iZx bR ¥ K +CDDP+5-FU (ECF i) 22—
AL LTCDDP Db YA FHY 77F 2, 5-
FUODObBIzAaRyIE Y 2BO 4BETO
2X2 DHEBHBREB I HbhTn 3, ‘
brETBIRbh TV 3 SIEERRL L
T, BABKERFE S V-7 (JCOG) #Eitiss
ARELZ V— 7T JCOG 9205 DR, V7 7
VAT —AELTE-L5-FURERERE 5-
FUcl) BEEx 2> ru—n LT, A Y574
> +CDDP $f R iE s & U S-1 BB % &
LTw3 (JCOG9912) #5, 1 U ./ F# >+CDDP
DEMHE S-1SEOETHLARPEEL, £FH
B TS5-FUcl e HBELTA Y /T A+
CDDP 0@tk & S-1 DI ELHERITEL T35,
WTERLBREELEETFTET D 3,
JCOG 9912 D#ER, 1V /7 4 > +CDDP 0E#
HE S-1 DIFESEEME L RRINTHEICE, |
BELL S TINRI S — R EBRENETHS
5, —F, bHRETRS-1EBEEN I Iz
F4 AP T —FLULTEL{BeeahrTHBY,
S-1 BgEE R 2> bo—nk LT S5-FU/LY,
S-14+CDDP, S-1+4Y /74 > E DHEHED
BIkbhTwsd, JCOG 9912 DFER, S-1 44
BRI — D L k- T BE i, EROS1%
H¥EL LIEHRAREOLTNLrOFBRICBL TR
VT4 7 RERSSFas RS, #iz, JCOG 9912
DIER, S-1HR Y 5 — K L2 bhho BRI
i3, EE0D S-1 2 R— Rz L7 fb# L OFREED
HBRBROBEZEIPEL B ILBEREINS.
rROBHEETTOEIELKER CIEELE
PRIT 2L 0OP% L, BiEECTeENRES
ZERHRE DY, ERUREMLOELTTR
FEOBRTOES LiTvudlwn, KBETRH
SHEREENEAS I Lick Y, K&k
B - BESHs N, BRI LE
BEHEC LA TFENBRREOEANF LY, L
HORBEFROERCHRNICa vy A0E
SN EEEANAENE AN, ZTO0) 2 TFE

HILEECEEEOESHELO UERR DL

HREEDEMVRIEE NS Z L BEEN 5,
Lal, $ CREMEECRFREAOE /I
HRBOERB—RKIBE O T ZRBEMUE
CHBASNhDL LD, BETIRVBRTEHE -
BRERCNT 225 FREDOEFRE O L
HEiZ10~124 Bicz D225 5% ¥, 1990 R &
{ &5 _NIFYIBRTEE - BRBEECHT 228/F
BFEOBERSEZA LUV S, K BE
RIE2FEEN LRV E SNTE, BEex
LTESLERNS {ERxh, BEo2RFEY
BB REREE IR T IR > TEE
FExEsns iz onT, BELEEESHED
BERBOEENDECTHS LBDRD,

3 | KIBECS T DLERE

KBBIZBWTR, AV /THY, 75407
% # >, bevacizumab, cetuximab % ¥ O5FE
HEREEL SOLFREMNORAKIC LY, YIERT
£ - BREFATCREERBROER THL b ITER
RBRE N, WRGHEFERECV CRHER
REGFHEOERSEo NS Lokl
EOWTREFEESEL TuiziZ&izn,

4 | BECSFILREE

BB A&k, 5-FU S0 5EHER
HBEEELONTERY, BEPHENNEVD
B LR DEFLO B RPN, YAV FE
>~ (GEM) i 5-FU L 0&fE, #E, 173 —7
VARF—F A BHEE L Lz clinical benefit
response (CBR) #7574 U —x2 Y FHEA b
ELIHEBEBICBWT, CBRPZD TR, &F
R TLVERCREFREEERLAED, &
hEg2UT, bPETLERERE2E T 5HEIC
W A EEMNEREE LTLE GEM WSR3
3k, dEE, GEM k 5-FU, CDDP, A4
YTV EORERIOFRARESHEES
25, WThOEEE Y GEM Bfhk o HakEER
KB THESEGSRERT LN TETDL
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7-. —7, GEM 1@ # 1,000 mg/m?% 30 9 T
FEEshsy, AEANBEE2EEL T1,500
mg/m?*% 150 40 i3 THET 2 (10 mg/m?/43,
fixed dose rate-GEM : FDR-GEM) K ¥ &
GEM 2,200 mg/m*% 30 B CEFHREEE LD
EEA{LEIHRE T, FDR-GEM 0iE 5 215
HF2REEEZRLEY, Zh%%0 T, FDR-GEM
WWAFHY IS5 2075 L, GEM B
B8 L CEFEEnRVWERSRE AT, 7T,
RAKR TR ZOFAFEES T I2=FT 1—RF >
FS—RELTHWSRDDHD, BESBIRD
hTwd, iz, EREERFV £ 75 — (epider-
mal growth factor receptor : EGFR) D&
T# % erlotinib & GEM B30 HisBE O,
EFHHOZRLT» G692 A, 6.428) TH
3%, FEREGMENSRENT: hNF—Fi=
0.81, p=0.025)'"® ZDOIZ ki, BEULDTGEM
Iy mEENIEH N L, HTFE
RERESRREC A E T L A B W TE
ENKEVLEEDbDNRS, &5, bevacizumab,
cetuximab ¥ T 5 HKHEBR LETHTH 5.
¥z, GEM 2BEBOMBEIILEREEE L TH
WBHBI LKLY, EXPHBERTRHIY, ER
SEHROEESBO N EBEINTNSS,

