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ABSTRACT

Phosphorylation of tyrosine residues on the epidermal growth
factor (EGF) receptor (EGFr) is an important early event in signal
fransduction, leading to cell replication for major human carci-
nomas. CP-358,774 is a potent and selective inhibitor of the
EGFr tyrosine kinase and produces selective inhibition of EGF-
mediated tumor cell mitogenesis. To assess the pharmacody-
namic aspects of EGFr inhibition, we devised an ex vivo en-
zyme-linked immunosorbent assay for quantification of EGFr-
specific iyrosine phosphorylation in human tumor tissue
specimens obfained from xenografts growing s.c. in athymic
mice. When coupled with pharmacokinetic analyses, this mea-
surement can be used 1o describe the extent and duration of
kinase inhibition in vivo. CP-358,774 is an effective, crally ac-
tive inhibitor of EGFr-specific tyrosine phosphorylation (ED,, =

10 mg/Kyg, single dose). It has a significant duration of action,
producing, on average, a 70% reduction in EGFr-associated
phosphotyrosine over a 24-h period after a single 100 mg/kg
dose. Inhibition of EGFr phospholyrosine in an ex vive assay
format effectively estimates the potency and degree of inhibi-
tion of EGFr-dependent human LICR-LON-HNS head and neck
carcinoma tumor growth. Substantial growth inhibition of hu-
man umor xenografls was achisved with p.o. doses of the
compound (EDg = 10 mg/kg q.d. for 20 days). Combination
chemotherapy with cisplatin produced a significant response
above that of cisplatin alone with no deteciable effects on body
weight or lethal toxicity. Taken together, these observations
suggest that CP-358,774 may be useful for the treatment of
EGFr-driven human carcinomas.

For the majority of human carcinomas, growth factor re-
ceptors play an important role in tumorigenesis and progres-
sion to terminal disease states. The epidermal growth factor
(EGFE) receptor (EGFr) has been implicated in many human
squamous cell carcinomas {Ozanne et al., 1986), such as
non-small eell lung carcinoma and brain, bladder, breast, and
ovarian carcinomas (Gullick, 19213 EGF at picomolar con-
centrations is mitogenic for cells overexpressing the receptor,
and antibodies to KGFr abolish EGF-stimulated mitogenesis
in LICR-LON-HNS5 head and neck carcinoma (HN5; Modita-
hediet al., 1993b,¢) and other tumor cells (Aboud-Pirak et al.,
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1988; Yoneda et al., 1991a). As an early event in the signal
transduction process, the ligand transforming growth fac-
tor-a or BEGF binds to EGFr on the surface of tumor cells and

stimulates: 1) heterodimerization and homodimerization of
EGFr molecules; 2) intermolecular cross-phosphorylation of

intracytoplasmic tyrosine residues (EGFr autophosphoryla-
tion; Honegger et al,, 1989); and 3) activation of the tyrosine
kinase activity of EGFr. Apart from binding to the cognate
ligand, all known functions of EGFr depend on tyrosine ki-
nase activity. Point mutations in the kinase domain that

activity and abrogate EGF/transforming growth factor-a-in-
duced mitogenesis (Moolenaar et al,, 1988). An infact kinase
domain is essential for activation of numerous downstream
sffectors, including phospholipase C-y (Margolis et al,, 1890:
Nishibe et al., 1990; Wahl et al.,, 1990) phosphatidylinositol
3-kinase (Bjorge et al., 1990), and mitogen-activated protein

ABBREVIATIONS: EGF, epidermal growth factor; EGFr, epidermal growth factor receptor; ELISA, enzyme-linked immunosorbent assay; HBSS,
Hanks’ balanced salt solution; HNS, LICR-LON-HNS head and neck carcinoma.
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kinase {Ahn et al., 1990), with the ultimate cellular response
being DNA synthesis and cell division (Honegger et al,,
1987). Transfection experiments have shown that EGFr over-
expression alone may lead to constitutive activation of signal
transduction, leading to uncontrolled mitosis (I Fiore ef al.,
1987; Velu et al., 1987). The degree of EGFr overexpression
has been shown to be related to tumorigenicity in some tumeor
systems (Santon et al., 1986; Velu, 1990). Recent studies of
biopsy specimens suggest that overexpression of EGFr is
associated with a poor prognosis in bladder (Neal et al., 1985}
and breast (Sainsbury et al., 1985) carcinomas.

