Table 1. AFRREEEFRE

HAHLRRESER £103% £7F5

i WBC 4300 /Wl GOT
i Seg 581 % GPT
Mono 6.5 % LDH
Eo 74 % v-GTP
Baso 05 % ChE
Lymph 275 % LAP
ALP
RBC 401 % 104 /Wl THil
Hb 11.3 g/dl DBil
Ht 338 % T.Cho
Plt 29.0x 10 /pl TP
Alb
ZTT
TTT

24 1U/1 Cr 0.7 mg/dl

30 IU/1 BUN 16.7 mg/d!
263 IU/1 UA 40 mg/dl

12 TU/I Na 144 mEq/1
0.59 ApH K 41 mEq/1

63 1U/1 Ci 109 mEq/1
128 TU/I1 Ca 9.1 mg/d!
0.6 mg/dl

0.1 mg/dl CEA 05 ng/m!
188 mg/dl CA199 < 06 U/ml
75 g/dl

44 g/dl HBsAg (=)

40 Ku HCVAb (=)

0.5 Ku
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Table 2. B hamartomatous inverted polyp ®AFIHKEF (1990 ~)

w2 am m omss DR TED e m) mE RN R0 wR
1 #ES? 48 i 1990 - thE® 25x20x15 SMT T EE - FH
N type (FEMEES)
2 HUbY 15 'Y 1992 @R LR 12x14 SMT EELL - MRS
' xE type R BR
3 mEES? 73 ) 1993 gyl fkdEg  15x14x10 SMT B0 + Pt gE
fhEE type :9371)
kL& 15x14x11 SMT - PIREE
R type BB
4 FHEsi0 67 B 1995 - tkE#  10%x09x05 SMT B - RIS
g type TREAETR R B
5 MELI 39 % 1995 - ZREER 18 polyp BERE R - AR
HiEE type K- B4 R
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£ & type Ry—-7
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L type ROt B
8 Kuboetal® 21 & 2000 HLE B T#|EL  polyp EELL - MR
Hi L type BB
9 /MRS 40 @ 2000 - EEE  25%x17x09 SMT HIP ¥ 7=t - PSR
: K type U BB A1
10 HEHFS? 63 ! 2002 - B 25%28 SMT #FAEZ:IZ - F4h
K type FEEEE
11 #EEs2 41 <) 2003 HILE 15 L& 05%05 SMT  #EETEE - F4
B 1 HhEE _ type
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ThRE type
— 0 NS SMT .
13 BEH 39 = 2005 N 1.7x12 type EABE + Fig
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Neoadjuvant Therapy OBEGEZA - 1
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(Jpn J Cancer Chemother 34(10): 1543-1548, October, 2007)

Neoadjuvant Therapy for Esophageal Cancer—Indication and Efficacy: Ken Kato, Tetsuya Hamaguchi, Yasuhide
Yamada, Kuniaki Shirao and Yasuhiro Shimada (Gastrointestinal Oncology Division, National Cancer Center Hospital)
Summary

Some approaches such as adjuvant chemotherapy, neoadjuvant chemotherapy and neoadjuvant chemoradiotherapy
have been tried to improve the efficacy of treatment for resectable esophageal cancer patients. The usefullness of
neoadjuvant chemotherapy, has remained a matter of controversy. However, there is a report from JCOG9907 in Japan
that two courses of neoadjuvant 5-FU/CDDP improved the survival of esophageal squamous cell cancer patients.
Neoadjuvant chemoradiotherapy has not had a consistent evaluation because of the varying results of each trial. But
from the results of meta-analysis and CALGB9781, the neoadjuvant chemoradiotherapy catled “trimodality therapy”
has been a standard treatment in the United States. )

We should evaluate whether there would be similar effectiveness in Japan, where the histology and operative ap-
proach are different. Some approaches such as DNA microarray and proteomics, which can predict the treatment
effect, are being tried. Key words: Esophageal cancer, Neoadjuvant chemotherapy, Neoadjuvant chemoradiotherapy,
Corresponding author: Ken Kato, Gastrointestinal Oncology Division, National Cancer Center Hospital, 5-1-1 Tsukiji,
Chuo-ku, Tokyo 104-0045, Japan

EE URTEHREERICH L THENRZEOLIHFEL LT, WHRILEEE, WirbeERE, Wi{b2REREEL: FoR
AVENTE, WMAMLEBREICOWTREZ 220D Tidhedho7ze LA L, BETITLRA JCOGINT DR, 5-FU/
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BALSREE

R 1 ELWRMLFRELBERBROBR (X#KS5) X HyE)

BEE S MST
J P g v
£) ki) i [z 3e S A P
Maipang SCC  CDDP 100 mg/m’ d1 S 22  17m
(1994) BLM 10 U/m’ d3-8 X wenemene s NS
VLB 3 mg/m’ d1, 8 CTx—=S 24 1/m
Law SCC  CDDP 100 mg/m’ dl o S 73 13m
(1997) 5-FU 1,000 mg/m’ d1-5 o T  rm
Kok SCC  CDDP 80 mg/m’ dl o S 74 1im
(1997) etoposide 200 mg/m’ d1-5 CTx—S 74 19m 0.002
Kelsen SCC CDDP 100 mg/m* dl x3 S 234 16m
(1998)  Adeno 5-FU 1,000 mg/m’ d1-5 TS e e NS
Ancona SCC  CDDP 100 mg/m’ d1 5 S 47  24m
(2001) 5-FU 1,000 mg/m’ d1-5 ornos Ty Temm ™
MRC  SCC  CDDP 80 mg/m’ dl s S 402 13m
(2002)  Adeno 5-FU 1,000 mg/m’ d1-4 TS e g e 0.004

