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Day 1 _ Day2
CPT-11+ CPT-11 80mg/m’
AIQEY 90min - div
ERE%S5 O |LV 500mg/m? ‘B=FU 2/600~3, OOOmg/m S
6 ¥ 528 R 2hr - div - 4hre civ e
Day 1 . Day?2
' CPT-11 180mg/m*
de ‘(éf_ll;&m 90min - div ” _
zﬁg%r% LV 200mg/m* m’ | LV 200mg/m* | B-Fl.6
2hr -« div 1 2hr + div
5-FU 400mg/nt*
.. iy bolus i
Dayl Day 2
. CPT-11 180mg/m’
FOLFIRIEY 90min - div
“E A
2L LV 400mg/m?
2hr - div
D LVEAI TR 1-LVO k& L %5, CPT-11EAHOARBHE L DS\,

®2 5-FU/LV+CPT-1158%

OHP/CTP-11 (IROX#) MRCT #EHi L7 (N9741 8 1.
MST, PFS, Z4®D 4T TIFLEL ) FOLFOX 4 A&
WCRFRRERZA L. FPERRD, THZEODEELRFERR
5 FOLFOX 4 THEICA 2, ¥—L-OHPDEMTH 5 K
WAEREEDFZ o7z, TORRZL-T, 2004FKEICH
TFOLFOX 4kid—REHEE L TUEARE - BREREEOELE
bR L L COMM 2 RET L7z,
2) FOLFOX 6, FOLFIRI

| e\ T 2004 4F 1213 Tournigand 512 & § —RIEEIZFOLFIRI
i M (H2), ZYXEHIZFOLFOX 6% flvaBEL, —RIAKIC
. FOLFOX 63 (®3), “ KB FOLFIRIE% AV /-8 L 0
- RCT #4772 (GERCORZRER). FhFIOWEGRBRIEDE
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FOLFOX 4
23

FOLFOX 6"
284 5.

FOLFOX 7'
2845

Day1

-OHP 85mg/n*
Zhr - div

Day?2

2hr - div

LV 200mg/m? |5

Day 1

2hr - div

L-OHP 100mg/m?

L.V 400mg/m”
2hr + div

Day 1

Zhr « div

L-OHP 130mg/m®

Day 2

LV 400mg/m’
2hr - div

3 BHIFE5-FU/LV + L-0OHP (FOLFOX) #ﬁiz‘f

®E (56%vs 54%), PFS (hflE . 857 8 vs 804 ), &
HOMST (2157 A, 20647 H) BRAZOREI BN, F
7z, LIBORCT 2 &E B % RCT OMEICTB W T5-FU/LY,
CTP-11, L-OHP @ 37 $H DA » GBI H s s
EPIOEIE & SEFHEIMEE T2 2 EASRcERTEY,
SHI% AMHBEEAIC) FCHMABDLEDIEIZLY, 04 A%
A BMSTAELNS EENTWnE W,

PED LSRRI Y, BRIIBWTIZFOLFOXEE, BLO
FOLFIRTEE S UIBRANER - BRAGE OEHL Sk L Shtwn

)

AIRTIEL-OHP 1320054 4 B & 1 infusional 5-FU/LV #&:

T ':'.ﬂ_‘;,'jj"'{_;,,;‘-i'."—< RS
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EOPERICBT, L-OHP 85mg/m*#% 1 A 1EEHIRMIC 255
TRIERE§ 5 FETAR SN, 200547 AHTE, WRERL,
ﬁif&%nu nﬁ%ﬁi) bﬁ’/ﬁzé hfl{\

4.ﬁ?%ﬂ%ﬁ§

MR OREAL, E5E, B, BRI Db 55T HRENKE IR
HEh, £NEFNDkey molecule % target & L?’"\%F‘EB’J =14
35 O B 5554 739’]0’??1911’(\/\

1) Cetuximab

cetuximab (C-225) WABIHIIATEFZERT 2 2 L2 6
N5 EGFR (epidermal growth factor receptor) %Rz L 7>
[gGlE/ 70 —F VHMETH 5. CPT-11IXAREE oK
Baf 2t LCCPT-11 + C-225 BRI IERE & CPT-11 A B0
RCT 21N, =, TTP LU EEE® D > TCPT-11+C-
225 BE R DBEN T WD 2 L0 S h7z (BONDRER) .
HEFRLLTUI7 VT =L, ZEUROESE, ks
PHMESNTWD. 20044F 1 FIKREICTRRB S N2, BIAE,
FOLFIRI{%:% FOLFOX i & DEERBEIREF ST 5

2) Bevacizumab

bevacizumab i%, BEEMBEOMETFAICFELEE 2 R0
C\wWA VEGF (vascular endothelial growth factor) (233 5L
ETHH. —REME LTIRS-FU/LV#EE (RPMIE) I
bevacizumab D AR R 2 RET L2 RCT B Tb iz, T|Rh=IL
bevacizumab + 5-FU/LV % T26.0%, 5-FU/LV#EE152%
TERBEZRD P o720%, PESTENENI2AH vs 684 A
L B\ bevacizumab FFBETIER & 729, IFLEvs IFL I+
bevacizumab O HEHEIED RCT 2T, R (34.7% vs
449%), MST (156 Avs 203 A) & b2, bevacizumab &
THEWZENL TV, AEHRITE L Tid bevacizumab ff F #
THALEZIL, ST, BFIRIMASE 72 E2UFEAIZEED b7z 28,
HDEUNH B EINTVE?, ZOFER XY bevacizumab 1% 2004
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A2 AKRE TSR BRI HIEHIE L TR E N,
TRWEEE LTIE, 5-FU/CPT-11 0B 5L LT

bevacizumab + FOLFOX 4P vs FOLFOX 4: Vs
‘bevacizumab ¥ D RCT (E3200 3E%) »7h i, 20054

D ASCOIZThevacizumab PN EGTFRELAEICLE X ¥
5 EFWLMIEINz®, T/, CPT-11EEFICH L TD
bevacizumab + cetuximab + CPT-11 8t H#EE vs cetuximab +
bevacizumab ff FI###E O MAER (LI B T A58 (BOND I 3
B Afrbih, B TENENITY vs 23%, TTPTT9% A
vs 407 A & bevacizumab BEFIIC & 2 B & 272 b S 30 B A
ENTnBH®, .

DEDEHIZ, —RIEBEB L TREEIIBNT S 0FHERE
WEOH AEAHE SN, 5-FU/LV, CPT-11, L-OHPIZ k<
RIFHI X T 284D key drug & %o 72%%, &b Hifkid A
BV EMCTHL EHFMBEEZoTHEY, AR OBENER
BY, SHRELITRET ZUEND S L SNT VA, KBTI,
BTE bevacizumab, cetuximab O EREBA BB I LTS,

5. BOT wi{bEUS Uvag ,

L7 ALY ) I TV BHNIB S IR TR S, NESK
TE&72, BORTIEHE F CERE B IoTT 2 88 3aho =
& SHFIRIES ST H o 7228, FUEE, BFMED S5 5RO
DEHEAATHNTET WS, 2D % capecitabine % UFT % S—
17 EPREF ST w5, |

1) UFT

UFT & HATHISE & 1172 dihydropyrimidine dehydrogenase
(DPD) MEHD—2TH 5. 1990 4ERIZFCKIC T 5-FU/LY i
& UFT/LVIREEE O KBBERCT 25 b N, BRIRE L 45
KAWEETHETH D2 L, URT/LVEEORIVERE G 512 A 7
WZESHE SN TWS., TORELY, BN TIZMBRRE - 5
FERBGIEH T 5 —RIGWE LTAEEI NS, T2, HETY v
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Yy TRBROER, HRANIBUIL2HWMEEREMWICHE L CRE
ANEDFRIFEEPHER I ND, KIBTH 2003FEIFHTEEE 2o
7z (E4).

