Hematology & Oncology Mar. 2006

VEGF-B
PIGF-1, 2

o

AR

VEGF-C
VEGF-D

QO UARIOULLOVULOVUUVUUAAY

TKI
TKil

VEGFR1 (Fit-1)

VEGFR2 (Flk-1/KDR)

N/

| mEHE, BB

¥

5

VEGFR3 (Flt-4)

'Uymﬁﬁi

4 VEGF&VEGFR(ZCEE® & ) %)

ER & LT, 8k, BIkF LTI X NEDOARE
MR DOHEFE T 5 A%, MFZHERIZES 7R b—
VAPLARMRE T AEE R, EEREROR
&, GREBERY VN BEOEE, MiEENR
FOFELY, SFSERBEBEVDHL LD
#oTWwh. VEGFEERET & LTid, VEGF
B,-C,-D,-EXRIEENTEY, FAFICMEDR
) UEFER EICEST A Evbh
TW5h, ZOHHEPALEN) L) LBAERE
FHBTHOEHZED TV S, '

VEGFDE %46 T& 5VEGFRIZIZ, VEGFR-1
(Flt-1) £ VEGFR-2(KDR/Flk-1), VEGFR-3 (Flt-4)
D3 EE DA (H4). VEGFRIZZEMAEF
Y vFF—¥T, VH Y FTHLVEGFOFHEAIZ
L BRI H S F O s FF—+ (TKI, TKI)
Y VEEER, Y FADTHRNMEDo TV
{. ThoHoEEE, I/MKEREERTFZE
£ (PDGFR) %, GIST% & CHRBEFEHL TV rbc-
kitF o & F—EEEULTED, VEGFR2,
PDGFR, ckit% # 2 5 SU11248%° VEGFR-1, -
2,-3, PDGFR, ckit% # X % PTK787/ZK222584
EFZNVFFOY 3 F—YRRER L LTGIST
RPREBEPAZIRLDETHE L OV ATHERR

B fThbhTwna,
VEGFOBEIZRHRIIIGAA, A A, HiLzF)S
A, BRI A, JIRFALEZ L DHFATED
LNTV 5, WAEBLTF TH bHsrciras, ber-abl,
WAMGEIETF T 5 p53IIVEGFRH HIHEHE
DEFRIZHY, CNEDBILZFOEREIZLY,
WA BITHVEGFOBRIBHASALND LE 2
BNTV A2, HFATTADRTIHE, HVEGF
Pk L ALFEREE, BETREE & OB THER
EHPROLNTEY, HIVEGFIRIZ X 2B D
EELE, £RICHED IS ARBRBITO LR,
BRI EVZFO—RTH S LEX HNTNWED,
2. Bevacizumab (Avastin®)
BevacizumabiZVEGF-AIZx$ % & MUHUET

B, MAEOVEGRAKES LHEAT 52 LT

VEGFRIZFESTAVEGF-AZ R 34, HREL
TVEGFRUT DY 7+ v #fHET 5. Bevacizu-
mablI KFHADHZL 59, MidA®, AN
BV THEBRREZEITO I, ARMEAE &
NTwb, KEATATIE, IFLEE +placebod
&, IFL# ik Zbevacizumab 5 mg/kg % FEAGE A
&5 L7-8, %L T5FU/LVilbevacizumab 5
mg/kg% BEABED 3 BE T HLBENER (AVF2107g) %
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Hurwitz JCO 23, 2005 Giantonio ASC0O2005
IFL(%) IFL/BV(%) 5FU/BV(%) | FOLFOX4(%) FOLFOX4/BV(%)
(n=397) (n=393) (n=109) (n=282) (n=286)
MA2ZE# A Grade 14 16.2 - 194 13.8 2.8 44
asyiih Grade 3,4 2.5 3.1 6.4 <1 3
SILE Grade 1-4 - 8.3 22.4 33.9 - -
Grade 3 2.3 11.0 18.3 2 5
Grade 4 0 0 0 <1 1
% 7R Grade 14 21.7 26.5 34.9 - -
Grade 3 0.8 0.8 1.8 1 0
HILEEIL 0 15 0 1 0

(xE®® & h51H)

R5 CPTHRISKBY AT 2ERERE Il 18548k (ECOG3200)

ECOG3200 Rosenberg 2003
BV FOLFOX4/BV FOLFOX4 FOLFOX4
(n=230) (n=271) (n=271) (n=272)
RR(%) 3.0 21.8 9.2 9.9
$<0.0001
TTP(mon) 2.7 4.8 4.6
$<0.0001
MST (mon) 10.2 12.9 10.8 9.8
$=0.0018
(@2 L5 H)

v, FNE AT E R 5 fE (IFLE15.6m vs.
IFL+bevacizumab®20.3m vs. 5FU/LV+bevaci-
zumab#¥ 18.3m) & bevacizumab® EFEHFIZ LD
EFHBOERIRINSD, /-, FEERL
LT, Si/EA placebofF T83% TH o 7zDIZ
*tL, bevacizumabZT22.4% L FEIZEN 7.
TP IRy SRR Y, EROHL
BAFEIBERDO T 77 A VSR LD LV
ZENTRBINSA, ELICEERTRE ﬁ&i
bevacizumabff FEF THILEZEILARBIZERD

N2 &T, 4 f&%l‘%‘fkbevamzumab#ﬁ@rﬁ@%
THEHINLIIHD, HBELFOPLETH
(3R 4).

F 72, CPTIIARIERNIATS 2 RiEEL LT
FOLFOX4H B &, FOLFOX4+bevacizumab
10mg/kgEETIThN7-ECOG320054 5% (38 5) T3,
HETFE R P i (10.8m vs. 12.9m) &, bevaci-
zumabfi A CEELAEFHROERIROO N,
bevacizumab S KRG AT A DL FEEEDKkey drug?®
—DTHbEVI)BHEERLHHDICLID.
INERITT, EITHTH > 7=SWOG03037% &
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bevacizumab7z L Darm%* b DEERRAERDS, T3
Y=L )bkl o/, MENEES]
12Xt LT, mFOLFOX6#&k L, bFOLEEL,
XELOX (CapeOx) D 3 B2 £ M Fhbevaci-
zumab % BEH L7- 5 v ¥ A L8 DT HEREBRITTHh I
72 (TREE-2)%, 74 <) —x2 v FFRA Y MI
BENUTHY, G3/4DEHIIOVTIE, FBFTH
BTEAHLEDFERTHo7z2. LA L, bevacizumab
HTI328~42% DHELEEILIBO LN, S

HREEL O RERLE LThiTo N,
ERHEIIOVWTIE, BRI LN ENTREEL
(mFOLFOX6 40.8% vs. bFOL 20.0% vs. CapeOx
27.1%), TREE2(mFOLFOX6+bevacizumab 52.1
% vs. bBFOL+bevacizumab 34.3% vs. CapeOx -+
bevacizumab 45.8% ) & bevacizumab® L FEE %)
RERRINT:.

