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TABLE Il - CHEMOSENSITIVITY TO PROTEIN KINASE INHIBITORS'

Dulubitor Target e e RR?
9 PC-97Z0 e

AG-1478 EGFR 0052 £ 002 6.0 L 03 117
RG-14620 EGFR 1310 13125 10
Lavendustin A EGIR 2=z 46 27£206 I3
Genistein TK 1815 27215 1.5
K2§2a PKC 047 + 0.17 0.63  0.04 1.3
Staurosporin PKC .0136 £ 00019 0.004 = D004 11
AG-825 HER2 >50 >50

! Assessed by MTT assay in PC-9 and PC-9/ZD cells. Values are the mean = SD of >3 indcpendent
experitents.— Relative resistance value (1Cqq of resistant cellsfiCxq of parental cells).
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Fraere 2 - Growleinhibitory effecy of gefitinib on T'C-9 and PC-9/ZD cells xenotansplunted ito nude mice. Ten duys before gefitinib
administration, 5 % 10° PC-9 () ur PC-9/Z1 (b) cells were injeeted s.c. intw the buck of mice. The mice were divided into 4 groups (4, contrul
group; M. 12.5 mp/Kys proup: A, 25 mg/Kg group; %, 50 mp/Kg group). Gefitinib was administered p.o. to the tmor-inoculated mice on Days
1-21. Euch group consisied of 6 mice. The statistical analysis was carried out by using the unpaired ¢-test.

ATP-biming sitc of the Ber-Abl, the target of the drug.t" ¥ We
analyzed the sequences of the cDNAs of EGFR, HER2, and 11ER3,
but found no differences in their sequences between PC-9 and PC-
o/7D cells. We did deteet a deleted position of EGFR in both cell
lines that results in deletion of § amino acids (Glu722, Leu?23,
Arg724, Glu725, and Ala726} (Fig. 4). Our findings indicate thin
the deletion does not direetly contributg to the cellular resistance,
T T

Inhibitory effect of gefitinib on autophaospherylation of EGFR in
PC-91ZD eells

Phosphorylation of EGFR s necessary for EGFR-mediated
intracelbular signaling. Alhough the EGFR phosphory kition fevels
of tumors were thouglht o be comelated with sensitivity to geliti-
uib, the basal level of phosphorylmed EGFR in PC-9 and PC-9/
ZD cells is almost the same. Gefitinil inhibited EGFR autophos-
phorylation in a dose-dependent manner and completely inhibited
its phosphorylation at 0.2-2 pM in PC-9 cells (Fig. 5a), but ity
inhibitory effect on awtophosphorylation of EGFR in PC-97ZD
cells was less than in PC-9 cells (Fig. Sa). Because cach phosphor-
ylation site of EGFR has a different role in the activation o down-
stream signaling molecules, we examined the inbibiuny effeet of
gehitinib on site-spectfic phosphorylation of EGFR. Phosphoryla-
tion of several different EGFR tyrosine residucs (Tyr845, Tyr9g2
and Tyr1068) was dose-dependently inhibited by gefitinib in PC-9
cells, whereas no clear inhibitory effects of getitinib on phosphor-
ylation at Tyr 845 and Tyr1068 residucs in PCYZD cells was
ohserved (Fig. 5h.0.0). The most marked difference ol in inhibi-
tion between the celts was observed at Tyrl068 (Fig. Se). Tyr1(45
showed resistance 1o inhibition of autophosphiory lation by gefiti-
nib in hoth PC-9 and PC-OZD cells (Fig. 5D,

Complex formation of EGFR aud its adaptor proteins

Tyr1068 of EGFR is e tyrosine that is most resistant 1o inhibi-
tion of autopliosphorylation by gefitinib in PC-9/ZD cells, Because
the Tyr 1068 is a-direct binding site for the Grb2/$112 domain, and
its phosphuorylation is related w the complex Tormation of EGFR-
adaptor proteins and their signaling, we examined complex forma-
tion between EGER and the adaptor proteins GRB2, SOS, She, and
PI3K by immunoprecipitation. The level of expression of these pro-
teins in PC-9 and PCY/ZD cells were similar (Fig. 3. A smaller
amourt of EGFR-GRB2 complex was observed in PC-9/ZD cells
and no EGFR-80S complex was detected at all (Fig. 6).
The amount of JIER2- or IIER3-GRB2 complex in PC-9 and PC-9/
71 celbs was similar, and no decreases in complex formation were
observed after exposure 1o gefitinib, A decrcased amount of 1TER2-
508 complex and inability o deteet HER3-SO1S complex were also
ubserved in PC-9/ZD cells. TIER2-PI3K complex increased in PC-
97D, There are no significam differences in complex formation
between SHC and EGFR. 1ER2, or HER3 between PC-O and
PC-9ZD cells. These results suggest that Grh2-808-mediated
signaling may be inactivated in PC-9/ZD cells.

Heterodimerization of HER family member in PC-9/2D colls
Dimerization of members of the 1IER family is essential for
activation of their catalytic activity and their signaling, We exam-
incd the ¢ffeat of gefitinib on the dimerization of HER family
members by immunobtotting, immunoprecipitation and chemical
cross-tinking analysis (Figs. 3a, Sa. 7o), The expression levels of
FGFR and HER2 were similar and the TIER3 level was lower in
PC-9/21 cells by immunoblotting (Fig. 30 A chemicnl cross
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Fiatie 3 - Expresssion of HER family members al related malecales in PC-9 (P) and PC-9/ZD (R) cells. () Western blot analysis; a 20 ng

sample of total cell lysates was separated by SDS-PAGE, wransferred to u PVDF membrane, and imcubated with a specitic anti-human utihody

us the first antibody wnd then with horserudish peroxidase-conjugated sccondary antibody. The ratios of the levels of expression of proleins and
genes in PC-9 cells wo e levels in PC-9/ZD cells are shawn. (0} cDNA expression array; Poly A RNA was converted into “P-lubeled first-
strand cDNA with MMLYV reverse trunscriptase, The “P-lubeled ¢DNA fraction was hybridized 1o the menbraue on which fragients of 777
genes were spoued. The elose-up view shows EGFR mRNA expression. () Euch band was quantificd by a densitometry and with NI image
suftware. The levels of protein expression are shown in a graph. () Absolute amounis of FGFR transcripts of PC-9 cells and PC-9/ZD cells

meusured by veal-time quantituive RT-PCR. The values were calculated back to the initial cell numbers for RNA extraction i Material and

Methnds,

Wild type ~ATCAAGGAATTAAGAGAAGCAACATCT—

I K E L R E A T s
720 728
PC-9, . ATCAAA ACATCT-—
PC-9/2D 1 K T s

Froene 4 — Detection of g deleted position ol EGFR, Direct
sequencing ol a PC-Y and PC-9/ZD-devived. amplificd ¢DNA Frag-
menl contuning the ATP-binding site of EGFR. Top. wild-iype
EGIR; bortonr, 'C-9 wud PC-9/ZD.

linking agsay showed that in the absence of gefitinib the amount of
high molecalar weight complexes ( ~ 400 kDa) that are recognized
by anti-EGFR antibody (EGFR dimers), including formations of
homuodimers and heterodimers (EGFR-EGFR, EGFR-HER2 or
EGFR-1IER3), was almost the same in PC-9 and PC-9/ZD cells,
whereas HHER2 dimerization detected by anti-11ER2 antibudy was
remarkably lower in PC-9/ZD cells (Fig. 7a). Increased EGFR/
HER2 tand EGFR/HER3) heterodimer formation was detected in
PCY/ZIY cells by immunoprecipitation smalysis (Fig, 5a). The
proportion of EGFR heterodimer w homodimer is inereased sig-
nificanly in PC-9/7D (Fig. 76 When exposed w gefitinib ot a
concentration of 0.2 pM Tor 6 hr the amount of dimer-Tonnation

increased: similarly in PC-9 and PC-9/2D cells (Fig. Ter), whereas

.- marked induction of -hetero-dimerization of EGFR-HER2 was
- wbserved only in PC-9 cells (Fig. Sa). These resulis suggest that a

difference in hetere- or homo-dimerization is a possible determi-
naint factor of gefitinib sensitivity,

AKT und MAPK puthways in PC-91ZD ceifs

Beeause phosphurylation at Tyr 1068 of EGFR plays an impor-
tnt role for transduction of the signal to downstream of MAPK
and AKT pathway, " we examined the dilference between PC-9
and PC-9/ZD cells in downstream signaling. The basal level of
phosphorylated AKT is higher in PC-9 cells than in PC-9/ZD
cells, wnd although gefinib inhibited AKT phosphorylation in a
dose-dependent manner {Fig. 9a), the inhibitory effect of gefitinib
un phosphorylation of AKT in PC-9/ZD cells was signiticanly
less than in PC-9 cells (Fig. 9a). This difference in the inhibitory
effect of getitinib on AKT phosphorylation between PC-9 and PC-
W7D cells is very similar to the difference in effect on EGFR
awwophosphorylation. No inhibition of phosphorylation of MAPK
by gefitinib was observed In cither eell line (Fig. 96). These results
suggest that duwnregulation of activated AKT is closely correlated
with the cellular sensitivity o gelitinib, bat that inhibition of the
MAPK pathway does not contribute 1o dreg sensitivity.

218

A4




JID: Z3Q Customer A ID: 04-1248 Cadmus At 1JC5519 Date' 22-FEBRUARY-05  Stage: | o

6 KOIZUMI ET AL
A

-amti. PC-9 PC-9/ZD
[P:anti-EGFR e N\ 7

N
C 00202 2 € 00202 2 gefitinib (pM)

res,

& 42,
Pe 4 W PC9
g5 0.8 E PC-9/2D
oQ 0.6
2% 04
TE 0.2
CE
B p.Tyr 845 C p-Tyr 892
PC-8 PC-9/ZD PC-9 PC-9/ZD
‘c 00202 2 ‘¢ 00202 2
[T T T T
[ 9 1.2 e
F= M PC-9 i W PC-9
g5 O PC-9/2D $5 0.8 0 Pc-912D
Vo Bo 0Bl
o' 2t %81
Ze 2% 04
EE gefitinib (4M) 5 £ 0.2 - |
Q 55 X
= e 0 002 02 2 gefitinib(um)
D P.Tyr 1045 E P_Tyr 1068
PC-9 PC-9/ZD PC-9 PC-9/ZD
c 00202 2 ¢ 00202 2 c 00202 2 c 00202 2
¥ % R i':T 'i £ S e ..-.. ,. AN
L1 UETT R L . ool ... Losedom
g g /[ PC-9 %g 1.2 ' .l PC-9
EE 1 00 PC-9/ZD 2% o8 H 0] PC-9/2D
(=) @3 U y
= 0. o
o o 0.6
2E D 2E 0.4
=% 0 2% %40
EE 00 3 250.2 . E
- . [+ U i 2
e gefitinib (M) [ 0 0.02 02 2 gefitinib (pM)