2) Capecitabine

capecitabine IZ{H L BRI 2 S WX & NI @ carboxyl
esterase IZ & o T5’ —deoxy—5—fluorocytidine 12, 22 P & &
PR @ cytidine deaminase T5” —deoxy—5-fluoropyrimidine
(2, S HIEEHEANICEEIZHFAET 5 thymidine phosphorylase
T5-FUICEHR SN, NEERRZBET 28R TH 5. 5-FU/
LV (Mayoit) #EE D RCT ATh N, PES, MSTIZHWTIX
FEEEAISR SN, FHEICE L CEMLEEE TR I3 E &
WIRETH-722 L8, FeRTURARE - BRABEICHT 5
BRIEE UTRBE N, RILCIBAE, kLR UHEE, A
TOMRKE THRBRIRT L2 2ATHY, WEFAAINT
RY/QRN

3) S-1

S-1IZHATHESN/-DPDHEHTH 5. YRR - H3
KIGREIZ BT ORI THRBROF R CIlEERE355%, MST
1247 R &, EEOUFT/LV#EE, capecitabine & IEIZF%E D
B ESINTWE2 2%, AZIEHOPEOARTH Y 5-FU/LVEE
& D BRI 2\,

UFT  300mg/m?/day

LV T75mg/body/day

1B 3B82azT (Y8 s
4 BEHROKS - 1 EBRE

4 UFT/LVES
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'4) CPT-11, L-OHP &DHE

i, IO OREITOREK L CPT-11% L-0HP & O HEED
BELBEIME S N00H Y, 725 T capecitabine + L-OHP
PR (XELOX ) IEIMERBICBVT RR 55%, PFS
777 R, MST 1954 L RIFRBEZRL TWwWaA. 200540

ASCOTREBUERBERBEZICN T -REBERLLTO

capecitabine + L-OHP ik (CAPOX#) &5-FU/LV
(AIO¥) + L-OHP B #EE: (FUFOX ) % HET 2 RCT O
HER% I, CAPOXEIZFUFOX L 3 ITRE 038 & 2o 4k
TART T ENHREIN TS, B, XELOX & FOLFOX 4
EIZH L T bevacizumab % on—off ¥ 5 2 X 274 D47 — A

DRCT HHEITHTH 5,

HBHbIC

RIGIENT T AL L 2 O 104 TRk % H0 2 B 72 25
PERITTETVEY, DAEIZENAPLRELENRE EoTW
5. BAE L 9 % { FOLFIRI#E, FOLFOX EEASERTRE & 72 - 7
B, SRIEGTFENEORPAZIEINS.
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Background: Previously we reported that immunohistochemical examination of p53, bcl-2,
glutathione S-transferase-n (GST-n), thymidylate synthase (TS) and vascular endothelial
growth factor (VEGF) in biopsy samples was a useful method for predicting clinical outcome
of gastric cancer patients treated with 5-fluorouracil and cisplatin. Here, we investigated if
these biological markers can predict chemoresponse and survival of unresectable gastric cancer
patients treated with irinotecan and cisplatin.

Methods: The subjects were 55 unresectable gastric cancer patients treated with irinotecan
(70 mg/m?, Days 1 and 15) and cisplatin (80 mg/m?, Day 1). Expression of p53, bcl-2, VEGF
was examined immunohistochemically in biopsy samples.

Results: The overall response rate and the median survival time were 55% (30/55) and
321 days, respectively. Thirty patients with intestinal-type adenocarcinoma survived longer
than 25 patients with diffuse-type (median survival time: 446, 259 days, P'= 0.013). The favorable
phenotypes for chemoresponse were p53-negative, bcl-2-negative and VEGF-positive,
which were in accordance with previous findings. The response rate was significantly
correlated with the total number of these favorable phenotypes (P = 0.043). The 39 patients
having 2 or 3 favorable phenotypes (p53-negative, bcl-2-negative and VEGF-positive) survived
longer than the remaining 16 patients (median survival time: 444, 259 days, P = 0.021). Inthe Cox
model, the number of the favorable phenotypes showed a tendency to correlate with survival after
adjustment for potentially prognostic factors such as histological type or performance status
(P =0.070).

Conclusions: Immunohistochemical examination of biological markers may be useful in pre-

dicting the clinical outcome of unresectable gastric cancer patients treated with irinotecan and
cisplatin.

Key words: gastric cancer — chemotherapy — pS53 — bcl-2 — VEGF

INTRODUCTION various malignancies including gastric cancer (6). Marked
synergism, lack of cross-resistance, different mechanisms of
action and relatively different profiles of adverse reactions
between irinotecan and cisplatin have encouraged the com-
bination of these agents, and it has shown promising results
against gastric and lung cancers. In a phase II study for meta-
static gastric cancer, the response rate was 59% and the median
survival time was 322 days in 29 patients who had not received

previous chemotherapy (7). However, in recent phase III
For reprints and all correspondence: Fumio Nagashima, MD, Department of

i i i including cis-
Clinical Oncology, Saitama Medical School, 38 Morohongo, Moroyamama, Stud}“’ regm{ens of combined chemot.herapy ln(?l &
Iruma-gun, Saitama, 350-0495, Japan. E-mail: fnagashi @saitama-med.ac.jp platin have failed to demonstrate a survival benefit compared

Cisplatin is an active agent against gastric cancer (1), and
several chemotherapy regimens including cisplatin have
been reported to show high response rates (2-5). Irinotecan,
which inhibits DNA topoisomerase I, is also active against

© 2005 Foundation for Promotion of Cancer Research




h the single agent S-fluorouracil (5-FU) (8-10), which had
been developed more than 40 vears ago (11). The severe tox-
deity of these cisplatin-containing regimens seems to be one of

" the reasons for no survival benelit despite the higher response

rates as compared with 5-FU alone. It appears that we need to
select an optimal regimen for each patient by predicting the
chemotherapeutic efficacy. Recently, remarkable advances in
the basic resewrch have led o the identification of many bio-
logical markers indicative of sensitivity to some antineoplastic
agents, some of which have been proved to have clinical
impaci.