Despite homology with other tyrosine kinases, selective
inhibitors have been identified (for a review, see Traxler,
1998). The EGFr tyrosine kinase therefore represents an
attractive molecular target for pharmacological intervention.
To monifor the effects of kinase inhibition, the degree of
EGFr autophosphorylation was examined, because: 1) auto-
phosphorylation of effector-specific tyrosine residues in-
creases the velocity of the kinase reaction (Bertics and Gill,
1985); 2) autophosphorylation increases the affinity of the
EGFr for its substrates, such as phospholipase C-y (Magni et
al., 1991), allowing these substrates to bind the activated
receptor {docking site) and thereby become tyrosine phos-
phoryvlated; and 3) EGFr phosphotyrosine represents the last
known biochemical event before committed steps toward cel-
lilar division are mediated by downstream effector mecha-
nisms. For these reasons, we believe guantification of EGFr
autophosphorylation is related to, and characterizes, inhibi-
tion of the kinase functionality.

CP-358,774 is a potent inhibitor of the EGFr tyrosine
kinase with an IC,, value of 2 nM; CP-358,774 and its
analogs have been shown to be direct-acting, reversible,
ATP-competitive inhibitors of EGFr tyrosine phosphoryla-
tion (Moyer et al., 1997; Pustilnik et al., 1997). Specificity
analysis has indicated >1000-fold selectivity against other
tyrosine kinases, such as pp60Y°7¢, pp145°°° the tyrosine
kinase activities of the insulin and the msulin-l]?ke growth
factor-1 receptors; selectivity has been shown against iso-
lated kinases as well as in intact cells (Moyer et al., 1997).
{P-358,774 inhibits autophosphorylation of the E(xF“i ina
variety of EGFr-overexpressing tumor cells (IC,, = 20 nM)
and produces inhibition of mitogenesis, inhibition of tumor
cell division, and cell cycle arrest. In some cell types, such
as DiFi, CP-358,774 induces concentration-dependent ap-
optosis in vifro.

Here, we rveport that CP-358,774 iz an effective, orally
active inhibitor of EGFr tyrosine autophosphorylation. CP-
358,774 can effectively inhibit EGFr tyrosine phosphory-
lation in human tumors growing s.c. in athymic mice with
an ED,, value of 10 mg/kg p.o. It has significant duration
of action and produces substantial inhibition of human
EGFr-overexpressing tumors growing s.c. in athymic mice.
Moreover, the degree of inhibition of EGFr phosphoty-
rosine shows good agreement with the degree of tumor
growth inhibition in treated animals. The resulis of these
experiments were previously reported at the American
Agsociation for Cancer Research annual meeting (Pollack
et al., 1897). The data suggest that CP-358,774 may be a
useful new compound for therapy of human neoplastic
diseases.
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Materials and Methods

Mice. Three- to 4-week-old female athymdc mice (CD-1 nu/nu)
were used for human turmor zenografts. Mice were obtained from
Charles River Laboratories (Wilmington, MA)} and were housed in
specific pathogen-free conditions, according to the guidelines of the
American Association for Laboratory Animal Care; all studies were
carried out with approved institutional experimental animal care
and use protocols. During these studies, animals were provided
pelleted food and water ad hbitum and kept in a room conditioned at
T0-75°C and 50 to 60% relative humidity with > 15 fresh air changes
per hour. Sentinel heterozygous littermates of the athymic animals
were monitored routinely (8-week mtervals) by serclogical assays
and were found to be free of exposure to the following agents: murine
hepatitis virus, ectromelia virus, and Sendai virus. For all studies,
the mice were allowed to acclimate for 1 to 3 days after receipt of
shipment; test animals were randomized before commencernent of
treatments and examined twice daily thereafter for compound-in-
duced or tumor-related deaths. Moribund animals were sacrificed to
reduce suffering.

