
PHASE I STUDIES

A Phase 1 dose-escalation study of the safety
and pharmacokinetics of once-daily oral foretinib,
a multi-kinase inhibitor, in patients with solid tumors

Geoffrey I. Shapiro & Stewart McCallum & Laurel M. Adams &
Laurie Sherman & Steve Weller & Suzanne Swann & Harold Keer &

Dale Miles & Thomas Müller & Patricia LoRusso

Received: 10 July 2012 /Accepted: 18 September 2012 /Published online: 6 October 2012
# Springer Science+Business Media New York 2012

Summary Foretinib is an oral multi-kinase inhibitor target-
ing MET, vascular endothelial growth factor receptor
(VEGFR)-2, RON, KIT, and AXL kinases. In this Phase 1,
open-label, non-randomized study, foretinib was adminis-
tered once daily at doses of 60 mg, 80 mg, 100 mg, or
120 mg for 28 days. The primary objectives were to deter-
mine the maximum tolerated dose (MTD) and assess the
safety and tolerability of the daily oral administration sched-
ule. Secondary objectives included pharmacokinetics, phar-
macodynamics, and assessment of tumor response. Patients

had histologically confirmed metastatic or unresectable sol-
id tumors for which no standard treatments existed and all
received oral foretinib once daily. Dose escalation was
planned as a conventional “3+3” design with an expansion
at the MTD for collection of additional safety and pharma-
cokinetic information. Thirty-seven patients were treated
across four dose levels. The MTD was established as
80 mg foretinib. Dose-limiting toxicities were hypertension,
dehydration, and diarrhea. The most common adverse
events included fatigue, hypertension, nausea, and diarrhea.
Twenty-three of 31 patients (74 %) had a best response of
stable disease. No patient had a confirmed partial or com-
plete response. At the MTD, steady state was achieved by
approximately 2 weeks, with average post-dose time to
maximum concentration, peak concentration, and trough
concentration of 4 h, 46 ng/mL, and 24 ng/mL, respectively.
In patients treated at the MTD, soluble MET and VEGF-A
plasma levels significantly increased (P<0.003) and soluble
VEGFR2 plasma levels significantly decreased from base-
line (P<0.03). The MTD of foretinib bisphosphate salt was
determined to be 80 mg once daily.
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Introduction

Aberrant signaling of MET, a tyrosine kinase receptor, is
known to play an important role in the initiation and pro-
gression of several types of human cancers [1, 2]. The
hepatocyte growth factor (HGF) is the only known ligand
for MET and evidence supports roles for HGF/MET signal-
ing in the regulation of cell proliferation, tissue invasion,
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and metastasis [2–4]. This ligand:receptor complex is thought
to mediate angiogenesis through down-regulation of
thrombospondin-1, an inhibitor of angiogenesis and tumor
growth, as well as up-regulation of vascular endothelial
growth factor (VEGF), a potent stimulator of angiogenesis
[5]. Furthermore, increased aggressiveness of tumors and poor
prognosis in cancer patients is associated with overexpression
of HGF and MET [5–11]. Preclinical data also suggest up-
regulation of MET after treatment with a VEGF receptor
(VEGFR) inhibitor could be a mechanism of resistance to
anti-angiogenic therapies [12, 13].

Angiogenesis inhibitors that target VEGF signaling can
prolong time to progression and, in some cases, overall sur-
vival of cancer patients, but, in many, the disease eventually
progresses. One potential way to overcome therapeutic resis-
tance to anti-VEGF therapy would be to combine inhibition of
VEGFR signaling with inhibition of a different signal trans-
duction pathway, such as the HGF/MET pathway. Preclinical
evidence has demonstrated that combined HGF/MET and
VEGF signaling increases the expression of VEGF-regulated
genes and novel transcripts in endothelial cells [14], as well as
prevents endothelial cell apoptosis, forms capillaries in vivo,
and increases the microvessel density within tumors [5, 15].
Therefore, inhibition of both HGF/MET and VEGF/VEGFR
could enhance the initial response to therapy and pro-
vide a potential solution to the expected compensatory
hypoxic response [16–18]. The effectiveness of this dual
inhibition has recently been demonstrated in vivo where
XL184 (cabozantinib), a dual receptor tyrosine kinase inhibitor
of both MET and VEGFR, was shown to be more effective in
suppressing tumor growth, angiogenesis, and metastasis than
inhibition of VEGF alone [13].