Previously  we  reported  that  immunohistochemical
examination of biological markers [p53, bel-2, glutathione
S-trapsferase-n (GST-n), thymidylate synthase (TS) and vas-
cular endothelial growth factor (VEGF)] in biopsy samples
was useful method fur predicting the effects of chemotherapy.
Our report showed that VEGF-positive, TS-negative, p53-
negative, GST-m-negalive, bcl-2-negative were favorable
phenotypes in terms of chemoresponse, and the number of
favorable phenciypes was 2 aood indicator of both response
and survival Jno patients with unresectable gastric cancer
treated with 5-I'U and cisplatin (12). Mutant p53 and bel-2
protzins protect cuncer vells from apoptosis induced by many
antincoplastic agents and confer cylotoxic drug resistance
(13-15). GST-w is an enzyme that plays an important tole
in cellular detoxification. and increases in this enzyme have
associated with ce to antineoplastic agents
0187 Because drug delivery is important
for the sensitivity of tumors o antineoplastic agents, VEGF
may contribiic o chemorespouse through the promotion of
angiogenesis and/or vascular permeability (19,20). In the
present study, we investigated the relationship between
immunohistochemical ] of VEGEF, p53, bcl-2,
GST-r and clfects of chemotherapy in patients with unresect-
able gastric cuncer treated with irinotecan and cisplatin. TS
was not examined because S-FFU was not included in this
regimen.

FesIsel
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PATIENTS AND METHODS
STUDY POPULATION

A total ol 35 gastric cancer patients (reated with irinotecan and
cisplatin were relrospectively bicluded in this exploratory ana-
lysis; the study subjects included nine patients entered into a
phase T study of combination chematherapy (7), which is one
of experimenial arms of ongoing randomized phase II1 trial in
Japan (JCOG 9912}, and 46 patients consecutively selected to
be suitable for combination chemotherapy using the same
regunen 1 ciinical oractice at the National Cancer Center
Hospital tast and its affiliated iostitutions. All the patients
fulfifled the vecruitiment eriteria used in JCOG 9912 except
(viii): in brief, (i) histological confirmation of gastric cancer;
(it) Eastern Clinical Oncology Group scale performance status
(PS) of 2 or hetter; (i11) age of 75 years or younger; (iv) no
previous chemotherapy; (v) adequate bone marrow, liver and

Jpn J Clin Oncol 2005,35(12) 715

renal function; (vi) no other active malignancy; (vii) no
severe medical complication; and (viii) primary tumors
from which it was possible to obtain a sufficient amount of
cancerous tissue for examining biological markers before
chemotherapy.

TREATMENT SCHEDULE

The treatment schedule of the combination of irinotecan and
cisplatin and dose modification were the same as in the phase II
study (7), briefly, drip infusion of irinotecan (70 mg/m?, day 1
and 15) and cisplatin (80 mg/m?, day 1) with adequate hydra-
tion. This treatment was repeated every 4 weeks until disease
progression, patient refusal or unacceptable adverse reactions.

EVALUATION OF THE BFFECTS OF CHEMOTHERAPY

Responses to chemotherapy in measurable lesions were evalu-
ated by the standard World Health Organization response cri-
teria (21). For primary lesions, responses were evaluated
according to the criteria proposed by the Japanese Research
Society for Gastric Cancer (22) using either gastroscopy or
barium gastrography. Overall response was defined as the
sum of the number of complete and partial responses. All
patients were followed for at least 1 year after the initiation
of chemotherapy, and survival time was defined as the
period from the date of initiation of chemotherapy to the
date of death due to any cause or the date of last confirmation
of survival.

IMMUNOHBISTOCHEMICAL EXAMINATION

Immunohistochemical staining was performed in the same way
as in our previous study (12). All immunohistochemical exam-
inations were performed on tissue sections of formalin-fixed
and paraffin-embedded biopsy specimens from primary
tumors. Serial 3 pm thick slices were cut, deparaffinized in
xylene and dehydrated with a graded series of ethanol solu-
tions, then immersed in methano! containing 0.3% H,0, for
20 min to inhibit endogenous peroxidase activity. The sections
stained for p53 and bcl-2 were heated to 95°C by microwave
irradiation for 10 min in phosphate-buffered saline (PBS) and
10 mM citrate buffer, respectively. The sections stained for
VEGF were treated with 0.05% pepsin in 0.01 N HCl for 20 min
at room temperature. After blocking with 10% normal swine
serum in PBS (blocking buffer) for 60 min at room tempe-
rature, all sections were incubated overnight at room temper-
ature 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-n antibody (MBL,
Nagoya, Japan), 1:24000; anti-VEGF antibody (Santa Cruz
Biochemistry, CA, USA), 1:500. The sections were washed
with PBS and then incubated with biotinylated second
antibody diluted to 1:200 for 1 h. After washing with PBS,
the sections were incubated with ABC reagent (Vector Labor-
atories, CA, USA), and the color was developed in a reaction
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mixture containing 2% 3-3’-diaminobenzidine and 0.3%
hydrogen peroxide in Tris buffer. The sections were then coun-
terstained with hematoxylin or methyl green. The two invest-
igators, F.N. and N.B., who were blinded to clinical outcome,
assessed immunohistochemical staining independently. The
intensity of staining of 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 in the case of lymphocytes, as (+) when
equal and as (—) when weaker than that in the case of lympho-
cytes. The staining of VEGF was graded as (+) when the
intensity of staining in the case of the cancer cells was stronger
than that in the case of stromal cells, as () when equal and as
(=) when weaker. For all markers, cases were defined as
positive when >20% of all cancer cells in each section showed
(++) or ().

STATISTICAL ANALYSIS

Chi-squared test was applied for comparisons between the
expression of biological markers and the chemoresponse.
Mantel test was applied for comparisons between the chemo-
response and the number of favorable phenotypes. Survival
curve was constructed using Kaplan-Meier method and com-
pared using log-rank test. Prognostic importance of the number
of favorable phenotypes was analysed using the Cox regression
model, which included tumor extension, histdlogical and mac-
roscopic tumor type, performance status, and age as covariates.
These covariates were selected because they were recognized
as important variables to predict survival in the previous study

(12). Statistic analysis was performed by JMP ver. 4.0.5J

software (SAS Institute, Inc., Cary, NC, USA).

RESULTS

PATIENT BACKGROUNDS AND CHEMOTHERAPEUTIC
BEFFECTS

Clinicopathological features are listed in Table 1. The overall
response rate was 55% (30/55), and the median survival time
(MST) was 321 days. While the response rate did not differ
between the patients with intestinal-type and diffuse-type
(47%, 56%, P = 0.843), the former survived much longer
than the latter (MST: 446, 259 days, P = 0.013).

BIOLOGICAL MARKER EXPRESSION

Positive staining of p53 was observed in the nuclei of the
cancer cells, whereas that of bcl-2 was observed in the cyto-
plasm. Staining of VEGF was observed in both cancer and
stromal cells. The positive rates of p53, bel-2, VEGF were 44%
(24/55), 18% (10/55) and 64% (35/55), respectively. The
clinicopathological features did not differ between the expres-
sion positive patients and the negative patients for p53, bcl-2
and VEGF, respectively. However, since GST-m-positive
patients had a significantly better performance status than

Table 1. Clinicopathological features of the subjects

Clinicopathological features No. of patients (%)

Sex

Male 37 (67)

Female 18 (33)
Performance status

0 34 (62)

1,2 21 (38)
Age (years)

>60 27 (49)

=60 28 B
Macroscopic type

Non-scirrhous 20 (36)

Scirrhous 35 (64)
Histological type

Intestinal 30 (55)

Diffuse 25 (45)
Degree of tumor extent

Locally advanced 20 (36)

Metastatic 35 (64)

Table 2. Expression of biological markers and antitumor response

Marker CR + PR (%) NC + PD (%) Total P-value
p53 (—) 20 (65) 11 (35) - 31 0.0915
p33 (+) 10 (42) 14 (58) 24
bel-2 (=) 25 (56) 20 (44) 45 0.9999
bel-2 () 5 (50) 5 (50) 10
VEGF (+) 22 (63) 13 37) 35 0.1015
VEGF (-) 8 (40) 12 (60) 20

CR, complete response; PR, partial response; NC, no change; PD, progressive
disease. ’ '

GST-n-negative patients, we excluded GST-r from the further
investigation.