SCC: BT LEE#, Adeno: JRHE, S: FHTELMEE,

fishefE, NS:not significant

ENhie, SEEFESIZBWTYL, FEEFITHELLR
Wb OO, BB 52% 3 LT, ik T 61%
LR e REN TRIFRERSED SN, i,
YT IN—TENET-E B, U HEBENEE
B8 (pNO) TIIWEOEXEDOLholzds, V) Y EHE
BBHES (pN1D) ZBwTi, TOIWMEFCEZZDT
Wb, —7, BN TIHOIRABRORBREBE CIIEES
B#MESNTWEREVWYE, AR TORERTHEILZE
B, REBDEIEETA F54 2 2007 4F 4 AT,
BRI, REOLVEEICH L QAW EEB LR
EVHERERI AT S,

HEATRBLEREICOWTIE, B X ) FREMmE D
HEBRBAVOPREENR TS (F1), 467 L% F
HEME L FP (5-FU 1,000 mg/m’ day 1-5, CDDP 100
mg/m’ day 1I/4BZ) 3T —ABMEICTIBICT ~
¥ LZE DT 72 RER T2, primary endpoint T3 5 &
FHEICBYTELED T (EFHEPRIE16.1 28
vs 14.92R), BBEREGHHETLIRAKOBERTH-
7% —HTAFY AL LOBETIZ, 802 2% FHE
2 & FP (5-FU 1,000 mg/m’ day 1-4, CDDP 80 mg/
m’® day 1/3 qwk) 2 I — X ZFRICIT O BICH ik
Bahiz, W{b2BRERICEWT, SHFHMPRE
(13.32H vs16.8 2°B), 2E4£FHE (34% vs 43%)
ELICREFLERERL, W LEREZEFCHFST
B LRI TR TFREFRORBRICE T 2BBEO
HEIE52, 66% & FNIFEENRRVIZ DL, B
RABBEREPRLTVWE I EDD, HR{LEEEICHTS
BHRE 23 2L TRV,
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CTx — S AT {LEREER, MST: £FH

BEFEEI NI, WRTLERES FR B MO HEEER
MDA T TF Y YRIBWTIE, WAMbEREI TR
ThHrEERLI-BERDTHP2HTHoA, V7
VHAL ZORERAFY AP HOREIF I oRONDTE
T, b= VCRWHMLFREIZER (p=0.05) L&H
FITws (B1)% BN OMBITTIX, BRENI L
CRFPFLEBTREENOFSEIRDONT (p=
0.12), BETIIHEEZDY (p=0.014) L&>oTwna,
2007 4 ASCO 2BV TH THEE~FORBE RIS
L 7zl BeakBk (FFCD9703) 5%k s & h, F#i# (n=111)
WHLT, WamR{tERERH (h=113) "FECERE
HEEzERL (p=0.021) &@ESHh, BREBIIBNT
DERBAIRENL S ELTW3EY,

FFIZ BT JCOGI204 DR % 1T T, [BRRMA
HIMBIONHREEEIAICKTT S 5FU+ R
T F VTR LERE L R L RRED T V¥ A
{LHERER (JCOGI907) | AfTh iz, 20004E5 B &L D
BHEIB S, 2006 4 5 A F TIZ 330 FABE S h,
166 BIAHATRE, 164 BIOR BB cEMT o hi: (B 2),
&2 [ Fh AT I2 BV T, primary endpoint T 5 &
BEFHHTRDLDTPICEE TR L0725 DD, sec-
ondary endpoint T3 A &4 HFHIEICBWT, BEIH
HBCBVWTAEZ RO 7280, 20075 BICRERD
BEIARN R SNz, §HT— 7% EHICEK/L, 2008
£ ASCO KEEVPREINDLFETH D, B TOR
BTOF— % L~ ARBRCREPRFLEERETHY,
WIS S ED X Bitiih £ 5 O BRSNS,
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a: X REE T D hazard ratio

Surgery
CX alone
Study Year n n Hazard ratio(95%C1)
Roth 1982 19 20 0.71(0.36-1.43)
Nygaard 1983 B6 25 —_— 1.22(0.82-1.81)
Maipang 1988 24 22 1.61(0.78-3.27)
Schlag 1988 22 24 _— 0.97(0.60-1.57)
Law 1989 74 73 —— 0.73(0.53-1.00)
Kelsen 1980 233 234 - 1.07(0.87-1.32)
Ancona 1992 48 48 —_— 0.85(0.50-1.44)
MRC 1992 400 402 B 0.79(0.67-0.93)
Al 876 848 < 0.80(0.81-1.00)
r T T 1
02 05 1 2 5
Favours Favours
chemotherapy surgery alone
b: ## 21 5) Hazard ratio
Surgery
CX alone
Tumour type n n Hazard ratio(95%Cl) p
sCC 366 336 . 0.88(0.75-1.03) 0.12
Adenocarcinoma 265 268 —— 0.78(0.64-0.95) 0.014
Mixed tumours 233 234 —— 1.07(0.87-1.32) 0.14
All 864 838 < 0.89(0.80-1.00) 0.04
F 1
05 1 2
Favours Favours
chemotherapy surgery alone

B 1 R bSERYE vs FWEBEEOX Y 7FH Y VA (XEKE) D)

A F—FPx2

B ERT LRE
Stage I, T

PS 0-2

mEER

B: FPX2-Fif
Primary endpoint : $ER47EHAR

Secondary endpoint : £47ZR 2000£58 2R
=i WatRie, FasEReEE. 2006558 8E1KT
BE(IFHILER) ICBIT DM

2 JCOG907 ¥z —~

I. WRMCERERENE

FIRRAL RS RRE 21T O WAL ERSHRE I
DNTDH, WS OPDELBLRFVa—N, B2
BN X 2 WAL RUHRER Y vs TR OB RETH
iz (R2), RBISEMICIIMI{LEREHSBRENE
ABEIZECTWER, 3o3 ) EFEELFLAZRI
ZODHRT, —E0OFHEEBHICEo TidWniv, +—
ANSUTEOEMEINS, 256 5% FREMBEE, A
HILEREHE®EE 1 2— 2 (5-FU 800 mg/m’ day 2-5,