Foretinib is a small-molecule receptor tyrosine kinase
inhibitor that (i) targets abnormal signaling of the HGF/
MET ligand:receptor complex and (ii) simultaneously tar-
gets receptor tyrosine kinases involved in tumor angiogen-
esis, such as VEGFR2. In vitro and in vivo, foretinib has low
nanomolar inhibitory activity for MET and VEGFR2 and
high in vitro affinity for the kinases RON, KIT, and AXL.
Foretinib induces a conformational change with a mean
cellular target residence time of >24 h by binding tightly
to the adenosine triphosphate pocket of MET and VEGFR2
[19, 20]. Preclinical data have demonstrated the potential of
foretinib [19]. Foretinib inhibited tumor cell migration and
invasion in vitro and xenograft growth of B16F10 human
melanoma in vivo. Peak plasma levels required for optimal
efficacy were 1–3 μM, but associated trough levels were
0.02–0.1 μM (Exelixis, data on file), consistent with pro-
ducing a prolonged biological effect [19].

In the recently published first-time-in-human (FTIH)
study, foretinib was administered for 5 consecutive days
every 14 days [21]. Dose escalation followed a conventional
“3+3” design. Forty patients were treated in eight dose

cohorts. The maximum tolerated dose (MTD) was deter-
mined to be 3.6 mg/kg foretinib bisphosphate salt, with a
maximum administered dose of 4.5 mg/kg on this schedule.
Dose-limiting toxicities (DLTs) were grade 3 elevated levels
of aspartate aminotransferase and lipase, and central nervous
system hemorrhage. Partial responses (PR) were observed in
two patients with papillary renal cell cancer and one patient
with medullary thyroid cancer, and stable disease (SD) was
observed for 22 patients [21].

The primary objectives of this subsequent Phase 1 study
were to determine the MTD and to assess the safety and
tolerability of foretinib bisphosphate salt administered once
daily in patients with solid tumors. Secondary objectives
included evaluation of the pharmacokinetics (PK) and phar-
macodynamics (PD) of once-daily oral administration of
foretinib and assessment of tumor response.

Methods

Patient selection

Eligible patients were ≥18 years of age with an Eastern
Cooperative Oncology Group performance status of ≤2
and histologically confirmed solid tumors that were meta-
static or unresectable and for which effective treatments did
not exist. Patients were excluded if they had received che-
motherapy, radiotherapy, cytokines, or an investigational
agent within 30 days of enrollment, had received radiation
to ≥25 % of bone marrow, were pregnant or lactating, had
known brain metastases, or had uncontrolled, intercurrent
illness. The medical ethics committees at both participating
institutions approved the study, and all patients gave written
informed consent prior to participation.

Study design

Foretinib bisphosphate salt was administered orally once
daily in this Phase 1, open-label, non-randomized study
(MET111648, NCT00743067). During the study treatment
period days 1–28, PK and PD blood samples were collected
at specified times and DLTs for MTD determination were
assessed. Patients could receive further treatment with fore-
tinib in the treatment extension period for up to a total of
1 year at the discretion of the investigator and beyond 1 year
with the agreement of the sponsor. A conventional “3+3”
design was planned for the dose-escalation phase to deter-
mine the MTD. An additional nine patients were enrolled at
the MTD to obtain further safety data, and a separate cohort
of 13 patients was enrolled at the MTD to better characterize
the PK profile of foretinib. The medical ethics committees at
both participating institutions approved the study and it was
conducted in accordance with Good Clinical Practice and all
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applicable regulatory requirements and guiding principles of
the Declaration of Helsinki.