Tumeor Cell Lines. The HNb cells were obtained from Dr. M. I
YHare (Haddow Labs., Institute of Cancer Research, Sutton, Sur-
rey, UK} All other cells were purchased from the American Type
Culture Collection (Rockland, MD). All cell hines were free of reovirus
type 3, pneumonia virus of mice, K-virus, Theiler’s virus, Sendai
virus, ectromelia virus, and lactate dehydrogenase virus {(Microbio-
logical Associates, Bethesda, M)

Cell Culture. Cell lines were passaged by monolayer culture in
175-cm? tissue culture flasks (Nunclon; Marsh Biomedical Produets,
Rochester, NY) in Dulbeceo’s modified Eagle’s medium supple-
mented with 10% heat-inactivated F38 (Hazelton Research Prod-
uets, Ine., Lenexa, K8}, 300 pg/ml glutamine, 100 U/ml penicillin G,
100 pg/ml streptomycin, and 10 pg/ml gentamycin at 37°C in a
humidified 95% ar/b% CO, atmosphere. Routine pertodic samples of
cell culture broths tested negative for Mycoplasma contamination

{(Microbiological Associates). For implantation in vive, the twmor
cells were harvested from exponentially growing cultures (60-80%
confluence), detached by light trypsinization (0.25% trypsin and
0.02% EDTA, 1 min), washed in Hanks’ balanced salt sclation
(HBSS), resuspended in HBSS, mixed with the hasement mambrane
preparation Matrigel (40234; Collaborative Biomedical Products,
Bedford, MA), and held in an ice bath <1 h hefore injection.
Chemotherapeutants, CP-358,774 [6,7-hs(2-roethoxy-ethoxy kquina-
zoline-4-vi-(3-cthynylphenyDamine; MF = Cy,Hy .NLO,), a colorless, crys-
talline, anhydrous compound, was synthesized in our laboratories (Arnald
and Schnur, 1998) In these studies, the hydrochloride salt (molecular
weight = 420.9) was used in all cases, except for that represented in Fig. 7,
which used the free base (molecular weight = 388.4), and the dosage levels
shown represent the quantity of free hase administered, exchuding the
contribution of the salt. The compound was formulated for ip. or p.o.
administration by dissohition of the dry powder in a small amount (10% of
fnal volume) of dimethyl sulfoade (DMEO), mised by vortexing until
dissolved; during vortexing, sufficient sterile, pyrogen-ree physiclogical
saline (0.15 N NaCl), contaaming 0.10% (w/v} Pluronic P105 (BASEF Wyan-
dotte, Parsippany, Nd), was added to produce 8 homogeneous fine suspen-
sion. The prepared dosage forms did not produce microbial colontes after

incvibation on brain-heart infusion agar and did not contain endotoxin
detectable by the Limulis amoebocyte lysate assay (Associates of Cape
Cod, Inc., Woods Hole, MA) Doxorubicin (Adriaraycin; Rapid Dissolation
Formula) was purchased from Adria Labs. (Columins, OH). Cisplatin was
obtained as a powder from Sigma Chemical Co. (8t Lows, MO). All dosage
forms were freshly prepared for each day’s treatment. CP-858,774 amd the
reference agents were dosed according to the optimum forrulation, route,
and regimens, as empirically derived in previous studies; aggressive dosing
parameters (single bohus treatments at maximum tolerated dosage levels)
were used for maximmam antitumor efficacy of the cytoreductive agents.
Test animals were treated between 7 and 9 AM, immediately after a 12-h
dark photoperiod (active phase}, to control for variabibity introduced by
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circadian physiclogical cycles, according to the methods of Halberg of al.
(1973,