CDDP 80 mg/m* day 1, radiation 35Gy) %47- =112
FHR2THORLOMBRAETIE, ENELEFIN, 24
FHRLDIHEBCARLRELRO P02, LAL,
GBI T TNV — TR CRRELER (F
W50 4 vs WML BSHRBRER 45 8) KBV,
WRMLERSHRREE P A BECRET TOMBZERL
72 (p=0.014), 2EFHHMTCIEEZ T 2L, BREE
FICBVWTOMBOETRVWET L EITE Lo
727, 2006 ££ ASCO I TH#& & 7z CALGBI781 SREX
OFERTIE, FWEERBI L TR LB R
(trimodality therapy) D£EFFHMERFIEIREND,
KE 2 B\ Tid trimodality therapy 2SR EE 2 5
NB Lotz TORBRTIIFHE 26 &, WAL
ZHMGHRBER0EDI L, BB VBBEThHoe Y4
M40 BRED T v ¥ AL BRBR L L CEIE S Iz
2, EDF-ZA LY TCORBRERY ST TEEDY
IN—IWBTERLL hollzd, 0L LiERAKE
Lol
INLDFEBREEDIAFTF)VRIZBWTH, 10
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® 2 EAWHLERGHRERBFEROBR (UHK5) & Y ¥E)

HEH

MST

et 1
) MR WRT LB R n B p
Apinop SCC  CDDP 100 mg/m’d1, 5-FU 1,000 mg/m* d1-4 x2 S 34 NA
(1994) RT 2 Gy x 20/40 Gy (concurrent) oS TR T AT M8
Le Prise SCC  CDDP 100 mg/m?dl, 5-FU 1,000 mg/m’ d2-5d22-25 x2 S 41 47%
(1994) RT 2 Gyx10/20 Gy (sequential) (1yrs) NS
CRT—S 41 47%
(1yrs)
Bosset SCC  CDDP 80 mg/m’d0-2 X2 S 145 18.6m
(1997) RT 3.7 Gy x 10/37 Gy (sequential) TRTIS e eem NS
Urba SCC/ CDDP 20 mg/m® d1-5, 5-FU 300 mg/m® d1-21 5 50 17.6m
(2001) Adeno VLB 1mg/m’dl-4 XD erenneeenensenssn s NS
RT 1.5Gy % 30/45 Gy (concurrent) CRT—+S 50 16.9m
Walsh SCC  CDDP 75 mg/m?d7, 5-FU 15 mg/kg d1-5 X2 S 32 NA
(1995) RT 2.7 Gy x15/40 Gy (concurrent) CRT—'S 29 """"" N A ‘‘‘‘‘ NS
Burmeister SCC/ CDDP 80 mg/m?dl, 5-FU 800 mg/m’ d2—5 x1 S 128 19.3m
(2005) Adeno RT 2.3GyXx15/35Gy (concurrent) CRT—>S ..... 128222m NS
Lee SCC  CDDP 60 mg/m®dl, 5-FU 1,000 mg/m’d3-5 x2 S 50 27.3m
(2004) RT 1.2 Gy x38/45.6 Gy (concurrent) TRTSS s s em NS
Walsh Adeno CDDP 75 mg/m’®d7, 5-FU 15 mg/kg d1-5 x2 S 55 11m
(1996) RT 2.7 Gy X 15/40 Gy (concurrent) CRT—*S """" 5 8 """"" 16m """ 0.01
Tepper SCC/ CDDP 60 mg/m?dl, 5-FU 1,000 mg/m’ d3-5 X2 S 26 21.6m
(2006) Adeno RT 1.8Gyx28/50.4Gy (concurrent) TRE ST e 002

S: BT MEE, CRT — S #pTibsasa®, MST: &M E, lyrs: 1 47 EE, NS not significant

D5 v ¥ MEEBRE T OB CHATMEERGHRRE
vs FRMBMTHE, AECHIMEFRSHRBEERICEY
THEBE~OEEHAED LN (HR=0.81, p=0.002)
(M 3). MFELEMTIEHR=0.84, R TIZHR=0.75
ERRBAIIB T, TORMRIES o727 BREIC
IWRBRTLDESDOERDHLDOD, WMAMLFBEH
BENZTRENOOHLDOPHKTH B, T/, 2007 £
ASCOICBWVWT FA VI ) THEE~BREBREREOR
B LTRSS AR B & RTS8 S TR AT
(bRt d LRe L8 L 0lBRE (POET)
DRERDPRE SNz, 59% L 60 2 L HBR/NMUEO L
BRABTH o720, HEENEEE I o0k d o 7295,
{bERSREEE A8, LVAFEMIERS N
BHEMMRD b,

IR LORBERERTIC/ET 2 LTERRITR
WiFZwEA Y hELTE, $TIEBROZLETHY,
VPR ELERETH 2 BEICBWTIHREOS VWi
DRBOFFEBKRL, BFLEBTCORRLERLL
EXdb, $72, FHYVBNEEBTIIRLBZIELDE
EThb, BN TREERERIERTTHY, V) U8
HEET)HEOHREIRESERREDREL S,
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F—2F5Y 7 ORERL, CALGBI78L 2BV T b Fify
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concurrent
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Background: Our previous phase Il study of 5-fluorouracil (5-FU) and cisplatin (FP) for
treatment of advanced gastric cancer showed that strong immunoreactivity for vascular endo-
thelial growth factor (VEGF) is associated with chemoresponse. Patients with four or five of
the favorable phenotypes, p53 (-), bcl-2 (=), gluthathione S-transferase =« (), thymidylate
synthase (-}, and VEGF (4}, survived longer than those with three or less of these pheno-
types. The purpose of this study is to confirm our previous results and to compare the signifi-
cance of those markers between continuous infusion of 5-FU (5-FUci) and FP.