Study medication

Foretinib was provided as 20 mg and 100 mg capsules, for-
mulated as bisphosphate salt (molecular weight0828.64 Da;
free-base molecular weight0632.66 Da) and was administered
orally at doses of 60 mg, 80 mg, 100 mg, and 120 mg once
daily (free-base doses of approximately 46 mg, 61 mg, 76 mg,
and 92 mg once daily).

Safety assessments

Safety was assessed through standard clinical and laboratory
tests and recording of clinical adverse events and serious
adverse events. After an ocular safety signal (night blind-
ness) was observed with foretinib a complete eye examina-
tion, which included best corrected visual acuity, Goldman
or Humphrey visual field evaluation, measurement of intra-
ocular pressure, slit lamp examination, and dilated fundu-
scopic examination, was performed every 6 months. The
National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE) v3.0 was used for grading [22].
DLTs were defined as any foretinib-related event occurring
during the study treatment period that met any of the follow-
ing criteria: 1) non-hematologic toxicity grade ≥3 (including
grade 3 nausea and/or vomiting and diarrhea despite treatment
and grade 3 hypertension despite optimal anti-hypertensive
therapy); 2) any of the grade 4 hematologic toxicities throm-
bocytopenia, neutropenia of >4 days duration, or neutropenia
of any duration with fever or documented infection; or 3) an
indication that further dose escalation would have exposed
subsequent patients in higher dose cohorts to risk of irrevers-
ible medical harm. Patients were considered evaluable for
safety analyses if they received at least one dose of study drug.

Pharmacokinetic sampling and analysis

During the study treatment period, plasma samples for PK
analysis were obtained prior to dosing and post-dose at
30 min and 1, 2, 4, 8, and 12 h on Day 1, pre-dose on Days
2, 8, 15, 22, and 29, and 4 h post-dose on Day 8. For
patients in the expanded PK cohort, additional PK samples
were obtained on Day 22 at 30 min and 1, 2, 4, 8, and 12 h
post-dose and pre-dose on Day 23 and urine was collected
pre-dose on Day 1 and as a 24-h pool starting immediately
after dosing on Day 22.

Blood samples (approximately 7 mL each) were collected
into potassium (K3) EDTA or potassium (K2) EDTA as the
anti-coagulant. Plasma was separated by centrifugation and
stored frozen at approximately −20 °C until shipped. All
samples were analyzed at Exelixis (South San Francisco,

CA, USA). The concentration of foretinib was measured in
each plasma sample using a validated liquid chromatography-
tandem mass spectrometry (LC/MS/MS) method, with a lin-
ear range of 0.5–500 ng/mL. The sample volume was 0.1 mL.
Urine samples were shipped on dry ice to Exelixis for analy-
sis. The concentration of foretinib was measured in each
sample using a validated LC/MS/MS method, with a linear
range of 0.5–500 ng/mL. The sample volume was 0.1 mL.

PK analysis of foretinib plasma concentration-time data
was performed using standard non-compartmental methods
to obtain estimates of maximum plasma concentration (Cmax),
time to maximum plasma concentration (tmax), area under the
concentration-time curve (AUC), elimination half-life (t1/2),
and apparent oral clearance (CL/F). For CL/F determination
(equal to dose divided by AUC), the free-base dose amount
was used.

Pharmacodynamics

Blood samples were collected pre-dose on Days 1, 8, 15, 22,
and 29. Blood (approximately 7 mL) was collected into potas-
sium (K2) EDTA as the anti-coagulant. Plasma was separated
by centrifugation and stored frozen at approximately −70 °C.
Plasma levels of soluble MET (sMET), HGF, soluble
VEGFR2 (sVEGFR2), and VEGF-A were measured using
enzyme-linked immunosorbent assay at Pathway Diagnostics,
Malibu, California, USA (now Quest Diagnostics Biomarker
Lab, Valencia, California, USA) and at Exelixis (for sMET).