—FT, XV TSFY, AV THIAR
JB& ko7 KA A D3rd line& L T5FU/LV+
bevacizumab % % 5- & 1L72100% Tid, ZERIFIL
b 1%0ThHY, LEHEHTOERIH
‘INSD. '
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£6 BEETR(BLEE) DHEERIC L 5KBY ALSER, THERS I AKE

Trial p GO -3 Protocol” Phase
NO16996 ElEp! XELOX+BVvs. FOLFOX4+BV Phasell
SWO0OG0303 wIE 50 XELOX+BV vs. mFOLFOX6+BV Hk
CALGB80404 walFl FOLFOX or FOLFIRI Phasell

+BVwvs. +C225vs. +BV+C225
CALGB80203 a5y FOLFIRI +C225 vs. FOLFOX4£C225 ik
CRYSTAL - #E FOLFIRI vs. FOLFIRI+ C225 Phaselll
EXPLORE BRiGE B FOLFOX4 vs. FOLFOX4+(C225 Phasell
EPIC FOLFOXA ~ CPT11vs. CPT11+C225 Phasell
CONCEPT ~ EH BEEFMFOLFOX7+BV+Mg/Cavs. Phase
' /&R B mFOLFOX7+BV+Mg/Ca
BOND3 FOLFOX+BVAIL CPT11+BV+C225 vs. BV+ (225 Phaselll
PACCE [ 1 FOLFOX or FOLFIRI Phasell
+ BV vs. +BV+ Panitumumab
OPTIMOX3 #1851 (FOLFOX7+BVX6 — FOLFOX7+BVX6) +Erlotinibvs.  Phasell
(XELOX +BVX6 — XELOX +BVX6) + Erlotinib
3. IMC-1C11 BLEFEENG. —HT, HEEEOLTRIME

IMC-1C111ZVEGFR21244 3 % ¥ X S HETH
5. VEGFR2Z N L7-v 7 F VnZEx 3 5
Z T, HUEESHREEREET 5. Phase I TiZ
grade 3/40EMITRO SNT, &5 L-14%0%F
4 BIZSDATED H N TV 53,

Edrecolomab(17-1A)

Edrecolomabi¥, MfaREDOWE S > 737 17-1A
By —ay MIL-By a— <y AlgGadifk
TdH 5. 1894 Dstage 1 DKIGAS AR AEBIRE
ELTCQIT-1IAR G &N T V¥ ALRERTI,
FATEMBEE AT, 1T1ARSEHEIIBWT, &
BIAFYPHOERERDL®, LHrLEOR
edrecolomab®i##¥, 5FU/LV(Mayo regimen) H
FHEE & FNiledrecolomab% LW L7-F L i
BL7:7. 5 AMERERITIE, BEREIIER
FoOhholdbon, EFEHHCEREFIM
2B W, edrecolomab® EFEHEHRIIFAD b
9, edrecolomabBMffid, 5FU/LVEE L HXT,
EEIC3IEERETTFHAM (53.0% vs. 65.5%, p<
0.0001) T4 o T\ /-,

REETHOBKRRR & SHNEE
A& #1479 O cetuximab, bevacizumab,
panitumumabfE D 2 EEFEREREZ R 6 IR

Bevacizumab, cetuximab & b (ZH RIIEESFITD
RITF 4 TRERED, 20068ER 412 REESN

IEEBEOBEBIETTIIRETOIMER ST
B0®, FOBRKLEEEIIHIEHET IO,
L THRALRERELEL LTI ED
IILEBEBTHLIOD, REDERVBEAL
TFhNTWb. 200645EI2iF BRDO KB A{LE
B O TREMEERAANRZAT L L BEbNb.
BN D HIEEEETAPPNIZEAT LI LN
BEETHALD, FHIVo-HEAWAELHS S
EEFIZANTBLLENEH S,
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S-1 as a Single Agent for Colorectal Cancer: Takako Eguchi and Kuniaki Shirao (Dept of Gastrointestinal
Oncology, National Cancer Center Hospital)
Summary '

Chemotherapy for colorectal cancer is now improving rapidly due to new drugs like oxaliplatin and molecular
targeting drugs. The key drug, however, is still 5-fluorouracil (5-FU). S-1 is an oral 5-FU anti-tumor drug that
combines three pharmacological agents: tegafur, 5-chloro-2,4-dihydroxypyridine, which inhibits dihydropyr-
imidine dehydrogenase activity, and potassium oxonate, which reduces gastrointestinal toxicity.

The results of the phase II study suggested that S-1 as a single agent was active against metastatic colorectal

~ cancer: CR rate was 36-40% and MST was about one-year. Toxicity was all tolerable. Clinical trials of S-1 with
oxaliplatin or CPT-11 combination chemotherapy are ongoing in Japan. S-1 with molecular targeting drugs will
also be studied. Therefore, S-1 is expected-to play an important part in chemotherapy for colorectal cancer. Key
words: S-1, Colorectal cancer, Corresponding author: Takako Eguchi, Department of Gastrointestinal Oncology,
National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan

B ETEZER EBEBCWT A2 EEREOESIEEZ LWL ONDH 55, KR E L T key drug iX 5-fluorouracil
(5-FU) T#% %, S-1i35-FU @ prodrug T# % tegafur iz, DPD [HE#IT® % 5-chloro-2, 4-dihydroxypyridine & ##{k
S EMERRIER £/ T 5 potassium oxonate & % EEE LIRS TH 3, S-1 ORE - BEBECNT 2 S IHEHROR
B RIF T, =H5E 36~40%, MST i3 1 EFigdB 50, b tolerable TH o7z, 2003 £ 12 HER - BRI L T -
RBOER L ko Bil, &S EBEBCNT 3 S-1 pEsAN T RRBRISRN SN D L Kko T, RER, &
DL EREFEPICHT 2B L LTHEADY A K54 viediFonTw a4, 4% oxaliplatin, CPT-11," 578

EHL L L OHALED, S-1 PHERNZEERRCEAAINEPEPRSBROBRBROGRLIZVTD S,

T C &I

W, BATH KBEREEIEFHEL T DIECER
LI L T 3, KBE I & 5 EMFETERIX 2003 F£T
BEM 3.9 FATH o722, 2015 FiTik 6 FAICH ES
EHEIN TS, kk%ﬁ?é%@qj'b A ERIEIYTIRR T D
3238, Stage VDR - HIBEOD 5 FEFRBETL TN
12.8, 13.1% &+ Tidz <, HEHGEIRI X o TEE
Lz BECNT A ERERRILTA I L8 BLER-
Twa,

irinotecan (CPT-11) % oxaliplatin (L-OHP) & ¥

OFE, &5 RHTENEAE THA S NETERE
BB - BHEECHT 32 EREOESBZERELVL O
b aH, KR L LT key drug it 5-fluorouracil (5-FU)
Th 3, 55FUREKATHCHECHELET % dihy-
dropyrimidine dehydrogenase (DPD) i€ & D £ @
80~90% 5 EE T FEELE D, TDOSFUD
pro drug T# 5 tegafur ¥ DPD [RERI 2 HAEDHE S
Z iz X D 5-FU 0 F-beta-alanine (FBAL) ~DE
RIEEL, $hEEe£E L 7%E# % DPD inhibitory
fluoropyrimidine (DIF) &##7% %, DIF i3 DPD 2/
ETRIrky, EMEEEED D, IPEBT S5