EGFr Phosphotyrosine Determinations by Enzyme-Linked
Immunosorbent Assay (ELIBA). To determine compound-induced
inhibition of EGFr-associated tyrosine phosphorviation in human
tumor explants from athymic mice, an ELISA specific for EGFr
phosphotyrosine was developed. Tumor tissue was harvested at var-
ious times after dosing (usually 1 h) by careful dissection, immedi-
ately flash frozen in liquid nitrogen, and then homogenized in butfer
formulated to prevent further tyrosine phosphorylation as well as
enzymatic phosphatase activity, A double-antibody ELISA provided
quantitative determinations of the degree of EGFr tyrosine phos-
phorviation after specific capture of EGFr protein.

Briefly, athymic mice with s.c. tamors (610 mun in diameter) were
euthanized humanely, and tumors were excised with the use of small
dissecting scissors and mosquito forceps, after which the tumor tis-
sue was immediately flash frozen in liguid nitrogen and stored at
—~70°C before homogenization and irmnmuncassay. Tumors wers
waighad, and for each 100 mg of tumor tissue, I ml of ice-cold, sterile
lysis buffer was added. Lysis buffer contained (per iter) 50 ml of 1 M
HEPES, pH 7.4, buffer, 37.5 ml of 4 M sodium chloride, 0.75 ml of 2
M magnesium chloride, 10 mi of 100 mM EDTA, 10 mi of glycerol, 10
ml of Triton ¥-100, 8 ml of 200 mM sodium orthovanadate, 4.2 g of
sodium fhioride, 50 pg/ml phenylmethylsulfonyl fluoride, 25 mg of
soybean trypsin inhibitor, 10 pg/ml leupeptin, and 10 pg/ml aproti-
nin. Tumors were homogenized with a Thomas Teflon pestle homog-
enizer attached to a power drill (or equivalent) and then clarified by
centrifugation; the vesulting supernatant Hquid (800 ul) was trans-
ferred to microtiter plates in 200-ul aliquots and maintained at
~70°C before sssay.

Appropriate dilutions of tumor homogenates (1:20 -1:40 dilutions)
were made in blocking buffer containing (per liter} 50 g of bovine
serum albumin, 10 g of ovalbumin, 0.90% NaCl, and 10 mM
Tris - HCL buffer, pH 7.4. After dilution, 100-ul aliquots were trans-
ferred to miicrotiter wells containing adsorbed monoclonal antibody
to EGFr protein (QlAD08; Oncogene Science, Uniondale, NY). The
plates were then incubated for 30 min at 30°C {or 3 h at room
temperature) to allow efficient capture of the EGFr protein from the
tumor homogenates. Microtiter wells were washed six times in a 1:10
dilution of Plate Wash Concentrate (PN 77 0558(; DuPont NEN,
Boston, MA). To detect phosphotyrosine residues, 100 gl of horse-
radish peroxidase-conjugated monoclonal antibody specific for phos-
photyrosine (diluted 1:1000 in blocking buffer) was added to each
well (PY54 conjugate, PT03; Oncogene Science), and plates were
incubated for 1 h at 30°C. Microtiter wells were then washed six
times in a 1:10 dilution of Plate Wash Concentrate, afler which 100
pliwell of 3,3".5,5 -tetramethylbenzidine substrate was added (50-
76-04; Kirkegaard and Perry Laboratories, Gaithersburg, MB); color
development was monitored over 80 min, after which all reactions
ware stopped with 100 gliwell of 0.09 M sulfuric acid. For quantifi-
cation, absorbance was determined at 450 nm with a Bio-Rad (Her-
cules, CA) model 3550 microplate reader. EGFr phosphotyrosine
conttent was caleulated after normalization of each sample for total
protein with a cormmmercial kit (BCA Protein; Pierce, Rockford, 1L).

