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c-Met is the cellular receptor for hepatocyte growth factor (HGF)
and is known to be dysregulated in various types of human can-
cers. Activation of the HGF ⁄ c-Met pathway causes tumor progres-
sion, invasion, and metastasis. Vascular endothelial growth factor
(VEGF) is also known as a key molecule in tumor progression
through the induction of tumor angiogenesis. Because of their key
roles in tumor progression, these pathways provide attractive tar-
gets for therapeutic intervention. We have generated a novel,
orally active, small molecule compound, E7050, which inhibits both
c-Met and vascular endothelial growth factor receptor (VEGFR)-2.
In vitro studies indicate that E7050 potently inhibits phosphoryla-
tion of both c-Met and VEGFR-2. E7050 also potently represses the
growth of both c-met amplified tumor cells and endothelial cells
stimulated with either HGF or VEGF. In vivo studies using E7050
showed inhibition of the phosphorylation of c-Met and VEGFR-2
in tumors, and strong inhibition of tumor growth and tumor
angiogenesis in xenograft models. Treatment of some tumor lines
containing c-met amplifications with high doses of E7050
(50–200 mg ⁄ kg) induced tumor regression and disappearance. In a
peritoneal dissemination model, E7050 showed an antitumor
effect against peritoneal tumors as well as a significant prolonga-
tion of lifespan in treated mice. Our results indicate that E7050 is a
potent inhibitor of c-Met and VEGFR-2 and has therapeutic poten-
tial for the treatment of cancer. (Cancer Sci 2010; 101: 210–215)

R eceptor tyrosine kinases (RTKs) are often dysregulated in
human cancers in association with genetic alternations

including mutations, translocations, and amplifications. A num-
ber of chemical agents that target RTKs have shown promising
clinical activity against subsets of cancer patients.(1)

c-Met, the receptor for hepatocyte growth factor (HGF), has
become one of the leading molecular targets in cancer therapeu-
tics.(2–4) HGF binds to c-Met, inducing phosphorylation of its
intracellular domain, thereby leading to c-Met activation.(5) The
HGF ⁄ c-Met signal is part of an important pathway in various
types of cancer and promotes tumor proliferation, survival,
migration, and infiltration.(6–10) Dysregulation of c-Met by its
overexpression, mutation, and amplification has been observed
in many types of cancers.(4,11) In particular, the amplification of
the c-met is seen in gastric, esophageal, and lung cancers as well
as in liver metastases of colon cancer.(12–15) Since c-met amplifi-
cation correlates with tumor invasiveness, lymph node metasta-
sis, and peritoneal dissemination in patients with gastric cancer,
it is recognized as a marker of poor prognosis in gastric can-
cer.(16,17) Recently, c-met amplification was observed in
acquired resistant tumors of patients with lung cancer who had
been treated with epidermal growth factor receptor (EGFR)
inhibitors.(18,19)

Angiogenesis is an essential requirement for tumor growth
and metastasis.(20–23) Among the numerous angiogenic factors
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that have been identified, vascular endothelial growth factor
(VEGF)-A has been identified as a crucial regulator of both
physiologic and pathologic angiogenesis.(20–22) VEGF induces
proliferation and migration in endothelial cells through both of
its cognate receptors, VEGFR-1 and VEGFR-2, although VEGF
is thought to act preferentially via VEGFR-2.(24) Several inhibi-
tors of the VEGF ⁄ VEGFR-2 signaling pathway show clear anti-
tumor activity against many types of tumors, and as a result a
number of these inhibitors are now in clinical use.(25–29) HGF
also known to induce angiogenesis through c-Met expressed in
endothelial cells and acts synergistically with VEGF.(30–32)

We propose that if both the c-Met and VEGFR-2 pathways
were inhibited together by one compound, then this compound
would be expected to have more effective antitumor activity
than those that inhibit only one pathway. We have generated a
novel orally active small molecule compound, E7050, which is
a dual inhibitor of both c-Met and VEGFR-2. E7050 inhibits the
proliferation of tumor and endothelial cells and therefore may
exhibit more potent antitumor activity than compounds used in
current therapeutic approaches. Here, we describe the remark-
ably potent antitumor activity of E7050, which induces pro-
nounced tumor regression and prolongation of the lifespan of
mice bearing human tumors.

