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AVAGAST bevacizumab Ist m 760 On-going (1848 T)
EXPAND cetuximab 1st i 870 On-going
LOGIC lapatinib 2nd il 260 On-going

(p=0.0046). M EDFERD &, HERZ BIEBIFA
X9 3 trastuzumab OFAEBTRENL I LI
&b, BEBALENLOBEBESEAAEN S
RICEAL TV LEDNRS,
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cetuximab (EXPAND trial), lapacinib (LOGIC tri-
a) e EPEBRERBEREE L THRIEEIN TV B (R
1), Th oD T, AVAGAST trial I3EEH
EELBRTL, BITERZF-oTwaRRLTH 3,
Zi s OO FENIBREEOFRAEMSER I L,
TR LBEVPABBRORRIIRZ(FSTSILE
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HOET O THEEOREL, FTEITEEGEHEL
T LD EBbLS,
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solid typetpor 1)

papillary adenocarcinomaf{pap)

tubular adenocarcinoma (tub)
welt differentiated type(tub 1)
moderately differentiated type(tub 2)
poorly differentiated adenocarcinoma(por)

non-solid type(por 2)
signet-ring cell carcinoma(sig)

FERE  mucinous adenocarcinoma (muc)

2) H5%EY special type

BERY PR adenosguamous carcinoma
M &2 squamous cell carcinoma

hF /- FiEE  carcinoid tumo

r

#MMOE  miscellaneous carcinomas
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BWFHOUT SN EAS, BEFROT7 47 T 4, s lEe 387, THRTMATER L.
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NRSEICI WV EARTFLREESAZEERET S
AL, 1960 E/IZITDbR AR T RY RS b
IRV EAE T RIS RIORL, ) v Ei
T 7 WL A AT B 1T B R AHE &S
SNRTWa., A4 KI5 4 v Eodiitg, EEds—
FUBRTEAREILEMIIZH DI LD Tobh
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DRWV)IZRAE" EEFRINTA, F72 [{HLH
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RFTEE CRMHER & REOERDRVPEONLS
EEbNAHELCH LTUHINTWA.

b) FiTEEE

HO AR RIGETEICEbO TS LT
DY YNHERIEE T D2 FMAEARL ST
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26. Bhh

URCHIZ ) > SETERIE R INA B ks, B A
TY /3 ENE % % K EA RCT JCOGY02) 12T
Bk 2 hrehs, 5 EATFECHRMBHLTED® 37.9%,
BINEHEAT 52.3% & BIWERIE 7 7' 0 — F o f
HEAT & o 7.

c) EMEL
(1) —REE

A RODPAICTE 2 L OILTIHE T
HAHIZHMDST, HrEEROMIE LI, K,
MinAze EWHARKECENRTEY, HPADHRE
BEOBHVOIPEE EHLT VT TORY MAA
MU NBH0HTH 5.

HAAOEYFRBEIAESEIIZLLDEEZ
5L T W72 A%, 1979 4F MacDonald & %* 5-fluo-
rouracil (5-FU) , adriamycin, mitomycin C (MMC)
O 3HIOMAE D HE (FAM EiE) O R ER
(response rate | RR) & 50% L ¥ Lz Z &6,
BYIREORRIEFTE L Z LR SR~
HETHRAERTOLAIZE-7. LA2L, 2
& OAERO HT 5-FU HANI A UCAH BIZATH
i (overall survival : OS) #EE L7z L T X VL1
AN ol ZOBURT T, BOKTIZEEEE
A 17 M B (progression free survival : PFS) "R\
CERRERMEFANEB N &, Hie 2 HBTPES 2513
BLThEILELENL, 5-FU + cisplatin
(CDDP) (FP i) 21R#EL U X2 v AR LT
b, iU L THEENL epirubicine + CDDP +
5-FU (ECF##ik) & iE#E L A LT b, L7zhs
THPAMBIZEHREE W HFEELV T A Y
WEHEZ LT,

[HPETOFEMEHRER]

HYETROORBUERCT 25, HAKES S
=7 (JCOG)IZ & B & b Thh7: (JCOGI205
B%). 5-FU B % reference arm & L, FP &
#& UFT + MMC # HIBHHT5 5D TH -7z,
UFT + MMC (& BT DB RS TR O &
CHEFENSFU R TR TWAE I EhbEHPIE
L7 Y, BRAFENZIE 5-FU BB FP #E O
Rk BR & 4 - 7. FP #351E RR ® PFS Tid 5-FU
2B o Tz b OO OS TREATENASRD H e,
5-FU 7" reference arm & L TH| &AL &
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overall survival

%
100

50

0 12 24 30 (months)
significance
n MST 1-yr HR 95%Ci pvalue level ¥ ’
5-FUci 234 10.8M 44.0% - - -