Bk T 104-0045 BRERRKEM 5-1-1 * EMA L v ¥ —FRiEk - HLERE

o &7¥F

0385-0684/06/ ¥ 500/3%3/JCLS
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FU 0EVIBREOBAMEE 2 D72 {35, DPD REEE
TOHEENR rEo»D 5-FU ORBEY L 28
PREET B, 2 O%R%® b D, DIF i3 UFT, BOF-
A2, S-123h 2055 by DPDEEFESE RS LT
BOF-A2 REMHO-HENMEARTHESFLEN, BF
ZFUFT ES-1BEEBERCAEEA TV S, S-11&
tegafur iz DPD FHE#H| & L C uracil D200 FEDRE
EH% b D 5-chloro-2, 4-dihydroxypyridine (CDHP)
&, HILtBCERETHEET 55 FUDY VEILBER T
# % orotate phosphoribosyl tranferase % @l #1235
#ifHEE ¥ 5 potassium oxonate (Oxo) (Zhic kD AE
FIRBETH 2 HLEEREZERTS) t21:0.411
DENVHTERES LEBOTERTH 5, S-113ET - HB
FREBIN T 2EINBARC B THATHEYE
44.6%, MST 8 [, 2 F&EFE 1T% L RIF 2B %R
LEBE N T nt?, &5 - EBRETH g0 B
TOBREMNMTONIz, TORFLERES > T2003F
128, HFREBWIREHER o7, RETRE
BB - BRI T 2 S-1 RHAANTF I 2B RED
MEEINZ LR ->TETW S, KRBTGS - BB
Bzt d 3 S-1 BFREORERE, MEMTIOw TR~
22t ET 5,

1. AIBICHT RE - ERECNT {EEENLTE

KEBEBER T, AP TE { ORFEENHEZRERD
TbhbnsX3RY, ZOBER2ECEELEIRER
N3X kol BEkMoBERE I HRPTT
bhsHREFREEMLTE ST, B CEBHsNE
ENAAEOEEEFELE L TERAIhTRE, LrLE
ETEEARLHFAOEERREZZTANIERCHD,
—HRBEBO D WERATERWIERERHZ LDODHE
At ROBEETR EFETH B,

BEF E TCOEFHIC BT 2 ETERKBE T 216
FHEREFZEOT7 vV S P VEBRIBRERTH T2, L
L LR SEOROFEEDAIBEF I h, BKRNER
HDERBBR CRIEI N TICEREINTE T, 1994 F£i2
13 CPT-11 3B Eh, £/ 199 FWEPTCORAE
NHEE OB R % &2 5-FU/LV #& & 2% Rosewell
Park Memorial Institute (RPMI) Qv v 2 LTE
Bah, TL{EEETHEBEIRTWwIz, 2003 i3tk
THHEINERBROBR2HIC S-1 &R hiz,

DB LVEFRTHMADEERES*»ZTANSLK
E0EE D, AT CPT-11+5-FU/LV (IFL) 0%

[/IEHBRTEE AN BT 2 R5BORNBThOA,
RERBRELUERIAZ X ko7, LLEDE
KETITbn/z IFL 28— >0 EHERER (N 9741,
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BAUSRE

C 89803) DFEHT T, IFL #:D 60 B LAPID FEIFET-Fnt
Bk, RS- FURRBETAVSI LY X EDE
BEIMEIRTH L Y OEWERM 5 TR T EEomn L
CRAUTHBIEDHEL R H DY, BET
BEKIED EELVEBTHEOFERRZHES LODH 3,
Z D% CPT-11+5-FU/LV (FOLFIRD B0 58I
By 2R bTbh, X5 L-OHP B8&Z s h L-
OHP/5-FU/LV (FOLFOX) &b HATHEBTE 2 X
57t o7z, B bavacizmab, cetuximab 7t ¥ D45F
EAERCEL TRBRITOILTWARETH S, UL

b X 0 EfEOERELER FOLFOX, FOLFIRI, CPT-11

BERRETHY, IAMBEREZSTVEHRETRE
LTIk 5-FU/LV, FURBA2 E2ERBT 52 L &
Exohb,

0. #85 - ERSICNY 5 S-1 BHERREER

EHTIThbhizS-1 0B - BEEECYT 325114
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Table1l Toxicity data of S-1 phase II study

Table2 Toxicity data of S-1 phase II study

grade Incidence of
Toxicity (No. of patients) > grade 3
_ 1 2 3 4 (%)
Haematological
Leukopenia 17 10 1 2 4.8
Neutropenia 4 11 7 1 12.9
Anemia 5 11 4 0 6.5
Thrombocytopenia 5 2 0 5 8.1
Non-haematological
Stomatitis 8 2 0 0 -
Diarrhea 2 6 1 0 1.6
Anorexia 7 1 3 0 4.8
Nausea/vomiting 7 4 1 0 1.6
Skin rash 2 4 0 0 -
Pigmentation 11 0 0 0 —
Malaise 9 2 1 0 1.6

(Ohtsu, et al, 2000)

M 4$#NEE—S-1 DAET—

HADEEERBEL VI EED» S5 %3 L FOLFIRI-
FOLFOX 6 £ \> 58k, Z DHDHED 2 7 — ADHIIHE
SERTIIRTE T 74%, %E T 62% D B%E»S second-line
220 TCHET7— 4L bAZCH 20 »H0 MST %
BZZENTETBYY, FZOHBVL OO RCT O
BER» 5 5-FU, CPT-11, L-OHP D 3 AIFERELEE
BERERFIT2Z:8beD, 3F 23 2{#HsrEb
¥ 3 EBETRBEOEERECBWIEETHS L
E25NTWEY, BRI X DEREEICER
HH5HbDODS-1 2L ETEREO 7Y 2V
AT, WFhy MSTR 1 EBETH S, 051X
HEMEOPZT—sThD, BB EBRECHT 3LE
FECBLTREDY vbEY 2 Y VHIBRIORRE2E
THDOThHD, TIT, BEIhsDEOF & CPT-11
£ L-OHP r oftAEENEE &N LS ei Y, FE
PG S NDD0H B0, S-1IzoLTR1{D
»D S-1+CPT-11 SRS IEFRSEFL TR TLTY
298, TR IMEICHESD, S-1+L-OHP 2w Tik
BRAESNHABRBBRE LTHETHETH D T OBEEIHF
Ens, Bk, KBEENRC LR S-10EROBEKRS
BpEE Ty, WEREINESBROERIIRE
hTuv v, —7%, capecitabine (K%Xﬁ%) 2 UFT/
LV 2ro&O7 vibe ) § ¥V ERIIR T TrEBIHER
BRT5-FU/LV L DREISEHENRENTE D, BEIID
iz CPT-11 % oxaliplatin ® L FEEFEBRFERL T
ZERRETH B, ZDADPS b, S-1 i» E K ABBERT
ERGEL L TR LN RIS T —F Lk
SR Twlknitnz s, Larl, BEFHOHRERTRL

Toxicity grade __ grade >3
1 2 3 4 (%)
Anemia 7 7 3 0 7.9
Leukopenia 7 10 0 0 0
Neutropenia 4 10 2 0 5.3
Thrombocytopenia 4 1 0 0 0 -
Diarrhea 5 g§ 1 0 2.6
Nausea/vomiting 8 7 0 0 0
Anorexia 15 4 0 0 0
Stomatitis 11 3 0 0 0
Hand-foot syndrome 2 0 0 0 0
Pigmentation 15 0 0 0 0
Malaise 17 2 0 0 0
Bilirubinemia —2 14 3 0 7.9

(Shirao, et al, 2004)

8: grade 1 bilirubinemia is not defined in the toxicity

criteria of the Japan Society for Cancer Therapy.