Materials and Methods

Compound. E7050: N-[2-Fluoro-4-({2-[4-(4-methylpiperazin-
1-yl)piperidin-1-yl] carbonylaminopyridin-4-yl} oxy) phenyl]-
N¢-(4-fluorophenyl) cyclopropane-1,1-dicarboxamide (2R,3R)-
tartrate was synthesized at Eisai Co., Ltd, Ibaraki, Japan.

Cell lines and cell cultures. The human gastric cancer cell lines
MKN45 and MKN74 were obtained from the Japanese Collec-
tion of Research Bioresources (Osaka, Japan). The human lung
cancer cell line EBC-1 was obtained from the Health Science
Research Resources Bank (Osaka, Japan). The human gastric
cancer cell lines Hs746T, SNU-5, and SNU-1; the human lung
cancer cell line A549; and the normal human lung fibroblast cell
line MRC-5, were obtained from the ATCC (Manassas, VA,
USA). The human pancreatic cancer cell line KP-1 was a gift
from Dr Akihiro Funakoshi at the National Kyushu Cancer Cen-
ter. KP-1 ⁄ VEGF cells were prepared by stable transfection of
VEGF expressing plasmids driven by CMV promoters into
parental KP-1 cells. Cells were cultured in RPMI-1640 with
10% FBS with the exception of SNU-5 cells, which were main-
tained in Iscove’s Modified Dulbecco’s medium with 10% FBS.
The preparation and maintenance of HUVEC have been
described previously.(32) Cells were cultured at 37�C under a
humidified atmosphere containing 5% CO2.
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Fig. 1. Structure of E7050.
Western blot analysis. The phosphorylation status of c-Met
and VEGFR-2 was detected by Western blot analysis. For
c-Met, MKN45 cells were incubated with a serial dilution of
E7050 in complete medium at 37�C for 2 h. For VEGFR-2, HU-
VEC were starved with human endothelial serum free medium
(Invitrogen, Carlsbad, CA, USA) containing 0.5% FBS for 24 h.
Subsequently HUVEC were incubated with a serial dilution of
E7050 for 1 h and then incubated with 20 ng ⁄ mL of human
VEGF (R&D Systems, Minneapolis, MN, USA) for 5 min. Cells
were lysed by lysis buffer (50 mM HEPES [pH 7.4], 150 mM
NaCl, 10% glycerol, 1% Triton X-100, 1.5 mM MgCl2, 1 mM
EDTA [pH 8.0], 100 mM NaF, 1 mM phenylmethylsulfonyl
fluoride 1 mM sodium orthovanadate, 10 lg ⁄ mL aprotinin,
50 lg ⁄ mL leupeptin, and 1 lg ⁄ mL pepstatin A). The resected
tumor samples were homogenized with lysis buffer containing
25 mM b-glycerophosphate and 0.5% (v ⁄ v) phosphatase inhibi-
tor cocktail 2 (Sigma-Aldrich, St. Louis, MO, USA) at 4�C. Cel-
lular debris was removed by centrifugation at 17 860g for
20 min at 4�C. Aliquots of the supernatants containing 5–20 lg
of protein were subjected to SDS-PAGE under reducing condi-
tions. The proteins were then transferred onto PVDF membranes
(Millipore, Bedford, MA, USA), blocked with TBS containing
0.05% Tween-20 and either 5% skim milk or 5% BSA. The
membranes were probed with the following antibodies : anti-c-
Met polyclonal antibody (C-28) and anti-VEGFR-2 polyclonal
antibody (C-20) (Santa Cruz Biotechnology, Santa Cruz, CA,
USA); mouse anti-phosphotyrosine clone 4G10 (Upstate, Char-
lottesville, VA, USA); and anti-VEGFR-2 polyclonal antibody,
anti-phospho-VEGFR-2 (Tyr996) polyclonal antibody, and anti-
phospho-c-Met (Tyr1234 ⁄ 1235) polyclonal antibody. Detection
was performed using a Super Signal enhanced chemilumines-
cence kit (Pierce, Rockford, IL, USA). Immunoreactive bands
were visualized by chemiluminescence with an Image Master-
VDS-CL detection system (Amersham, Uppsala, Sweden). The
intensity of each band was measured by using an image analyzer
(1D Image Analysis Software; Eastman Kodak, Rochester, NY,
USA).