~——— CPT-11 +CDDP 236 12.3M 525% 085 0.75-1.04 0.0551 0.0

— &-1 234 11.4M 47.9% 0.83 0.68-1.01 0.034 1 0.025
non-inferiority < 0.001 0.025
T : one-sided log-rank test (superiority) ¥ multiplicity adjusted by Holm's method

2 JCOG9912 £ MIHRE:
5-FU 83mfEa s CPT-11 + CODP &%, S-1 8MEEOLR. 4GS,

1007
—— S-1 and cisplatin group
S-1 group

801 HR 0.77, 95% Cl 0.61~0.98, p=0.04
8
™ 601
=
c
?
— 40
o
[43]
5

201

O T T 1 T T _ —

number at risk
S-1 and cisplatin 148 121 80 51 35 21 15 5 2
S-1 group 150 107 71 43 23 10 6 2 1

3 SPIRITS 58 . S-1 sk & S-1 + CDDP EHEDLEE. £47740M

ot I L7 JCOG912 S MHHABTH 5. S-1 13
Z ORI XX T RS 5-FU ik O3 DRl %2 208 U 5-FU 8o A2 9E% %
ik & irinotecan + CDDP i, S-1 HidugEgE4 #AE%, irinotecan + CDDP 3#E % #E L 5-FU
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e o) HUMERE: ) 5-FU MRS 3 A 98
PEVEASHEH] X 17225, irinotecan + CDDP #iiED
BAEIZEF S Mo 72 (X 2).

VEIERIEE L, — R CIL I S T
S-1 HiplEik % reference arm & L, S-1 + CDDP
OFE I OBl & MEE 3 5 B (SPIRITS &
) aib i, REERTIE S-1 Uik TATF
W dfE MST) A5 11 # A TH 72D LT,
S-1 + CDDP #f I 13 » H LA NI OER
HEEHIC & 72 (3 3).

i 2 ooERIE, HARTIZLSHTEFU
TE A I B W BR G BRA A L2 Ae D Fo 3l 72 2 e
ENRERTE LT E, PR HR BRI AT
THERZRLIZZEDS, WEINLESREL75
LR E VR B, Fh, ZoMEE L,
HAECHESE S 15 FREER# T S-1 + CDDP HfH]
BELEDH LN (RI~5).

LAaL, AWERTHEET 2RO08NOTE L
vy, CDDP #5158 3 20 e - PSEDKT L
EERHIZHLTE, INH60TE T ANBIGIX
T, S-1 HMEE (3% 6) X° 5-FU Fciik e &
PHESRE I NS,

JEBEERE A CI, BIDERASHEINLZ LR,
ORI, WHEOBRAMLIZHE ) D
R LB Ens, Wi b IENHRIEA RS
LhvTwa, 7, BKORERTI eligibility cri-
teria & LCEHNTREREZATAZ L 2RO LN
BT, ZOFRBRIZOVTORERSIIE XX
SN T &7z, JCOGO106 fhBR CILNE AL HE 112
5-FU ek & MTX + 5-FU A LIRS v ¢
W5, OS Tl 5-FU F#HiEET 94 » H & MTX
+ 5-FUBET106 » A, 1 FAFERTILIT0%
E407%THN, ARGEERD LN o7,
CONEEY, hED EoOBEREEET A B
AT 5-FU i it S o kil & 2 o
7z, F BRI REERIIEOERICAETH -
72 5-FU #H5REHO 17 Blo 55 76H1(41%; 5%
ClI 18.444~67.075), MTX + 5-FU #&iEHE D 14 #
M35 8 HI(57%; 95% CI 28.861 ~ 82.239) THE
BOWSA ORI EThHB.
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Pl e 5. BAELEGAIRSER ENTE Y,
FORRNEE NS,
(2) ZREELE

TR UBESBEOEF R IER IE L0
TR E B A v, 2009 FE o0 K [E R RN
£ (ASCOIZBWT F 4 7% 5 irinotecan HLA
best supportive care (BSC) & & ILERFER A & 3
N7z, irinotecan O iL A 11 7 v
250mg/m’(3 M T & IZHEGF) LML, FitE
ALH S 350mg/m* £ THETiEE INTW5.
FZH 60 Bl 120 IO BERBTFETH>722% 3
ELOEZHM CREERBIROOIZEEPIL
L ) IEHT X 7z, irinotecan I 21 %4, BSC I
19 4 TOFM Td A %%, irinotecan I ® MST (&
123 H, BSC #® MST 1x 73 H, log rank i ®
p 400,023 L VIR TH o7 BHEIIBNT
&, RO 37% DB T LA 350mg/m’
Tk LI s ot 2 OMBRIE SR
U TELORKELLTESL DI, RN,
F - TR OIERE L P A 2k LT irinotecan H
PARINT 52 LIIFEE IR L S 2HHV.
LaLl, ZRERICBIETFOERLTAEESL
bo CHEI L BT R & v,