(Japan Society for Cancer Therapy: Criteria for the

evaluation of the clinical effects of solid cancer

chemotherapy. J Jon Soc Cancer Ther 28:101-130,
1993.) .
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Pharmacodynamic Studies of Gefitinib in Tumor Biopsy
Specimens From Patients With Advanced Gastric
Carcinoma

Federico Rojo, Josep Tabernero, Joan Albanell, Eric Van Cutsem, Atsushi Ohtsu, Toshihiko Doi,
Wasaburo Koizumi, Kuniaki Shirao, Hiroya Takiuchi, S. Ramon Cajal, and José Baselga

Purpose
Epidermal growth factor receptor (EGFR) is highly expressed in some gastric cancers and is

implicated in cancer cell growth and proliferation. The objective of this study was to assess the in
situ biologic activity of the EGFR- tyrosine kinase inhibitor gefitinib in gastric tumor samples in a
phase Il study.

Methods
Patients with previously treated stage IV adenocarcinoma of the stomach or gastroesophageal

junction were randomly assigned to receive gefitinib (250 or 500 mg/d). Tumor biopsies, obtained
at screening and on day 28 of treatment, were assessed for biomarker expression using
immunohistochemistry and analysis of apoptosis.

Results
One hundred sixteen tumor samples from 70 patients were available, 70 were baseline and 46

were on-therapy biopsies. At baseline, levels of EGFR expression significantly correlated with
levels of phosphorylated EGFR (pEGFR; P < .001) and Ki67 expression (P = .011), but not with
phosphorylated mitogen-activated protein kinase {pMAPK). After gefitinib treatment, levels of
pEGFR in tumor cells were significantly reduced (P = .001); this was not the case for pMAPK and
phosphorylated Akt {pAkt). However, in some cases gefitinib inhibited pAkt and these tumors had
enhanced apoptosis. Likewise, there was a significant correlation between increased exposure to
geftinib and enhanced apoptosis.

Conclusion
Gefitinib reached the tumors at concentrations sufficient to inhibit EGFR activation in advanced

gastric carcinoma patients, although this did not translate into clinical benefit. Overall, intratumoral
phosphorylation of MAPK and Akt was not significantly inhibited by gefitinib. However, the finding
that decreases in pAkt correlated with enhanced apoptosis deserves further exploration.

J Clin Oncol 24:4309-4316. © 2006 by American Society of Clinical Oncology

Sliwkowski*). EGFR is highly expressed in approxi-
mately one third of advanced-stage gastric cancers®
and has been shown to be a modest prognostic
indicator.® Recently, agents targeting the EGFR
have been shown to have meaningful clinical ac-
tivity in a variety of tumor types (see review in
Baselga and Arteaga’).

In order to study the effects of anti-EGFR ther-
apy in patients with advanced gastric cancer, we
conducted the current phase II study with gefitinib
(Iressa; AstraZeneca, Macclesfield, Cheshire, United
Kingdom), an orally active EGFR tyrosine kinase
inhibitor that blocks receptor-dependent signal

Gastric cancer is one of the most common causes of
cancer deaths—worldwide it is second only to lung
cancer.' Prognosis for patients with advanced stom-
ach cancer is poor; the 5-year survival rate for pa-
tients with localized disease is approximately 60%,
whereas for those with distant disease it is only 2%.?
Therefore, there is clearly a need for new therapeutic
approaches, among them the development of agents
against molecular targets.”

Epidermal growth factor receptor (EGFR) is a
member of the ErbB family of receptors—a family of

receptors that plays a major role in promoting pro-
liferation and the malignant growth of a variety
of epithelial tumors (see review in Yarden and

transduction and that shown to be active in patients
with non-small-cell lung cancer.® Our aim was to
determine the antitumor activity of gefitinib in

Information downloaded from jco.ascopubs.org and provided by Kokuritsu Gan Center on March 12, 2007 from .
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patients with advanced gastric cancer and to study the effects of
gefitinib on EGFR phosphorylation and on the two major receptor
signaling pathways, the mitogen-activated protein kinase (MAPK)
pathway and the shosphatdiyl-inositol-3-kinase (PI3K)/Akt path-
way, as well as its effects on proliferation and apoptosis.

In the first phase II study of gefitinib in patients with advanced
gastric cancer, gefitinib was well tolerated and demonstrated modest
clinical activity with disease control rates of 13.9% and 22.9% at 250
mg/d and 500 mg/d, respectively.’ The clinical results will be reported
elsewhere (Van Cutsem et al, manuscript in preparation). Results
from the sequential tumor biopsy study to study the effects of gefitinib
on EGFR signaling are reported in this article.

Study Design

This was a randomized, double-blind, parallel-group, multicenter, two-
stage, phase II study. The exploratory objectives of this study were to investi-
gate the pharmacodynamic parameters at steady state and to evaluate whether
EGFR expression correlates with the antitumor activity of gefitinib.

Patients

Eligible patients had histologically confirmed stage TV adenocarcinoma
of the stomach or gastroesophageal junction and had failed one or two prior
chemotherapy regimens. In addition, patients were required to have at least
one measurable lesion as defined in Response Evaluation Criteria in Solid
Tumors, a WHO performance status of 0 to 2, life expectancy of 12 weeks or
longer, the ability to ingest food, and to be age 18 years or older. Patients who
had received more than two previous chemotherapy treatments or who had
their last anticancer therapy within 21 days of the start of gefitinib treatment
were excluded.

All eligible patients had to provide written informed consent and the
‘study was conducted in accordance with good clinical practice guidelines and
the Declaration of Helsinki.

Treatment

Treatment was divided into four strata: two ethnic groups of patients
(Japanese and non-Japanese) randomly assigned to receive gefitinib at either
250 mg/d or 500 mg/d as an oral dose. Patients continued with their assigned
dose until disease progression and any patient showing evidence of response
could continue with therapy outside of the core treatment period into an
extension period.

Tahble 1. Patient Demographics
Characteristic No. %

Patients 75
Sex 83 17

Male:female 62:13
Age, years

Median 60

Range ' 3383
Race 57 43

White: Japanese 43:32
Prior therapy

Experienced = 1 failed chemotherapy regimen 39 52

Experienced 2 failed chemotherapy regimens 36 48
Dose, mg/d

250 37 49

500 38 51

Table 2. Turnor Biopsies Available for Analysis

Type No.
Primary tumor biopsies 70
Assessable primary tumor biopsies 67
On-therapy day 28 biopsies 35
Evaluable day 28 tumor biopsies 32
Sequential paired biopsies 32

Available paired samples with baseline biomarker
expression above than 0

EGFR 20
pEGFR 17
pMAPK 31
pAkt 26
Ki67 32
p27kP) 32

Abbreviations: EGFR, epidermal growth factor receptor; pEGFR,
phosphorylated EGFR; pMAPK, phosphorylated mitogen-activated protein
kinase; pAkt, phosphorylated Akt.