Tumor response

For patients with measurable lesions, tumor assessments
were performed no more than 21 days prior to the first dose
and approximately every 8 weeks thereafter using the Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) v1.0
version [23]. To be assigned a status of complete response
(CR) or PR, changes in tumor measurements must have
been confirmed by repeat assessment performed more than
30 days after the criteria for response were first met. For
stable disease, follow-up measurements must have met the
stable disease criteria at least once after study entry at a
minimum interval of 6 weeks. Patients were considered
evaluable for response if they had received at least one dose
of foretinib and had a baseline and at least one post-baseline
tumor assessment.

Statistical methods

Descriptive statistics were used to summarize baseline char-
acteristics, safety assessments, PK variables, and tumor
response. Duration of SD was summarized using Kaplan–
Meier methods. For PD markers, change from baseline was
analyzed at each time point using analysis of variance.
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Results

Patient characteristics and MTD determination

Thirty-seven patients were treated at four different dose levels
between August 2006 and September 2009. Baseline charac-
teristics are shown in Table 1. Awide variety of solid tumors
were represented and patients were heavily pretreated.

The starting dose was 60 mg foretinib, followed by esca-
lation to 80mg and 120mg. DLTs of grade 3 hypertension and
grade 3 dehydration were seen in two of three patients in the
120 mg cohort. Since recent data at the time regarding angio-
genesis suggested the importance of pushing this class of
agent to maximum dose, an intermediate dose of 100 mg
was assessed instead of immediately dropping back to the
80 mg dose. At 100 mg foretinib, a DLT of grade 3 diarrhea
and grade 3 fatigue was seen in one of three patients. Of the
remaining 2 patients, one experienced elevated creatinine and
the third had hematuria. At this point it was felt that the
100 mg/day dose would not likely be tolerated chronically
and the cohort was not expanded. Therefore, the MTD was
estimated to be 80 mg. None of the 25 patients who received
80 mg foretinib experienced a DLT.

Of the 37 patients, six (16 %) did not continue to receive
foretinib after the study treatment period due to death not

related to study drug (n02), adverse event (n01; hematuria
considered related to study drug), progressive disease (n01),
investigator decision (n01), or withdrawal of consent (n01).
Thirty-one patients (84 %) continued into the treatment
extension period, with one patient continuing to receive
treatment at the time the study was closed for analysis.
Patients received foretinib for a mean of 147 days, with a
range of 7–527 days.

Safety

Thirty-seven patients were included in the safety evaluation,
all of whom (n037; 100 %) reported adverse events. Fatigue
and hypertension were the most commonly reported events
(Table 2) and were generally considered related to study
treatment. Most patients experienced grade 1 or 2 fatigue
or hypertension that was adequately managed and did not
lead to early withdrawal. Grade 1 or 2 proteinuria was
experienced by 38 % of patients. Nausea, diarrhea, anorexia,
vomiting, headache, and dehydration were also frequently
reported adverse events, the majority of which were grade
1 or 2.

Serious adverse events related to study treatment were
reported by five patients. Of the patients receiving fore-
tinib 80 mg, one experienced left ventricular dysfunction
(grade 3), one had a pulmonary embolism (grade 4), and
one patient reported grade 3 diarrhea and grade 4 fatigue.
Of the patients receiving foretinib 120 mg, one reported
dehydration (grade 3) and one experienced elevated cre-
atinine and hypertension (both grade 2). Dehydration and
hypertension were considered DLTs. All drug-related se-
rious adverse events resolved but the grade 3 left ven-
tricular dysfunction, along with a non-serious grade 2
event of worsening (pre-existent) congestive heart failure,
led to permanent discontinuation of study drug. Two
patients died within 29 days of first dose, one due to
acute respiratory failure (alveolar opacities were noted
and bronchial pneumonia was a possibility) and the other
due to progression of pancreatic adenocarcinoma. An ad-
ditional 15 patients died due to progressive disease during
the extension phase or in follow-up. No death was con-
sidered related to treatment with foretinib.

