration of single or multiple
doses, motesanib was rapidly absorbed, with overall median values of time to Cmax ranging from 0.75 to 1.0 hours.
Values of motesanib Cmax, AUC0-∞, and plasma concentration at 24 hours (C24) on day 3 of cycle 1 (48 hours after
carboplatin/paclitaxel administration) were similar to
those that had previously been reported in a monotherapy
study (26). A few outlying values (2-fold above/below SD)

www.aacrjournals.org

were observed, likely because of interpatient variability and
limited sample sizes (all outlying values were included in
the analysis). After administration of motesanib twice daily,
Cmax was lower but the value for C24 was higher compared
with once daily administration of 125 mg across cycles and
segments (data not shown). In treatment arm A, motesanib
pharmacokinetic profiles (Fig. 1) and the ratio point estimates and 90% CIs for the GLSM values of Cmax and AUC
for cycle 2 (motesanib plus carboplatin/paclitaxel) relative
to cycle 1 (motesanib alone; Table 3) suggest that coadministration of carboplatin/paclitaxel did not markedly change
motesanib exposure in all three dose groups. Similar results
were observed for arms B and C (data not shown).
After i.v. infusion, paclitaxel disposition showed a fast
distribution phase with rapidly declining concentrations,
followed by a slower terminal elimination phase (Fig. 1).
The paclitaxel ratio point estimates and 90% CIs for
the GLSM values for cycle 2 (motesanib plus carboplatin/
paclitaxel) relative to cycle 1 (carboplatin/paclitaxel alone)
were 1.26 (1.10-1.44) for Cmax (n = 21) and 1.24 (1.111.39) for AUC (n = 21) in treatment arm A, and 1.31
(0.56-3.07) for Cmax (n = 3) and 1.32 (0.71-2.43) for AUC
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Fig. 1. Pharmacokinetic profile of (A) motesanib 30 min or 48 h after administration with and without carboplatin/paclitaxel (CP) in treatment arm A and (B)
paclitaxel after administration with and without motesanib in treatment arm A. AUC0-∞, AUC from 0 to infinity; GLSM, log-transformed geometric least
square mean.

(n = 3) in arm C. The data suggest that coadministration with
motesanib resulted in a slight increase in paclitaxel Cmax and
AUC values. In arm A, the paclitaxel GLSM ratios seemed to
be dose dependent, and the ratios for the 125-mg once daily
dose cohort were similar to those observed in arm C at the
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same dose level (Fig. 1). Concentrations of panitumumab in
the serum were consistent with the expected peak and
trough values at steady state (data not shown).
Tumor response. Forty-two patients (93%) had measurable disease at baseline (Table 4). Three patients (7%) had
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Table 4. Best tumor response per RECIST and investigator assessment through at least week 9
Response assessment, n (%)

Arm A (n = 23)

Patients with measurable disease at baseline
Overall response (CR + PR)
Confirmed CR
Confirmed PR
Stable disease
Progressive disease
Disease control (CR + PR + stable disease)
Unevaluable patients*
Patients without available response data†

22
4
0
4
11
3
15
3
2

Arm B (n = 16)

(96)
(17)
(0)
(17)
(48)
(13)
(65)
(13)
(9)

14
0
0
0
9
5
9
1
1

(88)
(0)
(0)
(0)
(56)
(31)
(56)
(6)
(6)

Arm C (n = 6)
6
1
0
1
2
2
3
0
1

(100)
(17)
(0)
(17)
(33)
(33)
(50)
(0)
(17)

Abbreviations: CR, complete response; PR, partial response.
*Patients with a response assessment before week 9, without a subsequent assessment.
†
No post baseline tumor measurements available.

evaluable disease [two achieved stable disease (arm B) and
one achieved durable stable disease (arm A)]. At the end of
the study, four patients (17%) in arm A and one patient
(17%) in arm C had achieved a confirmed partial response
per investigator based on RECIST. There were no confirmed complete or partial responses in treatment arm B.
Forty-eight percent of patients in arm A and 56% in arm B
had stable disease as their best tumor response compared
with 33% in arm C. Overall, the disease control rate (objective response or stable disease) was 65%, 56%, and

50% in arms A, B, and C, respectively. The proportion of
patients with disease progression was lowest in treatment
arm A (13%). Of the 38 patients with available tumor
measurements, 27 (71%) experienced a decrease from
baseline in the sum of longest diameters of target lesions
(Fig. 2).
In treatment arm A, 9 of 23 patients (39%) had progression-free survival events (disease progression or death).
The Kaplan-Meier estimate (95% CI) of the median progression-free survival time per investigator in arm A was

Fig. 2. Maximum change from
baseline in the sum of longest
diameters of target lesions
(per RECIST and investigator
assessment). Not shown: stable
disease, n = 3 (arm A, n = 1; arm B,
n = 2; nonmeasurable disease at
baseline). Missing: post baseline
tumor measurement was done
before week 9, without a
subsequent confirmatory
assessment (no best tumor
response assessment available).
A, B, C, treatment arm A, B, or C.
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27 weeks (23-39 weeks). Of the five patients who had a
confirmed partial response, three had no assessment of
disease progression (censored) and two patients (arm A,
125-mg once daily cohort and arm C, respectively) subsequently progressed. The duration of response for the three
censored patients was 29+, 10+, and 5+ weeks; the duration of response for the two patients who subsequently
progressed was 12 and 10 weeks.