BhHhDIC

KT, fER B KBE BEou
TRCE L 7203, RGBS - B TR TEMGESE
EEOLHEORBELHBRFAROGERCL 2E
PHEOBVWIET AT, KBEL ¥ L
THLINODHEENELTVR LWL EL 2
g LK, BEOFERECEL TITHRNY
CHhLPEOR T REBEIIKE WD, —HT,
FTARTOBE B THAN K ZAREFER B
Zixbiioob3. biE (BROEZ V-7,
WRR) DA=YT7T17%FRTBLD, HFE
HZHRECI-> T, BLEL, WRNCRERE
ZELEIVLHE, bhbhdBIlhblkiin

BRoRnIlti Lo ERODT, EXdi#
BUHEBRTE2 L8N IRETHZLEDA
%.
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Abstract

Background. Paclitaxel scheduled every 3 weeks has shown a
response rate of ~20% for gastric cancer, with modest hema-
tological toxicity. Weekly administration of paclitaxel in pa-
tients with breast or ovarian cancer has shown equivalent
efficacy and milder toxicity compared with an every-3 week
schedule. We investigated, retrospectively, the antitumor ef-
fects and toxicity profiles of weekly paclitaxel for patients with
metastatic or recurrent gastric cancer in clinical practice.
Methods. In 38 patients who had metastatic or recurrent histo-
logically confirmed gastric cancer and a history of one prior
chemotherapy regimen, other than paclitaxel or docetaxel,
paclitaxel (80mg/m?) was administered weekly, three times
every 4 weeks, with short-term premedication.

Results. All 38 patients had had prior chemotherapy that
included S-fluorouracil, the fluoropyrimidine anticancer drug
§-1, or cisplatin. The median number of courses in the present
regimen was 6 (range, 1-44+). Dose intensity was S5 mg/m’ per
week, corresponding to 92% of the planned dose (60 mg/m?
per week). The overall response rate was 24% (6/25) in mea-
surable lesions, and pleural effusion and ascites disappeared
in 2 of 7 patients (29%) and in 3 of 21 patients (14%), respec-
tively. Median survival time was 151 days from the commence-
ment of this treatinent, with a median follow-up period of 260
days. Grade 3 or 4 leukopenia and neutropenia were observed
in 11 (29%) and 12 (32%) patients, respectively. Seven pa-
tients (18%) died within 30 days of the last administration of
paclitaxel.

Conclusion. Weekly paclitaxel seems to be active as second-
line chemotherapy against metastatic and recurrent gastric
cancer. Further study is needed to confirm the efficacy and
safety of weekly paclitaxel.

Key words Gastric cancer - Weekly paclitaxel - Second-line
chemotherapy
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Introduction

Gastric cancer remains as one of the major causes of
death from cancer worldwide. Despite a markedly im-
proved survival trend through early detection and cura-
tive surgery, approximately 50000 deaths from gastric
cancer occurred in Japan in 1997 [1]. Although patients
with metastatic and recurrent gastric cancer still have a
poor prognosis, no standard chemotherapy regimen has
been established, even as the first-line.