FHRFR T, —RHBOPFS £ 0S126 4 A
PEOTREENEALNLZ &, MODAME (KB
Aoy DA, WAL E) CTREBROEFOER
PR I N TV B T Ed s, ZRIGEDEOHRS
MBirbhTwb, Lizh- TRANE L<HREEE
TR XNV WEA OB & 2 i3 BAEH
Liph, i, ZRERVEDOL T AV ELTH
WH5ENTWAH DI, irinotecan UMM,
irinotecan + CDDP ##i%, weekly paclitaxel 5%
HETHL(ET~9).

BUE, TRBEFIIRT B IR SR B R AR
ThhTwa I b, v b IS ERRN
WEIHETALOEFINS.

(3) REDBINDSDREE (XA HAESHSH

L T3 global 55 M48:K6%)

DO TAX 325

FP #FiE (REEA Tl CF i & LT %) 12 doc-
etaxel % il 2 7-HFH € (DCR) 2%, #ETERAR
HOMEETEA M (TTP), OS, RR&EHEEL D
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£33 DHETITONLENAILE T 35 I1BLEEEER

- o | S
St LYx EBI B2 e =S
%) 8
p value

S-1 150 31 40 1.0
SPIRITS S-1-4CODP 148 54 6.0 13.0 0.0366

5.FU 234 9 2.9 108
JCOG9912 CPT-114CODP | 236 38 48 123 0.055

S-1 234 28 42 114 0034
6CO302 51 160 27 36 105
TOP-002 S14CPT-11 | 156 42 45 12.8 NS

5.FU 119 NR NR 9.4
JCOGO106 MTX+5-FU 118 NR NR 106 NS

®4 BHOELRBIVERY, BIUOHELENL -BRHEHER"

EYE IR AR 4R
SR LAY T oy | )
o p value p value
V 5-FU4CDDP 221 25 3.7 92
TAX325 5.FU+CODP+TXT | 224 37 56 <0001 |86 002
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Abstract

Purpose Cetuximab is a therapeutic immunoglobulin G1
monoclonal antibody that recognizes the epidermal growth
factor receptor (EGFR). This phase I dose-escalation study
was designed to assess the safety and pharmacokinetics
(PK) of cetuximab in Japanese patients with EGFR-
expressing, advanced, solid tumors and also to look for evi-
dence of antitumor efficacy.

Patients and methods Thirty patients were enrolled in the
study; 29 with colorectal adenocarcinomas and one with an
adenocarcinoma of the lung. Patients received an initial/
weekly infusion of cetuximab at dose levels of 100/100
(dose level 1), 250/250 (dose level 2), 400/250 (dose level
3), 500/250 (dose level 4) or 400/250 (dose level 5) mg/mz,
for 7 or more weeks, with an interval between the initial
and second infusion of 1 (dose level 5 representing the stan-
dard regimen) or 2 weeks (dose levels 1-4 of the non-stan-
dard regimens).
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Results No dose-limiting toxicities (DL Ts) were observed
during the evaluation period. All patients had at least one
adverse event (AE). The most common cetuximab-related
AEs were skin toxicity (93% of patients), including acnei-
form dermatitis (83% of patients). Two patients experi-
enced cetuximab-related grade 3 AEs of skin toxicity and
diarrhea after DLT evaluation. C,,,, and AUC,__, after the
initial infusion showed dose-proportional increases. Mean
total body clearance (CL) values decreased with dose at the
lower dose levels. At doses of >400 mg/m?, CL values
appeared to level off. Mean trough concentrations for dose
level 5 were constant from week 4 (day 29) onward. Two
patients (8%) achieved partial response (at 100/100 mg/
m?). The overall disease control rate (partial response +
stable disease) was 58%. )

Conclusion The current study demonstrated that cetux-
imab PK and safety profiles are similar between Japanese
and non-Japanese patient populations. It would appear that
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the standard dose of an initial 2-h infusion of 400 mg/m?
followed thereafter by weekly 1-h infusions of 250 mg/m?
for non-Japanese patients is feasible for future clinical stud-
ies in Japanese patients.

Keywords Cetuximab - Japanese - EGFR - Safety -
Pharmacokinetics - Colorectal

Introduction

Over recent years, the development of rationally selected
targeted agents such as monoclonal antibodies and small
molecule tyrosine kinase inhibitors has offered new possi-
bilities in relation to improving‘ the efficacy of the standard
cytotoxic regimens used in the treatment of metastatic colo-
rectal cancer (mCRC). The epidermal growth factor recep-
tor (EGFR)-targeted immunoglobulin Gl monoclonal
antibody cetuximab (Erbitux®) is one such targeted agent.