Frat ke § - Effect of gefitinb on swophosphorylation of FGER, G PC-9 and PC-9/2D cells (5 » 107 were exposed to 0.02, 0.2 or 2 pM gefi-
tinib for 6 hr. The 1500 pg of wotul cell ysate was innaunoprecipitated with su ot EGFR wtibody, The inmnunoprecipitives were subjedied to
gel elecrophoresis wd Western blotting with anti-phosphotyrosioe. - HERZ2 arul ani-HER 3 anubodics. Tyrosine-phosphorylated EGFR was
determined with an anti-phosphotyrosine antibady. Heterodimer foomation ol FOTR was analyzed with anti- HER2 and ani- HER3 antibodics
The expression levels have been plutted wra graph. b ) PC9 god PC-9/7D eells were exposed 10 0 02, 112 and 2 M pefivib for 6 T, A 20 pg
ol protein ol cach sample was analyzed by Westiern blatting by wang anti phinpho-PGER (TyrvdS. Tyrd2 Tyr LHS, Ty 1068) antibaddies
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FiGlRE 6 — Protein interaction
between EGFR and its adapuor pro-
teins, Cells (P: 'C-9, R: PC-9/2D)
were exposed Lo 0 and 0.2 gM of
gefitinib for 6 hr. The cells were
Iysed and immunoprecipitued with
ant-EGFR, amti-HER2, and anti-
HER3 untibodies, and the winounts
of the Grb2, S0OS§1/2, SHC and
PI3K precipitated were monitored
by immunoblotting with their spe-
cific Abs,

A EGFR HER2 HER3
PC.9 PC-9/ZD PC-9 PC-82D PC-9 PC-9/2D
0.2 ¢ 0.2 ;c“_o.z‘,,i_: 02 C 02 C 02 geftinib(uM)

Frivre 7 - Chemical cross-link-
g of PC-9 and PC-YZD cells. (a)
Afier 6 hr exposure to 1.5 mM bis
(sulfosuccinimidyl) substrate dis-
sulved i PBS as indicated in
Materiad and Mcthods. The cross-
linking reaction was quenched ad B

= monomer

the cell lysates were prepared and

subjected Lo immunoblot analysis

PE3zp

of EGPR, TIER2 und HERA. th)

Ratio of dimmers formed by PC-9

X: EGFR, HER2, or HER3

cells 1o those by PC-9/ZD cells in

the absence of geditinib, The den-
sity of the bands in (a) for EGFR-

X, TIERX-X yud TTER3-X were

guantificd  densitometrically, The
vativ of EGPR-TIER2 was caleu-

lated by the bund density obtained

1
0.5

in Tigure S¢. ¥ = EGIR, HER2 or
TTERA,

Relative densitometric unit
Ind
t

EGFR-X

Discussion

Interest in resistance to targei-based therapy (TBT) has hccn
growing ever since clinjcal efficacy was first demonstrated.”
Alihough CML patients respond 10 STI-571 well at first, most
paticnts eventaally relapse in the late stage of the discasc. R
has been reported that some patients in whom wreatment mlh geli-
tiniby is effective at first. ultimately become rtfmuury ch:sl
anee i likely to remain a hwdle that limits the long-term
effectiveness of TBT. PC-9 had a deletion mutation within the
kinase domain of EGFR and is highly seositive. These characters
are similar e those of NSCLE with clinical responsivencess to gefi-
tinib. Analyzing the mechanism of resistance of PC-9/ZD subline
might be clinically meaningful.

The mechanism of drug resistance is thought o he multifacio-
rial. Because the growth-inhihitory assay in our present stidy

HER2-X HER3-X EGFR-HER2

showed no cross resistance to a variely of cytotoxic agents, the
mechanism of the resistance differs from the mechanism of nlti-
drug resistance pattems. Although expression of BCRP, anc of the
multidsug-resistance-related prolcm:. has been reported to contib-
ule to the resistance to gefitinib,>! expression of BCRP mRNA is
observed only in PC-9 cells (data not shown). Although mutations
in the ATP-binding pocket of BCR-ABL gene have been identified
recently iv eells from C ML Paucms who were refractory 1o §TI-
571 treatment or relapse,”™ <7 there have been no reports of any
such mutations for gefiuinib resistance. PC-9/Z1D alse Lecame
refractory to gefitinib withow secondary mutation in EGFR
cDNA. These suggest the possibility of refractory tumor after
treatment of gelitinily inclsding this kind of phenutype.

There is no significant difference in expression level of EGFR
betw ecn PO-9 and PC-9/ZD. Does the antitumor efTect of gefitinil
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Fiaire 8 - Effect of gefitinib on the MAPK and AKT pathway. Cells were placed in mediem containing 0, 0,02, 0.2 or 2 uM of gefuinib for
6 hr and harvested in EBC buffer, Total cellular lysates were separated on SDS-PAGE, transterred Lo s membrang und blotied with () wnti-phos-
phio-AKT (Serd73) and (b} anti-phospho-Erk (p44/42) antibodies, The expression levels are shown in a graph,

require EGFR exprossion? Naruse er ol suggested that the
high sensitivity of K$62/TPA to gefitinib is due to acquired
EGFR expression. In their study auwtophosphorylation of EGFR
in K562/TPA cells was inhibited by 0.01 pM gefitinib, and the
ICsp-value of gefitinib in parental K562 cells, which do not
express FGFR, was approximately 400-fold higher than that in
the K562/TPA  subline. Furthermore, most paticnts  who
responded 1o gefitinib therapy have EGFR mutation in lung
tumor. ¥ These findings suggest strongly that gefitinib exerts
its antitumor effect through an action on EGFR. Qur present
study showed similar EGFR expression and auwlophosphorylation
levels in PC-9 and PC-9/ZD cells. The inhibjtory effect of gefi-

tinib on phosplmry!atmn of EGFR is different. PC 92D did oy

show cross-resistance 1o (e ‘specific EGFR :TK- inhibitors
RG-14620 and Lavendustin A in an MTT assay. nor -did inhibit
the pllo\phur)lduon of EGFR a the cellular level (data not
shown). Pacz er al.'® reported that phosphosylation of EGFR in
gelitinib-resistant cell lines was inhibited only when gefitinib
was present at high concenration. These findings suggest tha
the difference in the inhibitory-effect on EGFR phospharylation
may determine the efficacy of the drug.

The inhibitory cffect of gefitinib on EGFR phosphorylation is
not significant in PC-9/ZD cells despite the absence of differen-
ces in the sequences of EGFR, HER2, and HHER3. There are sev-
eral possible explanations for the difference in inbibitory effect.
First, the avidity of gefitinib for the ATP-binding site of EGFR
may he decreased in PC-9/ZD) cells due to a protein-protein inter-
action, ie., EGFR and a certain protein prevent gefitinib from
binding to EGFR, Sceond, a change in the activity of specific
protein-tyrosine kinase or phosphatase of EGEFR in PCOZD
cells, especially after exposure to gelitinib, may result in resist-
ance 1w inhibition of EGFR phosphorvlation. The phosphorybation
level is mainained in exquisite balince by the reciprocal activ-
ities of kinase and phosphatase,™*! and Wu reponed tha phos-
phatase plavs o role i STIST Lresistance.” Thind, increased
hetersdimer formation by EGFR with other members ol the TER

family results in the limited inhibition, Heterodimer formation is
increased in PC-9/ZD cells under basal conditivns, and no
increase in formation was observed after exposure Lo gefitinib,
although marked heterodimer induction was observed in PC-9
cells. Calculations in ia virro studies have shown that the lCSU-
value for inhibition of the tyrosine kinase activity of FGFR is
0.023-0.079 uM. whercat; the 1Cso-value for inhibition of HIER2
is 100-fold higher.’® We estimate that the inhibitory effeet of
gelitinib depends on the ratio of homodimer formation 1 hetero-
dimer formation, and the heterodimer may be one of the routes of
escape from the action of gefitinib.

blgnal transduction by the IER l'amx[y member is medioted by
2 inajor pathways; the MAPK, signaling pathway and the AKT sig-
naling pathway; which regulate- cell proliferation and survival.
Because plmsp]wrylalcd'AKT was inhibited completely by geliti-
nib in PC-9 cells, but inhibition of phosphorylated MAPK was nut
significant, inhibition of the AKT pathway may be more 1m])ur1.lm
1o cell sensitivity than inhibition of MAPK. Moasser o1 ol ¥
reported consistent results, showing that downregulition of AKT
acuivity is predominantly seen in wimors that are scnsitivc to geliti-
nib. The phosphorylation of AKT and MAPK was not inhibited
significantly by gefitinib in PC-9/ZD cells. This finding might be
attributable 1o inactivation of Tyr 1068-Grb2-508-mediated sig-
nling.

Based un the results of this comparative study, EGFR-Grb2-
80S complex formation, phosphorslation of Tyrl068, die rativ uf
the amount of homodimer formation 10 heterodimer formation,
and the AKT sigoaling pathway are possible predictive biomarkers
for gefitintb sensitivity. As a dilferent approach, we are now look-
ing for the genes associated with gefitinib resistance in PC-9/ZD
cells compared to PC-9 eclls by subtractive cloning.
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Randomized Pharmacokinetic and Pharmacodynamic
Study of Docetaxel: Dosing Based on Body-Surface Area
Compared With Individualized Dosing Based on
Cytochrome P450 Activity Estimated Using a Urinary
Metabolite of Exogenous Cortisol

Noberu Yamuanoto, Tosohide Tomura, Haruyasw Murakawii, Taisu Shivioyama, Hiroshi Nokihara,
Yutaka Ueda, Tkuo Sckine, [lideo Kuniteh, Yuichire Ohe, Tetsure Kodama, Mikike Shinizu,
Kazuto Nishio, Naoki Ishizuka, aud Nagaliire Saijo
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Purpose
Docetaxel is metabolized by cytochrome P450 (CYP3A4) enzyme, and the area under the

concentration-time curve {AUC) is correlated with neutropenia. We developed a novelimethod for
estimating the interpatient variability of CYP2A4 actvity by the urinary metabolite of exogenous
cortisol (6-heta-hydroxycortisol [6-3-CHFJ}. This study was designed to assess whether the
application of our method to mdividualized dosing could decrease pharmacokinetic {PK) and
pharmacodynamic (PD) variability compared with body-surface area (BSA) - based dosing,

Patients and Methods
Fifty-nine patients with advanced non-smalt-cell lung cancer were randomly assigned to either

the BSA-based arm or individualized arm. In the BSA-based arm, 80 mg/m? of docetaxe] was
administered. In the individualized arm, individualized doses of docetaxel were calculated from the
estimated clearance (estimated clearance = 31.177 + [7.655 x 1077 X total 6-8-OHF] — [4.02 %
alpha-1 acid glycoproten] — [0.172 % AST] — [0.125 x age]l and the target AUC of 266 mg/L - h.

Results
In the individualized arm, individualized doses of docetaxel ranged from 37.4 to 76.4 mg/m?

{mean, 58.1 mg/m?). The mean AUC and standard deviation (5D} were 2.71 (range, 2.02 to
340mg/l h)and 0.40 mg/L - h inthe BSA-based arm, and 2.64 (range, 2.15t0 3 07 mg/L h)
and 022 mg/L hn the individualized arm, respectively. The SD of the AUC was significantly
smaller in the individualized arm than in the BSA-based arm (£ < .01). The percentage
dectease in absolute neutrephil count (ANC} averaged 87.1% (range, §9.010 97.7%, SD, 8 7}
in the BSA-based arm, and 87 4% (range, 78.0 t0 97.2%. SD, 6.1} in the individualized arm,
suggesting that the interpatient variability in percent decrease in ANC was slightly smaller in
the individualized arm

Conclusion
The individualized dosing method based on the total amount of urinary 6-3-CHF after cortisol
administration can decrease PK variability of docetaxel

J Clin Oncol 23:1061-1069. © 2005 by American Sociely of Ciinical Oncology

] The doses of these cytotoxic drugs are usu-

ally calculated on the basis of body-surface
area {BSA). Although several physiclogic
functions are proportional to BSA, systemic
exposure to a drugis only partially related to

Gl e -".__-_f.. ‘*
UM G DO
Many cytotoxic drugs have narrow thera-
peutic windows despite having a large inter-
patient pharmacekinetic (PK) variability,
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this parameter."* Consequently, a large interpatient PK
variability is seen when doses are based on BSA. This large
interpatient PK variability can result in undertreatment
with inappropriate therapeutic effects in some patients, or
in overtreatment with unacceptable severe toxicities in oth-
ers. Understanding interpatient PK variability is important
for optimizing anticancer treatments. Factors that affect PK
variability include drug absorption, metabolism, and excre-
tion. Among these factors, drug metabolism is regarded as a
major factor causing PK variability. Unfortunately, how-
ever, no simple and practical method for estimating the
interpatient variability of drug metabolism is available, If
drug metabolism in each patient could be predicted, indi-
vidualized dosing could be performed to optimize drug
exposure while minimizing unacceptable toxicity.

