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Biological evaluation of a multi-targeted small molecule inhibitor
of tumor-induced angiogenesis

Lee A. McDermott,* Brian Higgins, Mary Simcox, Kin-Chun Luk, Tom Nevins,
Kenneth Kolinsky, Melissa Smith, Hong Yang, Jia K. Li, Yingsi Chen, June Ke,

Navita Mallalieu, Tom Egan, Stan Kolis, Aruna Railkar, Louise Gerber, Jin-Jun Liu,
Fred Konzelmann, Zhuming Zhang, Tom Flynn, Omar Morales and Yi Chen

Hoffmann-La Roche Inc., 340 Kingsland Str., Nutley, NJ 07110-1199, USA

Received 31 October 2005; revised 20 December 2005; accepted 21 December 2005

Available online 3 February 2006
Abstract—RO4396686 is a small molecule KDR, FGFR, and PDGFR inhibitor with good pharmacokinetic properties in rodents.
In a mouse corneal neovascularization assay, this compound inhibited VEGF-induced angiogenesis. Tested in a H460a xenograft
tumor model this agent effected significant tumor growth inhibition at doses as low as 50 mg/kg.
� 2006 Elsevier Ltd. All rights reserved.
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Figure 1. Chemical structure of RO4396686.
Angiogenesis, the formation of new blood vessels from
the pre-existing vasculature of a host, is a process abso-
lutely necessary for the growth and metastasis of most
cancerous tumors.1 As such, a great part of contempo-
rary anticancer research has been devoted to the elucida-
tion of the drivers of tumor angiogenesis and the
discovery of agents that inhibit this process.2,3 Particular
effort has been placed on the discovery of small orally
administered molecules that can block the activity of
receptor tyrosine kinases (RTKs) involved in the various
angiogenic signaling cascades by the displacement of
ATP from their catalytic sites.4,5 In this paper, we report
on one such agent, RO4396686 (Fig. 1); a racemic
pyrimidopyrimidine that selectively inhibits three key
pro-angiogenic RTKs KDR, FGFR, and PDGFR.
The general synthesis, SAR, and receptor binding mode
for the series RO4396686 belongs to has been presented
elsewhere.6 As such, herein we will focus solely on the
in vitro and in vivo results we obtained with this
compound.

In vitro, in a panel of 13 kinases, RO4396686 selectively
inhibited KDR, FGFR, and PDGFR with IC50 values
of 50, 92, and 83 nM, respectively, while it was markedly
less potent against the other kinases of that panel (Table
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1).7 This profile of inhibition of multiple key pro-angio-
genic receptors is of particular interest, especially since
recent evidence suggests that the targeting of multiple
pro-angiogenic receptors may afford better therapeutic
outcomes than the selective targeting of only one
receptor.8

In cellular assays, agents that target pro-angiogenic
RTKs should inhibit the proliferation of endothelial
cells stimulated by the agonists of these RTKs. As
shown in Table 2, RO4396686 potently inhibited the
proliferation of human umbilical vein endothelial cells
(HUVECs) induced by either VEGF (KDR agonist) or
bFGF (FGFR agonist).9 To demonstrate that this inhi-
bition of cellular proliferation is indeed mechanism-
based and not due to general cytotoxicity, we tested
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able 1. In vitro kinase selectivity of RO4396686

Kinase IC50 in nMa

KDR 50

FGFR 92

PDGFR 83

Fyn 466

EGFR 545

EphB3 1,250

PKA 9,010

Erk2 12,600

PKCa >125,000

PKCd >125,000

CDK1/cyclin B >125,000

SGK >125,000

AKT >125,000
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a
 IC50 values were determined by a single experiment run in duplicate.

Table 2. Antiproliferative activity of RO4396686

Cell line Growth factor IC50 in nMa

HUVEC VEGF 35

HUVEC bFGF 149

HCT116 — 3,000

H460a — 2,500

a IC50 values were determined by a single experiment run in duplicate.
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RO4396686 against the HCT116 and H460a cancer
cell lines in a general cytotoxicity assessment assay
(MTT).10 In that test, RO4396686 was practically inac-
tive (Table 2).

In vivo, in Wistar rats and in athymic nude mice,
RO4396686 had very favorable clearance and volume
of distribution. When formulated as a suspension in
2% Klucel LF, 0.1% Tween 80 in water, it also had very
high oral absorption and plasma exposure (Tables 3
and 4).11 However, the plasma exposure did not increase
in a dose proportional manner with increasing dose
(Table 4).