Cetuximab competitively inhibits the binding of endoge-
nous EGFR ligands and thus prevents receptor dimerization
and downstream signaling [1, 2]. Antibody-binding to the
tumor cell may also result in a clinically-important anti-
body-dependent cell-mediated cytotoxicity reaction
(ADCC) [3, 4]. Randomized mCRC studies in mainly Cau-
casian populations have shown that cetuximab, adminis-
tered in accordance with the standard dosing regimen of an
initial 2-h infusion of 400 mg/m? of body surface area
(BSA) followed thereafter by weekly 1-h infusions of
250 mg/m?, is effective as monotherapy [5, 6] or in combi-
nation with irinotecan [5, 7], following the failure of previ-
ous chemotherapy regimens. Furthermore, in the first-line
setting, the phase III CRYSTAL study has shown that the
addition of cetuximab to infusional 5-fluorouracil/folinic
acid/irinotecan (FOLFIRI) significantly improves the
response rate, progression-free survival (PES) time and RO
resection rate in mCRC patients, compared with FOLFIRI
alone [8]. Similarly, randomized studies have demonstrated
the efficacy of cetuximab in combination with radiotherapy
in the treatment of locally advanced squamous cell carci-
noma of the head and neck (SCCHN) [9] and in combina-
tion with platinum-based therapy in the first-line treatment
of recurrent and/or metastatic SCCHN [10].

Two recent studies in the US have explored the pharma-
cokinetics (PK) of single-dose administration of cetuximab
in patients with solid tumors, with particular attention paid
to the elimination phase [11, 12]. Both studies supported
the saturation of EGFR binding at a clinically achievable
dose level. A significant association was also noted
between cetuximab clearance and both BSA and weight,
supporting the use of these parameters in calculating
individual cetuximab doses [12]. The primary objective of
the current phase I study was to investigate the safety and
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tolerability of cetuximab in a population of Japanese
patients with EGFR-expressing solid tumors. Secondary
objectives were to evaluate the PK of cetuximab in Japa-
nese patients the (mirroring the recent US PK analyses with
an escalating single dose); expression of human antichi-
meric antibodies (HACA); the incidence of dose-limiting
toxicity (DLT); and the antitumor efficacy of cetuximab.

Patients and methods
Patient eligibility

Only Japanese patients, aged between 20 and 74 years, with
a histologically or cytologically confirmed advanced solid
EGFR-expressing tumor, refractory to a standard therapy or
for which no standard therapy existed, were eligible. They
required an Eastern Cooperative Oncology Group perfor-
mance status of 0-2; a life expectancy of at least 3 months
after the start of study; adequate hematological (leukocyte
count: >3,000 and <12,000 mm™>; neutrophil count:
>1,500 mm™3: platelet count: =>100,000 mm™3; hemoglo-
bin: =9 g/dL), hepatic (aspartate aminotransferase and ala-
nine aminotransferase: <2.5 times the upper limit of the
reference range; serum total bilirubin: <1.5 times the upper
limit of the reference range), and renal (serum creatinine:
<1.5 times the upper limit of the reference range) function.
Patients were required to be available for hospitalization
until day 22 of the study, to have no carry-over effect from
prior therapy and to not have received treatment with blood
transfusions, blood products or blood cell factors such as
granulocyte colony stimulating factor during 2 weeks prior
to enrollment. All patients gave their written informed con-
sent prior to study entry.

Patients were excluded if they had: symptomatic brain
metastasis, a previous history of cancerous meningitis,
poorly controlled epileptic seizures or clinically significant
mental or central nervous system disorders or if they had
previously received monoclonal antibody therapy (includ-
ing cetuximab). They were also ineligible if they had seri-
ous cardiac or cardiovascular disease, diabetes mellitus,
hypertension, active infection or symptomatic blood coag-
ulation disorder, acute pulmonary disorder, interstitial
pneumonia, or pulmonary fibrosis; active, double cancers;
a previous history of malignant tumors (other than non-
melanoma skin cancer, uterine cervical carcinoma or
gastrointestinal intramucosal carcinoma) with a sign of
recurrence within the last 5 years; a large volume of pleu-
ral effusion or ascites or were positive for hepatitis B virus,
hepatitis C virus or human immunodeficiency virus. Patients
were also excluded if they required chronic treatment with
systemic steroids; were pregnant or lactating; if they
wished to have a child; or if they had an alcohol or drug
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addiction or a previous history of drug allergy or anaphy-
lactic symptoms.