BIOLOGICAL MARKER EXPRESSION AND RESPONSE

Higher response rates were observed in patients with p53
negative, bcl-2 negative and VEGF positive, respectively
(Table 2). These relationships were in agreement with
the previous findings (12). We, therefore, designated p53-
negative, bcl-2-negative and VEGF-positive as favorable
phenotypes for chemoresponse.

BIOLOGICAL MARKER EXPRESSION AND SURVIVAL

As a single factor, the patients with favorable phenotypes
survived slightly longer than the patients without such
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Table 4. Clinicopathological features and number of favorable phenotypes

No. of favorable phenotypes® Antitumor response

CR '+ PR (%)

Clinicopathological features No. of favorable phenotypes

NC + PD (%) Total 2 or 3 (%) 1 or 0 (%) P-value
3 o 13 (72 5 (28) - 18 Age (years); median (range) 60 (26-74) 51 (26-68)
2 ' 1 52) 10, (48) 21 Sex
lord 6 i38) 10 (62) 16 Male/female 26/13 (67/33) 11/5 (69/31)  0.9999
T ) Performance status
QR, complete response: PR, partial response; NC, no change; PD, progressive 01, 2 23/16 (59/41) 11/5 (69/31)  0.7056
gij:\(/lg;xlm phenotypes include pS3-negative, bel-2-negative and VEGE- Macroscopic type
positive. Non-scirthous/scirrhous 17/22 (44/56)  3/13 (19/81)  0.1238
Histological type
100 Intestinal/diffuse 25/14 (64/36)  5/11 (31/69)  0.0537
) Tumor extent ) '
= h Locally advanced/metastatic ~ 13/26 (33/66) 7/9 (44/56) 0.2501
S -
T
[
= 50 number of the favorable phenotypes showed a tendency to
E - correlate with survival; the prognosis in patients having
UE) - only <2 favorable phenotypes was poorer compared with
) that in patients having 2 or 3 favorable phenotypes (hazard
ratio: 1.43, P = 0.070). Among the covariates in the model,
' histological type and performance status were significantly
0 l I T T I 1 | 1 correlated with survival. Tumor extension, macroscopic type
v 200 ‘:,(;).?m,_ t'(in;t(; 800 1000 and age were not significant in the present study.
Figure 1. Survival of pativats with or without favoral 2not . solid
Ilz:lgt":u;;g d()(tu'r{ i‘ilnl::{ Il)‘(‘p 1 lplutimt:s l\vitrhf 101‘ lw;lﬁop‘r‘zo grpefis ’t};ll\llz:;)élle DISCUSSION

phenotyywes, respeatively (7 = 0,021,

favorable phenotypes, but they were not significant (p33,
P =0.504; hel-2, P = 04020 VIIGF, P = 0.479).

COMBINATION O BIOLOGICAL MARKERS

The total number ¢f these favorable phenotypes demonstrated

a significant association with the response rate (P = 0.043,
Table 31 Thirty-nine patients with 2 or 3 favorable phenotypes
survived longer than the remaining 16 patients with statis-

tical significance (MST0 444, 239 days, P = 0.021, Fig. 1).
Table 4 shows relationships between the number of favorable
phenotypes  and  clinicopathological features which were
recognized as important prognostic factors in the previous
study. Twenty-{ive (04%) of the 39 patients with 2 or 3
favorable phenctypes had  intestinal-type adenocarcinoma
histologically, whercas 5 (3146) of the 16 patients with 1
or 0 had intestinal-tyvpe (P = {1.053). There was no difference

in other clinicopathological features between the two groups.
1 =3 .

MULTIVARIATE ANALYSIS

The covariates in the Cox model were set to the same as those
in our previous study (o improve the comparability between the
previous and present results (Table 5). In the Cox model, the

Our results support the hypothesis that immunohistochemical
examination of biological markers may be useful in predicting
the clinical outcome for unresectable gastric cancer patients
receiving chemotherapy. The number of favorable phenotypes
(p53-negative, bel-2-negative and VEGF-positive) indicates
chemotherapeutic effects. We are aware of no published
reports that describe relation between biological markers
and therapeutic effects in gastric cancer patients treated
with irinotecan and cisplatin. Our results also confirm the
results of the previous report that suggested the utility of com-
bination of biological markers (12).

Up to the present, a few biological mechanisms have been
implicated in determining the sensitivity to antineoplastic
agents. Yeh et al. (23) reported that overexpression of p53
was not associated with resistance of gastric cancer to
5-FU-based systemic chemotherapy, whereas Nakata et al.
(24) reported that p53 protein overexpression could serve as
a predictor of the response to chemotherapy in gastric cancer.
Thus, the correlation between some biological markers and
chemoresponse is still controversial in cases of gastric cancer.

In the present study, patients who are either p53-negative,
bel-2-negative or VEGF-positive showed only a slightly higher
response rate than the others. A single biological marker seems
to have a small impact in predicting chemosensitivity, as
shown in our previous study. Nakata et al. (25) investigated
the relationship between bcl-2 and bax proteins and effect
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Table 5. Cox proportional regression analysis for survival

Variable Categories P-value Hazard rate ratio (95% CI)
No. of favorable phenotypes 23 versus 0-1 0.0704 1.433 (0.969-2.104)
Histological type Intestinal versus diffuse 0.0066 1.695 (1.159-2.487)
Tumor extension Locally advanced versus metastatic 0.1029 1.346 (0.941-1.942)
Performance status 0 versus 1 and 2 ) 0.0208 1514 (1.065—2.173)
Macroscopic type Non-scirthous versus scirrhous 0.6078 0.914 (0.651-1.293)
Age (years) <60 versus >60 0.7098 0.942 (0.684-1.287)

CI, confidence interval.

‘of chemotherapy in gastric cancer patients, and reported that
among the bax-positive cases patients with bcl-2-positive
tumors were significantly more resistant to 5-FU and had a
worse prognosis than bcl-2-negative cases. Some other reports
have also described the utility of combination of a couple
of biological markers (26,27).

In the present study, the number of favorable phenotypes
showed a clear correlation with response rates. Moreover,
patients with 2 or 3 favorable phenotypes survived signific-
antly longer than those with 1 or 0. From these results, the
number of favorable phenotypes may be a good predictor
of therapeutic effects in gastric cancer patients treated with
irinotecan and cisplatin. Patients with intestinal-type adeno-
carcinoma survived longer than those with the diffuse-type,
though the reasons for this difference are not clear. Yonemura
et al. (28) reported a close relationship between VEGF-C
expression, lymphatic spread and prognosis after surgery in
gastric cancer patients. During the last few years, it was
revealed that VEGF-A plays a role of prime importance in
angiogenesis (29,30). The majority of subtypes of VEGF
may explain the difference in chemoresponse.