Adverse events usually resolved either spontaneously or
upon an interruption or reduction in foretinib dose. The dose
of foretinib was reduced for 15 patients and administration
was delayed for 14 patients. Over the course of the study,
adverse events led to permanent treatment discontinuation
for seven patients (19 %). In addition to the two deaths
described above, hematuria, hypocalcemia, and failure to
thrive led to withdrawal of one patient each; a sixth with-
drew due to congestive cardiac failure and left ventricular
dysfunction (mentioned above) and the seventh withdrew
due to decreased appetite, nausea, dyspnea, pleural effusion,

Table 1 Patient characteristics at baseline

Characteristic Total (N037)

Age, years, mean (SD) 52.8 (15.42)

Sex, n (%)

Female 12 (32.4)

Male 25 (67.6)

Race, n (%)

Asian 1 (2.7)

Black or African American 5 (13.5)

White 31 (83.8)

Mean years since diagnosis (SD) 2.9 (2.95)

Mean years since metastasis (SD) 1.7 (1.75)

Prior antitumor therapy, n (%)

Prior radiation or cancer therapy 35 (94.6)

Prior radiation and cancer therapy 16 (43.2)

Mean number of prior chemotherapy regimens (SD) 3.5 (2.12)

Primary site of tumor, n (%)

Chest 4 (10.8)

Abdomen 2 (5.4)

Pelvis 1 (2.7)

Lymph nodes 1 (2.7)

Rectum 6 (16.2)

Colon 6 (16.2)

Other 17 (45.9)
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pneumonia, and sinus tachycardia. Only hematuria and
left ventricular dysfunction were considered by the inves-
tigator to be related to treatment with foretinib. Left
ventricular dysfunction and dyspnea resolved upon treatment
discontinuation.

Nine ocular events were reported for eight patients; these
were blurred vision (n04), night blindness (n02), conjunc-
tival hemorrhage (n01), scotoma (n01), and visual impair-
ment (n01). All ocular events were grade 1 or 2 and all
resolved except for one case of blurred vision. Scotoma and
blurred vision (n01 each) were considered related to study
drug.

Pharmacokinetics

Plasma concentrations were available for 36 patients; data
from 35 patients were sufficient for non-compartmental PK
analysis. Across all dose levels, the median tmax ranged 2–
6 h, after which foretinib concentrations generally appeared
to decrease monoexponentially (Fig. 1).

The dosing regimen, PK sampling scheme and the small
number of patients in several cohorts did not permit accurate
estimation of t1/2 or dose proportionality. Of the 25 patients

treated at the MTD dose (80 mg), 23 had data from Day 1
and 6 had data from Day 22 that were suitable for PK
analysis. Foretinib mean values for plasma Cmax, Cmin and
AUC0-24 were 45.7 ng/mL, 23.9 ng/mL and 805 h*ng/mL,
respectively, on Day 22 (Table 3). Moderate interpatient
variability in Cmax and AUC0-24 was observed. Based on
data from six patients with serial PK data on both Day 1 and
Day 22, foretinib accumulated approximately 3.8-fold in
plasma. Based on assessment of pre-dose concentrations
obtained from Day 2 to Day 29, steady state was achieved
by approximately Day 15.

The mean percentage of dose excreted in urine as intact
foretinib on Day 22 was 0.88 % (range: 0.15–1.9 %). How-
ever, during the method validation, it was determined that
foretinib could adsorb to the plastic collection jug unless the
urine was acidified; therefore, it is possible that the mea-
sured urine concentrations of foretinib were underestimated.