Pharmacokinetic Analysis

Venous blood samples for pharmacokinetic analysis were taken at
screening, pregefitinib treatment, and at 1 hour, 3 hours, 5 hours, 7 hours, 12
hours, and 24 hours postgefitinib treatment on day 28 of treatment period 1.
Complete pharmacokinetic data were available from 44 treated patients. In
addition, a pregefitinib treatment sample was also taken on day 28 of each
subsequent treatment period. Plasma was isolated from blood samples by
centrifugation (10 minutes at 1,000 g) and was analyzed using high-
performance liquid chromatography with tandem mass spectrometric detec-
tion. The C_,, and t__, values for each patient were derived from the plasma
concentration-time profile and the area under the time-concentration curve
(AUC) (g.54) was calculated using the linear trapezoidal rule.

Biopsy Samples

Tumor biopsies were obtained at screening (pregefitinib treatment), on
day 28 of treatment, and, if possible, at disease progression. Fresh tissue
samples were collected from either the primary tumor or from metastatic sites.
Asmuch tissue as possible was collected, such that the total sample volume was
atleast 3 X 3 X 3 mm. For endoscopic biopsies, eight to 10 samples of 1 X 1
mm were allowed. Biopsies from liver metastases were taken using a computed
tomography scan-guided 18 G core needle. All samples were fixed immedi-
ately after removal in a 10% buffered formalin solution for a maximum of 48
hours at room temperature before being dehydrated and paraffin embedded
under vacuum. To allow comparative biomarker studies, subsequent biopsies
were taken from the same site as the screening biopsy.

Antibodies
The following antibodies were used for the detection of pharmacody-
namic markers: anti-EGFR {mouse monoclonal antibody [MAb] clone

Table 3. Baseline Tumor Characteristics
Tumor Characteristic No. %

Location”

Stomach 54 77.2

Gastroesophageal junction 15 214

Unknown 1 1.4
Type*

intestinal 35 50

Diffuse 27 38.6

Unknown 8 114
*n = 70.
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2-18C9), anti-Kis7 (mouse MAb clone MIB1), and antip27*®' (mouse MAb
clone $X53G8) were obtained from DAKO (Carpinteria, CA), antiphospho-
rylated EGFR (pEGFR; mouse MAb clone 74) was obtained from Chemicon
(Temecula, CA), anti-TGF-a (mouse MAb clone Ab-2) was obtained from
Oncogene (San Diego, CA), antiphosphorylated p42/44 MAPK (pMAPK;
rabbit polyclonal phosphorylated-p44/42 MAPK at Thr202/Tyr204) and an-
tiphosphorylated Akt (pAkt; rabbit polyclonal phosphorylated- Akt at Ser473)
were obtained from Cell Signaling Technology (Beverly, MA).

Immunohistochemistry

Immunostaining was performed on 4 wm tissue sections mounted onto
positively charged glass slides. After removal of paraffin in xylene and graded
alcohols, sections were hydrated. Epitope retrieval was performed when nec-
essary in 10 mmol/L EDTA buffer, pH 8 for 10 minutes in a pressure cooker
-(pPEGFR, pMAPK, pAkt, Ki67, and ;2 7°%") or using proteinase K digestion for
5 minutes (EGFR) at room temperature. Tumor necrosis factor alpha
(TNF-a) did not require antigen retrieval. After target retrieval, endogenous
peroxidase was blocked by immersing the sections in .03% hydrogen peroxide
for 5 minutes. Incubation with primary antibodies was performed at room
temperature for 1 hour using the following dilutions: EGFR 1:1, pEGFR 1:500,
TGF-a 1:100, pMAPK 1:80, pAkt 1:50, Ki67 1:100, and p27"%' 1:100.
Peroxidase-conjugated goat antirabbit (pMAPK and pAkt) or antimouse
(EGFR, TGF-a, Ki67, and p27""') were used to detect antigen-antibody
reaction (En Vision+ System; DAKO) for 30 minutes at room temperature.
For pEGFR, an enhanced signal amplification method (CSA; DAKO) was
used as described in the manufacturer’s guidelines. Sections were visual-
ized with 3,3'-diaminobenzidine as a chromogen for 5 minutes and coun-
terstained with Mayer’s hematoxylin. Positive and negative controls were
included in each experiment.

To score a tumor cell as positive, membrane staining was required for
total EGFR, membrane or cytoplasmic staining for pEGFR, cytoplasmic stain-
ing for TGF-a, cytoplasmic and nuclear staining for pAkt, and nuclear staining
for pMAPK, Ki67, and p27<P". Samples were assessed blind by investigators
(F.R. and J.A.). For quantitative analysis, the percentage of stained tumor cells
with each antibody in representative sections in 10 high power fields (X400)

www.jco.org

was used to calculate the average percentage of cells staining in every sample. A
tumor was considered as positive with at least 1% of stained cells. Scoring was
performed blind to clinical data (F.R.) and was used for statistical analysis.

Terminal Deoxynucleotide Transferase-Mediated dUTP Nick
End Labeling Assay

Determination of apoptosis was measured by TUNEL (Terminal de-
oxynucleotide transferase {TdT]-mediated dUTP Nick End Labeling) assay on
tissue sections using fluorescein-labeled 12-dUTP-TdT (Roche Diagnostics
GmbH, Mannheim, Germany) after proteinase K digestion of the tissue. The
apoptotic index was expressed as a percentage calculated from the number of
green fluorescent cells in 10 high-power fields of the tumor tissue (X400
optical magnification) using a fuorescence Elipse E400 Nikon microscope
(Nikon, Kanagawa, Japan). Absolute differences between apoptotic index in
pre- and on-therapy samples were calculated.

Statistical Methods

Statistical analyses were carried out using the SPSS data analysis pro-
gram, version 10.0 (SPSS Inc, Chicago, IL). The Spearman’s correlation test
was used to analyze statistical significance of continuous variables. Mann-
Whitney U test was used to compare group means. Paired pre- and on-therapy
samples were analyzed using the Wilcoxon signed rank test and Pearson x*.
Significance was exclusively calculated on paired biopsies with pretherapy
expression higher than 0. All statistical tests were conducted at the two sided
.05 level of significance.