The median survival time of the phase II study of irinotecan
and cisplatin was 322 days, and other phase IIT studies for
patients with metastatic gastric cancer generally showed
median survival time of 7-11 months (8-10,31). And the over-
all response rate and survival in the present study were very
similar to the results of phase II study of irinotecan and cis-
platin. From these points, the overall survival time of patients
with intestinal-type and 2 or 3 favorable phenotypes was
remarkably long (data was not shown). Although survival
elongation dose not always need high response rate, we already
reported usefulness of biological markers and we have a tend-
ency that the number of favorable phenotypes correlates to
survival in the present study. :

Investigating biological markers with consecutive patients
eligible for enrollment criteria based on JCOG9912, as the
present study is retrospective and some selection biases may
not be excluded, we cannot confirm a utility of combinations of
biological markers. We think a utility of biological markers
should be confirmed in a large-scale study prospectively. The
Japan Clinical Oncology Group had already initiated a three-
arm randomized trial comparing 5-FU alone with S-1 alone

and with irinotecan and cisplatin (JCOG9912). We are plan-
ning to investigate biological markers in this phase I trial.

Acknowledgments

We are very grateful to Mari Nakane for performing the
immunohistochemical staining., This work was supported in
part by Grants-in-Aid for Cancer Research (9-3, 118-3) from
the Ministry of Health, Labor and Welfare of Japan.

References

1. Lacave Al, Izarzugaza I, Anton Aparicio LM, Valle Pereda M, Gracia
Marco JM, Buesa JM. Phase I clinical trial of cis-
dichlorodiammineplatinum in gastric cancer. Am J Clin Oncol
1983;6:35-8.

. Moertel CG, Rubin J, 0’Connell MJ, Schutt AJ, Wieand HS. A phase i
study of combined 5-fluorouracil, doxorubicin, and cisplatin in the
treatment of advanced upper gastrointestinal adenocarcinomas. J Clin
Oncol 1986:;4:1053-7.

3, Preusser P, Wilke H, Achterrath W, Fink U, Lenaz L, Heinicke A, et al.
Phase II study with the combination etoposide, doxorubicin, and cisplatinin
advanced measurable gastric cancer., J Clin Oncol 1989;7:1310-7.

4. Findlay M, Cunningham D, Norman A, Mansi I, Nicolson M, Hickish T,
et al. A phase II study in advanced gastro-esophageal cancer using
epirubicin and cisplatin in combination with continuous infusion 5-
fluorouracil (ECF). Ann Oncol 1994;5:609-16.

5, Ohtsu A, Shimada Y, Yoshida S, Saito H, Seki S, Morise K, et al. Phase )i
study of protracted infusional 5-fluorouracil combined with cisplatinum for
advanced gastric cancer: report from the Japan Clinical Oncology Group
(JCOG). Eur J Cancer 1994;30:2091-3.

6. Matsuzaki T, Yokokura T, Mutai M, Tsuruo T. Inhibition of spontaneous
and experimental metastasis by a new derivative of camptothecin, CPT-11,
in mice. Cancer Chemother Pharmacol 1988;21:308-12.

7, BokuN, Ohtsu A, Shimada Y, Shirao K, Seki S, Saito H, et al. Phase I study
of a combination of irinotecan and cisplatin against metastatic gastric

_ cancer. J Clin Oncol 1999;17:319-23. -

8. Ohtsu A, Shimada Y, Shirao K, Boku N, Hyodo, Saito H, et al. Randomized
phase III trial of fluorouracil alone versus fluorouracil plus cisplatin versus
uracil and tegafur plus mitomycin in patients with unresectable, advanced
gastric cancer; The Japan Clinical Oncology Group Study (IC0GH205). J
Clin Oncol 2003;21:54-9.

9. Cullinan SA, Moertel CG, Wieand HS, O’ Connell MJ, Poon MA, KrookJE,
et al. Controlled evaluation of three drug combination regimens versus
fluorouracil alone for the therapy of advanced gastric cancer. J Clin
Oncol 1994;12:412-6.

10. Kim NK, Park YS, Heo DS, Suh C, Kim SY, Park KC, et al. A phase III
randomized study of 5-fluorouracil and cisplatin versus 5-fluorouracil,
doxorubicin, and mitomycin C versus S5-fluorouracil alone in the
treatment of advanced gastric cancer. Cancer 1993;71:3813-8.

[\




11

12
13.
14,
15.
16.
17,
18.
19.

20.

21.

22,

Heidelberger C, Chandhari NK, Dannenberg P. Fluorinated pyrimidines: a
new class of tmor inhibitory compounds. Narure 1957;179:663-7.
Boku N, Chin K. Hosokawn K, Ohtsu A, Tajiri H, Yoshida S, et al.
Biological warkers s a predictor for response and prognosis of
unresectable gasiric cancer paticnts treated with 5-fluorouracil and cis-
platinuni. Clin Canicer Res 1998:4: 1469-74,

Lowe SW, Ruley HE, Jacks T, Housman DE. p53-dependent apoptosis
modulates the eytotogicity of anticancer agents. Cell 1993:74:957-67.
Reed JC, Kitada S, Takayama S, Miyashita T. Regulation of
chemoresistince by the bel-2 oneoprotcin in non-Hodgkin's lymphoma
and lymphocytic leukemia cell lines. Ann Oncol 19945 Suppl 1:61-5.
Lotem J, Sachs L. Regulation by bel-2, c-myc, and p53 of susceptibility to
induction of apoplosis by heat shock and cancer chemotherapy compounds
in differentiation-competent and -defective myeloid leukemic cells. Cell
Growth Differ 1993;4:41-7,

Ozols RF, O’ Dwyer PI, Hamilton TC. Young RC. The role of glutathione in
drug resistance. Cancer Treat Rev1990;17:45-50,

Teicher BA, Holden SA. Kelley M1, Shea TC, Cucchi CA, Rosowsky A,
et al. Characterization of & human squamaous careinoma cell line resistant to
cis-diamminedichloroplatinum(I1). Cancer Res 1987:47:388-93.
Olkuyama T, Maehara Y, Endo K, Baba H, Adachi Y, Kuwano M, et al.
Expression of alutathione S-transferase- and sensitivity of human gastric
cancer cells to cisplatin. Cancer 1994,74:1230-6.

Connolly DT, Heuvelman DM, Nelson R, Olander JV, Eppley BL, Delfino
JI, et al. Tumm vascular permeability {actor stimulates endothelial cell
growth and at nesis. J Clin Invest I‘)‘%Q 84:1470-8.

Dvorak HF, Orcnstein NS, Carvalho AC. Churchill WH, Dvorak AM, Galli
SJ, et al. Induction of a fibrin-gel investment: an early event in line
10 hepatocarcinama growth  mediated by tumor-secreted products.
J Immunol 197912216674,

World Health Organization. WIHO Handbook for Reporting Results of
Cancer Treatment. WHO  Offset  Publication No. 48, Geneva,
Switzerland: Warld Health Organization 1979,

Japancse Research Society for Gastric Cancer. Japanese Classification
of Gastric Carcinoma. Ist English edn. Tokyo: Kanehara & Co 1995,

23.

24,

25.

26.

27.

28,

29.
30.