Methods: Pretreatment biopsies from 131 of 210 advanced gastric cancer patients enrolled
to JCOG9205 were analyzed immunohistochemically for the presence of the five markers.
Results: Median survival times of patients treated with 5-FUci (n = 65) or FP (n = 66) were
216 and 253 days, respectively (P = 0.6953). After FP treatment, patients with four or five
favorable phenotypes (n = 20) survived longer than those with three or less favorable pheno-
types (n = 46) (334 days and 243 days, respectively; P = 0.0463), and the survival times of
34 and 32 patients with VEGF (-) and (+) were similar (269 days and 253 days, respectively;
P =0.6317). After 5-FUci, 30 patients with VEGF () survived for a shorter time than 35
patients with VEGF (-) (142 days and 302 days, respectively; P = 0.0043).

Conclusion: The number of favorable phenotypes is prognostic for gastric cancer patients
treated with FP, and VEGF has a different impact on survival between treatment with 5-FUci
and FP.

Key words: vascular endothelial growth factor — gastric cancer — 5-fluorouracil — cisplatin

INTRODUCTION

a standard chemotherapy has not been established for treat-
ment of advanced gastric cancer because there are no reports

Many combination chemotherapy regimens for treatment of
advanced gastric cancer have recently been developed using
new agents and shown high response rates (1—8). However,

For reprints and all correspondence: Narikazu Boku, Division of
Gastrointestinal Oncology, Shizuoka Cancer Center, 1007 Shimonagakubo,
Nagaizumi-cho, Sunto-gun, Shizuoka, 411-8777, Japan. E-mail: n.boku@
scchrjp -

from randomized phase III trials showing a survival benefit
to the treatment with 5-fluorouracil (5-FU) alone (9,10). In
the phase III study of the Gastrointestinal Oncology Study
Group (GIOSG) of the Japan Clinical Oncology Group
(JCOG), there was no significant difference in survival
between continuous infusion of 5-FU (5-FUci) and a combi-
nation of 5-FU and cisplatin (FP) despite a higher response
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rate and longer time to progression (TTP) of FP compared
with 5-FUci, associated with lower toxicity of 5-FUci than
of FP (11). Therefore, 5-FUci was considered a reference
regimen for the present phase III study of advanced gastric
cancer patients. It has also been reported that a better
response to chemotherapy contributes to longer survival and
cures in some patients (12). However, severe toxicity associ-
ated with intensive chemotherapy causes deterioration of
patients’ quality of life, especially that of nonresponders.
Thus, the ability to predict the effects of chemotherapy and
to select an appropriate regimen for each patient before com-
mencement of chemotherapy is important.

Many factors and mechanisms are involved in sensitivity
and resistance to chemotherapy, of which some are
clinically relevant (13—16). However, there are no reports of
clinically useful biological markers for prognosis and che-
motherapy regimens for advanced gastric cancer patients. In
our previous phase II study of FP for advanced gastric
cancer, vascular endothelial growth factor (VEGF) (), p53
(-), bcl-2 (-), thymidylate synthase (TS) (), and
gluthathione S-transferase 7w (GST-w) (—) were shown to be
favorable phenotypes for chemoresponse in 39 patients (17).
Patients with VEGF () had significantly higher response
rates than those with VEGF (—).However, there were no
differences in survival times between (+) and (—) marker
types. The number of favorable phenotypes was related to
response rate: the 10 patients with four or five favorable phe-
notypes survived significantly longer than the 29 patients
with three phenotypes or less.

However, because our previous study was investigational,
it was considered necessary to confirm the results in a differ-
ent cohort. In addition, investigation of the clinical utility of
these markers is certainly warranted for selecting chemother-
apy regimens in a randomized phase III trial. '

In this study, we investigated relationships between
expression of five biological markers and survival among
patients registered for a phase III study (JCOG9205 (11)) to
confirm the results of our previous study and to ¢larify the
utility of these markers for selecting 5-FUci or FP che-
motherapy regimens. The study was approved by the chair of
the Japan Clinical Oncology Group.

PATIENTS AND METHODS
PATIENTS

Two hundred and eighty patients were enrolled in the phase
I study (JCOG9205 (11)); 106 patients had been treated with
5-FUci, 104 with FP and 70 with a combination of futrafur
and uracil (UFT) plus mitomycin C (UFTM). Biopsy samples
were obtained from 180 patients, consisting of 68 (64%) from
the 5-FUci group, 67 (64%) from the FP group, and 45 (64%)
from the UFTM group. Patients treated with UFTM were
excluded from this study because enrollment for UFTM treat-
ment ceased after interim analysis of the phase III study
revealed that it had no survival advantage and more severe
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toxic effects than 5-FUci (11). Three patients in the 5-FUci
group and one in the FP group were excluded because their
biopsy samples were too small for immunostaining. The sub-
jects selected for this study comprised 65 patients treated with
5-FUci and 66 treated with FP from whom sufficient amounts
of pretreatment biopsy specimens had been obtained endosco-
pically. These patients met the eligibility criteria of
JCOG9205 (11): (1) histological confirmation of gastric
cancer, (2) measurable or assessable lesions, (3) ability to
accept oral administration of UFT, (4) aged 75 years or
younger, (5) a performance status of two or less on the ECOG
scale, (6) no prior treatment except surgery, (7) fully function-
ing liver, kidney, and bone marrow, (8) life expectancy of
eight weeks or longer, and (9) written informed consent. All
the patients in the study received the protocol chemotherapy
as the first line therapy.