Study design

This study was a two-center, phase I dose-escalation study
of cetuximab in patients with advanced solid cancer. As
this was the first such investigation in Japanese patients, a
low dose level of 100 mg/m? as an initial dose and 100 mg/
m? as a repeated weekly dose was selected to begin the
study. All patients received 50 mg oral diphenhydramine
hydrochloride (H1-antagonist) 30-60 min before each
cetuximab infusion as a preventive measure in relation to
infusion-related reactions. At first infusion, patients
received 100 (dose level 1), 250 (dose level 2), 400 (dose
level 3 or 5) or 500 (dose level 4) mg/m2 of cetuximab as a
2-h intravenous infusion. Subsequent weekly 1-h infusions
of 100 (dose level 1) or 250 (dose level 2-5) mg/m* of
cetuximab began according to the schedule in Fig. 1 and
continued to day 50, which was considered to be sufficient
to assess cetuximab PK. For dose levels 14, patients had a
2-week interval between first and second infusion for the
purposes of evaluation of single-dose PK. Patients in dose
level 5 received cetuximab according to the standard 400/
250 rng/m2 schedule, with a 1-week interval between first
and second infusions, curtailing the collection of single-
dose PK at 7 days in this group.

Six patients were assigned to each dose level 1-4, with
the first cohort receiving cetuximab at the lowest dose level.
If DLT was observed in >2 patients during the DLT evalu-
ation period of 6 weeks from the first administration until
1 week after the fifth administration, no further patients
were to be enrolled and this dose level was defined as the
MTD. Otherwise, the dose was escalated to the next dose
level (1-2, 2-3 or 3-4). If the MTD was not established at
dose level 4, six patients received the standard 400/250 mg/
m?® regimen at dose level 5. DLT was defined as either:
grade 4 or three incidences of grade 3 skin toxicity events,
or the omission of three consecutive infusions due to grade
3 skin toxicity; adverse drug reactions >grade 3 (except for

Fig. 1 Dosage and schedule
of on-study cetuximab
administration

Dose level 1 100mgfm2 (Day 1)

Dose level 2 250mg/m2 (Day 1)
Dose level 3 400mg/m2 (Day 1)
Dose levei 4 500mg/m2 (Day 1)

Dose level §

skin toxicity, electrolyte abnormality, anorexia, nausea, and
alkaline phosphatase) or the development of acute pulmo-
nary disease, interstitial pneumonia and other pulmonary
symptoms. Infusion-related reactions were not regarded as
DLTs as they were considered to be largely dose-indepen-
dent. If progressive disease (PD) was not observed between
the initial dose and fifth administration (or sixth administra-
tion for dose level 5), the study medication was to be con-
tinued as long as the patient gave consent, again after an
observation period of 1 week. During the study period, the
following drugs and therapies were not permitted; thera-
peutic modalities for malignant tumor, other antibody ther-
apy, chemotherapy, hormonal therapy, immunological
therapy, radiotherapy, hyperthermia and surgical therapy,
and systemic steroids. The drugs and therapies used for
symptomatic relief of concurrent diseases or complications
were permitted before and during the study with minimal
modification of dosage and mode of administration.

Study evaluations

Response was assessed in evaluable patients by the investi-
gators according to RECIST guidelines [13] and had to be
confirmed by a repeated consecutive assessment conducted
a minimum of 28 days after the first assessment. Adverse
events (AEs) were graded according to the National Cancer
Institute—Common Toxicity Criteria version 2 (Japan
Clinical Oncology Group—translation version). Safety
variables assessed included; AEs, abnormal laboratory val-
ues and vital signs (blood pressure, heart rate, respiratory
rate, body temperature, 12-lead electrocardiogram, chest
X-ray).

Pharmacokinetic analysis

Blood samples (5 mL) were drawn prior to the first cetux-
imab infusion and at 1, 1:58, 2:30, 3, 4, 6, 8, 24, 48, 96,
168, 264 and 336 h (not 264 and 336 h for dose level 5)
after the initiation of infusion. Subsequent samples were
taken before cetuximab infusions on days 15 (dose level 5

100mg/m2 (Day 185, 22, 28, 36, 43 ,50, Then every 7days)
250mg/m2 (Day 15, 22, 29, 36, 43 .50, Then every 7days)
250mgim2 (Day 15, 22, 28, 36, 43 50, Then every 7days)
250mg/m2 (Day 15, 22, 29, 36, 43 ,50, Then every 7days)

400mg/m2 (Day 1) 250mgim2 (Day 8, 15, 22, 28, 36, 43 ,50, Then every 7days)

Administration. i i 4 i ‘ 4 4 H i

Day1 Day8 Day16  Day22 Day23 Day36 Dayd43  DayS0  Then every 7days
{HC, Screening ; «—»
Registration ; .