The absorbance values for samples from each of the tumor-bearing
animals (sample size, four miceftreatment group) were entered into
a custom Microsoft Excel spreadsheet, where the endpoints (e,
protein concentrations and phosphotyrosine levels) were calculated.
In all cases, the EGFr-associated tyrosine phosphorylation was ex-
pressed as absorbance unitsfrog total protein. For statistical infer-
ences, the relationships between groups {i.e., test versus control
group) were identified using a computer program for the one-way
ANOVA, where the o significance level was assigned at 0.05. P
vahies were deterrnined using Dunnett’s ¢ statistic. A set of internal
, aliquots from previously frozen tissue for
both treated and control groups) was used to assess the qualitv and
reproducibility of the immuncassay; in the course of § vears’ routine

laboratory standards (i.e.
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testing, the results were highly reproducible (i.e., the coefficient of
varation was <<6.0%).

HPLC Determinations of CP-388,774 in Plasma and Tumor
TFissne. Determination of drug concentration was made by organic
extraction {(acetonitrile} of plasma and tuwmor samples, followed by
HPLC. CP-358,774 in plasma and tumor tissues was extracted from
200-pl samples spiked with 100 ul of internal stendard (CP-282,597;
0.8 ng/pl in acetonitrile) with 5 ml of methyl £-butyl ether using an
Oherbach reciprocating shaker for 10 min. Before extraction, tumor
tissue was homogenized in 4 parts deionized water to 1 part tumor
specimen {(v/m)} using an Omni 2000 (Omni Internationsl, Gaines-
ville, VA}tissue homogenizer. Samples were centrifuged at 3000 rpm

for b min at 22°C using a Jouan centrifuge. The organie layer of sach
sample was transferred to a clean tube, and the methyl £-butyl ether
was evaporated to dryness in a Zymark Turbo-Vap at 60°C. All
samples were reconstituted in 200 pl of mobile phase consisting of
70% water and 30% acetonitrile {(v/v) brought to pH 2.4 with trifhs-
orcacetic anhydride (Acros Organics). A 2-liter volume of mobhile
phase consisted of 1400 ml of Milkh-Q} deionized water, 600 ml of
acetonitrile, and 550 pl of trifluoroacetic anhydride. The analytical
column was a YMC Basic C-18 (4.6 mm X 150 mm, 3 pm). A pump

{Thermo Separation Products Constametric 4100) was used to estab-
lish 8 1.5 ml/min flow rate through the colomn. CP-358,774 was
detected at 345 nm (AUFS 0.001) using an ultraviclet detector (Mil-
ton Roy Spectro Monttor 3100 varable wavelength detector). The
retention time for CP-358,774 was 6.5. The lower limit of quantifi-
cation of the assay was 10 ng/ml for plasma and 50 ngfg for tumor
tissue.

Tumor Growth Inhibition Studies In Vive. The tumor growth in-
hibitory effects of CP-858,774 were measured in young athymic mice bear-
ing established, palpable (2—4-mm diameter} humean HNS or A431 tumors.
Tumors were induced 1n the left flank of 3- to 4-week old athymic mice by
s.¢. injection of 1 X 10° caltvred, log phase HING or A431 cells in 0.20 mi of
HBSS containing 50% Matrigel. Tumor size was measured in milhmeters
with Vernier calipers across two diameters three timesfwesk, and the
tumor valume (mm®) was calculated using the formula: tumor volame =
{length X fwidth]?¥2, according to standard methods (Geran et al, 1972%
results are expressed as tumor vohume (TuV) in mm®. To calculate tu-
mor growth nhibition, the following fornmla was used: inhibition (%) =
(Tul g — TG VTuG, g X 100%, where tumor growth (Tu()
equals the finsl tumor size minus the pretrestment tumor size for individ-
val treatment groups. This method of tumor implantation provided repro-
ducible growth in sthymic mice, enabling the determination of dose-re-
sponse effects for a variety of chemotherapoutic agents. For each
experiment, athymic mice were randomized on receipt of shipment and
again after tumor traplantation (i.e., before cormencement of treatment).
Data collected from the antitumor studies {e.g., tumor volume) were eval-
uated for statistical significance using one-way ANOVA (for significant
antitumor activity, P < .05