TREATMENT SCHEDULE

The treatment schedule for the S-FUci group comprised a
continuous infusion of 5-FU (800 mg/m* per day) on days
1-5. The FP schedule consisted of a drip infusion of CDDP
(20 mg/m* per day) on days 1-5, together with the same
dose of 5-FUci as the 5-FUci group. These two treatments
were repeated every four weeks until the appearance of
disease progression, unacceptable toxicity, or the patient’s
voluntary withdrawal from the study.

IMMUNOHISTOCHEMISTRY

Biopsy samples from 180 patients were immunostained as
described in our previous report (17). All immunohistochem-
ical analyses were performed using tissue sections from
formalin-fixed, paraffin-embedded biopsy material obtained
endoscopically from primary tumors. Serial 3 wm thick
slices were cut, deparaffinized in xylene, dehydrated with
graded ethanol and then immersed in methanol containing
0.3% H,O0, for 20 min to inhibit endogenous peroxidase
activity. Sections stained for p53 and TS were heated to
95°C by microwave irradiation for 10 min in phosphate buf-
fered saline (PBS) or 10 mM citrate buffer, respectively.
Sections stained for VEGF were treated with 0.05% pepsin
in 0.01 N HCI for 20 min at room temperature. After block-
ing with 10% normal swine serum in PBS (blocking buffer)
for 60 min, all sections were incubated overnight at room
temperature with the primary antibodies diluted in blocking
buffer to the following concentrations: anti-p53 antibody
(Nichirei, Tokyo, Japan), 1:20000; anti-bcl-2 antibody
(DAKO, Glostrup, Denmark), 1:40; anti-GST-mw
antibody (MBL, Nagoya, Japan), 1:24000; anti-TS antibody
(TS106 (16)), 1:200; anti-VEGF antibody (Santa Cruz
Biochemistry, CA, USA), 1:500. The sections were washed
with PBS and then incubated for 1 h with biotinylated sec-
ondary antibody diluted 1:200. Afier washing with PBS, the
sections were incubated with ABC reagent (Vector
Laboratories, CA, USA) and the color reaction was



Table 1. Patient characteristics

Jpn J Clin Oncol 2007;37(4)

5-FUci (n = 65) FP (n = 66) P value
Age Median (range) 63 (34-73) 63 (19-75) 0.6065
Gender M/F 49/16 48/18 0.7257
Performance status (ECOG scale) 0/1/2/unknown 34/18/11/2 241351512 0.0242
Macroscopic type Expansive/infiltrative/others 15/48/2 11/5372 0.6520
Histological type Intestinal/diffuse unknown 29/31/5 32/29/5 0.9019
Tumeor extent Locally advanced/ascites/metastatic 15/33/17 17/39/10 0.1196
Resection of the primary tumor +/ = 17/48 16/50 0.8011

Source: A phase I study of the Japan Clinical Oncology Group (JCOG9205); continuous infusion of 5-fluorouracil (5-FUci) versus a combination of 5-FU
and cisplatin (CDDP). Pre-treatment biopsies were available in 65 patients treated with 5-FUci and 66 patients with FP.

developed in Tris buffer containing 2%
3,3’-diaminobenzidine and 0.3% hydrogen peroxide. The
sections were then counterstained with hematoxylin or
methyl green.

All immunostained specimens from the 180 patients were
assessed by an investigator (N.B.) who was not informed of
clinical information such as treatment schedules and clinical
outcomes. The intensity of staining for p53 and GST-m was
graded as (+) when strong, as ( £ ) when faint, and as (-)
when no staining was visible. For bcl-2, the intensity of
staining was graded as (+ +) when stronger than that of cor-
respondingly stained lymphocytes, as (+) when equal to that
of stained lymphocytes, and as (—) when weaker than that of
stained lymphocytes. The staining of VEGF was graded as
(++) when the intensity of staining in cancer cells was
stronger than that in stromal cells, as (+) when equal to that
of stromal cells, and as (—) when weaker than that of
stromal cells. TS expression was graded as (++), (D, (%),
or (—) based on the intensity of staining. For all markers,
patients were defined as positive when more than 20% of the
cancer cells in each section were (++) or (+). VEGF (),
p53 (), bel-2 (—), TS (-) and GST-p () were defined as
favorable phenotypes for chemoresponse to FP on the basis
of the results of our previous phase II study.

ANTI-TUMOR EFFECTS

The responses of measurable metastatic lesions and of
primary lesions were evaluated according to the standard
World Health Organization criteria (18) and evaluation cri-
teria proposed by the Japanese Gastric Cancer Association
(19). All patients were followed up for at least 1 year after
registration for the study. Survival was calculated from the
date of registration to the date of death from any cause or to
the last confirmation of survival. TTP was estimated from
the interval between the date of registration and the date of
confirmation of disease progression by image and clinical
diagnosis, or the date of death for patients for whom confir-
mation of disease progression was absent. All clinical infor-
mation was obtained from the JCOG data center.

STATISTICAL ANALYSIS

Survival curves were constructed using the Kaplan—Meier
method and compared using the Log-rank test. Patient charac-
teristics and response rates were compared using a x” test.

RESULTS
PATIENT CHARACTERISTICS

Patient characteristics are shown in Table 1. The subjects con-
stituted two thirds of all patients enrolled in JCOG9205 (11).
The numbers of patients treated with 5-FUci and FP were
similar. The two groups were well balanced in respect of age,
sex, macroscopic type, histological type, and history of resec-
tion of primary lesions, but there were more patients with poor
performance status in the FP group than in the 5-FUci group
(P = 0.0242). Seventeen patients (26%) in the 5-FU group and
10 (15%) in the FP group had distant metastases (P = 0.1196).