DLT observastion period

CT {lumar) ; Rand > Then svery 4weeks
PK sampling ; “—re ¢ . . . . . . . + Bweeks after last administration
HACA sampling . + Bweeks after last administration
Note: HHC; i istry(EGFRY), DLT; doseimiting toxicity, CT; ized hy, PK; ph HACA ;human antichimeric antibodies,
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only), 22, 29, 36, 43 and 50 and during the post-treatment
observation period or at the time of withdrawal from the
study. Cetuximab serum concentration data were generated
using a validated sandwich enzyme-linked immunosorbent
assay (ELISA) carried out by MDS PS Pharma Services
Switzerland AG (Fehraltorf, Switzerland) essentially as
described [14].

Results
Patients and demographics

EGFR expression was detected immunohistochemically in
the tumor tissue of 43 of 47 screened patients (91%). Of
these 43 patients, 30 fulfilled all the inclusion criteria and
were enrolled in the study; all received at least one dose of
the study drug. Summarized for all patients in Table 1, the
demographic characteristics of the individual tréatment
groups were generally similar. There were no major differ-
ences between the dose levels with regard to medical his-
tory other than cancer. Twenty-nine patients were suffering
from adenocarcinoma of the colon or rectum and the
remaining patient had adenocarcinoma of the lung. The
majority of patients had metastatic disease at study entry,
and 8 (27%), 10 (33%) and 9 (30%) patients had 1, 2 and 3

Table 1 Patients characteristics

Characteristic N=30
Gender, N (%)

Male 15 (50.0)
Female 15 (50.0)
Age (years)

Median (min-max) 54 (36-73)
ECOG PS, N (%)

0 20 (67.7)
1 9 (30.0)
2 1(3.3)
Diagnosis, N (%)

Colorectal cancer 29 (96.7)
NSCLC 1(3.3)
Prior therapy, N (%)

Chemotherapy 30 (100)
5-Fluorouracil 27

S-1

UFT 7
Irinotecan 28
Oxaliplatin 1
Radiotherapy 6 (20)

ECOG PS Eastern Cooperative Oncology Group performance status,
NSCLC non-small cell lung cancer
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organs involved, respectively. Most commonly involved
organs were the lung in 22, liver in 20 and the lymph nodes
in 15 patients. All patients had received previous chemo-
therapy or hormonal therapy; 29 had undergone surgery, 6
had received radiotherapy, and three had received other
treatments. Similar percentages of patients received con-
comitant medication across dose levels, except for a higher
incidence of the use of antihypertensive medications at
dose levels 4 and 5.

Dose-limiting toxicity assessment

The safety population comprised all 30 patients, each of
whom had received at least one dose of the study medica-
tion. Four patients did not complete the DLT evaluation
period after withdrawing from treatment as a consequence
of PD after one (one patient) or three infusions (three
patients). DLT analyses were therefore performed on 26
evaluable patients (5 patients each at dose levels 25 and
6 patients at dose level 1). The median duration of treat-
ment was 14.0 weeks and the median cumulative cetux-
imab dose was 2,450 mg/m®. No DLT was reported
during the evaluation period and consequently, the MTD
was not reached even at the highest dose level. Eighteen
patients continued treatment with cetuximab after com-
pletion of the preset weekly repeated treatment schedule
(on day 50).

Adverse events

AEs and cetuximab-related AEs were reported in 30
(100%) and 29 (97%) patients, respectively. The most com-
mon AEs according to system organ class (SOC) distribu-
tion were skin and subcutaneous tissue disorders and
investigations (both reported for 28/30, 93% of patients)
followed by gastrointestinal disorders and general disorders
and administration site conditions (both 26/28 patients,
87%).

The most common cetuximab-related AEs observed
(summarized in Table 2) were acneiform dermatitis (83%),
rash and skin reaction (both 47%), dry skin (40%), pruritus
(33%), paronychia (37%), pyrexia (57%), diarrhea (33%)
and fatigue and stomatitis (both 30%). Hypersensitivity
reaction (HSR) was reported in only one patient at dose
level 1. This patient experienced HSR twice: a grade 1 HSR
on the day of the first cetuximab infusion and a grade 2
HSR on the second day after administration at week 6. Both
reactions resolved. Pyrexia and headache appeared to more
common at the higher dose levels and were mainly reported
in a close temporal relationship with cetuximab infusion,
suggesting that they may have been infusion-related events.
Grade 3 or 4 AEs were reported in nine patients after DLT
evaluation and in two cases, were considered to be
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Table 2 Relevant common any grade and grade 3/4 cetuximab-related adverse events