Results

Inhibition of EGFr Phosphotyrosine in HNE Xeno-
grafts. HNB possesses many of the characteristics of EGFr-
dependent squamous cell carcinomas both in vitre (Modjia-
hedi et al., 1993b,¢) and in vive (Modjtahedi et al., 1993ab).
In particular, monoclonal antibodies directed at the EGFr
can completely block cellular proliferation in vitro, and for
this reason, the tumor cell line was selected to evaluate a
large series of EGFr tyrosine kinase inhibitors. When admin-
istered orally (by gavage) or parenterally (i.p.), CP-358,774
consistently produced significant, dose-related inhibition of
HNB EGFr tyrosine phosphorylation 1 h after dosing (Fig. 1).
Compared with vehicle-treated controls, a maximum of 80%
reduction in phosphotyrosine was observed after dosing by
p.o. or 1p. routes. In several preliminary experiments, the

Find authenticated court documents without watermarks at docketalarm.com.

9107 ‘g Tudy uo sfeumoy 1SV 18 S1o-sfeumofjadsead( wory popeorumo(]


https://www.docketalarm.com/

742 Pollack et al.

100
90
8o | —&— CP-358774ip
70
60
50-
40
30
20
10

0- ‘ ‘ T ; T
1 10 100

Dosage (mg/kg)

—&— CP-358,774 po

EDsoip = 9.2 mglkg

EDggpo = 9.9 mg/kg

Inhibition of EGFR Phosphotyrosine (%) + s.e.m.

Y4

o A
Ao N

Fig. 1. a, CP-358,774-mediated inhibition of EGFr-associated phospho-
tyrosine of HN5 tumor xenografts. Human head and neck carcinomas
growing s.c. in athymic mice were excised 1 h after dosing either p.o. or
ip. with CP-358,774 formulated in sterile, pyrogen-free 10% DMSO,
0.85% sodium chloride, and 0.1% Pluronic P105. The tumor EGFr-asso-
ciated phosphotyrosine was measured by ELISA; the data are a summa-
tion of 22 (i.p.) and 28 (p.o.) independent experiments. b, CP-358,774 is
[6,7-bis(2-methoxy-ethoxy)-quinazoline-4-yl]-(3-ethynylphenyl)amine
(MF = C,,H,,N,0,, MW = 393.4).

XN

vehicle (10% DMSO, 0.856% NaCl, and 0.10% Pluronic P105)
produced no inhibition of EGFy phosphotyrosine compared
with water or saline treatments.

The data in Fig. 1 are a compilation of 28 (p.o.} and 22 G.p.)
independent experiments, atiesting {o the reproducible inhi-
bition by this agent. The effective dose for 50% inhibition of
the target receptor (ED;,} was similar for p.o. and ip. ad-
ministration: 9.9 mghkg p.o. and 9.2 mghkg i.p. The minimal
effective single dose eliciting statistically significant (P <
.05} reduction in EGFr-associated phosphotyrosine was 5.5
mgrkg (39% reduction) and 2.8 mg/kg (47% reduction) for the
p.o. and i.p. routes, respectively. These extrapolated ED,,

values are within one order of magnitude of the 1C,, value
(20 nM) for the inhibition of EGFr phosphotyrosine by CP-
388,774 in homogenesus populations of HNB cells growing in
vitro.