Paclitaxel is an antitumor agent active against various
kinds of malignancies. Because paclitaxel is known to
be a cell-cycle-specific agent [2,3], basic research has
suggested that prolongation of exposure might enhance
its cytotoxic effects. In a phase I study of weekly
paclitaxel, a regimen of 80 mg/m? in a 3-weeks-on and 1-
week-off schedule was recommended [4]. In this phase I
study, a weekly paclitaxel regimen (1-h infusion) pro-
duced objective tumor regression in patients previously
treated with paclitaxel on a once-every-3-weeks sched-
ule. Recently, successful results have been achieved
using a regimen of weekly paclitaxel in patients with
breast cancer and ovarian cancer. Hematological toxic-
ity caused by a weekly 3-h infusion schedule has been
reported to be milder, with equivalent activity, com-
pared with a schedule of one 24-h infusion every 3
weeks [5]. .

Paclitaxel is recognized as one of the active cytotoxic
agents for gastric cancer [6-9]. A weekly paclitaxel regi-
men has become popular in Japan, mainly as second-
line chemotherapy, because of its milder hematological
toxicity compared with a once every 3 weeks schedule
of paclitaxel. However, only a few trials of weekly
paclitaxel in patients with gastric cancer have been re-
ported [10,11]. In the present retrospective study, we
investigated the potential and safety of this more dose-
dense weekly paclitaxel regimen in patients with pre-
treated gastric cancer.
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Patients and methods

Patients

The subjects of this study consisted of 38 patients with
metastatic or recurrent gastric cancer treated weekly
with paclitaxel between September 2002 and September
2004 at the Shizuoka Cancer Center, Shizuoka, Japan.
The recruitment criteria were as follows: (1) histologi-
cally proven adenocarcinoma of the stomach; (2) his-
tory of one prior chemotherapy regimen not involving
paclitaxel or docetaxel; (3) age, 75 years or less; (4)

performance status of 2 or less on the Eastern Coopera- .

tive Oncology Group scale; (5) adequate bone marrow,
hepatic, and renal functions; (6) no other serious dis-
ease; (7) and oral or written informed consent given
before the commencement of treatment.

Treatment methods

The treatment schedule comprised an intravenous infu-
sion of paclitaxel at 80mg/m? in 250ml normal saline
over 1h, repeated weekly three times for 4 weeks.
Short-term premedication for paclitaxel-associated
hypersensitivity reactions was used: dexamethasone,
8mg; diphenhydramine, 50mg; ranitidine, 50mg; and
granisetron, 3mg were administered 30min before the
paclitaxel treatment. This treatment was repeated until
disease progression or prohibitive toxicity, usually on an
outpatient basis. In the event of serious hematological
toxicity, treatment was suspended until recovery. If
grade 4 hematological or grade 3 or 4 nonhematological
toxicity occurred, the dose of paclitaxel was reduced to
60 mg/m?2,

Response and toxicity assessments

Tumor measurements for response assessment in pa-
tients with primary lesions were made every 1 to 2
months by computed tomography (CT) and endoscopy.
Objective responses in measurable metastatic lesions
were evaluated according to the response evaluation
criteria for solid tumors [12]. Survival time was calcu-
lated from the date of the commencement of paclitaxel
treatment to the date of death or the last confirmation
of survival. Symptomatic toxicity and laboratory data
were monitored every week at the outpatient clinic.
Toxicity was evaluated according to the National Can-
cer Institute common toxicity criteria (version 2).

Results

Patient population

Of 51 patients with advanced or recurrent gastric cancer
treated with weekly paclitaxel as second-line chemo-
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therapy, 38 patients fulfilled the recruitment criteria,
and were included in this study. The 13 excluded pa-
tients had severe medical complications: 4 patients were
aged 76 years or more, and 9 were performance status 3
or more.

Patient characteristics are presented in Table 1. Most
(63%) were male, and the median age was 63 years.
Twenty seven (71%) had a performance status of 0 or 1.
All patients had had prior fluorouracil-based chemo-
therapy as first-line chemotherapy. Seven patients had
pleural effusion and 21 had ascites. The number of
metastatic organs (including liver, lymph node [LN],
peritoneum, lung and bone), was one organ in 15 pa-
tients, two organs in 14 patients, and three organs or
more in 9 patients.

- Dose intensity

The total number of administrations of paclitaxel was
364. The median number of courses per patient was 6
(range, 1-44+). Dose intensity was calculated as
55mg/m? per week, which corresponded to 92% of the
planned dose. This treatment was stopped in 35 pa-
tients, because of disease progression in 31 patients,

Table 1. Patient characteristics

No. of patients 38
Sex
Male 24
Female 14
Age (years)
Median 63
Range 51-73
Performance status
0 12
1 15
2 11
Prior chemotherapy
S-1 29
MTX + 5-FU 4
S-1 + CDDP 2
5-FU 1
5-FU + CDDP 1
UFT 1
Histology
Intestinal 13
Diffuse 21
Unknown 4
" Sites of metastasis®
Liver 10
Lymph node 21
Peritoneum 29
Lung 2
Bone : 4
Pleural effusion 7
Ascites 21