Pharmacodynamics

In patients treated at the MTD (80 mg), sMET and
VEGF-A plasma levels were significantly increased from
baseline on Day 8 through Day 29, and sVEGFR2 plasma

Table 2 Treatment-emergent adverse events with foretinib (overall and grade 3/4) reported by >25 % of patients

Treatment-emergent
adverse event

Foretinib 60 mg
(N06) (%)

Foretinib 80 mg
(N012) n (%)

Foretinib PK cohort
80 mg (N013) n (%)

Foretinib 100 mg
(N03) n (%)

Foretinib 120 mg
(N03) n (%)

Total (N037)
n (%)

Fatigue 4 (66.7) 7 (58.3) 10 (76.9) 1 (33.3) 3 (100) 25 (67.6)

Grade 3 0 1 (8.3 %) 4 (30.8) 1 (33.3) 0 6 (16.2)

Grade 4 0 1 (8.3 %) 0 0 0 1 (2.7)

Hypertension 4 (66.7) 9 (75.0) 7 (53.8) 3 (100) 2 (66.7) 25 (67.6)

Grade 3 2 (33.3) 2 (16.7) 2 (15.4) 2 (66.7 %) 1 (33.3) 9 (24.3)

Nausea 2 (33.3) 8 (66.7) 7 (53.8) 2 (66.7) 1 (33.3) 20 (54.1)

Grade 3 0 1 (8.3 %) 3 (23.1) 0 0 4 (10.8)

Diarrhea 1 (16.7) 9 (75.0) 6 (46.2) 2 (66.7) 1 (33.3) 19 (51.4)

Grade 3 0 1 (8.3 %) 2 (15.4) 1 (33.3) 0 4 (10.8)

Anorexia 0 4 (33.3) 6 (46.2) 3 (100) 1 (33.3) 14 (37.8)

Proteinuria 1 (16.7) 6 (50.0) 4 (30.8) 1 (33.3) 2 (66.7) 14 (37.8)

Vomiting 1 (16.7) 7 (58.3) 4 (30.8) 1 (33.3) 1 (33.3) 14 (37.8)

Grade 3 0 0 1 (7.7) 0 0 1 (2.7)

Dehydration 0 3 (25.0) 6 (46.2) 2 (66.7) 1 (33.3) 12 (32.4)

Grade 3 0 1 (8.3 %) 2 (15.4) 0 1 (33.3) 4 (10.8)

Blood lactate dehydrogenase
increased

1 (16.7) 4 (33.3) 3 (23.1) 1 (33.3) 2 (66.7) 11 (29.7)

Edema peripheral 1 (16.7) 6 (50.0) 2 (15.4) 1 (33.3) 1 (33.3) 11 (29.7)

Grade 3 0 0 1 (7.7) 0 0 1 (2.7)

Headache 2 (33.3) 4 (33.3) 3 (23.1) 1 (33.3) 1 (33.3) 11 (29.7)

Abdominal pain 1 (16.7) 4 (33.3) 4 (30.8) 1 (33.3) 0 10 (27.0)

Grade 3 0 0 2 (15.4) 0 0 3 (8.1)

Insomnia 0 4 (33.3) 5 (38.5) 1 (33.3) 0 10 (27.0)

Occurrence of grade 3 or grade 4 adverse events are listed. If none are listed, all occurrences of adverse event were grade 1 or grade 2
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levels significantly decreased from baseline (Table 4). HGF
plasma levels did not change significantly from baseline.