Dacetaxel is a cytotoxic agent that promotes microtu-
bule assembly and inhibits depolymerization to free tubu-
lin, resulting in the blockage of the M phase of the cell
cycle.? Docetaxel has shown promising activity against sev-
eral malignancies, including non—small-cell lung cancer,
and is metabolized by hepatic CYP3A4 enzyme.*!*

Human CYP3A4 is a major cytochrome P450 enzyme
that is present abundantly in human liver microsomes and is
involvedin the metabolism of a large number of drugs, includ-
ing anticancer drugs.’®'® This enzyme exhibits a remarkable
interpatient variation in activity as high as 20-fold, which ac-
counts for the large interpatient differences in the disposition
of drugs that are metabolized by this enzyme." ** Several
noninvasive in vivo probes for estimating the interpatient vari-
ability of CYP3A4 activity have been reported and include the
erythromycin breath test, the urinary dapsone recovery test,
measurement of midazolam clearance (CL), and measure-
ment of the ratio of endogenous urinary 6-beta-hydroxycottisol
(6-B-OHF) to free-cortisal (FC)."? The erythromycin
Lreath test and the measurement of midazolam CL are the best
validated, and both have been shown to predict docetaxel CL
in patients.”™** However, neither probe has been used in a
praspective study to validate the correlations observed, or to
test their utility in guiding individualized dosing.

We developed a novel method for estimating the inter-
patient variability of CYP3A4 activity by urinary metabolite
of exogencus cortisol. The total amount of 24-hour urinary
6-B-CHF after cortisol administration (tetal 6-3-OHF) is
significantly correlated with docetaxel CL, which is metab-
olized by the CYP3A4 enzyme. We also illustrate the possi-
bility that individualized dosing to optimize druyg exposure
and decrease interpatient PK variability could be performed
using this method.™

We conducted a prospective, randomized PK and
pharmacedynamic (PD) study of docetaxel comparing
BSA-based dosing and individualized dosing based on the
interpatient variability of CYP3A4 activity, as estimated by a
urinary metabolite of exogenous cortisol. The objective of
this study was to assess whether the application of our
method to individualized dosing could decrease PK and P
variability of docetaxel compared with BSA-based dosing.

1062
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Patient Selection

Patients with histologically or cytologically documenied ad-
vanced or metastatic non- small-cell lung cancer were eligible for
this study. Other eligibility eriteria included the following: age
2 20 years; Eastern Cooperative Oncology Group performance
slatus of 0, 1, or 2; 4 weeks of rest since any previous anticancer
therapy; and adequate bone marrow (absolute neutrophil count
[ANC] = 2,000/ L and platelet count = 100,000/uL), renal (se-
nun creatinine level = 1.5 mng/dL), and hepatic {serum total
bilirubin level = 1.5 mg/dlL, AST level = 150 UYL, and ALT level
= 150 U/L) function. Written informed consent was obtained
from all patients before enrollment onto the study. ‘

The exclusion criteria inchuded the following: pregnancy or
lactation; concomitant radiotherapy for primary or metastatic
sites; concomitant chemotherapy with any other anticancer
agents; treatment with steroids or any other drugs known 1o
induce or inhibit CYP3A4 enzyme'7; serious pre-existing medical
conditions, such as uncontrolled infections, severe heant disease,
diabetes, or pleural or pericardial effusions requiring drainage;
and a known history of hypersensitivity Lo polysorbate 80, This
study was approved by the institutional review hoard of the Na-
tional Cancer Center.

Pretreatment and Follow-Up Evaluation

On enrollment onto the study, a history and physical exam-
ination were performed, and a complete differential blood cell
count (including WBC count, ANC, hemoglobin, and platelets),
and a clinical chemistry analysis (including serum total protein,
albumin  [ALB], bilirubin, creatinine, AST, ALT, gamma-
glutamyliransferase, atkaline phosphatase [ALP], and alpha-1 acid
glycoprotein [AAG]) were performed, Blood cell counts and a
chemistry analysis except for AAG were performed a1 least twice a
week throughout the study. Tumor measurements were perforined
every two cycles, and antitumer response was assessed by WO
standard response criteria, Toxicity was evaluated according 1o the
National Cancer Institute Common Toxicity Criteria (version 2.0),

Study Design

This study was designed 10 assess whether the application of
our method to individualized dosing could decrease PK and P
variabifity compared with BSA-based dosing. The primary end
point was PK variability and the secondary end point was PD
variability {ie, toxicity). In our previous study invelving 29 pa-
tients who received 60 mg/m* of docetaxel, the area under the
concentration-time curve (AUC) was caleulated (o be 2.66 £ 0.9]
(mean £ standard deviation [SD]} mg/L - h.*® We assumed that
the variability of AUC, represented by the SD, could be reduced by
5% in the individualized arm compared with that in the BSA-
based arm, and that AUC would be normally distributed. The
required sample size was 25 patients per arm to detect this differ-
ence with a two-sided Ftest at @ = .05 and a power of 0.914.

Pattents were randomly assigned ta either the BSA-based arm
or individualized arm {Fig 1), In the BSA-based arm, cach puatient
received a dose of 60 mp/m? of docetaxel In the individualized
arny, individualized doses of docelaxe] were calculated from the
estinnated docetaxel CLafler cortisol administ rationand the target
AUC (described in the Docetaxel Administration section).

Cortisol Administration and Urine Collection
T the individuatized arm, 300 mg of hydrocortisone (Bayn
Pharmaceuticals Co, Tokyo, Japand was dilined in 100 ml of0.91%

AOUENAEL GF UCRINn sl O ol
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| Study registration (n=59) |

.

I Randomization (n=59) ]

BSA-based-arm (n=30}) | '

| 1ndividualized-arm (n=29) |

| Cortisol administration (n=29) |

Measure urinary
total 6-betz-OHF (24hrs) (n=29)

Estimate docetaxel CL (n=29) I

Fig 1. Study flow diagram and adminis-

tered dose of docetaxel. PK, pharmacoki
netic; AUC, area under the concentration-

Calculate individualized-dose by target AUC
&

Docetaxel administration (n=29)

time curve; CL, clearance; 6-8-OHF,
6-beta-hydroxycortisot

Docetaxel administration (n=30)
(60 mg/m?)

30 40 50

Administered dose of docetaxel (mg/mz)

60 70 80

PK sampling (n=30) I

PK sampling (n=29) |

saline and administered intravenously tor S0 minutes al 9 am on

day 1 in all patiemts 1o estimate the interpatient variabiiy of

CYPIAA aativity. Alter contisel administration, the urine was col-
lected for 24 hours. The total volame of the 24-hour collection was
recorded, and a 5-mb aliquot was analyzed immediately.

Docetaxel Administration

Daocetaxe] { Taxotere; Aventis Pharm Lid, Tokyo, Japan) was
obtained commercially as a concentrated sterile solation contain-
ing 80 myg of the drugin 2 ml ol polysorhate 810, Tn the BSA-based
arm, a dose ol 60 mg/m? of docetaxel was dilated in 250 mlof 5%
ghucose ar 0.9% saline and administered by 1-hour intravenous
infusion at 9 an toall patients.

W WOy

tn the individualized arm, individualized dose of docetaxel

was calculated fram the estimated CL and the target AUC of 2.60
mg/l. - h using the following equations:
Estimated CL (L/h/m?) = 31.177 1 (7.655 X 10 *

X total-6-B-O1F [pg/d])  (4.02 X AAG [g/l]) (0172
X AST [U/L]) (0,125 X age [years])™
Individualized dose of docetaxel (mg/in)

estimated docetaxel CL (L/h/m?)

X rarget AUC {206 mg/l. - hy

1963
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At least 2 days after cortisol administration, individualized doses
of docetaxel were diluted in 230 mL of 5% glucose or 0.9% saline
and administered by 1-hour intravenous infusion at 9 am te each
patient, The doses of docetaxel in subsequent cycles of Lreatment
were unchanged, and no prophylactic premedication to protect
against docetaxel-related hypersensitivity reactions was adminis-
tered in either of the treatment arms,

PK Study

Blood samples for PK studies were obtained from all of the
patients during the initial 1reatment ¢ycle. An indwelling cannula
was inserted in the arm opposite that used for the drog infusion,
and blood samples were collected into heparinized bes, Blood
samnples were collected before the infusion; 30 minutes after the
start of the infusion; at the end of the infusion; and 15, 30, and 60
minutes and 3, 5,9, and 24 hours alietr the end of the infusion. All
blood samples were centrifuged immediately at 4,000 rpm for 10
minutes, afier which the plasma was removed and the samples
were placed in pelypropylene tubes, labeled, and stored at - 20°C
or colder until analysis.

PK parameters were estimated by the nonlinear least squares
regression analysis methed (WinNonlin, Version 1.5; Bellkey Sci-
ence Inc, Chiba, Japan) with a weighting factor of 1 per year.?
Individual plasma concentration-time data were fitted to two- and
three-compartment PK models using a zero-order infusion input
and first-order elimination. The model was chesen on the basis of
Akaike’s information criteria.? The peak plasma concentration
(Cnax) Was generated direcily from the experimental data. AUC
was extrapolated 1o infinity and determined based on the best-
fitted curve; this measurement was then used Lo calculate the
absolute CL (L/h), defined as the ratio of the delivered dosage (in
milligrams) and AUC.

To assess PD effect of docelaxel, the percentage decrease in
ANC was calculated according to the following formula: % de-
crease in ANC = [pretreatment ANC — nadir ANC)/(pretreat-
ment ANC) X 100,

Measurements

The concentration of urinary 6-$8-O1IF was measured by
reversed phase high-performance liquid chromatography with
UV absorbance detection according to previously published
methods 444

Docetaxel concentrations in plasma were also meastired by
solid-phase extraction and reversed phase high-performance lig-
uid chromatography with UV detection according to the previ-
onsly published method. ™™ The detection it corresponded 1
aconcentralion of 10 ng/ml.

Statistical Analysis

Fisher’s exact test or x* test was used 1o compare categoric
data, and Stadent’s ¢ test was used for continuous variables. The
strength of the gelationship between the estimated dacetaxel CL
and the observed ducetaxel CL was assessed by least squares linear
regression analysis. The interpatient variability of AUC for cach
arm was evaluated by determining the SD aned was compared by F
tesl. Biases, or the mean AUC value in each arm minus the target
ALIC (2,66 mg/l, - h), were also compared between the arins by
Stadent’s 1 test.