Cell proliferation assay. Cells (1–3 · 103 cells ⁄ 100 lL ⁄ well)
were seeded on 96-well culture plates with various concentra-
tions of E7050 and cultured for 3 days. Then, 10 lL of WST-8
reagent (Dojindo, Kumamoto, Japan) was added to each well,
and absorbance was measured at 450 nm compared with a refer-
ence measurement at 660 nm using a MTP-500 microplate
reader (Corona Electric, Ibaraki, Japan). Proliferation assays
using HUVEC were performed as described previously.(33)

Briefly, HUVEC (2 · 103 cells ⁄ well) were cultured for 3 days
in medium containing HGF (30 ng ⁄ mL), VEGF (20 ng ⁄ mL)
(R&D Systems), or basic fibroblast growth factor (bFGF)
(20 ng ⁄ mL) (Wako Pure Chemicals, Osaka, Japan) together
with serially diluted E7050.

Quantitative genomic PCR. Genomic DNA was extracted from
tumor cells using the DNeasy Blood & Tissue Kit (Qiagen, Hil-
den, Germany). For the PCR reaction, 5 ng of genomic DNA
was mixed with the primer pair and the Power Syber Green PCR
Master Mix, and then reaction was performed using an ABI7900
thermal cycler (Applied Biosystems, Foster City, CA, USA).
Data were normalized to a LINE-1 repetitive element internal
DNA control and then the relative copy number of c-met was
calculated by calculating the ratio against the MRC-5 cells.
Primer sequences were as follows: c-met: forward primer:
5¢-TGGCTCATTCACAAGTCTCTCTACC-3¢, reverse primer:
5¢-TTTTGGTGACAGCTTCAGCACT-3¢; LINE-1: forward
primer: 5¢-AAAGCCGCTCAACTACATGG-3¢, reverse primer:
5¢-TGCTTTGAATGCGTCCCAGAG-3¢.

Subcutaneous xenograft models. Nude mice (CAnN.Cg-Fox-
n1nu ⁄ CrlCrlj, female, 5–6 weeks old) were obtained from
Charles River Laboratories Japan (Kanagawa, Japan). Mice
were maintained under super pathogen-free conditions and
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housed in barrier facilities on a 12-h light ⁄ dark cycle, with food
and water ad libitum. Cultured tumor cells were implanted sub-
cutaneously (s.c.) into the flanks of mice. When tumor volume
reached 200–300 mm3, mice were randomized into groups.
E7050 was dissolved in sterile distilled water and administered
orally once a day. The tumor was measured in two dimensions,
and the volume was calculated using the formula: tumor volume
(mm3) = 1 ⁄ 2 · length (mm) · width (mm)2.

Nude mice bearing MKN45 tumors were used for the pharma-
codynamic study of c-Met phosphorylation. At the indicated
time after administration of a single oral dose of E7050, mice
were sacrificed and tumors were resected. The tumor was treated
with the lysis buffer described above and homogenized at 4�C
and analyzed by Western blotting. For the detection of VEGFR-
2 phosphorylation, nude mice bearing the KP-1 ⁄ VEGF tumor
were used. Four hours after a single administration of E7050,
the tumor was resected and the tissue was immediately lysed
and homogenized. A 10-mg aliquot of the lysate was immuno-
precipitated using the rabbit anti-VEGFR-2 antibody. Western
blot analysis was performed and the levels of phosphorylated
VEGFR-2 and total VEGFR-2 protein were detected using
the anti-phosphotyrosine 4G10 antibody and anti-VEGFR-2
antibody, respectively.