31

Jpn J Clin Oncol 2005,35(12)

719

Yeh KH, Shun CT, Chen CL, Lin JT, Lee WI,Lee PH, et al, Overexpression
of p53 is not associated with drug resistance of gastric cancers to
5-fluorouracil-based systemic chemotherapy. Hepatogastroenterology
1999;46:610-5.

Nakata B, Chung KH, Ogawa M, Ogawa Y, Yanagawa K, Muguruma K,
et al. p53 protein overexpression as a predictor of the response to
chemotherapy in gastric cancer. Surg Today 1998;28:595-8.

Nakata B, Muguruma K, Hirasawa K, Chung YS, Yamashita Y, Inoue T,
et al. Predictive value of Bel-2 and Bax protein expression for
chemotherapeutic effect in gasiric cancer. A pilot study. Oncology
1998;55:543-7.

Metzger R, Leichman CG, Danenberg KD, Danenberg PV, Lenz HJ,
Hayashi K, et al. ERCC1 mRNA levels complement thymidylate
synthase mRNA levels in predicting response and survival for gastric
cancer patients receiving combination cisplatin and fluorouracil
chemotherapy. J Clin Oncol 1998;16:309-16.

Tahara M, Ochiai A, Fujimoto J, Boku N, Yasui W, Ohtsu A, et al
Expression of thymidylate synthase, thymidine phosphorylase,
dihydropyrimidine dehydrogenase, E2F-1, Bak, Bcl-X, and Bel-2, and
clinical outcomes for gastric' cancer patients treated with bolus 5-
fluorouracil. Oncol Rep 2004;11:9-15.

Yonemura Y, Endo Y, Fujita H, Fushida S, Nlnormya I, Bandou E, et al.
Role of vascular endothelial growth factor C expression in the develop-
ment of lymph node .metastasis in gastric cancer. Clin Cancer Res
1999;5:1823-9.

Ferrara N, Davis-Smyth T. The biology of vascular endothelial growth
factor. Endocr Rev 1997;18:4-25.

Ferrara N. Role of vascular endothelial growth factor in the regulation of
angiogenesis. Kidney Int 1999;56:794-814. -

Wils JA, Klein HO, Wagener DJ, Bleiberg H, Reis H, Korsten F, et al.
Sequential high-dose methotrexate and fluorouracil combined with
doxorubicin—a step ahead in the treatment of advanced gastric cancer; a
trial of the European Organization for Research and Treatment of
Cancer Gastrointestinal Tract Cooperative Group. J Clin Oncol
1991,9:827-31.



Cancer Chemother Pharmacol (2005) 56: 138144
DOI 10.1007/s00280-004-0983-y

ORIGINAL ARTICLE

Toshikaze Moriwaki - Ichinosuke Hyodo

Tomohiro Nishina - Ken Hirao : Takao Tsuzuki

. Satoshi Hidaka - Takeshi Kajiwara - Shinji Endo
Junichirou Nasu - Shoji Hirasaki - Toshikazu Masumoto
Akira Kurita

A phase [ study of doxifluridine combined with weeldy paclitaxel

for metastatic gastric cancer

Received: 6 April 2004/ Accepted: 26 May 2004 / Published online
© Springer-Verlag 2005

Abstract Purpose: Based on the synergistic effect in
preclinical studies, a phase T clinical trial for the combi-
nation of paclitaxel and doxifluridine (an intermetabolite
of capecitabine) was performed to determine the rec-
ommended dose for the treatment of patients with met-
astatic gastric cancer. Methods: The dose of paclitaxel
was increased from 60 mg/m? at level 1 to 90 mg/m? at
level 5. It was administered as'a 1-h infusion on days 1
and 8. The dose of doxifturidine was fixed at 600 mg/m?
per day up to level 3, and escalated to 800 mg/m? per day
at levels 4 and 5. It was administered orally for 2 weeks.
The treatment was repeated every 3 weeks. Results: A
total of 28 patients were enrolled. No dose-limiting tox-
icity (DLT) was observed at levels 1 and 2 (paclitaxel
70 mg/m?). A DLT of grade 4 neutropenia lasting for
more than 4 days was observed in one patient at level 3
(paclitaxel 80 mg/m?). In addition, the first five of six
_ patients in this group experienced grade 3 neutropenia
during the first treatment cycle. A further six patients
were added in order to confirm the safety of this dosage
level, and no more DLTs except for grade 3 nausea in one
patient were observed in the second cohort. No DLT was
seen in. three patients at level 4 (paclitaxel 80 mg/m?).
DLTs (grade 3 neuropathy in one patient and a treat-
ment delay of the second cycle for more than 1 week due
to grade 3 neutropenia in another) were observed in two
out of six patients at level 5 (paclitaxel 90 mg/m?), and
this dose level was determined as the maximum tolerated
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dose. The tumor response rate was 42% (95% confidence
interval 20-67%) in 19 patients with measurable lesions.
Conclusions: The recommended dose was determined as
80 mg/m? of paclitaxel (days 1 and 8) and 800 mg/m® of
doxifluridine (days 1-14) every 3 weeks. The results of

this phase I study are encouraging and a phase II trial is
thus warranted. '

Keywords Doxifluridine - Thymidine phosphorylase '
Taxane * Gastric cancer * Clinical trial

Introduction

The incidence of gastric carcinoma is still high in Asia
and it remains one of the leading causes of death [13, 28].
The prognosis for patients with ynresectable or meta-
static gastric carcinoma is poor, but chemotherapy con-
fers a benefit when compared with best supportive care
alone [9, 23]. In the past over 20 years, several anticancer
drugs such as 5-fluorouracil (5-FU), cisplatin, metho-
trexate, doxorubicin, epirubicin, mitomycin, and etopo-
side, have been studied either alone or in combination as
treatments for this disease. However, no new combina-
tion has yet emerged that is superior to 5-FU alone or to
5-FU plus cisplatin in terms of overall survival [13, 22,
31]. There is a pressing need for the evaluation of new
agents such as the oral fluoropyrimidines and taxanes.

Paclitaxel promotes microtubule assembly and then
exhibits its antitumor effect by arresting the cell cycle in
the G,/M phasé. This mechanism of action is different
from conventional anticancer drugs, and it has therefore
been suggested that combination therapy with other
anticancer drugs may be clinically effective [17]. The
efficacy of paclitaxel has previously been confirmed
clinically in various tumors including gastric cander [1,
5, 10, 18, 19, 21, 33). Furthermore, some promising
regimens of paclitaxel combined with 5-FU/leucovorin/
cisplatin, or with 5-FU/cisplatin have been reported in
advanced gastric cancer [11, 14].




Preclinical studies have shown that paclitaxel induces
thymidine pliosphorylase (dThdPase) specifically in
various human tumor tissues {26}, The oral fluoropyr-
imidine capecitabine and its intermetabolite doxifluridine
are prodrugs that are converted to 5-FU by dThdPase in
tumor tissues [6, 12]. A synergistic effect on inhibition of
tumor growth has been reported when these agents are
combined with paclitaxel [26]. Modest activity of cape-
citabine and doxifluridine has been reported in the
treatment of advanced gastric cancer [7, 15, 20, 32].
Doxifluridine was ap plovui for use in the treatment of
advanced gastric cancer in 1987 in Japan, but capecita-
bine is still vunder investigation for this disease.