The next step in the in vivo evaluation of RO4396686
was the assessment of its anti-angiogenic properties.
able 3. Rodent pharmacokinetic profile of RO4396686 after iv

osing

Rodent species Cl

(mL/min/kg)

AUC

(ng h/mL)

Vdss

(L/kg)

t1/2 (h)

Nude micea 13.8 12,058 1.9 2.0

Wistar ratsb 32.5 2770 3.7 4.3

Single dose, 10 mg/kg.

Single dose, 5 mg/kg.

able 4. Mean pharmacokinetic parameters of RO4396686 after single

ral dose of 50 and 200 mg/kg in rodents

Rodent species Dose

(mg/kg)

AUC

(ng h/mL)

Cmax

(ng/mL)

t1/2 (h)

Nude mice 50 96,465 29,100 1.9

200 260,244 82,600 1.7

Wistar rats 50 40,901 3,163 5.0

200 284,844 10,267 7.8

12.5 mg/kg, 
bid, po

Vehicle, 
bid, po

50 mg/kg, 
bid, po

200 mg/kg, 
bid, po

Figure 2. Inhibition of VEGF-induced corneal angiogenesis in C57/

BL6 mice by oral bid dosing of RO4396686.
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For that purpose a mouse corneal pocket assay (CPA)
was employed.12 The assay involved the implantation
of VEGF-containing pellets in the cornea of C57/BL6
mice followed by oral administration of RO4396686.
The mice used in this study were separated in three dose
cohorts and each cohort received orally twice a day (bid)
12.5, 50, and 200 mg/kg of RO4396686 for a period of 7
days. At the end of this period the area of corneal angi-
ogenesis was quantified and showed that 50 mg/kg bid
administration of RO4396686 led to a 67% (p = 0.004)
inhibition of VEGF-induced corneal angiogenesis. At
200 mg/kg bid the inhibition achieved was 91%
(p < 0.001) (Fig. 2).

During the CPA study, the mice in all dose groups were
monitored for changes in their average weight as a gross
indicator of toxicity. As shown in Figure 3 no apprecia-
ble changes in the weight of test animals were observed
in that study suggesting no overt toxicity.

These excellent results warranted the further in vivo
evaluation of RO4396686 in a tumor model.

Athymic nude mice were implanted with H460a
non-small cell lung carcinoma (NSCLC) cells. Ten days
post implantation the mice were treated orally with
RO4396686 at doses of 12.5, 25, 50, 100, and 200 mg/
kg bid for a period of 28 days. The average tumor size
treated with three different doses of RO4396686 for a period of 7 days.
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for each dose group prior to treatment was between 128
and 137 mm3. Tumor size measurements were taken
throughout the 28-day study period and showed that
there was a statistically significant tumor growth inhibi-
tion at the 50, 100, and 200 mg/kg dose groups. Specif-
ically, the 50 mg/kg dose group had a 78% (p < 0.001)
tumor growth inhibition. The 100 and 200 mg/kg groups
showed an 87% (p < 0.001) and a 95% (p < 0.001) tumor
growth inhibition, respectively (Fig. 4).

The mice in all dose groups were again monitored for
signs of toxicity through the measurement of changes
in their average weight (Fig. 5). Again, as in the CPA
experiment, all cohorts of mice showed no significant
changes in their average weight or any signs of gross
toxicity.

In conclusion, RO4396686 is a novel inhibitor of the
three key pro-angiogenic receptors KDR, FGFR, and
PDGFR. This agent has good clearance and volume
of distribution as well as very high oral absorption in ro-
dents. The absorption of this agent in the species tested
appears to be non-linear. In vivo, the anti-angiogenic
properties of RO4396686 were demonstrated in a CPA
study that showed inhibition of VEGF-induced corneal
m
m

Vehicle, bid, po

200 mg/Kg, bid, po

100 mg/Kg, bid, po

50 mg/Kg, bid, po

25 mg/Kg, bid, po

12.5 mg/Kg, bid, po

Days Post Tumor Cell Implant

M
ea

n 
T

um
or

 V
ol

um
e 

in
 

3

2500

2000

1500

1000

500

0
138 18 23 28 33

Figure 4. Tumor growth inhibition by oral bid dosing of RO4396686

in nude mice implanted with H460a (NSCLC) tumors.
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Figure 5. Percentage of change in average body weight of nu/nu mice

implanted with H460a (NSCLC) tumors after treatment with

RO4396686 for a period of 28 days.
angiogenesis at doses as low as 50 mg/kg. Finally, at
doses between 50 and 200 mg/kg bid, this agent effected
a statistically significant, dose-dependent, tumor growth
inhibition in a H460a NSCLC tumor model in nude
mice.
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