A hwo-sided P value of < .05 or fess was comsidered 1o
indicate statistival significance. All statistical analyses were per-
[ormed vsing SAS software version 802 (SAS Institute, Cary, N,
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Between October 1999 and May 2001, 59 patients were
enrolled onto the study and randomly assigned to either
the BSA-based arm (n = 30) or the individualized arm
{n = 29). All 59 patients were assessable for PK and PD
analyses. The pretreatment characteristics of the 59 patients
are listed in Table 1. The baseline characteristics were well
balanced between the arms except for three laboratory pa-
rameters: ALB, AAG, and ALP. These three parameters were
not included in the eligibility criteria. The majority of pa-
tients (95%) had a performance status of 0 or 1. Twenty
{67%) and 16 (55%) patients had been treated with
platinum-based chemotherapy in the BSA-based arm and
individualized arm, respectively. Only two patients in the
individualized arm had liver metastasis, and most of the
patients had good hepatic functions.

Patient Characteristics

Individualized Dosing of Docetaxel

In the individualized arm, the total amount of 24-hour
urinary 6-B8-OHF after cortisol administration (total 6-8-
OHF)was 9,179.6 = 3,057.7 ng/d (mean = SD), which was
similar to the result of our previous study.™ The estimated
docetaxel CL was 21.9 = 3.5 L/h/m? (mean = SD), and
individualized dose of docetaxel ranged from 37.4 to 76.4
mg/m? (mean, 58.1 mg/m?; Fig 1.

PK

Docetaxel PK data were obtained from all 59 patients
during the first cycle of therapy, and PK parameters are
listed in Table 2. Drug levels declined rapidly after infusion
and could be determined to a maximum of 25 hours. The
concentration of docetaxelin plasma was fitted to a biexpo-
nential equation, which was consistent with previous
reports.*® ** The mean alpha and beta half-lives were 9.2
minutes and 5.0 hours in the BSA-based arm and 9.2 min-
utes and 7.4 hours in the individualized arm, respectively,

In the BSA-based arm, docetaxel CL was 22.6 + 3.4
L/h/m? (mean = SD), and AUC averaged 2.71 mg/L - h
{(range, 2.02 to 3.40 mg/L - h). In the individualized arm,
docetaxel CL was 22.1 * 3.4 L/h/m?, and AUC averaged
2.64 mg/L-h (range, 2.15t0 3.07 mg/L- h). The least squares
linear regression analysis showed that the observed do-
cetaxel CL was well estimated in the individualized arm
(' = 0.821; Fig2).

The SDs of AUC in the BSA-based arm and in the
individualized arm were 0.40and 0.22, respectively, and the
ratic of SD in the individualized arm to that in the BSA-
based arm was 0,538 {95% CI, 0.369 to 0.782). The biases
tfrom the target AUC in the BSA-based arm and in the
individualized arm were 0.047 (95% CI, —0.104 ta 0.198)
and —0.019 {95% CI, -0.102 to 0.064), respectively, with
no significant difference. The interpatient variability of

AOUENAL L Cse O8N ok
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Table 1. Patient Characteristics

B5A Based Individualized
Aim Armn
No. of No of
Charactenstic Pationts % Patients % F
Enrolled 30 S . 29 H—
Eligible 30 100 29 100
Age, years i ‘ B2
Median 1 62 ...
Range 5273 ° &73"
Sex
Male 25 83 19 66 14
Femala 5 17 10 34
ECOG PS f !
0 7 3 1 1,3 08
1 22 73 26 - 90
2 1 3 2 7
Prior treatment
None 4 13 4 14 99
Surgery " 37 9 31 65
Radiotherapy 13 43 10 34 49
Chemotherapy 21 70 18 62 b2
Platinumn-based regimens 20 87 16 56 .37
Site of disease ~ 3 * ’
Lung ¢ T 77 28 . 87 .0
Liver S0 0 2 7 24
Pleura P 27 12 a1 23
Bona S B, 9 NN
Extrathoracic lymph nodes 0 33 10 34 93
Laboratory parameters
ALB, g/l 02
Median 38 5
Range 26-45 24-44
AAG, o/l 04
Median 100 126
Range 0282 15 064254
AST, UL 67
Median 21 22
Range 10-40 7
ALT, WL 88
Median 18 18
Range G-54 4-45
ALP, UL 03
Mechan 249 324
Range 129-540 185-986

Abbrevations [ GO0, Festern Cacperatve Onealoay Groun, IS, pardar
menee s1ztus, ALB, serum atbumm, AAG, slphe-1-aud glycoproten; ALk,
sarum alkoline prosphatase

AUC was significantly smaller in the individualized arm
than in the BSA-based arm (£ <0 .01; Fig 3).

PD

In both arms, neutropenia was the predominant toyic-
ity related to docetaxel treatment, and 28 of 30 (93%)
patients in the BSA-based arm and 25 of 29 (86%) patients
in the mdividualized arm had grade 3 or 4 neutropenia,

(5301 e BT AN

Table 2. Docetaxel PK Parameters

BSA-Based Arm Individualized Arm
Paramateis In = 30 in= 29

Chren po/mbL - * 0.36-2.70 0.99-241
t,._ alpha’, minutes 92-33 9227
1y, beta®, hours . 50+48 . 74117
CL* Uh 376+63 348=x71
CL*Uhm? - T 226=34 . 221x34
AUC

Mean mgiL - h 2N 2.64

Range mg/ll h 2 02-3.40 2 15-3.07

Median 265 2.66

D 0.40 0.22

Abbreviations PK, pharmacokinetic; BSA, body-surface ares; CL, clear-
ance; AUC, area under concentratiorrtime curve, SD, standard deviation
"Data represent mean * SD.

Nonhematelogic toxicities, such as gastrointestinal and he-
patic toxicties (ie, hyperbilirubinemia, aminotransferase
elevations), were mild in both arms.

PD effects shown as the percentage decrease in ANCare
listed in Table 3. The percentage decrease in ANC for the
BSA-based arm and individualized arm were 87.1% (range,
59.0 to 97.7%:; SD, 8.7) and 87.5% (range, 78.0 to 97.2%;
SD, 6.1), respectively, suggesting that the interpatient vari-
ability in the percentage decrease in ANC was slightly
smaller in the individualized arm than in the BSA-based
arm (Fig 4). The response rates between the two arms were
similar; five of 30 (16.796) and four of 29 (13.8%) patients

65 g
-"“ *

50
‘I:: » ',-"’ . s
S 4 -
§ 40 """ 1 ,"'
g A0 '
3 85- " ': - '.' », g
] ’ S e
-1 30 .
E ‘ . L "".
$ 25{"
- g
o '

20

(n=29,r=0.821)
15 . . - - :

15 20 25 30 35 40 45 B0 55
Estimated docetaxel CL (L/hr)

Fig 2. Coirelation hetwsen the est:mated and cbeerved ducetaxel claar-
ance CL) n the irdividualized arm - 29) {—) Linear regiession ‘ine
ir nexnod ) OLo Cis dop indudual ostmates
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Fig 3. Comparison of area under the concentration-time curve (AUC)
variability between the arms (P < 01, F test} BSA, body-surface area

achieved a partial response in the BSA-based arm and indi-
vidualized arm, respectively.

Inoncology practice, the prescribed dose of most anticancer
drugs is currently calculated from BSA of individual pa-
tients to reduce the interpatient variability of drug expo-
sure. However, PK parameters, such as CL of many
anticancer drugs, are not related to BSA.>*? ** Although PK
parameters of docetaxel are correlated with BSA, individu-
alized dosing based on individual metabolic capacities
could further decrease the interpatient variability.”*
CYP3A4 plays an important role in the metabolism of
many drugs, including anticancer agents such as docetaxel,
paclitaxel, vinorelbine, and gefitinib. This enzyme exhibits a
large interpatient variability in metabolic activity, account-
ing for the large interpatient PK and PD variability, We have
developed a novel method of estimating the interpatient
variability of CYP3A4 activity by urinary metabolite of ex-
ogencus cortisol. That is, the total amount of 24. hour uri-
nary 6-f3-OHF after cortisol administration was highly
correlated with docetaxel CL. We conducted a prospective

Table 3. Percentage Decrease m ANC
ESA-Based Arm  Irdimidualized Arm

Parameaters n - 30} in. 29
Percentage decreasa in ANC, ¥
Mean 871 874
Range £9.0-97.7 78.0-97 2
Median 89.7 884
SD 87 81

Ablreviations AMU, absoluie neuttophil cour 1. BSA, Ludy-surleve wre,
50, standord devaticn
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Fig 4 Corrclabion between ates under the corcenlialion ume curve IAUC)
and perceniaye decrease I absoluts nautrophi! count ANC) i eachiatn 1A)
body-surface area-based arm: (Bl indivdualized arm

randomized PK and PD study of docetaxel to evaluate
whether the application of our methed to individualized
dosing could decrease PK and PL variability compared with
BSA-based dosing,

The study by Hirth et al** showed a good correlation
between the result of the erythromycin breath test and
docetaxel CL, and the study by Goh et al®” showed a good
correlation between the midazolam CL and docetaxel CL.
In our study, we prospectively validated the correlation
between docetaxel CL and our previously published
method using the total amount of urinary 6-f3 QHF after
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Randomized PK and PD Study of Docetaxel

cortisol administrationin theindividualized arm. Asshown
in Fig 2, the observed docetaxel CL was well estimated, and
the equation for the estimation of docetaxel CL developed
in our previous study was found to be reliable and repro-
ducible. The target AUC in the individualized arm was set at
2.66 mg/L + h. This value was the mean value from our
previous study, in which 29 patients were treated with 60
mg/m? of docetaxel. Individualized doses of docetaxel ranged
from 37.4 10 76.4 mg/m? and were lower than expected.

The SI} of AUC in the individualized arm was about
46.2% smaller than that in the BSA-based arm, a significant
difference; this result seems to indicate that the application
of our method to individualized dosing can reduce the
interpatient PK variability. Assuming that the variability of
AUC could be decreased 46.2% by individualized dosing
applying our method, overtreatment could be avoided in
14.5% of BSA-dosed patients by using individualized dos-
ing (Fig 5, area A), and undertreatment could be avoided in
another 14.5% of these patients (Fig 5, area B). We consid-
ered that neutropenia could be decreased with patients in
area A by individualized dosing. However, it is unknown
whether the therapeutic effect of docetaxel could be im-
proved in the patients in area B by individualized dosing
because no significant positive correlation has been found
between docetaxel AUCand antitumor response in patients
with non—small-cell lung cancer.”® In this study, seven of 30

ﬂ AUC distribution by individualized dosing
Z \_ AUC distribution by BSA-based dosing

Number of patients

'L

f
L3 : .
UC distribution
{area B) {area A)

1- Imin[]](x), S50 =0.145+0.145=0.291
-#Y
1 1
e *, filn)=
N2roe
Fig 5. Simulated comparison of area under the concentiation-time curve
(ALC) distribution between body-suiface area (BSA) -based dosing and

incivicualized cosing when the variabily of AUC 1s decreased 46 2°% by
inchivichiahzed dosing apphed using our method

el

9—2{0.5330]’

where: £,(x) = 2705380

WhW ey

{23.3%) and two of 30 (6.7%) patients in the BSA-based arm
were included in area A and B, respectively (Figs 3 and 5).

As shown in Figure 4, the percentage decrease in ANC
was well correlated with AUC in both arms, which was
similar to previous reports.*”* It was also indicated that the
interpatient variability in the percentage decrease in ANC
was slightly smaller in the individualized arm than in the
BSA-based arm; however, this difference was not signifi-
cant. The response rates between the two arms were similar.
Although the interpatient PK variability could be decreased
by individualized dosing in accordance with our method,
the interpatient PD variability such as toxicity and the anti-
tumor response could not be decreased. Several reasons
could be considered.