*Some patients had metastases at multiple sites



Table 2. Toxicity

S. Hironaka et al.: Weekly paclitaxel for gastric cancer

Percentage
Gradel1 Grade2 Grade3 Grade4 > grade 3
Leukocytes 7 5 9 2 29
Neutrophils 4 6 6 6 32
Platelets 2 2 3 0 8
Nausea 6 2 1 — 3
Vomiting 4 0 0 0 0
Anorexia 7 8 1 0 3
Diarrhea 4 1 1 0 3
Neuropathy—motor 0 0 1 0 3
Neuropathy—sensory 0 9 1 0 3
Edema 3 1 1 0 3
Allergic reactions 3 0 0 0 0
infection in 1, neuropathy in 1, refusal of further treat-  Table 3. Response
ment in 1, and non-cancer death related in 1 patient. n PR SD PD NE RR
25 6 .4 14 1 24%

Toxicity

Toxicity data are presented in Table 2. Of hematologi-
cal toxicities, 11 patients (29%) experienced leukopenia
of grade 3 or 4 and 12 (32%) had neutropenia of grade
3 or 4. Of nonhematological toxicities, 1 patient (3%)
had grade 3 nausea and anorexia. Severe neuropathy
was seen in 1 patient (3%) and no allergic reaction was
seen in any patient. Seven patients (18 %) died within 30
days of the last administration of paclitaxel. The reasons
for these early deaths were disease progression in 3
patients; death of other causes (acute myocardial infarc-
tion in 1 and heart failure in 1); perforation of the
esophagus in 1 (due to an inserted expandable metallic
stent for esophageal stenosis caused by mediastinal
lymph-node metastasis); and sepsis with grade 4 neutro-
peniain 1.

Responses and survival

Twenty-five of the 38 patients were assessable for re-
sponse (13 patients did not have measurable disease).
Of these 25 patients, 6 (24%) experienced a partial
response (Table 3). The details of the responders are
shown in Table 4. Pleural effusion disappeared in 2 of 7
patients (29%) and decreased in 1 of 7 patients (14%)
after treatment with paclitaxel. Ascites disappeared in 3
of 21 patients (14%) and decreased in 2 of 21 patients
(10%). The median follow-up period was 260 days. Sur-
vival data were updated in February 2005. The median
survival time was 151 days after the initiation of weekly
paclitaxel therapy (Fig. 1). The median time to progres-
sion was 64 days (Fig. 2). Twenty-one patients (55%)
had no further chemotherapy after disease progres-
sion following paclitaxel therapy. Nine patients had

PR, partial response; SD, stable disease; PD, progressive disease; NE,
not evaluable; RR, response rate

irinotecan-containing regimens, 2 had a 5-fluorouracil
(5-FU)-based regimen, 1 had intraperitoneal adminis-
tration of cisplatin (CDDP), and 1 had palliative radia-
tion therapy at the primary site.

Discussion

Recently, weekly paclitaxel has been commonly used in
second-line or higher chemotherapy. In the present ret-
rospective study, all 38 patients had a history of prior
chemotherapy at our institution. Moreover, 9 patients
(24%) had three involved metastatic sites, and 4 (11%)
had bone metastases. Seven patients had pleural effu-
sion and 21 had ascites. To clarify the activity and
toxicity of paclitaxel as second-line chemotherapy in a
clinical practice setting, the recruitment criteria for this
study allowed patients to have pleural effusion and/or
ascites. :

. We found weekly paclitaxel therapy to be well toler-
ated by most patients, considering the dose intensity
used and its toxicity profile. Previous reports showed
that grade 3 or 4 neutropenia occurred in 37%, and
grade 4 neutropenia in 67% of patients treated with
paclitaxel on an every-3-weeks regimen [7,9]. In our
study, 29% and 32% of patients had severe leukopenia
and severe neutropenia, respectively. On the basis of
these results, a weekly regimen of paclitaxel seems to be
less toxic than an every-3-weeks regimen in terms of
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Table 4. Details of responders treated with weekly paclitaxel

Patient Age Reduction Total number of Response duration
no. (years) Sex Metastatic site ratio administrations (days)
1 68 M Abdominal wall 61% 44 413
2 57 F LN, peritoneum 32% 6 41
3 65 F LN, liver 37% 4 50
4 72 M Liver, LN, peritoneum 36% 5 99
5 71 M Liver, LN, lung 35% 13 119
6 66 M LN, abdominal wall, 70% 11 328
peritoneum
LN, lymph node
1 9 1 1
.8 .8 1
- £ 6 1
g 4 4 nh. .4
2 4 2 1
o L) L] L] 3 1] L] L) L) L) L] L] LJ L] L] L ] 0 d " d ¥ v v v v M v N
o 2 4 6 8 10 12 14 16 o 2 4 6 8 10
Month

Month

Fig. 1. Kaplan-Meier analysis of overall survival. Median
overall survival time was 151 days

hematological toxicity. Furthermore, nonhematological
toxicities were generally mild.