Belationship of Plasma Concentration to EGFr
Phosphotyrosine Inhibition. Figure 2 flustrates the rela-
tionship of plasma concentration of CP-358,774 to inhibition
of EGFr-associated phosphotyrosine of HNS xenografis. At
1 b post-treatment with a single dose, plasma concentrations
of 2 to 10 pM CP-358774 (0.79-3.9 pg/ml) were associated
with a significant reduction in EGFr phosphotyrosine (~40%
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Fig. 2. The relationship of plasma CP-358,774 concentration to reduction
in tumor-associated EGFr phosphotyrosine. At 1 h post-treatment with
graded doses of 2.9 to 92 mgkg by either the p.o. or 1.p. route, plasma
CP-358,774 concentrations were determined by HPLC and HNS tumor-
associated EGFr phosphotyrosine inhibition by ELISA. The effective
plasma concentration for 50% inhibition of the target receptor was esti-
mated at 8 uM (3.1 pg/ml) and ~12 uM (4.7 pg/ml) for p.o. and i.p. dosing,
respectively. These data are representative of three independent experi-
ments.

reduction relative to vehicle-treated controls). At higher
plasma concentrations e, 10-100 M, 3.9-39 ug/ml), the
reduction in EGFr phosphotyrosine ranged from 65 to 756%.
By interpolation, the effective plasma concentration for 50%
inhibition of the target receptor was estimated at 8 pM (3.1
pgfml) and ~12 pM (4.7 pg/ml for po. and ip. dosing,
respectively. In mouse plasma, 95% of CP-358,774 is bound
to plasma proteins. Taking these data into account, at 1 h
after the dose, 50% inhibition of EGFr-associated phospho-
tyrosine of HNS fumors ocourred at free plasma concentra-
tions of 400 nM (160 ng/m) for p.o. and 800 nM (240 ng/md)
for i.p. doses of CP-358,774.

Duration of Action of CP-3588,774. The duration of re-
duction in EGFr phosphotyrosine after a single 92 mgkg
dose of CP-358,774 was evaluated in the HN5 model (Fig. 3).
After p.o. dosing, significant and subsiantial inhibition of
EGFr phosphotyrosine (75-85%) was observed for 12 h; re-
duction was still measurable (25-40%), and statistically sig-
nificant, after 24 h. To a similar degree of efficacy, parenter-
ally (i.p.) dosed mice showed substantial inhibition of EGFr
phosphotyrosine for 12 h; however, ne reduction was ob-
served at 24 h (data not shown). Calculation of the area
under the curve for reduction in EGFr phosphotyrosine pro-
vides an estimation of the overall degree of inhibition over a
24-h period. Based on the assumption that complete inhibi-
tion (100%) of EGFr autophosphorylation over a 24-h period
would produce inhibition of 2400%-h (100% “coverage”), p.o.
dosing elicited inhibition of 1690%-h (70.4% coverage),
whereas parenteral dosing (i.p.} showed an area under the
curve of 1420%-h (59.0% coverage).

Within 1 h after p.o. dosing, peak plasma and tumor CP-
358,774 concentrations were reached (124.6 uM and 54.8
pmolkg, respectively). Plasma and tumor concentrations
then declined rapidly until 6 h, after which concentrations
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Fig. 3. Duration of action of CP-358,774 for inhibition of EGFr phospho-
tyrosine in HNS tumors. Athymic mice bearing s.c. bilateral HNS re-
ceived a single dose of CP-358,774 of 92 mg/kg p.o., and at various times
after the dose, mice were sacrificed and the tumors were harvested and
assayed for EGFr phosphotyrosine by ELISA or for CP-358,774 by ex-
traction and HPLC analysis. These data are representative of three
independent experiments.

remained low, although detectable, for several hours. The
terminal elimination half-life in plasma after p.o. adminis-
tration could not be determined because plasma concentra-
tions from 6 o 24 h did not significantly decline; the mean
tumor half-life after p.o. administration was estimated at
2.9 h. At 24 h after the dose, plasma and tumor concentra-
tions were 38 uM and 4.0 pmolkg, respectively. It is clear
from Fig. 3 that although plasma and tumor CP-358,77
concentrations follow similar time courses, the EGFr-associ-
ated phosphotyrosine reduction does not decline with declin-
ing plasma and tumor levels and remains at a high level (80%
inhibition) at 12 h after the dose. The reason for this is
unclear bul seems to be a consistent observation for this
compound and related analogs.