With regard to toxicity, the pretreatment characteris-
tics of the patients in this study were highly variable, More
than halfof the patientsin each arm had previously received
platinum-based chemotherapy, and more than 30% had
received radiotherapy. The laboratory parameters (ie, ALB,
AAG, and ALP) were not balanced across the arms, al-
though they were not included in the eligibility criteria
(Table 1). These variable pretreatment characteristics and
unbalanced laboratory parameters may have influenced the
frequency and severity of the hematologic toxicity as well as
the pharmacokinetic profiles. The antitumor effect may
have been influenced by the intrinsic sensitivity of tumeors,
the variable pretreatment characteristics, and the imbalance
in laboratory parameters. Non—small-cell lung cancer is a
chemotherapy-resistant tumor. The response rate for do-
cetaxel ranges from 18% to 38%,” and no significant posi-
tive correlation between docetaxel AUC and antitumor
response has been found. We considered it quite difficult to
control the interpatient PD variability by controlling the
interpatient PK variability alone. Although we did not ob-
serve any outliersin either arm, such as the two outliers with
severe toxicity observed in the study by Hirth et al,*® our
method may be more useful for identifying such outliers. If
we had not excluded patients with more abnormal liver
function or a history of liver disease by the strict eligibility
criteria, the results with the two dosing regimens may have
been more different, and the interpatient PL) variability,
such as the percentage decrease in ANC, may have been
smaller in the individualized arm than in the BSA-based
arm. Furthermore, the primary end point of this study was
PK variability, evaluated by the S1} of AUC in both arms,
and the sample size was significantly underpowered to eval-
uate whether the application of our method to individual-
ized dosing could decrease PL) variability compared with
BSA-based dosing.

For the genotypes of CYP3A4, several genetic poly-
morphisms have been reported {(http://www.inim ki.se/
CYPalleles/}; however, a clear relationship between
genetic polymarphisms and the enzyme activity of
CYP3A4 has not been reported. Our phenotype-based
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individualized dosing using the total amount of urinary
6-f-OHF after cortisol administration produced good
results. However, this method is somewhat complicated,
and asimpler method would be of great use. We analyzed
the expression of CYP3A4 mRNA in the peripheral-

Yamamato et al

blood mononuclear cells of the 29 patients in the indi-
vidualized arm. No correlation was observed between the

expression level of CYP3A4 mRNA and docetaxel CL or
the total amount of urinary 6-8-OHF after cortisol ad-

ministration (data not shown).

1. Sawyer M, Ratain MJ Body surface ares
as a determinam of pharmacokinetics and drug
dosing Invest New Drugs 19:171-177, 2001

2. Gurney H: Dose calculation of anticancer
drugs: A review of the current practice and
introduction of an allermastive. J Clin Oncol 14:
2690-2611, 1926

3. Ratain MJ: Body-surface area as a3 basis
for dosing of anticancer agents: Science, myth,
ot habit? J Clin Oncol 16-2297-2298, 1988

4. Ringel |, Horwitz SB: Stwudies with RP
56976 (Taxotere) A semisynthetic analogue of
taxol J Natl Cancer insl 83288 291, 1991

5. Cortes JE, Pazdur & Docetaxel J Cin
Oncol 13.2643-2655, 1995

b. Fossella V., Lew JS, Murphy WK, et sl
Prass If study of docetaxel for recurrent or
metastatic non-small-cell lung cancer. J Clin On-
cof 12:1238-1244, 1994

1. Fossells FV, Lea JS, Shin DM, el al: Phase
Il study of docetaxel for advanced or metastatic
platinum refractory non small cell lung cancer
J Chin Oncol 13 645651, 149%

& Gandara DR, Vokes E, Green M, et al:
Activity of docetaxel in platinum-treated non-
siall cell lung cancer Results of a phase 1l
mutticenter wial. J Clin Ongol 18.121-135, 2000

4, Kunitoh H, Watanaha K, Onoshi T, et al;
Phase 11 tnal of docelaxe! n previously urtiested
advanted non-small-ce!l lung cancer A Japanese
cooperative study J Chin Oncol 14 1649-1655,
199G

10. Fossella FV, DeVwe R, Kerr RIL el af
Randomized phase HI trial of docetaxel .ersus
vinorelbing or Hfosfamide in patients with ad-
vaniced hon amall cell fung cancer  proviously
Lealed with platnum-vortanmy chemoderapy
regimens. Tre TAX 320 Mor-Small Cet Lung
Caneer Stidy Groun 1 Clin Onenl 18 23512367,
2000

11. Shanheid FA, Dancey J, Ramlau R, et al
Prospective randomized tnal of docetaxel ver-
s15 best supportive carg in patients with non
smgdllcell lung cancst previeusly treatad walh
piatinum-based chemotherapy J Clin Ongol
1220952102 2000

12 1ludis CA, Sediman AL, Crov n JIY, o1 al
Phass Il and pharmacologic study of docetaxel
as inital chemotrerzpy for metastatic breast
carcer 3 Chin Onesl 14 BR GO, 1996

13. hudeou AL, Lisenhacet BA, Hgar s B,
el al Docetaxel n patierts with meastatic
breast cancer A phase [l stusy of the Nat.onal

1164

In conclusion, the individualized dosing of docetaxel us-
ing the totalamount of urinary 6-B-OHF after cortisol admin-
istration is useful for decreasing the interpatient PK variability
compared with the conventional BSA-based method of dosing
This method may be useful for individualized chemotherapy,

=

Authors’ Disclosures of Potential
Conflicts of Interest

The authors indicated no potential conflicts of interest.

Cancer Institute of Canada-Clinical Trials Group.
J Clin Oneol 14:422-428, 1996

14. Chan §, Friedrichs K, Noel D, et al: Pro-
spective randomized trial of docetaxel versus
doxorubicin in patients wih metastatic breast
cancer: The 303 Study Group. J Chn Cncol
172341-2354, 1999

15. Marre F, Sanderink GJ, de Sousa G, et al’
Hepatic biotransformaticn of docelaxel {Taxo-
tere) in vitro: Involvement of the CYP3A subfam-
ily in humans. Cancer Res 56 1296-1302, 1896

16. Nalson DR, Koymans |, Kamataki T, et al
P4A5S0 superfamily Update on new sequences,
gene mapping, accession numbers and normen-
cleture Pharmagoganetics 6 1-42, 1994

17. Lin JH, Lu AYH. Inhibition and induction of
cytochrome P450 and the clinical implications
Clirt Pharmacokinet 35 351-380, 1998

18. Parkinson A An overview of current cyto-
chroma P450 tecknology for assessing the
safely and efficacy of new matenals Texcul
Pathol 24°45-57, 1996

18. Shimada T, Yamazaki H, Mimura M, et al
Interindividual varistions in humoan liver cyto-

-chrome P-450 enzymes mvolved in the oxidation

of drugs, careinogens and 1oxic chemicals Stud-
ies with liver microsomes of 30 Japanese and 30
Caucastans J Pharmacol Exp Ther 270414 423,
1884

20. Guengench FF. Characlenzation of human
micrasomal cytochrome P450 enzymes Annu
Rev Pharmacol Toxicol 28.241-264, 1988

1. Guengerich FP, Turvy CG° Companson of
lavels of human microsomal eylachroma P4ED
enzymes and epoxide hydrolase in normal and
discase status using iImmunochemical analysis
of swrgieal samples § Pharmacol Exp Lher 256
1189 1194, 1891

27, Hunt CM, Wastetkom WK, Slave GM
Effects of ape and gendst or tha autiaty of
humen repatic CYF3A Biochem Phaemacol 44
275-282, 1982

23. Watkins PB, Turgeon DK, Saenger P, et ol
Companson of urnary B-beta-cortisol and the
erylthromycin breath test as measures of hepetic
PAROINA ICYP3AI acthity €I n Pharmacol Ther
52 2656 273, 1992

24 Kirirors MT, ©'Shea D, Downing TF, et al
Asence of cotreletions amony three pulalioe m
vvoprebes of Furnan eylochrorma PASO3A aciy
1ty 1N youny beadthy men Chn Phatrnacy!t Ther
L4 6241-829. 1993

25 Hunt ChY. Watk:ns PB, Saenger P, et al
Heterogensiy of CYP3A soform s metabolizing
erythromycin and cortsot Chin Pharmacol Ther
511823, 1992

26, Thumme! KE, Shen DD, Podoll 1D, et al
Uss of midazolam as a human cytochrome P450
3A probe Il Characterization of inter- and intra-
individual hepatic CYP3A variabiity after liver
transplantation. J Pharmacol Exp Ther 271 857-
566G, 1994

21. Thummel KE, $hen DD, Podoll TD, ot 4k
Use of midazolam s a human eytochiome P450
3A probe: | In vitro-in vivo correlations in liver
transplant patients. J Pharmacol Exp Ther 271
549-556, 1994

8. Hirth J, Watkins PB, Sirawderman M, et
al The effect of an individual's cytochrome
CYP3A4 acthity on docataxel clearance. Clin
Caricer Res 6:1205-1258, 2000

2. Goh BC, Lee SC, Wang L2, et ol Explun-
ing interindividual varizbility of docetavel pharma-
cckinetics and pharmacodynamics in Asians
through phenotyping and genotyping strateges
J Clin Oncol 20 3683-3620, 2002

30. Yamamoto [, Tamura T, Kamiya Y. #t al
Correlation between docetsxel clearance ahd
estimaled cytochrome PA50 activity by unnary
metabolite of exogenous cortisal J Clin Oncol
18:2301-2308, 2000

31. Yamacka K, Nakagawa T, Uno T Appl-
cation of Akaike's information criterion (AIC] in
the evaluation of linear pharmacokinetic rqua
twns. J I'harmacckinegl Biophzim 6 164 175,
1978

32 Nakamura J, Yukata M: Determination of
urinary cortsol and & beta-hydroxycortisol by
high performance liquid chromatography Cln
Chim Acta 149.215-224, 1985

33 Lykkasfeldt |, | oft 5, Poulsen HF Sim.k
taneous determination of urinary free corisol
and 6 heta hydraxveorisal by high pertermanc e
hquid  chromeatograpby 1o eeeswe hurman
CYP3A actmity J Chvomstogr B Biomed Appl
§60°23-29, 1994

4, Vergno! JC, Brurg H, Montay <&, el ol
Detarminaticn of Taxotere tn human plasima by a
semi-adtomated  high-performance fiqud cheo
matogrephic methed J Cheomatogr £82 373
278, 1892

35 Taguchi T, Furue H, MNitani H, et & Prase
I cimeal trial of RP BEG76 {docetaxel) a new
anticancer drug Gan To Kagaku Rvohe 71 1997
2005, 1994

36 Burs 18 bvin B Kuen L of al Phase |
Shiracal tial g Tasotero gdimmisiared as e ther g
2hour o Ghow nliavenous mivsion J e
Onuot 11 9h0-U58 1994

32 Exug UM, Rousseau F, Biuno R, et al
Phase | and phaimacckinglic study of Tawor
tere (RP 96976, MNSC 622502) giier as 2 shat

AN s oF CEEe ar s iy

230

Downloaded from www.jco.org at National Cancer Center on May 6, 2005 .
Copyright © 2005 by the American Society of Clinical Oncology. Alf rights reserved.



intravenous infusion. Cancer Res 53 1037-1042,
1993

38. Pazdur B, Newman RA, Hewman BM, et
al: Phase | tnal of Taxotere: Five-day schedule
J Natl Cancer Inst 84.1781-1788, 1992

39. Mathijssen RHJ, Verweij J, de Jange MJ,
et al Impact of body-size measures on rinotecan
clearance: Alternative dosing recommendations
J Clin Oncol 20 81-87, 2002

Randomized PK and PD Study of Docetaxel

40, De Jongh FE, Verweij ) Loos W, et al
Body-surface area-based dosing does not in-
crease accuracy of predicting crsplatin exposure
J Clin Oncol 19.3733-3739, 2001

81, Gurney HP, Ackland S, Gebski V, et al
Factors affecting epirubicin  pharmacokinetics
and toxicity Evidence apainst using body-
surface area for dose calculation J Clin Oneol
16-2299-2304, 1998

42, Loos WJ, Gelderblorn H, Sparreboom A,
et al. inter- and intrapatient vanability in oral
topotecan pharmacokinetics: Implications for
body-surface area dosage regimens Clin Cancer
Res 6:2625-2689, 2000

43, Bruno R, Hille D, Riva A, et al. Population
pharmacokinetics/pharmacodtynamics  of  do-
cetaxel in phase Il studies in patierts with can
cer J Clin Oncol 16:187-196, 1998

through this new system,

Attention Authors: You Asked For kt - You Got It]

Online Manuscript System Launched November st

JCO's Manuscript Processing System will benefit authors by
» eliminating the time and expense of copying and sending papers through the mail

* receiving nearly immediate acknowledgement of receipt of manuscripts
* tracking the status of manuscripts at any time onling and
# accessing alt reviews and decisions online.