Discussion
To date, the most promising new therapeutic options
for patients with NSCLC are combination therapies using
an antiangiogenic treatment plus cytotoxic chemotherapy. By targeting two aspects of tumor development,
cell proliferation, and vascularization, additional antitumor efficacy may be gained. Two studies of bevacizumab plus erlotinib have shown that blocking both the
VEGF and EGFR pathways simultaneously resulted in
encouraging clinical efficacy in the treatment of NSCLC
(29, 30).
In the current phase 1b study, patients with advanced
NSCLC received motesanib as first-line (arm A and C) or
first- and second-line (arm B) treatment either in combination with carboplatin/paclitaxel, with the anti-EGFR antibody panitumumab, or with carboplatin/paclitaxel plus
panitumumab. The motesanib MTD was established as
125 mg once daily given continuously, which is consistent
with data reported in the motesanib phase 1 monotherapy
study in solid tumors (26). The 75-mg twice daily dosing
was associated with three serious events of grade 3 cholecystitis, leading to discontinuation of this cohort. Thus far,
only one other study with the VEGFR inhibitor sunitinib
has reported occurrences of cholecystitis (33). Based on
the dose escalation data, motesanib 125 mg once daily given
continuously is the recommended dose for future studies.
Coadministration of carboplatin/paclitaxel (with or without panitumumab) did not markedly change motesanib
exposure compared with data from the above-mentioned
phase 1 monotherapy study (26). The results are also in
agreement with data from other combination studies that
showed little effect of coadministration of gemcitabine/
cisplatin or FOLFIRI/FOLFOX with or without panitumumab on motesanib pharmacokinetics after repeat dosing of
125 mg once daily in patients with solid tumors or metastatic
colorectal cancer, respectively (34, 35). Cmax and AUC values
for paclitaxel, which is partially metabolized by CYP3A4
through a secondary pathway (36), were increased by approximately 20% to 30% when coadministered with motesanib, a weak CYP3A4 inhibitor at 125 mg once daily (37).
This effect was dose dependent, but whether it reflects the
inhibitory action of motesanib on CYP3A4 at higher doses
or data variability is currently unknown. Although the GLSM
ratios for paclitaxel Cmax and AUC in the 125-mg once daily
cohort of arm C were similar to those in arm A at the same
dose level, the effect of motesanib coadministration on paclitaxel exposure seemed to be less evident based on the respective 90% CIs. Overall, the paclitaxel exposure observed
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in this study remained within the range of or was lower than
published pharmacokinetic data at a dose of 225 mg/m2,
which was well tolerated with other investigational therapies
(38, 39).
Motesanib in combination with chemotherapy resulted
in 17% of patients in arm A achieving partial response and
65% achieving disease control (complete response + partial response + stable disease). However, treatment-related
thromboembolic events, which have previously been
linked to VEGF(R) inhibitors (40), occurred at notable frequency throughout the study but only in arm A (5 of the
23 patients; two events were DLTs) and arm C (three of
the six patients; one event was a DLT). The 50% patient
incidence rate in arm C is difficult to interpret given the
small n in this cohort. In contrast, the patient incidence
rate seen in arm A (21.7%) is in line with the 17.6% patient incidence rate of thromboembolic events reported in
a phase 2 study of bevacizumab 15 mg/kg with carboplatin/paclitaxel in first-line locally advanced or metastatic
NSCLC (41). More robust information on the occurrence
of such events with motesanib treatment in the setting of
NSCLC is currently being collected in ongoing studies. Hypertension occurred frequently as is common to this class
of agents, but could generally be controlled with antihypertensive medication, and there were no dose reductions
or treatment discontinuations due to hypertension. Previous studies have noted an increased incidence of pulmonary hemorrhage, including life-threatening and fatal
events, with bevacizumab treatment in patients with nonsquamous NSCLC (19, 29) and, to a much larger extent, in
those with squamous NSCLC (41). In the present study,
no pulmonary bleeding occurred that was considered a serious adverse event. Nine patients had hemorrhagic events
related to motesanib treatment, mostly epistaxis, hemoptysis, and hematuria. All events but one (serious grade 3
gastrointestinal hemorrhage in arm A) were of worst grade
1 in severity. No pulmonary hemorrhage, bleeding, or hemoptysis was observed in the two patients with squamous
histology enrolled in the study. Adverse events related to
panitumumab treatment were generally consistent with
previous reports (28, 42).
Although toxicity profiles across treatment groups were
generally similar and manageable, a greater proportion of
patients in arm C, however, discontinued the study or experienced treatment-related grade 4 events or thromboembolic events. Due to the small number of patients in this
arm (n = 6) no informed conclusions can be reached, and
the safety and efficacy of combining VEGF- and EGFR-targeting therapies with chemotherapy regimens in NSCLC
remains to be investigated further.
In summary, the results from the present study show that
motesanib at the established MTD of 125 mg once daily in
combination with panitumumab or carboplatin/paclitaxel
was tolerable, with favorable pharmacokinetics and evidence of tumor control. However, considering the small
size of this study and the observed interpatient variability
in motesanib exposure, the true effect of motesanib in this
study is difficult to estimate. Larger studies are under way
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to further evaluate the potential efficacy and tolerability of
motesanib 125 mg once daily plus carboplatin/paclitaxel
for the treatment of patients with advanced NSCLC.
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