Patients and Biopsies

In total, 75 patients were randomly assigned to receive gefitinib.
Of these patients, 37 received gefitinib 250 mg/d and 38 received
gefitinib 500 mg/d. Patient demographics are summarized in Table 1.
From this population, 105 tumor samples were available from 70

Information downloaded from jco.ascopubs.org and provided by Kokuritsu Gan Center on March 12, 2007 from .
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Fig 2. Basal and on-therapy levels of (A) phosphorylated epidermal growth factor receptor (pEGFRY); (B) phosphorylated mitogen-activated protein kinase (pMAPK); (C}
phosphorylated Akt (pAkt); and (D) Ki67. For each marker a representative case is shown in addition to the full analysis. Boxes show median and range percentage cell
stained and Wilcoxon signed rank test was calculated for paired pre- and post-therapy samples.

patients (Table 2) and of these samples, 70 were baseline tumor biop-  therapy) were of sufficient quality for immunohistochemistry assays.
stes and 35 were on-therapy biopsies. From these samples, 67 baseline ~ The baseline tumor characteristics (tumor biomarker, location, and
tumor biopsies and 32 sequential paired biopsies (baseline and on-  type) are presented in Table 3. The majority of tumor samples were
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obtained from the stomach (77.2%) compared with the gastroesoph-
ageal junction (21.4%). EGFR expression was detected in 41 baseline
tumor biopsies (58.6%). pEGFR was observed in the same areas of
tumor as EGFR expression. pMAPK expression was also mainly lo-
cated in the infiltrating borders of the tumors. In samples that in-
cluded gastric mucosa, EGFR, pMAPK, and pAkt were expressed in
differentiated cells, as expected, while Ki67 was located in the prolifer-
ating intermediate area of gastric glands. pAkt, Ki67, p27*®', and
TGF-a were diffusely expressed in tumnors. However, the expression of
pAkt appeared more intense in well differentiated areas of tumors.

Correlation Between Different Biomarkers at Baseline

Results from immunohistochemistry studies showed that, at
baseline, in tumors positive for EGFR, receptor expression in tumor
cells was significantly correlated with levels of pEGFR expression
(P < .001) and Ki67 expression (P = .011), with expression levels of
both increasing as EGFR expression levels increased. No significant
correlation was identified between EGFR expression levels and
PMAPK expression (P = .720; Figure 1). However, Ki67 expression
and pMAPK expression were significantly related (P = .01), with
expression of Ki67 increasing with increasing levels of pMAPK (Fig 1).
No correlations with p27°?! were demonstrated in tumors.

Effects of Gefitinib Treatment on
Biomarker Expression

After gefitinib treatment (day 28) at both 250 mg and 500 mg
dose levels, inhibition of EGFR activation in tumor cells was observed
in all 17 patients with detectable baseline EGFR activation, regardless
of the dose level. The degree of EGFR inhibition was highly significant
and almost complete (P = .001; Fig 2A). The reduction in levels of
pEGFR expression occurred in tumors regardless of their level of
EGFR expression, such that tumors with low, intermediate, or high
expression showed a similar pattern of changes. The levels of MAPK
phosphorylation at day 28 of gefitinib treatment were not significantly
reduced compared with baseline phosphorylation levels in tumor
samples that were considered to be EGFR negative (11 patients) nor in
those considered to be EGFR positive (20 patients; P = .396 and
P = .076, respectively; Fig 2B). However, in those gastric tumors with
activated EGFR expression, a significant reduction of pMAPK was
demonstrated (P = .036) after gefitinib administration at day 28. A
good control in these tumors was provided by levels of pMAPK in
stromal cells that remained unchanged with therapy. Interestingly, in
those patients with a reduction in tumor levels of pMAPK showed a
significant inhibition of tumor proliferation—Ki67—(P = .015) in
comparison to patients with increased pMAPK levels after therapy.
Gefitinib treatment did not significantly reduce the levels of basal pAkt
in either EGFR-negative (9 patients) or EGFR-positive tumors (15
patients; P = .752 and P = .943, respectively; Figure 2C). No signifi-
cant difference was recorded between baseline and on-therapy expres-
sion of Ki67 in EGFR-negative tumors (P = .779); however, for
tumors that expressed EGFR, Ki67 levels were significantly reduced by
gefitinib (P = .037; Figure 2D). No significant changes in p27-*'
expression were detected after gefitinib administration in EGFR-
negative or EGFR-positive tumors (P = .756 and P = .881, respec-
tively). Finally, analysis of tumors according to changes in tumor
proliferation revealed that those patients with a reduction in tumor
levels of Ki67 showed a significant inhibition of pMAPK (P = .025) in
comparison with patients with increased Ki67 levels after therapy.

WWW.jco.0Tg

Apoptosis in EGFR-Positive Tumors: Correlation With
pAkt and Pharmacokinetic Parameters

An enhanced apoptosis index was observed in some on-therapy
tumor biopsies. Seeking for potential correlations between apoptosis
and other pharmacodynamic markers, we observed as correlation
between inhibition of Akt phosphorylation and enhanced apoptosis.
As mentioned herein, there was not an overall significant decrease of
pAkt with geftinib treatment; however, there were six patients whose
tumors underwent a detectable decrease of pAkt with treatment. In
those patients, there was an increase in apoptosis when compared to
those tumors with lack of pAkt inhibition (P = .030; Fig 3). Among
the 18 patients who did not have inhibition of Akt phosphorylation,
increased apoptosis was observed in only six patients (33%). A closer
look at this later group reveals that three patients had no change in
pAkt and of these, two had also an increase in the apoptosis index. The
remaining 15 patients had an increase in pAkt and enhanced apoptosis
was only observed in three of these 15 patients (20%). It is not possible
to establish a correlation between absolute values of apoptosis and
inhibition of Akt inhibition given the limited size of our study. How-
ever, the tumors that displayed the highest levels of apoptosis where
those with Akt inhibition. On the contrary, the majority of the tumors
that had an increase in Akt phosphorylation had either no change or
even a decrease in apoptosis.

100
P=.030

83.3%

Cases With Increased
Apoptosis (%)

pAkt pAkt
Inhibition Noninhibition
{n =86} (n=18)
B
Apoptotic
Index
Increased
E o °
8, o
2 P % T ° 8
LQ, °
2 o

Apoptotic 60
Index
Decreased

pAkt
Inhibited

pAkt
Increased

Fig 3. Positive correlation between decrease in phosphorylated Akt (pAkt) levels
after gefitinib administration and tumeor apoptotic index. (A) Overall correlation.
(B) Individual patient display of the absolute values for pAkt inhibition and
apoptosis index after gefitinib therapy. In the shadowed square the cases with
increased apoptosis and pAkt reduction (five patients) are shown.
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A detailed description of the clinical benefit of this study will be
reported elsewhere. As a summary, and in order to be able to explore a
potential association with apoptosis, disease control was observed in
13 patients (one partial response and 12 stable disease 4 weeks or
longer). On-therapy biopsies were only available in six patients with
clinical benefit and no on-therapy biopsy was available in the patient
who achieved a partial response. Although the linited number of
patients precludes any analysis, the two patients with the highest
level of apoptosis as shown in Figure 3 had both a prolonged clinical
benefit. The patient with an apoptotic index of 60 was on-therapy for
a total of 180 days, and the patient with an apoptotic index of 40 was
on-therapy for 113 days. This observation suggests a positive correla-
tion between increased apoptosis and clinical benefit and deserves
further exploration.

We also found a significant correlation between increased expo-
sure to gefitinib and enhanced apoptosis. In those patients with assess-
able tumor samples for apoptotic index and pharmacokinetic
assessments, there was a strong correlation between a positive apopto-
tic index average and enhanced gefitinib concentration, calculated as
Cnax (P <.001), and total exposure, calculated as AUC 4 54 (P < .001;
Fig 4). No statistical differences in apoptosis and pharmacokinetic

parameters were detected between Japanese and non-Japanese popu-
lation, and between sex, age, and patients with disease control versus
those with progression of the disease.
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In this study, we evaluated evidence of biologic activity of gefitinib in
gastric tumor samples. Expression of the biomarkers EGFR, pEGFR,
MAPK, Akt, p27°?', and Ki67 was assessed before and after treatment
in sequential tumor biopsy samples from 70 patients with advanced
gastric cancer.