Authors aro encouraged to register at http://submit.jco.org.

For more details on JCO's new online Manuscript Processing Systern, go onling to
http:/Awww jco.org/misc/announcements.shtml. Also, watch upcoming issues of JCO for updates like this one.

©On Movember 1st, JCO fomally introduced its online Manuscript Processing System that will improve all aspects of the
submission and peerreview process. Authors should notice a quicker turnaround tima from submission 1o decision

Based on the well known Bench>Press system by HighWire Press, the JCO Manuscript Processing System promises
to further JCO% reputation of providing excellent auther service, which includes an already fast turnaround time

of 7 weeks from submission to decision, no submission fees, no page charges, and allowing authors to freely use
their work that has appeared in the journal.

* allowing authors 1o complete required subrission forms quickly and easily online

WOV

1069

231

Downtoaded from www jco.org at National Cancer Center on May €, 2005 .
Copyright © 2005 by the American Society of Clinical Oncology. All rights reserved.




[CANCER KESEARCH 64, 10) w104, December 15, 20604)
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ABSTRACT

ZD6474 is an inhibitor of vascular endothelial growth factor recepior-2
(YEGFR-2/KDR} tyrosine kinase, with additional activity against epider-
mal growth Factor receptor (EGFR) tyrosine kinase. ZD6474 iuhibits
angingenesis and growth of a wide range of tumor models in vive. Gelitinib
(*“Iressa™) is a selective EGIER tyrosine kinase inhibitor that blocks signal
iransduction pathways implicated in cancer eell proliferation, Here, the
ability of gefitinib and ZIDG6474 to inhibit fumor cell proliferation was
examined directly in cight cancer cell lines i vitro, ond o sireng correla-

" tion was noted between the ICy, values of gefitinib and ZD6474 (r = 0.79).
No correlation was observed hetween the sensitivity {0 ZD6474 and the
level of EGIFR or VEGFR expression, The NSCLC cell line PC-9 was seen
to be hypersensitive to gelitinib and ZD6474, and a small (15-bp) in-frame
deletion of an ATP-binding site (exon 19) in the EGFR was detected
(dellZ746-A750 -ty pe deletion). To clarily the involvement of the deletional
muiation of EGFR in the cellular sensitivity to ZDD6474, we exmnined the
effect of this agent on HEK293 stable transfeciants expressing delefional
EGFR that designed as the smne deletion site observed in PC-9 cells
(293-pA15). These cells exhibited a 60-fold higher sensitivity to ZDG474
compared with trapsfectants expressing wild-1ype EGFR. ZD6474 inhib-
ited the phospharytation of the mutant EGFR by 10-fold compared with
cells with wild-type EGFR. In conclusion, (he findings suggested that a
small in-frame deletion in the EGFR increased the collular sensitivity to
ZD6474.

INTRODUCTION

Gelitinib (“lressa™) is an orally active, seleclive NGEPR-tyrosine
kinase inhibitor that blocks the stgnal transduction pathways impli-
cated in the proliferation and survival of cancer cells and other
host-dependent processes promoting cancer cell growth (1-3). Muta-
tion of the EGFR tyrosine kinase in human non-small-cell lung
carcinoma (NSCLC) and hyperresponsiveness to gefilinib in patients
with NSCLC with this mulition recently were reported (4. 5} The
mutations were small. in-lrame deletions or substitutions clustered
around the ATP-binding site in exons 18, 19, amd 21 of the EGFR. The
mutart receplors were significantly more sensilive Lo gefitinib than
the wild-type receptor t1Cg, 0015 versus 0.1 amol/L). However, of
the 95 other primary tumors and 108 cell lines derived from other
tumoer types studied, none showed any mutalions of this receptor (4).
Conversely, Ohm et al. (6} veparted that all four patients with
gefitinib-responsive NSCLE were shown to have imutations of the
EGER near the AT1-hinding site compared with none of seven cases
showing no response W this drug. These results clearly suggest that
the LGER motation may be a strong determinant of the wmor re-
sponse (o gefttinib,
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ZDO6474 is an inhibitor of VEGFR-2 and EGFR signaling thal
inhibits angiogenesis and tumor growth in a diverse range ol tumor
models (7). We previously have shown that the NSCLC cell line PC-9
is hypersensitive to gefitinib, with an 1Cy; value of ~0.02 pmol. (8,
9). It subsequently was established thal the PC-9 cells also showed
hypersensitivity to ZD6474.

In this report, we discuss the presence of an EGFR deletional
mutation and its abilily to determine sensitivity to ZD6474.

MATERIALS AND METHODS

Reagents. ZD6474 and gefitinib (lressay were provided by AstraZeneca
(Cheshire, United Kingdom).

Cell Culture. The hiuman NSCLC cell lincs PC-Y and P(C- 14 were estab-
lished at the Tokyo Medical University (10, 11). The human epidermal
carcinoma cell line A431, breast carcinoma celf line SK-BR-3, ovarian carci-
noma cell line SK-OV-3, and colon carcinoma cell lines Wilr and LoVo were
obtained from the American Type Culture Collection (Manassas, VA). The
SBC-3 cells were supplied by Okayama Universily School of Medicine. All of
the cell lines were maintained in Roswell Park Memorial Institute 1630
medium (Sigma. St. Louis, MQ) supplemented with 104%. heat-inactivated fetal
bavine serum (FBS; Life Technologies, Rockville, MD). except for the LoVa
(F12; Nissui Pharmaceutical, Tokyo. Japan), Wibr (modified Eagle's medium:
Nissui Pharmaceutical), and A431 cells (Dulhecco’s modified Eagle’s me-
divm; Nissoi Pharmacettical). The HEK293 cell tine was obtained from the
American Type Culture Collection and cultured in Dulbeceo's modified La-
gle’s medium supplemented with 10% FBS.

In vitro Growth-Inhibition Assay. The cell growth-inhibitory effect of
gefitinib and ZDG474 was determined using the thiazoly] blue tetrazolium
bromide (M1T) assay (Sigma). Brietly, 180 pbswell of the cell suspension
were seeded onto Sumilon 96-well microculture plates (Sumitomo Bakelite,
Akita, Japan) and incubated in 10% FBS-containing medium for 24 howrs. The
cells were treated with pefitinib or ZD647d at various concentrations (4
nnoll. to 80 wmol/Ly and cultured al 37°C in a humiditied atmosphere fos 72
howrs, Afler the culture period, 20 pL of M1 reagent were added. and the
Flates were further incubatead for 4 hours. After centrifugation of the plates, the
culture medivm was discarded, and wells were filled with dimetyl-sulloxide.
The absorbance of the cultures was measured al 562 am using Delfa-soft on a
Macimtosh computer (Apple, Cupertine, CA) interfaced to a Bio-Tek Micro-
plale Reader FL-340 (BioMetallics, Princeton, N This experiment was
conducted in wriplicate. The statistical analysis was performed using Kaleida-
Graph (Synergy Software. Reading, PA).

Plasmid Construction and  Transfection. Construction of  expression
plasmid vector of mock (empty vector). wild-type BGIR. and the 154
deletional EGER (delli746-A750 (ype deletion: refl. 43 that possess the same
deletivn site vbserved in PC-9 cells (Fig. 24) in detail was described in another
paper.' The plasmids were transfected into the HEK293 cells. and the 1ans-
fectams were selected by Zeosin (Sigma). The stable mansfectants (pooled
culturesy of the empty vector, wild-type BGIR, and ils deletion mintanl were
designated as Mock. 293 pLGIR, and 293-pAYS. respeetively.

Tnimuneblot Analysis. Iomunoblon analysis was performed as desvribed
previvusly (31, BGIR antibody was purchased from Santa Cruz. Biotechnelogy
(no. OS2 Santa Cruz. CA) and Cell Signaling (Beverly. MA). Phospho-EGIR
antibody specific for Tyr-1068), hunan epidermal growth factor receptor 2,
P2 mitogen-activated protein kinase (MAPK). phospho-pd4/pd2 MAPK.
AKT. phospho- AKT. and antivahbit horseradish peroxidase conjugated anti-
buody all were purchased from Cedl Signaling. The ranstected colls cultured in
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IN.-FRAME DELETHN IN THE EGFR AS A TARGET IFOR ZDud74

A

Fig. 1. The cellular characteristics and growth-inhibs
itory effcct of gefitinib and ZDG474. A, correlalion plot
of the ICy, values of gefitlinib and ZD6474 in huinan
cancer cell lines. The growth-inhibitory cffect apainst
PC-9, Wi, LoVo, PC-14, A431, SK-OV-5, SK-BR-3,
amd SBC-3 cells wus determined by MTT assay (72-
hour exposure). The data were obtained from three in-
dependent experiments. B, expression and phosphoryla-
tion status of EGFR and downstream nwlecules in
human cancer cell tines. Data were obtained by immu-
neblot analysis with anti-EGFR, anti-phospho-EGIR,
anti-11ER 2, anti: phospho-pH/pI2 MAPK, unti-pH/pd2
MAPK, anti-AKT, anti-phospho-AKT, and anli-AKT.
. The mRNA expression level of VEGPR.2 and
VEGFR-3 was determined by reverse Lranscription-
PCR. Human umbilical vascular endothelial celt (HU-
VEC) was used as the positive control. Whereas
VEGER-2 expression wus nol detected in any of the

- -l
- = 8

IC,, of ZD6474 (pmol/L)

2
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EGFR .. asgyey =ifpre —

P-EGFR[TT-@™
MAPK . s ome g
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%03 67 X

cancer cell tines, VEGIR-3 expression was detected in
the PC-14 and SBC-3 cells; arrows. f-actin; arrow-
heads, VEGFR-2 or VEGFR.3,

the serum-free medium for 24 hours were stimulated by the addition of EGF
{Sigmay at a final concentration of 10 ng/mL. Afier a 30-minute incubation, the
cells were incubated For an additional 3 hours in the presence of ZD6474 and
then collected for immunoblot analysis. The subconfluent cancer cell lines
were cultwed in medium containing 10% FBS and collected for immunoblot
analysis.