OVERALL SURVIVAL AND TIME TO PROGRESSION

Figure 1 shows the overall survival times of subjects treated
with 5-FUci or FP. There was no significant difference in
survival between patients treated with 5-FUci or with FP;
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Figure 1. Overall survival of 66 patients treated with FP (solid line) and 65
patients treated with FUci (dotted line).
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Table 2. Expression of biological markers in 5-FUci and FP

Table 3. Expression of biological markers and response to 5-FUci and FP

5-FUci (n = 65) FP (n = 66) 5-FUci (n = 65) FP (n = 66)
VEGF @ 30 (49) 32(47) VEGF @ 1730 3) 13/32 (41)
) 35 (51) 34 (53) ) 7135 (20) 16/34 (47)
TS @ 37 (57) 21 (32) TS @ 5137 (14) 9121 (43)
e 28 (43) 45 (68) ) 3128 (11) 20/45 (44)
ps3 @ 28 (43) 28 (42) ps3 @ 2/28 (7) 11128 (39)
o 37(57) 38 (58) ) 6/37 (16) 18/38 (47)
GST- @ 38 (58) 41(62) GST-7 @ 3/38 (8) 20/41 (49)
O 27 (42) 25 (38) O 5127 (19) 925 (36)
Bel-2 @ 7011 1147 Bcl-2 @ 147 (14) 411 (36)
O 58 (89) 55 (83) © 7458 (12) 25/55 (45)

Expressions of vascular endothelial growth factor (VEGF), thymidylate
synthase (TS), p53, gluthathione S-transferase  (GST-m) and bel-2 were
examined immunohistochemically. Values in parentheses are percentages.

median survival times were 216 days for the 5-FUci group
and 253 days for the FP group (P == 0.6953). TTP was longer
after FP treatment than after 5-FUci treatment (median TTP:
111 days and 61 days, respectively; P = 0.0477).

EXPRESSION OF BIOLOGICAL MARKERS AND RESPONSE

The staining patterns and incidences of positive reactions for
the biological markers were similar to those observed in our
previous study (17) (Table 2). Table 3 shows the relation-
ships between biological markers and chemoresponses. The
overall response rates in the FP and 5-FUci groups were 44%
(29/66) and 12% (8/65), respectively. While the response
rates of the patients with VEGF (—) were higher than those
with VEGF (4) in the 5-FUci group (P = 0.0599), there was
no significant difference in response between patients with
(+) and (—) types of VEGF, p53, bel-2, TS or GST-.

Eleven of the 20 patients (55%) with four or five favorable
phenotypes and 18 of the 46 patients (39%) with three or
less favorable phenotypes were responders (P = 0.2326) in
the FP treatment group. The response rate of the 16 patients
with four or five favorable phenotypes (13%) was similar to
that (12%) of the other 49 patients with three or fewer favor-
able phenotypes (P > 0.9999) in the 5-FUci treatment group.

NUMBER OF FAVORABLE PHENOTYPES, SURVIVAL AND
TmME TO PROGRESSION

In the FP treatment group, the 20 patients with four or five
favorable phenotypes survived longer than the 46 patients
with three or less favorable phenotypes (MST, 334 and 243
days, respectively; P = 0.0463) (Fig. 2A), whereas there was
no difference between the two types of patient in the 5-FUci
group (MST, 203 and 216 days, respectively; P = 0.315)
(Fig. 2B). No significant differences were observed in TTP
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Expressions of vascular endothelial growth factor (VEGF), thymidylate
synthase (TS), p53, gluthathione S-transferase 7 (GST-w) and bcl-2 were
examined immunohistochemically. The number of patients with complete or
partial remission after treatment with 5-FUci and FP in all patients with
positive or negative expression of each biological marker. Values in
parentheses are percentages.

between patients with four or five favorable phenotypes and
patients with three or less favorable phenotypes in the FP or
5-FUci groups (FP: favorable, 118 days; others, 102 days;
P = 0.2766, and 5-FUci: favorable, 41 days; others, 61 days;
P = 0.6830).

VEGF, SurvivaL aND TIME TO PROGRESSION

In the 5-FUci and FP groups, there were no significant
differences in survival times between patients with (1) or.(-)
types of p53, bcl-2, TS or GST-m. The survival times of the
32 (49%) patients with VEGF (+) and the 34 (51%) patients
with VEGF (—) were almost equal in the FP treatment group
(MST: 269 and 253 days, respectively; P =0.6317)
(Fig. 3A), whereas the 30 patients with VEGF (+) had
shorter survival times than the 35 with VEGF () in the
5-FUci treatment group (MST: 142 and 302 days, respect-
ively; P = 0.0043) (Fig. 3B). In the FP group, there was no
difference in TTP between patients with VEGF (1) and those
with VEGF (—) (median TTP: 111 days and 123 days,
respectively; P = 0.3497). However, the TTP of patients
with VEGF (—) was significantly longer than that of patients
with VEGF () in the 5-FUci group (median TTP: 101 days
and 36 days, respectively; P = 0.0046).

DISCUSSION

The recruitment rates of patients from the phase III study
(JCOG9205 (11)) into the present study were equal among
the three regimens. Patient characteristics and rates of posi-
tive reactions for biological markers were well balanced.
These data indicate that biopsy samples were collected
without bias. The overall response rates, survival times and
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Figure 2. Overall survival of patients (solid line) with four or five favorable phenotypes out of VEGF (), TS (=), p53 (=), bcl-2 (=), GST-w (=), and those

(dotted line) with 3 or fewer, after treatment with FP (A) or 5-FUci (B).

TTPs were similar to those of patients enrolled in the phase
IIT study (11). Although biopsy specimens were collected
only from two-thirds of the patients enrolled in JCOG9205
(11), the subjects of this study were considered representa-
tive of those of the phase III study.