Adverse event Number of patients with any grade (grade 3/4) Any grade Grade 3/4
total (%) total (%)
Dose level
1 2 3 4 5
Dose® (mg/m?)
100/100N=6 2501250 N=6 400/250N=6  500/250N=6 400/250N=6 N=30
Any adverse event 5(1) 6 6 6(1) 6 96.7 6.7
Acneiform dermatitis 5 6 4 5(1) 5 83.3 3.3
Rash 3 2 5 2(h) 2 46.7 33
Skin reaction 3 3 3 2 3 46.7
Dry skin 1 2 1 4 4 40.0
Pruritus 2 1 3 3 i 333 33
Paronychia 3 4 4 36.7
Pyrexia 2 4 5 6 56.7
Diarrhea 2 1 2 2 3 33.3 33
Fatigue 1 1 4 2 1 30.0
Stomatitis 3 1 1 4 30.0
Anorexia 2 4 2 26.7
Nausea 1 2 3 1 233
Vonmiting 1 3 2 1 233

2 Dose; initial dose/weekly dose

cetuximab-related (grade 3 diarrhea, one patient at dose
level 1; grade 3 acneiform dermatitis, pruritus and rash, one
patient at dose level 4).

Although cetuximab-related AEs did not lead to discon-
tinuation of cetuximab in any patient, the primary reason
for discontinuation in two patients was an aggravation of
disease symptoms. The weekly dose for one patient (dose
level 4) was reduced from 250 to 200 mg/m? at the 38th
week of administration due to grade 3 skin toxicity in
accordance with the study protocol. There were no other
dose reductions. One patient died within 30 days of the end
of study treatment from an unrelated respiratory failure due
to progressive lung metastases.

Pharmacokinetics

A full PK profile suitable for PK analysis following initial
cetuximab infusion was available from all patients. Individ-
nal PK parameters after non-compartmental and compart-
mental analysis were in good agreement. In general, inter-
patient variability in the cetuximab concentration values
was not large. Cetuximab serum concentration time profiles
are displayed in Fig.2. Mean trough concentrations for
dose level 5 were constant from week 4 (day 22) onwards
(Fig. 3).

PK parameters, based on non-compartment analysis and
data obtained at 2 weeks later (day 15) in dose level 14

and at a week later (day 8) in dose level 5, are shown in
Table 3. Dose-proportional increases in mean C_,, (range
49.0-396.7 ng/mL) were observed across the dose range of
100-500 mg/m2. Moderate deviations from dose propor-
tional increases were observed for AUC, , (range 3,469-
3,4817 pg/mL h), especially at the low doses. However, in
general, maximum serum concentrations following infusion
and the exposure to cetuximab as measured by AUC,_
are predictable for each dose used. Mean CL values
decreased with dose at the lower dose levels. At doses of
>400 mg/m?, CL values appeared to level off. Mean termi-
nal half-life (¢,;,) values increased from 54 to 111 h over
the 100-500 mg/m? dose range. At the dose of 400 mg/m?
(equivalent to the standard regimen), the mean ¢,,, values
were 101 (dose level 3) and 106 h (dose level 5). Values for
the volume of distribution at steady state (V) were inde-
pendent of dose and consistent with distribution of cetux-
imab in the theoretical vascular space.

Pre- and post-dose samples for the determination of
HACA levels were available for 21 patients. The analytical
results suggested that there had been no induction of such
antibodies in these patients.

Efficacy

Six patients were excluded from the efficacy analysis,
three because follow-up evaluation was not available (all
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Fig. 2 Cetuximab serum

concentration time profile
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colorectal cancer), and three because the disease at baseline
was not measurable (two colorectal cancer and one lung
adenocarcinoma). Twenty-four patients were therefore
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evaluable for efficacy. Two patients treated at dose level 1
showed partial response, giving an overall response rate of
8.3% in the efficacy-evaluable population [95% confidence
interval (CI): 1.0, 27.0]. Furthermore, 12 patients achieved
stable disease (3, 3, 1, 3 and 2 patients at dose levels 1-5,
respectively) to give an overall disease control rate of
58.3% (95% CI: 36.6, 77.9).

Discussion

Cetuximab has been shown to be effective and generally
well tolerated in mixed but mainly Caucasian patient
groups and the PK profile of this agent administered as a
single dose of 20-500 mg/m? has been extensively charac-
terized in a variety of separate studies in such populations
[15]. Two recent studies have examined cetuximab single-
dose PK in US patients with solid tumors using a similar

Table 3 Mean (standard deviation) pharmacokinetic parameters at day 15 (non-compartment analysis)

Dose level (dose mg/m?)