Reverse-Transcription PCR. Five micrograms of tolal RNA from each
cultured cell line were converled 1o ¢IINA using a GeneAmp RNA-PCR kit
(Applicd Biosystems, Foster City, CA). The primers used for the PCR were as
follows: VEGIR-2, 5"-CAGACGGACAGTGGTATGGTTC-3' (forward) and
5'-ACCTGCTGGTGGAAAGAACAAC-3" (reverse); and VEGFR-3, 5'-
AGCCATTCATCAACAAGCCT-3 (forward) and §'-GGCAACAGCTG-
GATGTCATA-3 (reverse). As a control, the following human B-actin primers
were psed: 5-GOAAATCGTGCGTGACATT-3 and  5-CATCTGCTG-
GAAGGTGGACAG-2', PCR amplification consisted of 35 cycles (95°C for
45 seconds, 62°C for 43 seconds, and 72°C for O seconds) followed by
incubation at 72°C for 7 minutes. The bands were visualized by ethidium
bromide staining.

Sequencing. Sequencing of exons 18 through 21 of EGIR ¢DNA in the
tunior cell lines was performed. The cDNAs were amplificd using the follow-
ing primers: 5 -TCCAAACTGCACCTACGGATGO-Y (forward) and 5'-
CATCAACTCOCCAAACGGTCACC-¥ (reverse). PCR amplification con-
sisted of 25 cycles (957°C for 45 seconds, 55°C for 30 seconds, and 72°C for
60 seconds). The sequences of the PCR preducts were deteymined using ABL
prism 310 (Applicd Biosystems). Amplification and sequencing were per-
formwed in duplicate for cach tumor cell line. ‘The sequences were compared
with the GenBank-archived hunum sequence of FEGER  (accession no.
NM  005228.3).

RESULTS

Growth-Inhibitory Activity of Gefitinib and ZD6474. We ox-
amined the i vitre prowth-inhibitoty activilies of gefitinib and
7136474 on eight cancer cell lines by MTT assay. The 1C,, values of
gclitinib and Z1D6474 Tor each cell line were compared and plotted as
shown in Fig. 1A, Good correlation (r = 0.79) was observed between
the 1Cg, values of gefitinib and ZD6474, suggesting that the mecha-
nisins underlying the growth-inhibitory activities of the two drugs in
vitro might be similar. To clarify the correlation hetween the cethrlar
sensitivity for gefitinib and ZD6474 and the EGER status, we exam-
ined the expression and phosphorylation levels of BGIR in the cell
ines by immuneblot analysis (Fig. 181 No correlation was found
between the expression status or the phosphorylation fevel of EGIR
and the 1Cg, value of either drug. There also was no correlation
between the cellnln sensitivity and the phesphorylition status of any
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downstream molecules, such as phosphorylated MAPK and phospho-
AKT (Fig. 1B). To determine the correlation between the VEGFR
expression levels and cellular sensitivity, we examined the mRNA
levels of the VEGFR-2 and VEGFR-3 in the cell lincs by reverse
transeription-PCR and detected VEGFR-3 transcripls in PC-14
and SBC-3 cells (Fig. 1C). VEGFR-2 was not detectable in all of the
cancer cell lines. The results suggested that there was no correlation
between the cellular sensitivity to ZD6474 and the VEGFR-2
and VEGFR-3 expression level. Among all of the cell lines examined,
the PC-9 el line was found to be hypersensitive to gefilinib
ICs, = 0.03 £ 0002 pmol/L} and ZD6474 (IC,, values
= 0.09 £ 0.01 wmol/L). The respective IC,, values of gelitinib and
ZD6474 for the other cell lines were as follows: WiDr, 187 £ 2.5
pmolL and 17.7 £ 2.3 pmol/L; SK-OV-3, 83 = 1.5 umel/L and
33 2 0.2 pmolL: LoVo, 2.0 £ 0.3 pnoll. and 1.8 * 0.2 pmol .
Ad431. 7.1 = 0.9 pmol/l. and 4.1 = 0.2 pmol/l; PC-14, 20 = 2.1
pmol/lL and 10 £ 1.2 umol/l; SK-BR-3, 0.8 = 0.15 pmold. and
52 £ 0.1 pmolL: and SBC-3, 123 = 2.1 pmol/L and 3.3 + 0.3
pmol/l.,

Fifteen-Base Pair In-I'rame Deletion of EGFR in PC-9 Cells.
To determine the cellular determinants of the hypersensitivity of the
PC-9 cells to gefitinib, we determined the sequence ol the BGER
mRNA in the PC-9 cells. The analysis revealed g i5-bp in-frune
deletion around the ATP-hinding site in exon 19 (lig. 241 No
deletton or mutation was found in the other cell lines. The 15-bp
in-Trame deletion in the EGIR was consistent with the observations of
Ohm et al. (6) in four patients with lung cancer.

Deletional Mutation of EGFR Increases the Cellular Sensitivity
to ZD6474. We hypothesized that the cellular hypersensitivity of the
PC-9 cells to 2136474 was altribulable @ the deletional mutation of
EGER in these cells. To conlinm the validity of this hypothesis, we
examined 216474 sensitivity to HEK293 transfectant expressing the
15-bp deletion mutant EGER or wild-type EGEFR. The sequencing of
EGER ¢DNA obtained from 293-pEGER and 293-pA1S cells was
shown 1792, 28). The sensilivity of the transfectants was examined by
72-hour exposure of ZD6474 using MTT assay. The 293.pAlS cells
were found 1o be 60-fold more sensitive o 216474 than the mock and
wild-type HGER transfectants (Fiz. 3AL The 1C,, ol ZD6479 for the
293-pA 1S cells, 293.pHEGER cells. and the mock transfectants were
(LOB, 5.2, and 6.3 panol/l . respectively.

The BGER expression levels in the translectants were gnanbfied by
wnmuneblal wnalysis using anti-LGER antibody  recognizing the
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Exon 19 243 2440 2450 2460 2470 2480 2450 2500 2510 2520 2529(bp)
f T T T T T T T T T ]
ATP
Celllines G | W | P E G E K V K | P v A | K € L R E A T & P K A N K E J t D
SKOV-3 GGACTCTGGATCCCAGAAGGTGAGAAAGTTAAAATTCCCGTCGCTATCAAGGAATTAAGAGAAGCAACATCTCCGAAAGCCAACAAGGAAATCCTCGAT

WiDr GGACTCTGGATCCCAGAAGGTGAGAAAGTTAAAATTCCCGTCGUTATCAAGGAATTAAGAGAAGCAACATCTCCOGAAAGCCAACAAGGAAATCCTCGAT
Lovo GGACTCTGGATCCCAGAAGGTGAGAAAGTTAAAATTCCCGTCGCTATCAAGGAATTAAGAGAAGCAACATCTCCGAAAGCCAACAAGGAAATCCTCGAT
SKBR-3 GGACTCTGGATCCCAGAAGGTGAGAAAGTTAAAATTCCCOTCGCTATCAAGGAATTAAGAGAAGCAACATCTCCGAAAGCCAACAAGGAAATCCTCGAT
A431  GOACTCTGGATCCCAGAAGGTGAGAAAGTTAAAATICCCGTCGCTATCAAGGAATTAAGAGAAGCAACATCTCCGAAAGCCAACAAGGAAATCCTCGAT
PC-14 GGACTCTGGATCCCAGAAGGTGAGAAAGTTAAAATICCCGTCGCTATCAAGGAATTAAGAGAAGCAACATCTCCGAAAGCCAACAAGGAAATCCTCGAT
SBC-3 GOACTCTGGATCCCAGAAGGTGAGAAAGTTAAAATTCCCGTCGCTATCAAGGAATTAAGAGAAGCAACATCTCCGAAAGCCAACAAGGAAATCCTCGAT
PC-8 GGACTCTGGATCCCAGAAGGTGAGAAAGTTAAAATTCCCGTCGCTATCAA AACATCTCCGAAAGCCAACAAGGAAATCCTCGAT
203-pECFR  GGACTCTGGATCCCAGAAGGTGAGAAAGTTAAAATICCCGTCGCTATCAAGGAATTAAGAGAAGCAACATCTCCGAAAGCCAACAAGGAAATCCTCGAT
293-pA1E  GGACTCTGGATCCCAGAAGGTGAGAAAGTTAAAATTCCCGTCGCTATCAA —rrrmeeereeeeee AACATC TCCGAAAGC CAACAAGGAAATCCTCGAT
293-pEGFR
Fig. 2. Alipnment of the EGFR sequence in the cancer cedl lines and sequencing of HEK293
lransfectants. A, sequence of exon 19 of EGFR ¢DNA in the cancer cell lines and 293 transfectants.
The Iransfectants for the wild-type EGFR and the 15-bp deletional EGIR (delEZ6-AT750- type
deletion) that possess the same deletion site observed in PC-2 cells were designated as 293-pEGFR
and 293-pAi5. B, sequencing of EGFR ¢DNA obtained from the [HEK 293 transfectants by revense
transeription-PCR.
293-pa15

GTCGC‘.\TCILUCITCK tGlM“CIiCiAGGAHHCC
" "o %y H

COOH-terminus of EGFR. High expression of EGFR proteins was
detected in the 293-pAlS cells and 293-pEGFR cells but not in the
maock cells (Fig. 38). Exposure to ZD6474 did not affect the expres-
sion of levels of either the wild-type or the mutant EGFR. EGI'R
status was quantified by measuring the phosphorylation level of the
Tyr-1068 residue, commonly used as a marker of the autophospho-
rylation of EGFR (12).

Under the eondition of serum starvation, wild-type GGER did not show
any autophosphorylation, whereas the addition of FGF activated the
receplor. However, marked autophosphorylation of the mutant FGFR
was observed, even without the addition of EGF (Fig, 38). 2164741

A

Fig. 3. Ellect of £D6474 on cellular growih inhibition and plospheo-
rylated statug of LGIR i the HEK293 transfectants. 4. The eellular
serdlivity of the transfectants against 216474 was delerniined by MTT
assay (72-hour exposure). The mesn values and 8P represent the values
obtained from the growth-inhibition curves in three independend experi-

Survival (% of control)

exposure inhibited the phosphorylation of wild-type IGEFR and mutant
EGFR in a dose-dependent manner, with 2 pmoVL and 0.2 pmollL. of
ZD6474 completely inhibiting phosphorylation of the wild-type EGFR
and mutant EGFR, respectively. These results suggest that cells express-
ing the deletion mutant of EGFR are markedly more sensitive to the
inhibitory effect of ZIX6474 than those expressing wild-type EGFR.

DISCUSSION

Recent reports by Paez and Lynch have indicated that deletionat
mutations of BGFR impact on the therapeutic effects of the molecular-
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ments. 4, mock (coipty veclory; B, 203.pIGER (wild-type BGFR); 4, b
203-pA1S leletionsl-mutemt EGIR). B, effect of FGF stimulation and 0.001 0.01 0.1 1 10 100
ZN6474 exposure on mock, wild-type FEGITR, and <deletionad mutant .
EGER-tramslected HEK293 cells determined by iminunoblot analysis, ZD6474 Concentration “‘lmom'}
Cells cultured under serun starvation Tor 24 hours were exposed 1o 1
ngfal. EGE for 30 minutes ael then treated with 0002 w0 2 jonolf]. B IB: EGFR 1B: phnspho EGFR
A10A for 3 heurs dn the presence o absenee of TGR Lep TGER Mock A :
expression fevels, rghi, FOER phosphorylasion Jovels
293-pas15 °
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IN-FRAME DELETION IN THE EGFR AS A TARGET FOR ZD6474

targeted BEGER inhibitor gefitinib (4, 5). Here. we show that a 15-bp
deletinnal motation residing near the ATP binding site of EGI'R in
cancer cells also increases Lhe sensitivity of the cells to ZD6474.