Immunohistochemistry. Nude mice bearing the KP-1 ⁄ VEGF
tumor were treated with vehicle or E7050 for 12 days. On day
13, mice were sacrificed and weights of the tumors were mea-
sured. Tumors were embedded in Optimal Cutting Temperature
(O.C.T) compound, frozen in dry ice-acetone, and sectioned
(8 lm). Sections were fixed with cold acetone for 10 min and
immunostained with rat antimouse CD31 antibody (BD
Biosciences, Franklin Lakes, NJ, USA) and visualized using a
Vectastain ABC kit (Vector Laboratories, Burlingame, CA,
USA). Adjacent sections were routinely stained with H&E. All
histological specimens were viewed under CCD Hyper Scope
(Keyence, Osaka, Japan).

MKN45 peritoneal dissemination model. Cultured MKN45 cells
(1 · 107 cells) were inoculated intraperitoneally into nude mice.
Six days after inoculation, the treatment was started (day 0).
In order to assess the antitumor activity of E7050, the mice
were sacrificed at day 7 and an autopsy was performed. Tumors
were harvested from the peritoneal cavity and weighed. In the
survival study, the mice were euthanized by CO2 asphyxiation
when they became moribund. The statistical comparison of
survival times between the E7050-treated group and the vehicle-
treated group was performed by a generalized Wilcoxon test
with Bonferroni adjustment. Values of P < 0.01 were consid-
ered statistically significant. All of the animal experiments
were conducted in accordance with the guideline for animal
experiments of Eisai Co., Ltd.

Results

E7050 inhibits tumor cell growth in vitro. We have developed
a novel RTK inhibitor, E7050 (Fig. 1) that potently inhibits the
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Table 1. E7050 inhibits phosphorylation of c-Met and VEGFR-2, and

cell growth in vitro

E7050 IC50

(nM)

Relative

c-met copy number

In vitro inhibition of kinase phosphorylation

Receptor tyrosine kinase

c-Met (MKN45) 14 –

VEGFR-2 (VEGF-stimulated HUVEC) 16 –

Inhibition of tumor cell line proliferation

Cell line (Tumor type)

MKN45 (gastric) 37 12.7

SNU-5 (gastric) 6.2 8.7

Hs746T (gastric) 23 5.2

EBC-1 (lung) 24 11.1

MKN74 (gastric) 4300 1.1

SNU-1 (gastric) 4200 1

A549 (lung) 2600 1.2

Inhibition of growth factor induced HUVEC proliferation

Growth factor stimulation

HGF-stimulated HUVEC 17 –

VEGF-stimulated HUVEC 84 –

bFGF-stimulated HUVEC >1000 –

Calculation of the IC50 values for kinase phosphorylation was
calculated by chemiluminescence intensity of Western blotting
analysis. Relative c-met copy number was calculated by quantitative
genomic PCR method, and was expressed as a ratio to the number of
MRC-5 cells. bFGF, basic fibroblast growth factor; VEGF, vascular
endothelial growth factor; VEGFR, vascular endothelial growth factor
receptor.
autophosphorylation of c-Met in MKN45 cells, which have
constitutively phosphorylated c-Met.(34) E7050 also inhibits
VEGF-induced phosphorylation of VEGFR-2 in HUVEC. The
IC50 values (14 and 16 nM for c-Met and VEGFR-2 respec-
tively, see Table 1) indicate that E7050 is an efficient dual
inhibitor of both c-Met and VEGFR-2 kinases. E7050 also
strongly inhibits the growth of MKN45, EBC-1, Hs746T, and
SNU-5 tumor cells with IC50 values of 37, 6.2, 23, and 24 nM,
respectively (Table 1). The growth of A549, SNU-1 and
MKN74 tumor cells was inhibited by E7050 with much higher
IC50 values. Using quantitative genomic PCR, amplification of
the c-met gene was detected in the former four cell lines, but not
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the latter three cell lines. Similar results were obtained by FISH
analysis of the cellular karyotype. Cell lines with c-met amplifi-
cation showed a tight gene cluster of c-met gene copies (data not
shown). These data indicate that E7050 selectively inhibits the
growth of the c-met amplified tumor cell lines in vitro, although
there is no direct correlation between the amplification levels of
the c-met and the sensitivity of the cells to E7050.