Thus, we conducted a phase 1 clinical trial in order to
study the feasibility of paclitaxel/doxifluridine combined
therapy. The tumor response was also investigated.

Patients and miethods
Patients

All patients had to fulfill the following eligibility criteria:
(1) histological confirmaton of pastric adenocarcinoma;
(2) inoperable metastatic discase or recurrent metastatic
disease after surgery: {3} measurable or evaluable le-
" sions; (4) aged from 20 o 75 years; (5) performance
status (PS) =2 on the Fastern Cooperative Oncology
Group (ECQG) scale; (5) a maximum of one prior
chemotherapy other thau {mr litaxel or doxifluridine for
advanced discase (prior chemotherapy for advanced
disease must have been completed at least 4 weeks prior
to enrollment); (7) adequale bone marrow function
(absolute pranulocyie count 21 500/mm? and platelet
count 2100, ()0 Jhnm? ;) (8) adequate liver function (serum
bilirubin < {.3 wmg/dland scrum transaminase < 100 UJL);
® adequatc renal function (serum creatinine < 1.2 mg/
dl); (10) no other severe medical conditions; (11) no other
active malignancies; (12) no pregnant or lactating pa-
tients; (13) no peripheral neuropathy; and (14) provision
of written informed consent,

This study was approved by the Institutional Review
Board of the National Shikoku Cancer Center.

- Dose-limiting toxicity and maximum tolerated dose

Dose-limiting toxicities (DLTs) were determined during
the first treatment eycle. The definitions of DLTs were as
follows: (1) grade 4 neutropenia lasting for at least
4 days, or grade 3 ov 4 neutropenia with fever, (2) grade
4 thrombocviopenia, (3) grade 3 non-hematological
toxicity. and () treatment delay of more than 2 weeks
following the last administration of doxifluridine. The
maximuim tolerated dose (MTD) was defined as the dose
level at which two of the three to six treated patients
experienced DLT, and the recommended dose (RD) was
deterimined at one level below.
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Baseline evaluation included a complete medical
history, physical examination, complete blood cell
count, serum chemistry, urinary analysis, ECG, gas-
troscopy, gastrography, abdominal CT scan, and chest
radiography. Blood, chemistry, urinary analyses, and
subjective/objective symptoms for toxicity were moni-
tored on a weekly basis during the treatment. Blood cell
counts were determined at least every 2 days if hema-
tological toxicities of grade 3 or more were seen in the
first treatment cycle. When patients received the sub- .
sequent treatment cycle, they had to fulfill the previous
eligibility criteria (7), (8), and (9), and their non-hema-
tological toxicities had to recover to grade 1.

Toxicities were evaluated according to the National
Cancer Institute common toxicity criteria (version 2.0).

Dosage and administration

The previous reports of phase I clinical trials studying the
weekly administration of paclitaxel as a single agent in
breast and ovarian cancer revealed that the RD was 80—
100 mg/m? [16, 27). We set the starting dose of paclitaxel
(Taxol; antol Myers Squibb Company, Tokyo, Jagan}
at 60 mg/m?* and the dose was escalated by 10 mg/m* for
each dose level up to dose level 3. Paclitaxel dissolved in
500 ml of an isotonic sodium chloride solution was
administered on days 1 and 8 as an intravenous (i.v.) drip
injection over 60 min following the short premedication
(dexamethasone sodium phosphate 20 mg i.v. drip,
diphenhydramine hydrochloride 50 mg orally, and ran-
itidine hydrochloride 50 mg i.v. 30 min before paclitaxel
administration). Because 600-800 mg/m® per day of
doxifluridine (Fulturon; Chugai Pharmaceutical Com-
pany, Tokyo, Japan) was considered the dose for patients
with gastric cancer and. this dose had been approved as
the single-agent RD in Japan [20 33], we fixed doxiflu-
ridine at the dose of 600 mg/m? per day and administered
it orally at regular intervals four times a day (after each
meal and before sleep) for 14 days. If the MTD did not
reach level 3, the dose of each drug in the subsequent
level was escalated in tandem by 10 mg/m? of paclitaxel
and by 200 mg/m? of doxifluridine as shown in Table 1.

This treatment was repeated every 3 weeks (one cycle
each) until disease progression or unacceptable toxicity
was seen. The first cycle of the treatment was performed
in the in-patient setting in our center. If the patient
experienced DLT followed by no disease progression,
the subsequent cycle was started at the next lower level
after complete recovery from the toxic effects of the
previous cycle.

Tumor response

Tumor response was evaluated every 6 weeks by means
of CT scan. Measurable lesions were assessed according

to the Response Evaluation Criteria in Solid Tumors
(RECIST) [30].
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Table 1 Dose level, number of patients enrolled, and DLT

Level Paclitaxel (mg/m?) Doxifluridine (mg/m?) No. of patients DLT
1 60 ' 600 4 None
2 70 600 3 None
3 80 600 12 One grade 4 neutropenia lasting more than 4 days;
one grade 3 nausea
4 80 800 3 None
5 90 800 6 One grade 3 neuropathy; one treatment delay
due to neutropenia
m?) was set as the RD. The lowest neutrophil counts in
Results

A total of 28 patients were enrolled, with 4 patients
dosed at level 1, 3 at level 2, 12 at level 3, 3 at level 4, and
6 at level 5 from September 2001 to January 2003 (Ta-
ble 1). Because one patient dosed at level 1 developed a
grade 1 hypersensitivity reaction during the first treat-
ment cycle and refused further treatment, a replacement
- patient was added to this dosage group. The patient
characteristics are shown in Table 2. Of the 28 patients,
21 exhibited a good PS (0 or 1), and 22 had had a prior
chemotherapy. The most frequent prior chemotherapy
was 5-FU (17 patients). Nine patients had differentiated
histological gastric adenocarcinoma, and the remainder
-had the undifferentiated type. The major metastatic sites
were peritoneum, lymph nodes and liver.
The adverse events in the first cycle are summarized
‘in Table 3. The most frequently observed toxicity was
neutropenia. DLTs were not observed at levels 1 and 2,
but a DLT (grade 4 neutropenia which continued for
more than 4 days) was observed in the second patient at
level 3. Then three patients were added to this dosage
group. No DLT was observed in these additional pa-
tients. However, grade 3 neutropenia was observed in
five patients (83%) in the first treatment cycle at this
dose level. In addition, a 1-week postponement of the
second cycle was needed due to the neutropenia in one
patient and grade 4 neutropenia developed in another
patient in the second cycle. Therefore, an additional six
patients were enrolled in order to confirm the safety of

this dose level. No DLT except for grade 3 nausea in one

patient was observed in this second cohort, and we
moved to the next dosage level. At level 4, grade 3
neutropenia was observed in two of three patients.
However, no DLT was seen in this cohort. DLT (more
than a 1-week treatment delay due to grade 3 neutro-
penia) was observed in the third patient at level 5. Three
patients were added to this level. DLT (grade 3 periph-
eral neuropathy) was observed in  the sixth patient.
Grade 2 neuropathy appeared following the first
administration of paclitaxel on day 1 and increased to
grade 3 immediately after the second administration on
day 8. The treatment was continued up to three cycles at
the next lower dosage level, although grade 1 or 2
peripheral neuropathy developed during every cycle.
From these results, level 5 was determined as the MTD
and level 4 (paclitaxel 80 mg/m?, doxifluridine 800 mg/

the first cycle at each dosage level are shown in Table 4.
The medians of the lowest absolute neutrophil counts
were graded as grade 3 neutropenia in levels 3, 4 and 5.
Their values were apparently lower than those in levels 1
and 2. The period of recovery to grade 1 was around a
week in levels 3, 4, and 5. It was also longer than that in
levels 1 and 2.