ZD6474 is a small molecule inhibitor of VEGFR-2 tyrosine kinase
that is in Phase Il clinical evaluation. i vive, this compound inhibits
VEGF signaling, tumor-induced angiogenesis, and the growth of a
histologically diverse panel of tumor Renografts. This includes highly
significant activity against tumor xenografls with intrinsic or acquired
resistance {o EGFR inhibitors (13). However, ZD6474 also has activ-
ity against EGFR tyrosine kinase that may give additiona] therapeutic
benefit when tumors have a high Jependency on EGEFR signaling for
growth and/or survival. This has been shown in PC-9 cells that are
hypersensitive to treatment with gefitinib (9). PC-9 tumor cells also
are hypersensitive to ZD6474 in vitre and regress in response to
ZD6474 treatment when grown as tumor xenografls in vive (14).

We have shown that PC-9 cells contain a 15-bp in-frame delelional
inutation in CGFR, and this mutation may confer increased sensitivity
o ZD6474 and gefitinib. The difference in ZDG474 concentration
required for complete inhibition of wild-type and mutant EGFR
phosphorylation was relatively small (2 versus 0.2 umol/L), whereas
difference in sensitivity to ZI1D6474 was large (60-fold).

The deletional EGFR was constitutively phosphorylated, and the
addition of LEGF to the cultures did not result in any additional
increase in phosphorylation (Fig. 3B). These observations contradict
data reported by Lynch ef al. {4), who showed that a receplor with a
similar deletion was still regulated by EGF.

'The most possible explanation for this contradiction is that the
expression level of deletional EGIR in the 293-pA15 cells is much
higher than that of the transient transfectant of el L747-P753insS
reported by Lynch et al. Ligand-independent oligomerization of the
receptor and phosphorylation may have occurred in the 293-pAls
cells as a result. This hypothesis is consistent with the result that PC-9
cells harboring the same 15-bp deletion showed a stronger phospho-
rylation of .the EGFR in a 10% IFBS medium than other nonhyper-
sensitive cell lines (Fig. 15).

The other possible explanation is thal apparent distinct amnino acid
sequences of HGIR exist between our mutant and that of Lynch et al,
1293-pA15, VAIKELREATSPK>VAIKTSPK: dell.747-P753insS.
VAIKELREATSPK>VAIKESK). Five amino acids are simply de-
leted in the 293-pA135 cells. whereas six amino acids are deleted and
serine is inserted in the dell.747-P753insS cells. This small difference
may be crilical to the ATP-binding properties of 293-pAlS and
Jell747-P753ins8, determining whether EGFR is constitutively ac-
tive. Therefore. it is not surprising that our consltitutive active form of
LEGEFR is out of ligand regulation.

The mock-transfected 293 cells and 293-pEGER cells were not
sensitive o the growth-inhibitory effect of ZDEAT4 (Fig. 34). indi-
cating that these cells were independent of IGIR signaling. The 293
cells are oncogenic lransfonmnant. Thetelore, (he 293 cells were con-
sidered Lo have acquired the depemdency on the oncogenic signal,
Conversely, the overexpression of the deletional FGER transduces the
excess signal to downstream of BGEFR in the 293-pA1S cells, If the
downstream mutant EGFR signaling pathway were shared with that of
the encogenic signiling pathway in the cells, the excess and consti-
tutive signal from the mutant EGER would dominate the downstream

S HH

pathway, possibly influencing the dependency of the cells on the
EGFR signal, :

A recent report by Sordella er al. (15} showed the mutant EGFRs
(dell.747-P753insS and L858R) expressing a stable (ransfectant se-
lectively activate AKT and STAT signaling pathways. They also
showed that NSCLC cell lines that harboring mutant EGFR transduce
survival signals and depend on the acquisition of these signals. Their
evidence is consistent with our present speculations, We now are
investigating the downstream pathways of the mutant EGFR signaling
in the 293.pA15 cells.

In summary, inhibition of VEGFR-2 tyrosine kinase by ZD6474
may potenlindly confer activity against tumoss that are not dependent
on EGI'R signaling. Nevertheless, the additional activity of ZD6474
against EGFR tyrosine kinase could provide further benefit, particu-
larly when EGFR is mutated. Patients with lung adenocarcinoina
showing EGFR mutations are likely 1o be highly sensitive to gefitinib
and ZD6474 treatment.
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ZD6474 is a novel, orally avallable inhibitor of vascular endothe-
llal growth factor (VEGF} receptor-2 {KDR) tyrosine kinase, with
additional activity against epidermal growth factor receptor
(EGFR) tyrosine kinase. ZD6474 has been shown to Inhibit anglo-
genesls and tumor growth In a ranga of tumor models. Gefitinib
(“Iressa”) Is an selectlva EGFR tyrosine kinase Inhibitor (TKI) that
blocks signal transduction pathways. We examined the antitumor
actlvity of ZD6474 In the gefitinib-sensitive lung adenocarcinoma
cell line, PC-9, and a gefitinib-resistant varlant {PC-9/2D). PC-9/ZD
cells showed cross-resistance to ZD6474 In an in vitro dye forma-
tion assay. In addition, ZD6474 showed dose-dependent Inhibi-
tlon of EGFR phosphorylation In PC-9 cells, but inhibltion was
only partial In PC-9/ZD cells, ZD6474-medlated Inhibitlon of ty-
rosine residue phosphorylation (Tyr992 and Tyr1045) on EGFR
was greater In PC-9 cells than In PC-9/ZD cells, These findings
suggest that the inhibition of EGFR phosphorylation by ZD6474
can contribute a significant, direct growth-Inhibitory effect In tu-
mor cell lines dependent on EGFR signaling for growth and/or
survival, The effect of ZD6474 (12.5-50 mg/kg/day p.o. for 21
days} on the growth of PC-3 and PC-9/ZD tumor xenografts In
athymic mice was also investigated. The greatest effect was seen
In gefitinib-sensitive PC-2 tumors, where ZD5474 treatment
(>12.5 mg/kg/day) resulted in tumor regresslon, Dose-dependent
growth Inhibltion, but not tumor regression, was seen In ZD6474-
treated PC-9/ZD tumors. These studles demonstrate that the ad-
ditional EGFR TKI activity may contribute significantly to the anti-
tumor efflcacy of ZD6474, in particular In those tumors that are
dependent on continued EGFR-signaling for proliferation or sur-
vival, In additlon, these results provide a preclinical rationale for
further Investigation of ZD6474 as a potential treatment option
for both EGFR-TX}-senslitlve and EGFR-TKI-reslstant tumors, (Can-
cer Scl 2004; 95; 984-989)

D6474 is a novel, orally available inhibitor of VEGF re-

ceptor-2 (KDR) tyrosine kinase, with additional activity
against EGFR tyrosine kinase, and it inhibits angiogenesis and
tumor growth in a diverse range of tumor models.l? Phase [
clinical evaluation has shown ZD6474 to be generally well tol-
erated, and tumor responses in patients with non-small cell Jung
cancer {NSCLC) have been documented.*# Thus, ZD6474 is
considered to be a multi-target tyrosine kinase inhibitor active
against solid tumors. The purpose of this study is to clarify the
mode of antitumor action of ZD6474 as compared with that of
gefitinib (“Tressa,” ZD1839). Gefitinib is an orally active, selec-
tive EGFR tyrosine kinase inhibitor (EGFR-TKI) that blocks
signal transduction pathways implicated in the proliferation and
survival of cancer cells and other host-dependent processes pro-
moting temor growth.*-" Gefitinib is now available clinically
for non-small cell lung cancer patients. In order to elucidate the
mode of action of ZD6474, the antitumor activity and pharma-
codynamics were investigated in an established human lung
cancer cell line resistant to gefitinib (PC-9/ZD celis).® This ap-
proach allowed us to clarify the common and differential modes
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of actions of gefitinib and ZD6474 in lung cancer, and this will
be important for deciding how to use ZD6474 in non-small cell
lung cancer patients in combination with gefitinib. :

Materlals and Methods

Reagents and cell culture, ZD6474 and gefitinib (“Iressa,”
ZD1839) were provided by AstraZeneca (Macclesfield, UK).
Human NSCLC cell lines PC-9 and PC-14 were used.* 9 In ad-
dition, a gefitinib-resistant subline, PC-9/ZD, was derived from
PC-9 cells by short-term exposure to the mutagen N-methyl-N'-
nitro-N-pitrosognanidine, continucus exposure to 0.2-0.5 pM
gefitinib for 28 days, and subcloning. The resistant phenotype
has been stable for at least 6 months under drug-free condi-
tions.® The PC9/ZD cell line shows no cross-resistance to
conventional anticancer drugs.® Cells were maintained in
RPMI-1640 (Sigma Chemical Co., St. Louis, MQ) supple-
mented with 10% heat-inactivated fetal bovine serum (Gibeco
BRL, Grand Island, NY).

Antibodies, Anti-vonWillebrand Factor (vWF) antibody was
purchased from Chemicon, Temecula, CA. Affinity-purified an-
tibody to EGFR was purchased from Santa Cruz, CA and affin-
ity-purified antibodies to phospho-EGFR specific for Tyr84s,
Tyr992, Tyr1045, and Tyrl068 were purchased from Cell Sig-
naling Technology, Beverly, MA. ’

Growth inhibltion assay. Cell sensitivity to ZD6474 and gefi-
tinib was estimated by means of the 3-(4,5-dimethylthiazol-2-
¥1)-2,5-diphenyltetrazolium bromide (MTT) assay as described
previously.!" Briefly, PC-9, PC-9/ZD, or PC-14 cells were ex-
posed to 0-10 uM ZD6474 or gefitinib for 72 h before measur-
ing absorbance. Optical density was assessed at 562—630 nm
using an EL340 96-well microtiter plate reader (Bio-Tek, Wi-
nooski, VT),

Xenograft studies In athymic mice. Suspensions of PC-9 cells
{5x10% or PC-9/ZD cells (3x10% were injected subcutane-
ously into the backs of 5-week-old female athymic mice (Japan
Charles River Co., Atsugi, Japan), After 1 week (tumors >95
mm?), mice were randomly allocated into groups of six animals
to receive ZD6474 (12.5, 25, or 50 mg/kg/day), gefitinib (12.5,
25, or 50 mg/kg/day)} or vehicle only by oral gavage. Tumor
diameter and body weight were measured twice weekly. The tu-
mor volume was calculated (width®xlength/2) and is presented
as a percentage of the pretreatment value. A tumor volume be-
low 100% of the pretreatment volume was defined as “tumor
reduction,” Experimenis were performed in accordance with
the UK Coordinating Committee on Cancer Research Guide-
lines for the welfare of animals in experimental neoplasia (sec-
ond edition). After 3 weeks of treatment, tumors were removed.

*To whom correspondence should be addressed.
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Abbrevlations: VEGF, vascular endothelial growth factor; EGFR, epidermal growth
facter receptor; TKI, tyrosine kinase inhibitor; NSCLE, non-small cell fung cancer;
MTT, 3-{4,5-dimethylthiazol-2-yl)-2,5-diphenyitetrazolium bromide.
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