The growth of endothelial cells is stimulated by many differ-
ent angiogenic growth factors.(23) We examined the effect of
three angiogenic growth factors, HGF, VEGF, and bFGF, on the
growth of HUVEC in the presence of E7050. The growth stimu-
lated by HGF or VEGF was inhibited by E7050 with IC50 values
of 17 nM and 84 nM respectively, but it did not inhibit bFGF-
stimulated HUVEC growth up to 1000 nM (Table 1). These
data indicate that E7050 selectively inhibits the growth of
HUVEC using both the HGF ⁄ c-Met and the VEGF ⁄ VEGFR-2
pathways.

Antitumor activities of E7050 in vivo. In order to examine the
antitumor efficacy of E7050 in an in vivo model we used a nude
mice s.c. xenograft model with four tumor cell lines that were
highly sensitive to growth inhibition by E7050 in vitro. Daily
oral administration of E7050 inhibited the growth of all tumors
in a dose-dependent manner (Fig. 2). High doses of E7050
caused drastic tumor regression, with 2 ⁄ 5 Hs746T tumors failing
to re-grow after E7050 treatment (50 mg ⁄ kg) was terminated for
20 days and 5 ⁄ 5 failing to re-grow after 100 mg ⁄ kg E7050 treat-
ment (data not shown). As a result, we judged that tumor-bear-
ing mice were cured by treatment with E7050. During the
treatment with E7050, no other macroscopic changes or loss of
body weight were observed (data not shown).

E7050 inhibits c-Met phosphorylation in mouse tumors. To
confirm that the antitumor activity of E7050 is caused by the
inhibition of c-Met, the phosphorylation status of c-Met was
assessed in E7050 treated tumors. The phosphorylation of c-Met
in the MKN45 tumor is inhibited by a single oral administration
of E7050 (Fig. 3). Duration of the inhibition was dose-depen-
dent and it was almost completely inhibited for 24 h at the dose
of 100 mg ⁄ kg. These data suggest that c-Met inhibition in the
tumor accounts for the antitumor activity of E7050.

E7050 inhibits VEGFR-2 phosphorylation and tumor angio-
genesis. In order to investigate the antiangiogenic activity of
E7050, we performed xenograft studies using a VEGF-overex-
pressing human pancreatic cancer cell line, KP-1 ⁄ VEGF. E7050
Fig. 2. Antitumor activity of E7050 in human
tumors in a mouse xenograft model. Nude mice
bearing MKN45 (a), Hs746T (b), SNU-5 (c), or EBC-1
(d) tumors were administered E7050, at the indicated
dose, or vehicle only as a control, once a day. Tumor
volume was measured using calipers on the
indicated days with the mean tumor volume ± SD
indicated for groups of five to eight mice.