Tumor response

Of the 31 evaluable patients, 23 (74 %) had a best response
of SD (Table 5). No patient had a confirmed PR or CR. The
incidence of SD did not appear to be dose related and was
not substantially different among cohorts. For patients
whose disease was not progressive at data cut-off, SD was
censored at the date of last available tumor assessment. The
overall median for duration of SD was 6.37 months (range:
0.79–18.04 months). In the 80 mg cohorts, 10 patients had
SD for 6 months or longer. Of these 10 patients, two had
thyroid cancer, two had papillary renal cell cancer, two had

Fig. 1 Cohort mean (±SE)
foretinib plasma concentrations

Table 3 Plasma phar-
macokinetic parameters
for patients receiving
the maximum tolerated
dose of foretinib (80 mg
once daily)

CV coefficient of
variance

Plasma PK parameter Mean (CV%)

tmax, h

Day 1 (n023) 4.4 (64)

Day 22 (n06) 3.6 (99)

Cmax, ng/mL

Day 1 (n023) 24.5 (51)

Day 22 (n06) 45.7 (28)

Cmin, ng/mL

Day 22 (n06) 23.9 (44)

AUC0–24, h•ng/mL

Day 1 (n020) 303 (32)

Day 22 (n06) 805 (33)

CL/F, L/h

Day 22 (n06) 83.4 (33)

Table 4 Change from baseline in pharmocodynamic markers for
patients receiving the maximum tolerated dose of foretinib (80 mg)

Marker Day n Median
value

Percent
changea

P-value

sMET, ng/mL 1 20 190.25 – –

8 18 229.74 21 <0.0001

15 18 213.66 12 0.0003

22 15 227.2 19 0.0013

29 14 213.96 12 0.0028

VEGF-A, pg/mL 1 20 30.72 – –

8 18 70.22 129 <0.0001

15 18 86.39 181 <0.0001

22 15 84.37 175 <0.0001

29 14 63.2 106 <0.0001

sVEGFR2,
pg/mL

1 20 18254.16 – –

8 18 14500.07 −21 0.0205

15 18 12387.78 −32 0.0003

22 15 12503.9 −32 <0.0001

29 14 10914.42 −40 <0.0001

HGF, pg/mL 1 20 1217.76 – –

8 18 709.59 −42 0.3145

15 18 1051.6 −14 0.819

22 15 1081.83 −11 0.624

29 14 876.52 −28 0.9998

a Changes from pre-dose baseline were measured on Days 1 and 8 at 4 h
post-dose and from pre-dose Day 1 baseline for all other time points

HGF hepatocyte growth factor; sMET soluble MET; sVEGFR2 soluble
vascular endothelial growth factor receptor 2; VEGF-A vascular endo-
thelial growth factor A
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alveolar of soft parts sarcoma (left thigh and retroorbital),
and colon, liver, thymus, and appendiceal cancers were
reported in one patient each.

Discussion

Foretinib is a small-molecule kinase inhibitor that targets
members of the MET and VEGFR tyrosine kinase families
(including MET, RON, and VEGFR2 kinases), with addi-
tional inhibitory activity toward AXL, KIT, Flt-3, PDGFR-
β, and Tie-2 [19]. This Phase 1, dose-escalation study
identified an oral dose of 80 mg foretinib bisphosphate salt
as the MTD when administered once daily.

DLTs were hypertension, dehydration, and diarrhea. The
most common adverse events observed were hypertension,
fatigue, diarrhea, and vomiting. These events were generally
grade 1 or 2 and resolved following dose delay or dose
reduction. Two of the adverse events observed during the
treatment period, hypertension and proteinuria, are thought
to be linked to inhibition of VEGF-mediated signaling [24].
Personalized management of hypertension proved to be
effective without disrupting drug administration.

PK data demonstrated that foretinib accumulated approx-
imately 3.8-fold on Day 22 compared with Day 1. Steady
state was achieved by Day 15 on a once-daily dosing sched-
ule. Although t1/2 could not be estimated in this study, these
results suggest that foretinib t1/2 averaged approximately
2 days, a value that is generally consistent with the 40.5-
h half-life estimated in the FTIH study during which fore-
tinib was administered orally for 5 consecutive days in a 14-
daycycle [21]. For the MTD dose of 80 mg once daily, the

mean repeat dose trough concentration of 23.9 ng/mL
(0.038 uM) was within the range of 0.02 to 0.1 uM associ-
ated with efficacy from preclinical investigations.