Gefitinib demonstrated activity against its target, the EGFR; in
these gastric tumors, resulting in a complete and statistically signifi-
cant inhibition of EGFR phosphorylation in tumors. However, inhi-
bition of EGFR phosphorylation was not accompanied by significant
inhibition of MAPK and Akt activation as measured by their phos-
phorylation status. However, there were hints of biclogic effects of
EGFR inhibition in some tumors. For example, the proliferation
marker Ki67 was significantly inhibited in EGFR-positive tumors
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Fig 4. Correlation between pharmacoki-
netic parameters and apoptosis. (A} An
average of apoptotic index between pre-
and post-therapy samples was correlated
with maximum concentration (C,.,) and
area under the time-concentration curve
{AUC)p.24) (B) Two representative patients
are shown. Increased apoptosis is ob-
served in patient A after gefitinib treatment
in contrast with patient B. Higher gefitinib
concentration and total exposure was
demonstrated in patient A,

Patient B
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treated with gefitinib and this inhibition in proliferation correlated
with a significant reduction in the activation of MAPK. Likewise,
those patients who had a decrease in pAkt had enhanced apoptosis
in comparison with tumors without change in pAkt. This is an
indication that gefitinib may inhibit tumor proliferation and/or
induce apoptosis within a subgroup of EGFR-sensitive patients;
however, the insensitive patients may result in a dilution of any
observable benefit.'® One might speculate the reasons underlying
the lack of Akt inhibition in the majority of tumors. Activation of
PI3K/Akt is also mediated via ErbB2 through trans-activation and
phosphorylation of ErbB3."" ErbB2 is highly expressed in 8% to
40% of gastric cancers, depending on disease stage, and ErbB3 is
highly expressed in 72% to 86% of advanced gastric carcinomas.’
However, some studies have shown that gefitinib does prevent
EGFR and ErbB2-mediated activation of ErbB3.'%!3 Alternative
mechanisms of Akt activation, independent of ErbB receptors,
may be at play in gastric cancer, including loss of activity of the
tumor suppressor gene PTEN that results in enhanced PI3K-Akt
activity and resistance to EGFR inhibitors.'* In gastric cancer,
evidence suggests that a reduction in PTEN expression contributes
to the malignant transformation of the gastric mucosa.'>'® This
ErbbB-independent Akt activation may be therapeutically exploit-
able.”” Our findings would support a combined anti-EGFR
and anti-PI3Kinase approach as these agents become available for
clinical testing.

Other pharmacodynamic studies of gefitinib have been per-
formed in skin biopsy samples'® and in tumor biopsies from patients
with advanced breast cancer'® and colorectal cancer.® The results
from skin biopsy analysis described an abolition of EGFR and most of
EGFR downstream signaling pathways.'® The pharmacodynamic
study of gefitinib in breast cancer demonstrated an almost total loss of
EGEFR phosphorylation and a decrease in MAPK phosphorylation
after gefitinib treatment. Clinical disease stabilization was observed in
some patients. Furthermore, a reduction in Ki67 expression levels was
observed only in tumors with low pAkt levels,' suggesting elements of
the PI3K pathway may be involved in resistance to gefitinib therapy
and this may, in part, explain the results presented herein. In colorectal
carcinoma, a recent study with gefitinib has reported lack of inhibition
of EGFR.*® However, other studies with anti-EGFR agents have been
reported to inhibit EGFR activation in patients with advanced colon
cancer.?"? Therefore, there is mounting evidence that EGFR inhibi-
tion in the tumor is achieved in the different tumor types, although
clinical responses and downstream signaling inhibition may depend
on EGFR sensitivity of a given tumor type.

In conclusion, in this first study using sequential biopsies from
patients with advanced gastric cancer, gefitinib demonstrated biologic
activity to effectively inhibit EGFR activation. Gefitinib had modest
clinical efficacy as well as limited effects on EGFR downstream signal-
ing pathways. However, a subpopulation of gastric tumors have
evidence of EGFR sensitivity, as demonstrated by decrease in prolifer-
ation and increased apoptosis, which warrants further study.
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Akt: Protein kinase B belongs to a pathway that is responsible
for cell survival. Following activation (e, phosphorylation) by
PI3K, activated Akt blocks the activity of molecules involved in
the apoptotic pathway by in turn phosphorylating them.

EGFR (epidermal growth factor receptor): Also
known as HER-1, EGFR belongs to a family of receptors (HER-2,
HER-3, HER-4 are other members of the family) and binds to the
EGF, TGF-a, and other related proteins, leading to the generation of
proliferative and survival signals within the cell. It also belongs to the
larger family of tyrosine kinase receptors and is generally overex-
pressed in severai solid tumors of epithelial origin.

Gefitinib: Belonging to the class of tyrosine kinase inhibitors,
gefitinib (also known as Iressa) binds to the cytoplasmic region of
the EGFR that also binds ATP. By competing with ATP binding
that is essential for tyrosine phosphorylation, gefitinib inhibits
activation of EGFR and blocks the cascade of reactions leading to
cellular proliferation.

Ki67: A marker of proliferation, Ki67 is a protein that is ex-
pressed in the nucleus of proliferating cells. Absent only in rest-
ing cells, cells in the G1, S, G2, and M phase of the cell cycle
express this marker.

p275T, Belongs to the family of cell cycle regulators, typically known
as cyclin-dependent kinase inhibitors (CDKI). Kip1/p27, like other
CDKIs, binds cyclin-cdk complexes, leading to cell cycle arrest in the
G1 phase of growth.

PI3K: Phosphatidylinositol-3 phosphate kinase (PI3K) adds a phos-
phate group to P13, which is a downstream signaling molecule involved
in survival/proliferative pathways mediated by growth factors such as
the EGF and the PDGFs.

PMAPK {phosphorylated mitogen-activated protein
kinase): MAPKSs are a family of enzymes that form an integrated net-
work influencing cellular functions such as differentiation, proliferation,
and cell death. These cytoplasmic proteins modulate the activities of
other intracellular proteins by adding phosphate groups to their serine/
threonine amino acids. The phosphorylated form of MAPK is being
used as a surrogate to the activated form of the receptor.

Tyrosine kinase inhibitor: Molecules that inhibit the activity of
tyrosine kinase receptors. They are small molecules developed to inhibit
the binding of ATP to the cytoplasmic region of the receptor (eg, ge-
fitinib), thus further blocking the cascade of reactions that is activated
by the pathway.
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The September 10, 2006, article by Rojo et al entitled, “Pharmacodynamic Studies of
Gefitinib in Tumor Biopsy Specimens From Patients With Advanced Gastric Carcinoma”
(J Clin Oncol 24:4309-4316, 2006) contained an error in the spelling of S. Ramon y Cajal.
It was originally published as S. Ramon Cajal and should have been S. Ramon y Cajal.
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The September 10, 2006, Biology of Neoplasia article by Poulin and DeCaprio,
entitled “Is There a Role for SV40 in Human Cancer?” (J Clin Oncol 24:4356-4365, 2006)
contained an error in the Authors’ Disclosure of Potential Conflicts of Interest section. In
addition to “Novartis Pharmaceuticals (B),” “Venable LLP (A)” should have been dis-
closed for James A. DeCaprio in the Consultant category.