doi: 10.1111/j.1349-7006.2009.01343.x
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Fig. 3. Effect of E7050 on tumor cell c-Met phosphorylation in vivo.
Nude mice bearing MKN45 tumors were given a single administration
of E7050 at the indicated dose. At the indicated time, tumors were
resected from the mice and the relative levels of phosphorylated
c-Met (Tyr1234 ⁄ 1235) and total c-Met protein in the tumor lysates
were determined by Western blotting.
doses up to 10 lM did not inhibit the growth of KP-1 ⁄ VEGF
cells in vitro (data not shown), which is consistent with the
observation that this cell line does not express VEGFR-2. Detec-
tion of VEGFR-2 phosphorylation in the vasculature of the
KP-1 ⁄ VEGF tumor was carried out by immunoprecipitation fol-
lowed by Western blot analysis. VEGFR-2 was phosphorylated
in the tumor and a single administration of E7050 diminished
VEGFR-2 phosphorylation (Fig. 4a). Immunohistochemical
analysis of tumor sections using the endothelial cell marker
CD31 revealed that E7050 also decreased the blood vessel den-
sity of the tumor (Fig. 4b) and consequently inhibited the
growth of the tumor (Fig. 4c). These data indicate that E7050 is
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Fig. 4. Inhibitory effect of E7050 on vascular
endothelial growth factor receptor (VEGFR)-2
phosphorylation and tumor progression. (a) Nude mice
bearing KP-1 ⁄ VEGF (vascular endothelial growth
factor) tumors were given a single administration of
E7050 (100 mg ⁄ kg) or vehicle. At 4 h after treatment,
the mice were sacrificed and the tumors were resected.
VEGFR-2 was immunoprecipitated with anti-VEGFR-2
antibody. The amount of phosphorylated VEGFR-2
(4G10) and total VEGFR-2 levels were determined by
Western blot analysis. (b) Quantitative analysis
of blood vessel density by immunohistochemical
staining with anti-CD31 antibody in KP-1 ⁄ VEGF
s.c. tumor sections. (mean ± SD *P < 0.05, the
significance of the difference from the vehicle-treated
group was determined using the Dunnett-type
multiple comparison test). (c) Tumor weight on the
12th day after treatment with vehicle or different
doses of E7050, shows a dose-dependent decrease with
E7050 treatment (mean ± SD *P < 0.05, the
significance of the difference from the vehicle-treated
group was determined using the Dunnett-type
multiple comparison test).
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able to inhibit tumor growth by inhibiting VEGF ⁄ VEGFR-2
pathway-mediated tumor angiogenesis.

E7050 treatment prolongs the lifespan of tumor-bearing mice.
In a clinical setting, the appearance of peritoneal dissemination
of tumors is indicative of a poor outcome for patients (35,36) and
c-met amplification significantly correlates with peritoneal dis-
semination and poor prognosis in gastric cancer patients.(16,17)

We established a mouse peritoneal tumor dissemination model
and evaluated the effect of E7050 on these tumors. Dissemi-
nated tumors were observed 6 days after intraperitoneal inocula-
tion of MKN45 cells into nude mice. On that day E7050
treatment was started (day 0). In this model, most of the dissem-
inated tumors were present in the mesenterium (Fig. 5a). At day
0, the mean tumor weight was 186 ± 37 mg, which increased to
586 ± 88 mg at day 7. E7050 inhibited the growth of these
tumors in a dose-dependent manner (Fig. 5b), with an E7050
dose of more than 50 mg ⁄ kg completely inhibiting their growth.
In this model, mice became moribund within 40 days, suffering
from cancer-induced cachexia, accumulation of bloody ascites,
and tumor burden. Daily administration of E7050 significantly
prolonged the lifespan of mice at all of the dose levels we tested
(Fig. 6). It was particularly apparent that no mice became mori-
bund during E7050 treatment at doses above 100 mg ⁄ kg.
Although the tumors in these mice were detected in the perito-
neal cavity, there were no other macroscopic changes, including
accumulation of ascites. These data indicate that E7050 shows
antitumor activity against disseminated tumors and also has the
potency to prolong the lifespan of the mice without any adverse
effects.