Biopsy samples can only be obtained from the superficial
part of primary tumors and may not be representative of the
biological behavior of the entire tumor. Because many
patients destined to be treated with chemotherapy have unre-
sectable tumors, only biopsy samples can be used to assess
biological markers. Takiuchi (20) and our group (17) have
shown that VEGF () is a predictive marker of chemore-
sponse in advanced gastric cancer patients treated with FP.
Nagashima (21) reported that patients with VEGF (+) who
were treated with a combination of irinotecan (CPT-11) and
CDDP had a higher response rate than those with VEGF (-).
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These results suggest that assessment of biological markers
using endoscopic biopsy samples can yield useful infor-
mation and that the expression of VEGF in the biopsy
samples of gastric cancer patients may be a predictor of che-
motherapeutic effects in CDDP containing regimens.

The incidence of VEGF (+) was 47% (62/131), which
recapitulated the result of our previous study (51%, 20/39).
The incidences of other biological markers in the two
studies were also similar. These results show that the method
used for evaluating biological markers was reproducible.

In our previous study, expression of VEGF and the
number of favorable phenotypes were significant predictors
of chemoresponse to FP (17). In the present study, there was
no relationship between the expression of VEGF and che-
moresponse to FP. The response rate of patients with four or
five favorable phenotypes was slightly but not significantly
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Days after randomization
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Figure 3. Overall survival of patients (solid line) with VEGF (+) and those (dotted line) with VEGF (-) after treatment with FP (A) or 5-FUci (B).
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higher than that of patients with three or less favorable phe-
notypes. It could be argued that these discrepancies indicate
that expression of VEGF and the number of favorable pheno-
types are not good predictive markers of chemoresponse to
FP. However, Takiuchi et al. (20) reported that immunohisto-
chemical expression of VEGF can predict the response to FP
in patients with gastric cancer. Nagashima et al. (21)
reported that VEGF and the number of favorable phenotypes
of similar biological markers were predictive markers of che-
moresponse to irinotecan plus CDDP and of survival.
Several reports have described differences in chemoresponse
between phase II and III studies of the same chemotherapy
regimens. It is possible that the discrepancies between our
previous and present studies were caused by the difference
in the method of evaluating responses between the phase II
and III studies of FP.

In the FP group of this study, the 20 patients with four or
five favorable phenotypes survived longer than the 46
patients with three or less favorable phenotypes. This result
recapitulates our previous phase II findings on survival. In
the 5-FUci treatment group, there was no difference in survi-
val between these two phenotype groups. However, the
differences in survival between the FP and 5-FUci treatments
were small in patients with four or five favorable phenotypes
and in those with three or less favorable phenotypes.
Moreover, in the FP and 5-FUci treatment groups, there were
no significant differences in TTP between patients with four
or five favorable phenotypes and those with three or less
favorable phenotypes. These results suggest that the presence
of favorable phenotypes is a prognostic marker for patients
treated with FP, but not a selective marker between FP and
5-FUci.

VEGF promotes angiogenesis and permeability of blood
vessels and is associated with microvessel abundance and
metastasis (22,23). It has been reported that VEGF is a
marker of poor prognosis after surgical resection in various
kinds of malignancies including gastric cancer (24—30). Our
previous study showed no differences in survival between
patients with VEGF () or (—) despite a higher response rate
in those with VEGF (+). Similarly, in the present study, there
were no differences in survival or TTP between patients with
VEGF (B or (-) after treatment with FP. However, in the
5-FUci group, patients with VEGF (+) had a significantly
shorter survival time and TTP than those with VEGF (-).
Thus, VEGF is considered to be a risk factor for a poor
prognosis in patients treated with 5-FUci. It is suggested that
CDDP in addition to 5-FUci may overcome the malignant
potential of VEGF, although the relationship between VEGF
and the chemoresponse to FP was not as clear in the present
study as in our previous study (17).

In the phase III study (JCOG9205 (11)), FP treatment had
no survival benefit over treatment with 5-FUci even though
the response rate and TTP after FP treatment was signifi-
cantly better than after 5-FUci treatment. This study showed
that in the subset of patients with VEGF (-), 5-FUci treat-
ment resulted in slightly longer survival times than FP
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treatment and the TTPs were almost equal (5-FUci 101 days,
FP 123 days). In contrast, in the subset of patients with
VEGF (), survival and TTP of patients treated with FP were
longer than those of patients treated with 5-FUci. From these
results, it is speculated that patients with VEGF ()
may achieve longer survival and TTP after treatment with
FP than with 5-FUci and that the status of VEGF expression
might be a selective marker for treatment with 5-FUci
versus FP.

In conclusion, the number of favorable phenotypes (>4
versus <3) of markers VEGF (1), p53 (), bel-2 (), TS (),
and GST-w (—) was prognostic for the outcome of advanced
gastric cancer treatment with FP. Clinical outcomes such as
TTP and survival differed between 5-FUci and FP treatment
according to the status of VEGF expression. Although the
methodology used to evaluate biological markers in this
study might be considered less advanced than methods based
on microarrays or proteomics, the results illustrate some-
important points: (i) multiple factors should be investigated
to clarify prognostic markers of cytotoxic agents, (ii) confir-
mation of results is mandatory, (iii) comparison in a phase
III study is necessary to clarify the utility of markers for
selecting treatments.
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Abstract

Recent pharmacogenetic studies on irinotecan have revealed the impact of UDP glucuronosyltransferase (UGT) 141728
on severe irinotecan toxicities. Although the clinical role of UGTIAI”6, which is specifically detected in East Asian
patients, in irinotecan toxicities is suggested, clear evidence remains limited. To examine the impact of *6, the association
of UGT1A1 genotypes with severe irinotecan toxicities was retrospectively investigated in J apanese cancer patients. A sig-
nificant *6-dependent increase in the incidence of grade 3 or 4 neutropenia was observed in 49 patients on irinotecan mono-
therapy (p = 0.012). This study further clarifies the clinical importance of *6 in irinotecan therapy in East Asians.

© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Irinotecan, an anticancer prodrug, is widely
applied for a broad range of carcinomas, including

" Corresponding author. Tel.: +81 3 3700 9478; fax: +81 3 3707
6950.
E-mail address: sai@nihs.go jp (K. Sai).

colorectal and lung cancers. The active metabolite,
SN-38 (7-ethyl-10-hydroxycamptothecin), a topoiso-
merase I inhibitor, is generated by hydrolysis of the
parent compound by carboxylesterases [1]. SN-38 is
subsequently glucuronidated by uridine diphosphate
glucuronosyltransferase 1As (UGT1As) such as 1A1,
1A7, 1A9 and 1A10, to form the inactive metabolite,
SN-38 glucuronide (SN-38G) [2-5}. Among the UGT

0304-3835/8 - see front matter © 2007 Elsevier Treland Ltd. All rights reserved.
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isoforms, UGT1AL1 is thought to be a predominant
contributor to SN-38G formation [2,6]. The dose-
limiting toxicities in irinotecan therapy are severe
diarrhea and leucopenia [7], and lowered UGT activ-
ity is well correlated with severe irinotecan toxicities
[8]. Since Ando et al. first reported the significant rel-
evance of UGT1A1°28 — a repeat polymorphism in
the TATA box (—40_—39insTA) — to severe neutro-
penia/diarrhea [9], a number of clinical studies, pri-
marily conducted in Caucasian patients, have
shown associations between UGTIAI"28 and low-
ered SN-38G formation or severe neutropenia/diar-
rhea [10-13]. Based on these findings, the Food and
Drug Administration (FDA) of the United States
approved a revision of the label for Camptosar (iri-
notecan HCl) (NDA 20-571/S-024/S-027/S-028),
recommending “a reduction in the starting dose by
at least one level of irinotecan for the UGTI1AI*28
homozygous patients”. Subsequently, the clinical
application of UGT1A1"28 testing was put into prac-
tice for irinotecan therapy in the United States.

To implement personalized irinotecan therapy in
Asian countries, the racial differences in UGTIAI
polymorphisms among Caucasians, African-Ameri-
cans, and Asians must be taken into consideration
[14]. For East Asians, the frequency of *28 is one third
of that of Caucasians or African-Americans, and
another low-activity allele *6 [211G>A(G71R)],
which is not detected in Caucasians or African-Amer-
icans, shows the same frequency as the *28 allele.
Clinical studies in Japanese cancer patients have dem-
onstrated that significantly low area under concentra-
tion-time curve (AUC) ratios of SN-38G to SN-38 are
observed in patients having *6 and/or *28 [15-17],
suggesting the necessity of typing "6 in addition to
*28. A recent report on Korean lung cancer patients
who received a combination therapy of irinotecan
and cisplatin, showed a significant association of "6
homozygotes with severe neutropenia [18]. However,
data on the role of "6 in irinotecan toxicities is still
limited in terms of the various irinotecan-containing
regimens. In the first study by Ando et al. on Japanese
cancer patients, the association of *6 with irinotecan
toxicities was not evident, but a possible enhance-
ment of “28-related toxicities by "6 was suggested
[9]. Other studies in Japanese patients showed an
additive effect of "6 on the lowered UGT activity by
*28 [15-17). A significant association of the genetic
marker “*6 or "28” with severe neutropenia was also
shown in our previous study, but due to a lack of *6
homozygotes in our patient population, the effect of
"6 alone was not confirmed [17].

In this study, to further demonstrate the clinical
importance of *6 alone, UGTIAI genotypes were
determined using DNA extracted from paraffin-
embedded specimens (non-cancerous tissues) from
75 Japanese cancer patients by the pyrosequencing
method [19,20], and the associations between
UGTIAI genotype and severe irinotecan toxicities
and serum total bilirubin levels were retrospectively
analyzed.

2. Materials and methods
2.1. Patients and irinotecan treatment

In a post-marketing surveillance study conducted by
Daiichi Pharmaceutical Co., Ltd. (currently Daiichi San-
kyo Co., Ltd., Tokyo, Japan), irinotecan was prescribed
to 297 patients with various types of cancers from 1995
to 2000 at the National Cancer Center Hospital. The
patients were selected through standard clinical practice
according to the drug label for indications and contra-
indications. Methanol-fixed, paraffin-embedded archival
tissue specimens, which were necessary for high-quality
extraction of DNA greater than 2 kb in size [21], were
available for 75 of the 297 patients and were analyzed in
this study. Irinotecan was administered by intravenous
30-min infusion as a single agent or in combination che-
motherapy at a dose of 60 mg/m? (weekly or biweekly),
100 mg/m?* (biweekly), or 150 mg/m? (biweekly). Profiles
of the patients in this study, including cancer type, treat-
ment history, and regimens, are summarized in Table 1.
The pre-treatment levels of serum total bilirubin were
determined by a kit (VL T-BIL, Azwell Inc., Osaka,
Japan) according to an enzymatic method using bilirubin
oxidase [22]. Toxicities were monitored during irinotecan
therapy and graded according to the Common Toxicity
Criteria version 2 of the National Cancer Institute.

Because the samples in this study were residual speci-
mens remaining after histopathological diagnosis in the
hospital and not collected specifically for research pur-
poses, the samples and their clinical information were
anonymized in an unlinkable fashion according to the
Ethics Guidelines for Human Genome/Gene Analysis
Research by the Ministry of Education, Culture, Sports,
Science and Technology, Ministry of Health, Labour
and Welfare, and Ministry of Economy, Trade and Indus-
try of Japan. This study was approved by the ethics com-
mittees of the National Cancer Center and the National
Institute of Health Sciences.

2.2. DNA extraction from paraffin-embedded tissue sections
and genotyping of UGTI1AI polymorphisms

Three sections (20 um of pathologically normal tis-
sues around tumors) were deparaffinized twice by treat-
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