1(100)N=6 2Q50)N=6 3(400)N=6 4(500)N=6 5(400 N=6
Crnax (Hg/mL) 49.0 (8.5) 157.0 (31.9) 287.2 (37.9) 396.7 (83.6) 297.8 (30.5)
% CV 17 20 13 21 10
AUC, , (ng/mL x h) 3,469 (583) 12,132 (2,300) 25,823 (6,525) 34,817 (11,498) 29,213 (6,431)
% CV 17 19 25 33 22
t1 (h) 54 (17) 74 (12) 101 (31) 111 (19) 106 (24)
CL (I/h) 0.046 (0.007) 0.035 (0.009) 0.026 (0.009) 0.026 (0.013) 0.022 (0.005)
Vi (L) 3.46 (0.59) 3.98 (0.78) 3.34 (0.48) 3.51 (0.56) 3.1(0.5)

CV coefficient of variation, C,,,, maximum concentration, AUC,_, area under the concentration-time curve, ¢, terminal half-life, CL total body

clearance, V volume of distribution at steady state

2 Dose level 5: pharmacokinetic parameters are based on concentration data measured up to timepoint 168 h (day 8) following the initial 400 mg/

m? dose
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dose-escalation protocol to that employed in the current
study {11, 12]. Patients in both of these studies received
either: 50, 100, 250, 400 or 500 mg/m2 initial infusions, fol-
lowed after a 3-week interval by weekly infusions of
250 mg/m?. The similarity in schedules and type of patient
included in these analyses allows a comparative evaluation
of cetuximab PK and safety in the non-Japanese and Japa-
nese patient groups. Mean C,,, values were comparable for
initial cetuximab dose levels of 100 and 250 mg/m? in the
two populations. However, at the higher doses of 400 and
500 mg/m?, C,,,, values were higher in the Japanese (287
and 397 pg/mL) compared with the non-Japanese popula-
tions 205/229 and 243/246 pg/mL, respectively). Likewise,
mean AUC, , values were comparable at the lower doses
but higher in the Japanese compared with the non-Japanese
patient groups at the 500 mg/m? dose level (34,817 vs.
30,870 and 24,740 pg/mL h).

However, the results of the current study confirm that the
PK profile in Japanese patients is broadly similar to that
obtained for non-Japanese patient groups. In particular, lin-
ear relationships for both mean C_, and AUC, . with
dose that were previously noted in the non-Japanese popu-
lations were also observed in the Japanese population, indi-
cating that the exposure to cetuximab is predictable across
the dose-range. Dose-dependent relationships were
observed in the current study for f,, and CL at lower doses,
with the apparent leveling of CL seen at the higher doses
mirroring the earlier studies in non-Japanese patients and
supportive of receptor saturation at these doses. In addition,
Vs was independent of dose and consistent with a distribu-
tion of cetuximab in the theoretical vascular space, which is
similarly consistent with the data from non-Japanese popu-
lations. The cetuximab mean trough concentrations follow-
ing repeated weekly doses of 250 mg/m* (dose level 5) in
the Japanese population were constant from fourth week
(day 29) onwards and were in good agreement with previ-
ously reported pharmacologically active trough concentra-
tion values following the standard dosing regimen (equal to
dose level 5) of cetuximab [16].

In relation to safety, cetuximab was generally well toler-
ated at all dose levels in Japanese patients and the MTD
was not reached at the highest dose-level tested (500 mg/m?
initial infusion followed by 250 mg/m? weekly). No spe-
cific toxicities were identified in Japanese patients com-
pared with mainly Caucasian groups, and the incidence of
cetuximab-related grade 3/4 AEs was low (2/30 patients)
and as expected. The most common AEs at any grade
according to SOC distribution were skin and subcutaneous
tissue disorders, which were reported for 93% of patients.
Acneiform dermatitis, which was noted in 83% of patients,
was the most commonly occurring cetuximab-related AE.
Although skin reactions are a class effect of EGFR-targeted
agents, the level of incidence of this mainly mild adverse

drug reaction in this study is in the upper range of what has
been commonly reported for mixed but mainly Caucasian
populations. A considerable number of studies in a range of
cancer types including mCRC have noted a correlation
between the incidence and severity of acne-like rash or skin
reactions and efficacy [5, 8, 16-19]. The high level of skin
toxicity noted in Japanese patients may therefore be a
promising indicator for cetuximab efficacy in this popula-
tion, a hypothesis that should be addressed in future clinical
studies. The disease control rate of 58% achieved for cetux-
imab monotherapy in Japanese patients is encouraging in
this context. On balance, the safety profile for all dose regi-
mens in the current study was essentially consistent with
the safety profile of cetuximab as described in the previous
comparable studies in non-Japanese patient populations
(11, 12].

In conclusion, the current study has demonstrated that
cetuximab PK and safety profiles are similar between Japa-
nese and non-Japanese patient populations. Given this
assessment, it would appear that the standard dose of an ini-
tial 2-h infusion of 400 mg/m?® followed thereafter by
weekly 1-h infusions of 250 mg/m? is feasible for future
clinical studies in Japanese patients.
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