Discussion

In this report we have discovered a novel small compound,
E7050, which can inhibit both the c-Met and VEGFR-2 sig-
naling pathways which contribute to the tumor malignancies.
E7050 potently inhibits the growth of tumor and endothelial
cells in vitro (Table 1). The growth inhibitory activity of
E7050 towards tumor cells was restricted by their c-Met sta-
tus, because E7050 potently inhibits the growth of tumor cell
lines that have amplified c-met (Table 1). Amplification of
c-met has been detected and reported in several types of
cancer.(12,13,15,18,19,37) Recently, it has been reported that the
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Fig. 5. Effect of E7050 on MKN45 tumors in a
peritoneal dissemination model. Cultured MKN45
cells were inoculated intraperitoneally into nude
mice on day 0 and E7050 was administered orally
daily from day 7 to day 13. The mice were sacrificed
and autopsies were carried out on day 14. (a)
Macroscopic identification of disseminated tumors in
the mesenterium (tumors are marked with arrows).
(b) Absence of gross peritoneal disseminated tumors
in E7050-treated mice. Data on the total weight of
disseminated tumors per mouse are expressed as the
mean ± SD for six mice. E7050-treated groups had
significantly fewer tumors than the vehicle-treated
control mice (*P < 0.01 calculated using the Dunnett-
type multiple comparison test).
growth and survival of gastric and lung cancer cells harbor-
ing c-met amplifications depends on an activated c-Met sig-
nal.(34,38) The activity of E7050 against tumor cells is
dependent upon c-met status but does not directly correlate
with the copy number of the c-met gene. E7050 also inhibits
the growth of endothelial cells stimulated by HGF or by
VEGF but not by bFGF (Table 1). HGF and VEGF indepen-
dently stimulate angiogenesis and synergistically enhance
angiogenesis.(30–32) E7050 potently inhibits these two key
growth factor pathways in both tumor and endothelial cells.

E7050 showed antitumor activity with tumor regression
against a number of tumors in vivo and was able to completely
cure mice bearing a Hs746T cell xenograft (Fig. 2). There are
no previous reports of c-Met inhibitors with antitumor activity
that result in tumor disappearance.(39–41) Also VEGF ⁄ VEGFR-2
inhibitors and anti-VEGF antibody fail to show tumor regression
when tested against a number of different of tumor lines.(42)
10
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Fig. 6. Survival curves of E7050-treated MKN45 tumor-bearing
mice. Cultured MKN45 cells were inoculated intraperitoneally into
nude mice on day 0. Daily administration with either vehicle or
E7050 was started on day 7. Each group comprised 10 mice.
The lifespans of E7050 treated mice were statistically significantly
greater than the vehicle-treated control mice (P < 0.01, calculated using
the generalized Wilcoxon test with Bonferroni adjustment).
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Since E7050 demonstrated inhibitory activity against both
c-Met and VEGFR-2 in vivo (Figs 3,4), we propose that tumor
regression and disappearance depends on its dual inhibitory
effects against the HGF ⁄ c-Met and VEGF ⁄ VEGFR-2 signaling
pathways.

Dose-dependent sustained inhibition of c-Met phosphorylation
in tumors was observed after a single administration of E7050
(Fig. 3). Therefore, the level of phosphorylated c-Met would be
the appropriate pharmacodynamic marker for E7050 efficacy,
whereas c-met amplification status would be a suitable predictive
marker to identify patients whose tumors are sensitive to E7050.

In the setting of a clinical study, the survival benefit to
patients is one of the most important endpoints for a new
cancer therapeutic agent. In this report, we have established
the peritoneal dissemination model for evaluation of E7050
efficacy. E7050 showed clear antitumor activity against peri-
toneal tumors, and prolonged the lifespan of tumor-bearing
mice (Figs 5,6). At a dose above 100 mg ⁄ kg, all mice sur-
vived after 70 days treatment without any macroscopic
changes, which suggests that E7050 is well tolerated. We
hypothesize that E7050 has dual activity against c-met ampli-
fied tumors, such that the initial direct action on cancer cells
is to inhibit c-Met and thereby inhibit their growth. Secondly,
the antiangiogenic activity of E7050 on tumor endothelial
cells inhibits c-Met and VEGFR-2 stimulation by HGF and
VEGF, respectively.

In conclusion, we have developed and described E7050,
which is the first kinase inhibitor with dual action against
both c-Met and VEGFR-2. The dual inhibitory activity of
E7050 against tumor growth and angiogenesis results in dras-
tic tumor regression and disappearance and also prolongation
of lifespan without adverse effects. We propose that E7050
will be a novel therapeutic agent against cancer patients with
aberrant c-Met signaling. Based on our preclinical rationale,
E7050 is currently under evaluation in a phase I clinical
trial.
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