The main toxicity of this combined therapy was
myelotoxicity, neutropenia in particular. Grade 3 or 4
neutropenia was observed in 0 of 12 cycles (0%) at level
1, 1 of 20 cycles (5%) at level 2, 14 of 76 cycles (18%) at
level 3, 3 of 13 cycles (23%) at level 4, and 3 of 15 cycles
(20%) at level 5. Non-hematological toxicities of greater
than grade 3 were observed in four patients during all
treatment cycles. Two of these were the DLT. One of the
remaining two patients showed grade 3 diarrhea in the
fourth cycle at level 4, and the other patient showed
grade 3 peripheral neuropathy after five cycles at level 5.
A total of seven patients needed dose reduction during
all treatment cycles. Four patients with DLT (Table 1)
and two patients with grade 3 diarrhea and grade 3
peripheral neuropathy, respectively, were included. The
other was the patient who showed grade 4 neutropenia
in the second cycle at level 3. Peripheral neuropathy of
grade 1 or 2 occurred in 2 of 12 patients at level 3, 1 of 3
patients at level 4, and 3 of 6 patients at level 5. It tended
to be more severe following repeated administration of
paclitaxel and seemed cumulative. Hand-foot syndrome

Table 2 Characteristics of patients

Age (years)

Median 63
Range 44-75
Sex |

Male/female 16/12
Performance status (ECOG)

0/1/2 i 10/11/7
Prior therapy

Gastrectomy 20
Chemotherapy (5-FU) 22 (17)
Histological type '

Differentiated 9
Undifferentiated 19
Sites of metastasis .
Liver 6
Abdominal lymph nodes 17
Lung .
Peritoneum 19
Spleen 2
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Table 4 Lowest absolute neutrophil count (LNC) during the first treatment cycle

Level "~ LNC (per mm?) Time to LNC (days) Recovery from LNC (days)
Median Range Median Range Median Range

1 1860 12871884 14 12-22 2 2-6

2 1700 558-1768 14 4-17 3 2-10

3 904 200-1672 14 6-16 8 4-15

4 867 738-996 14 14 8 7-8

5 902 801-1824 14 13-17 6 6-21

was not observed in any patient during any treatment
cycle. There was no treatment-related death.

The median numbers of administration cycles were 2
(range 1-8) for level 1, 6 (range 3-11) for level 2, 6 (range
2-13) for level 3, 4 (range 3~ 6) for level 4, and 3 (range
2-5) cycles for level 5.

An objective tumor response was not observed in the
patients at dosage levels 1 and 4. Three patients showed

a partial response (PR) at level 2. Two patients showed a

complete response (CR) and one patient showed a PR at
level 3. Two patients showed a PR at level 5. The overall
response rate in all 19 patients with measurable lesions

‘was 42% (95% confidence interval 20~67%). The re-

sponse rate in pretreated patients was 43% (6/14) and
that in chemonaive patients was 40% (2/5). The ascites

disappeared in two of three patients without measurable
lesions at level 3.

Discussion

Based on the results of phase I and II clinical trials of
paclitaxel, the RD was set at 210 mg/m? over a 3-week
dosing schedule in Japan, and a relatively high tumor
response rate of 23% has been reported for advanced
gastric cancer [29, 33]. In addition, paclitaxel yielded the
same response rate in the second-line setting (23%) as in
the first line setting (24%), and non-cross resistance with
other anticancer drugs was suggested. In terms of the
toxicity, leukopenia and neutropenia of higher than
grade 3 were observed in 28% and 58% of patients,
respectively. These results are supported by other studies
[1, 5]. In recent years, the concept of dose-dense therapy
whereby the interval between administrations is short-
ened to reduce the time for regrowth of neoplastic cells
has been proposed [8]. Several clinical studies involving
weekly dose-dense therapy of paclitaxel have been per-
formed in lung, breast, and ovarian cancer [16, 24, 27].
Following a phase I clinical trial in 60 patients with
advanced cancer who had been treated previously with
systemic chemotherapy other than taxanes, the RD was
80 mg/m? of paclitaxel weekly, and grade 3 or higher
toxicities were rarely observed [16]. In addition, a recent
randomized trial comparing two administration meth-
ods of paclitaxel with the same dose intensity (conven-
tional 3-week reg1men of 200 mg/m? and weekly regimen
of 67 mg/m?) in patients with recurrent ovarian cancer
revealed equal response rates and overall survival, and

reduced toxicities with the weekly schedule [24]. Thus,
weekly dosing of paclitaxel has been confirmed to have
equal efficacy and lower toxicity than the conventional
dosing regimen.

Capecitabine is still under investigation for advanced
gastric cancer in Japan. Instead, the immediate precur-
sor to capecitabine, doxifluridine, has been approved for
the treatment of advanced gastric cancer. In preclinical
evaluations, the therapeutic index of doxifluridine has
been shown to be much more than that of 5-FU [4]. In
clinical studies, high oral bioavailability of doxifluridine
has been noted, and it has shown prominent antitumor
activity in patients with breast, colorectal, and gastric
cancers [2, 7, 20]. The DLT of doxifluridine is diarrhea.
Recently, it has been reported that several anticancer

drugs, including paclitaxel, upregulate the expression of

dThdPase specifically in tumor tissues and that paclit-
axel in combination with doxifluridine shows the syn-
ergistic activity in several human cancer xenograft
models [26]. Furthermore, the major toxicities of pac-
litaxel and doxifluridine do not overlap. Therefore, we -
adopted a weekly dosing regimen of paclitaxel in com-
bination with doxifluridine.

Neutropenia was the most frequently observed tox-
icity with this combination therapy, and was dose-lim-
iting. However, no neutropenic fever was seen in this
study. At dose level 3, one patient experienced a DLT
(grade 4 neutropenia for more than 4 days), and five of
six patients, including the patient with DLT, exhibited
grade 3 or more neutropenia in the first treatment cycle.
Based on these results, the investigators and the inde-
pendent efficacy and safety committee considered it
appropriate to stop dose loading at level 3. However, the
MTD was not achieved at this level. Then six patients
were added to confirm the safety of this dose level. No
DLT except for a patient with grade 3 nausea was ob-
served in this additional cohort. Thus, dose escalation
was reopened and no grade 4 neutropenia was observed
at level 4. Non-hematological toxicity was generally
mild. Peripheral sensory neuropathy, one of DLTs of
paclitaxel, was well tolerated up to level 4, and diarrhea,
a DLT of doxifiuridine, was not severe in the initial few
cycles at all levels. At level 4, there was only one patient
who needed dose reduction due to diarrhea aftet four
treatment cycles. The median numbers of cycles
administered were 6 (range 2-13) at level 3 and 4 (range
3-6) at level 4. The main reason for stopping the treat-
ment was disease progression at levels 3 and 4. From