DOI: 10.1200/]C0O.2006.11.002

-5

The September 20, 2006, article by Ng et al entitled, “Prospective Study of ['*F]Flu-
orodeoxyglucose Positron Emission Tomography and Computed Tomography and Mag-
netic Resonance Imaging in Oral Cavity Squamous Cell Carcinoma With Palpably
Negative Neck” (J Clin Oncol 24:4371-4376, 2006) contained an error. In Figure 1, the
x-axis was labeled “Specificity,” while it should have been “1-Specificity.”
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Genetic Variations and Haplotype Structures of the
ABCB1 Gene in a Japanese Population: An Expanded
Haplotype Block Covering the Distal Promoter Region,
and Associated Ethnic Differences
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Summary

As functional ABCB1 haplotypes were recently reported in the promoter region of the gene, we resequenced the
ABCBI1 distal promoter region, along with other regions (the enhancer and proximal promoter regions, and all
28 exons), in a total of 533 Japanese subjects. Linkage disequilibrium (LD) analysis based on 92 genetic variations
revealed 4 LD blocks with the same make up as previously described (Blocks — 1, 1, 2 and 3), except that Block 1
was expanded to include the distal promoter region, and that a new linkage between polymorphisms —1789G>A in
the distal promoter region and IVS5 4 123A> G in intron 5 was identified. We re-assigned Block 1 haplotypes, and
added novel haplotypes to the other 3 blocks. The reported promoter haplotypes were further classified into several
types according to tagging variations within Block 1 coding or intronic regions. Our current data reconfirm the
haplotype profiles of the other three blocks, add more detailed information on functionally-important haplotypes
in Block 1 and 2 in the Japanese population, and identified differences in haplotype profiles between ethnic groups.
Our updated analysis of ABCBT haplotype blocks will assist pharmacogenetic and disease-association studies carried
out using Asian subjects.

Keywords: ABCB1, P-gp, haplotype
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ATP-binding cassette (ABC) transporter superfamily,
is a large transmembrane glycoprotein that consists
of two transmembrane domains (TMDs) and two
nucleotide-binding domains (NBDs). P-gp was initially
idendfied as a component of the multidrug resistance
phenotype in cancer cells (Riordan et al. 1985), but was
later found to be widely expressed in normal epithelial
cells of tissues such as the liver, intestine, kidneys, and
the blood-brain and testis barriers, as well as in lym-
phocytes (Fojo et al. 1987; Cordon-Cardo et al. 1989).
It is thought that P-gp plays a role in the protection
of these tissues against structurally-unrelated toxic
xenobiotics, and can modify the oral bioavailability
and renal secretion of a variety of drugs (Hoffmann &
Kroemer, 2004). Muldple other physiological functions
of P-gp have also been suggested in lipid transport (van
Helvoort et al. 1996), cholesterol metabolism (Debry
et al. 1997), inhibition of ceramide-induced apoptosis
(Liu et al. 2001), and the initiation of immune responses
by cytokine release (Drach et al. 1996). Moreover,
reduced P-gp expression has been linked to cancer
(Siegsmund ef al. 2002) and other diseases such as
Parkinson’s disease (Furuno et al. 2002) and ulcerative
colitis (Schwab et al. 2003).

With recent advances in genomics research there has
been an increasing number of pharmacogenetic studies
focused on the ABCBI? gene. Hoffmeyer et al. (2000)
showed that a synonymous 3435C>T mutation in exon
26 was associated with reduced P-gp expression in the
duodenum, and increased plasma levels of digoxin fol-
lowing its oral admunistration in healthy volunteers.
Thus, the 3435C>T single nucleotide polymorphism
(SNP) has become the focus of much attention. How-
ever, reports on the role of this common SNP have
been very inconsistent, which suggests that other func-
tional polymorphisms may be linked with 3435C>T
(Kim, 2002). Further studies revealed that 3435C>T
was closely linked to other common polymorphisms,
such as 1236C>T (silent) at exon 12 and 2677G>T
(Ala893Ser) at exon 21, and that the combinations of
these SNPs (i.e. haplotypes) differed greatly between
ethnic groups (Kim et al. 2001; Kroetz et al. 2003; Tang
et al. 2002, 2004). While an in vitro functional study
on the nonsynonymous 2677G>T (Ala893Ser) SNP at
exon 21 showed that 2677G>T was associated with
enhanced P-gp activity (Kim et al. 2001), other stud-
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ies found no association (Kimchi-Sarfaty et al. 2002;
Morita et al. 2003; Kroetz et al. 2003). One of these
latter studies also revealed that another nonsynonymous
SNP, 2677G>A (Ala893Thr), had no impact on P-gp
function (Morita et al. 2003). Yet several clinical stud-
ies have shown that the haplotypes 2677T-3435T and
1236T-2677T-3435T are associated with reduced P-gp
actuvity (Johne et al. 2002; Kurata ef al. 2002; Chowbay
et al. 2003; Wong et al. 2005), and that 2677A~bearing
subjects exhibit higher P-gp activity (Yi et al. 2004).
Studies that found no association between these ABCB1
SNPs and P-gp expression levels (Goto et al. 2002), and
other conflicting results, have been summarized in re-
cent review articles (Kim, 2002; leiri ef al. 2004).

Recently, ABCB1 gene promoter region haplotypes
were reported by two Japanese research groups, and re-
vealed the existence of functional haplotypes that re-
sulted in altered P-gp expression (Taniguchi et al. 2003;
Takane et al. 2004). In these studies, haplotypes that
included —1789G>A alone or in combination with
—145C>G were associated with decreased P-gp ex~
pression. However, the reported effects of haplotypes
carrying — 129T>C and two other linked SNPs on P-
gp expression were contradictory, showing reduction
and enhancement.

From these findings it is clear that the establish-
ment of detailed ABCB1 gene haplotype profiles spe-
cific for each ethnic group is important. We previously
conducted haplotype analysis on 145 Japanese subjects
by dividing the ABCB1 gene into 4 blocks, one of
which included the proximal promoter region, and re-
vealed that the *2 haplotype in Block 2, which harbours
1236C>T, 2677G>T and 3435C>T, showed a strong
association with reduced renal clearance of irinotecan
and its metabolites (Sai ef al. 2003). However, recent
findings on the functional distal ABCB? promoter re-
gion prompted us to identify the extended haplotypes
that encompassed the above promoter region in a larger
Japanese population.

In this study, we sequenced the distal ABCB? gene
promoter regions from 533 Japanese subjects. This re-
gion covered approximately 2.5 kb upstream from the
translational initiation site, adjacent to the previously
described Block 1 region. We found that the promoter
region SNPs were closely linked with SNPs located over
a relatively wide range (up to intron 5) in Block 1, such
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