Circulating sMET and VEGF-A plasma levels were sig-
nificantly increased from baseline upon treatment with fore-
tinib, and sVEGFR2 plasma levels decreased from baseline.
Changes in VEGF-A and sVEGFR2 were consistent with
changes observed during treatment with anti-angiogenic
agents. sMET is a potential biomarker of MET inhibition,
and the changes seen suggest that foretinib demonstrates on-
target activity for MET. These findings support earlier data
demonstrating PD activity of foretinib on its targets, cell
proliferation and apoptosis, in tumor biopsies obtained in
the FTIH study [21].

The majority of patients (74.2 %) had an overall best
response of SD ranging 1–18 months (median: 6.4 months),
slightly longer than the mean of 4 months observed in 22
patients who experienced SD in the FTIH study. No CRs or
PRs were observed in this study, which is in contrast to the
three PRs observed in the FTIH study [21].

In conclusion, the safety profile in this Phase 1 study and
that reported from the FTIH study supported plans for the
evaluation of both schedules in a variety of tumor types in
which HGF or MET overexpression and/or angiogenesis
have been shown to be important for tumor cell proliferation
and/or metastases. Phase 2 studies with intermittent and
daily schedules have been completed in papillary renal
carcinoma (PRC) and refractory gastric cancer, and with
an intermittent schedule in squamous cell carcinoma of the
head and neck cancer (SCCHN). Gastric cancer was select-
ed as a tumor type with a high chance for response given
that alterations in the MET receptor have frequently been

Table 5 Tumor response of patients receiving foretinib

Variable Foretinib 60 mg
(N05)

Foretinib 80 mg
(N011)

Foretinib PK cohort
80 mg (N09)

Foretinib 100 mg
(N03)

Foretinib 120 mg
(N03)

Total
(N031)

Best overall response, n (%)

Complete response 0 0 0 0 0 0

Partial response 0 0 0 0 0 0

Stable disease 4 (80.0) 8 (72.7) 7 (77.8) 2 (66.7) 2 (66.7) 23 (74.2)

Disease progression 1 (20.0) 3 (27.3) 2 (22.2) 1 (33.3) 1 (33.3) 8 (25.8)

Duration of stable disease (months)

N 4 8 7 2 2 23

Median 4.27 11.10 6.85 NA 4.35 6.37

Min, Max 1.81+, 5.95 3.06, 18.04 0.79+, 14.75+ 2.10, 5.52+ 3.91, 4.80 0.79+, 18.04

Progression-free survival (months)

Median 4.21 9.31 2.86 2.11 3.91 3.91

Min, Max 1.45, 5.95 0.95, 18.06 1.64, 15.23+ 1.55, 7.93 1.18, 4.80 0.95, 18.06

Min minimum; Max maximum; NA not applicable; + censored observation

Denominators for percentages are N, the total number of patients evaluable at each dose level

Best overall response was assessed by the investigator per the Response Evaluation Criteria in Solid Tumors
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described in these tumors. Unfortunately, the patients recruited
to the foretinib gastric cancer trial did not replicate the MET
amplification levels reported in the literature previously, and no
CRs or PRs were observed [25]. While the single agent fore-
tinib study in SCCHN showed that foretinib was safe, with
tumor reductions up to 21 %, there were no PRs or CR in the
first 11 patients and the study was stopped for futility [26]. The
PRC study including patients with both germline and somatic
MET mutations as well as patients with MET amplifications
has shown an overall confirmed PR rate of 13.5 % [27]. Phase
2 studies with the daily schedule are currently underway in
several other tumor types, including hepatocellular carcinoma
[28], non-small cell lung cancer, and breast cancer.
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