To determine whether inhibition of EGFr tyrosine phos-
phorylation could lead to decreased expression or increased
turnover of the surface-bound receptor, tumor homogenates
were assayed for EGFr protein using a commercial kit (On-
cogene Science). In several experiments, EGFr protein con-
centrations did not change within 24 h of a
CP-358,774 or within 1 h in multiply dosed animals (n = 20
consecutive daily doses; data not shown). Moreover, it ap-
peared from our data that in vivo receptor densily remained
relatively constant at 9.4 fmol/ug total protein among several
experiments. Although we cannot conclude that transient
changes in receptor density did not occur in these animals, it
is apparent that a prolonged drug-induced reduction in
EGFr-associated tyrosine phosphorviation could not be ex-
plained by concumrrent reductions in receptor density. Simi-
larly, tumor tissue concentrations of CP-358,774 correlated
well with plasma concentrations. In Fig. 3, the use of athymic
mice bearing bilateral tumeors allowed the simultaneous mea-
surements of EGFr phosphotyrosine, tumor tissue drug con-
centration, and plasma drug concentrations. On average, the
peak tumor tissue concentration was 44 and 29% of the peak
circulating plasma levels for p.o. and i.p. dosing, respectively,
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and CP-3587774 was not retained in tumors relative to
plasma (Fig. 3). In tissue culture, the effects of CP-358,774 on
EGFr phosphotyrosine in HNB cells iz freely reversible. Cel-
lular EGFr phosphotyrozine levels return o levels found in
untreated cells within minuies of removal of CP-358,774
from the culture medium. Thus there is no clear pharmaco-
dynamic explanation for a persistent inhibitory effect of CP-
388,774 in tumors growing in vivo.

Antitumor Effects of CP-358,974 (HNB). The antitumor
effects of CP-358,774 were determined in the EGFr-overex-
pressing human HN8S and human A431 epidermoid carcino-
mas. Both tumors have been shown to be inhibited by mono-
specific anti-EGFr antibodies in cell culture and in xenograft
models (Fan et al., 1893; Moditahedi et al., 1893a). Oral
administration of CP-358,774 produced significant dose-re-
lated antitumor effects against established HNS growing s.c.
in athymiec mice (Fig. 4). When test animals were dosed for 20
consecutive days beginning at 4 days after tumor implania-
tion (tumor diameter, 2—-4 mm), the minimal effective dose
for significant antitumor effects was 5.7 mg/kgfday p.o., using
one-way ANOVA (P < .05 with Dunnett’s test). Doses of 11 to
92 mglkg/day p.o. produced substantial antitumor effects
(.e., >B0% inhibition). During the course of dosing (days
4-23 after implantation), tumor-bearing mice treated with
vehicle alone showed progressive enlargement of tumors;
spontaneous regressions in vehicle-treated or untreated an-
imals have not been observed in this model.

In the experiment described above, tumor sizes for CP-
358,774-treated animals were significantly reduced, and this
inhibitory effect was observed as long as the test andmals
were being treated. Omn the cessation of treatment, we have
found that although tumors gradually enlarge, turor growth
rates do not generally equal those of the vehicle controls.
Using the tumor size measurements taken only during the
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Fig. 4. Antitumor effects of CP-358,774 p.o. on HN5 xenografts in athy-
mic mice. HN5 cells were implanted s.c. in the flank of athymic mice, and
after tumors became palpable (2-4-mm diameter, day 4 postimplanta-
tion), test animals were treated once daily for 20 consecutive days. Tu-
mors were measured across two diameters according to standard meth-
ods. These data are representative of three independent experiments.

Find authenticated court documents without watermarks at docketalarm.com.

9107 ‘g Tudy uo sfeumoy 1SV 18 S1o-sfeumofjadsead( wory popeorumo(]


https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