Seven patients died within 30 days of the last admin-
istration of paclitaxel. The causes of the deaths in our
study were disease progression in three patients, other
medical diseases in two patients, complications due to a
metallic stent in one, and treatment-related sepsis in
one. These patients had had a severe medical condition
or poor oral intake and poor performance status at the
last administration of paclitaxel. Therefore, we have to
take care regarding the patient’s condition and consider
cautiously the indications for the administration of
paclitaxel.

With weekly paclitaxel therapy, we observed a re-
sponse rate of 24% in 25 patients with measurable
metastatic lesions. Disease stabilization was observed in
40% (10/25). Ascites and pleural effusion decreased or
disappeared in 24% (5/21) and 43% (3/7), respectively.
Direct comparison of response rates from one trial to
another is inherently difficult, given that studies often
differ with respect to entry criteria and population char-
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Fig. 2. Kaplan-Meier analysis of time to progression. Median
time to progression was 64 days

acteristics. Nevertheless, overall response rates of 8%—
27% have been reported in other trials of single-agent
paclitaxel administered for gastric cancer at doses of
210mg/m? by 3-h infusion every 3 weeks for gastric can-
cer [6-9]. Therefore, our response results are within the
range observed in other trials, of paclitaxel given every
3 weeks.

On the basis of previously reported data, the median
survival time for metastatic or recurrent gastric cancer
is about 7 to 9 months [13-17] with first-line chemo-
therapy. In the present retrospective study, the median
overall survival time after the administration of
paclitaxel was about 5 months. These data are the
same as the previously reported data [10] for weekly
paclitaxel. Our results suggest that weekly paclitaxel
may have similar activity to paclitaxel given on a 3-week
schedule for patients with metastatic or recurrent gas-
tric cancer after prior therapy.

In conclusion, weekly paclitaxel as second-line che-
motherapy was tolerated and demonstrated activity
against metastatic and recurrent gastric cancer. How-



ever, its administration in practice must be decided with
caution in patients in poor condition. The Japan Clinical
Oncology Group (JCOG) is now conducting a random-
ized phase II trial of weekly paclitaxel versus best avail-
able 5-FU for second-line chemotherapy for gastric
cancer with peritoneal dissemination.
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(Jon J Cancer Chemother 33(5): 621-624, May, 2006)

Weekly Administration Regimen of Paclitaxel (PTX) in Patient with Inoperable or Recurrent Gastric Cancer: Takayuki
Kii, Hiroya Takiuchi, Masahiro Gotoh, Shinichiro Kawabe, Shunsuke Ohta, Toshimitsu Tanaka, Shin Kuwakado,
Hitoshi Nishitani and Ken-ichi Katsu (Second Dept of internal Medicine, Osaka Medical College)
Summary

Paclitaxel is one of the new drugs against advanced/recurrent gastric cancer. We report its efficacy and toxicity
with weekly administration for advanced/recurrent gastric cancer. We administered 26 patients (postoperative/
non-operation=9/17) PTX 80 mg/m? by 1-hour intravenous infusion once a week for 3 weeks followed by one-
week rest. Median PTX administrations were 2.0 cycles (range: 1-22). Characteristics of the patients were median
age of 62 (range: 37-78) and PS 0/1/2:2/17/7, male/female: 18/8. Over grade 3 toxicities did not occur. The
overall response rate was 14.3%, and the non-PD rate was 66.8%. Median time to treatment failure was 61 days
and median survival time was 221 days. These results suggest that weekly PTX has modest activity with a favorable
toxicity profile in patients with advanced/recurrent gastric cancer, and so this regimen may thus might be
recommended in an outpatient treatment setting. Key words: Weekly paclitaxel, Advanced/recurrent gastric cancer
(Received Sep. 16, 2005/Accepted Dec. 7, 2005)
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Preclinical report

In-vitro differential metabolism and activity of 5-fluorouracil
between short-term, high-dose and long-term, low-dose
treatments in human squamous carcinoma cells

Baoli Qin® Risa Tanaka® Hiroshi Ariyama?, Yoshihiro Shibata® Shuji Arita®,
Hitoshi Kusaba?, Eishi Baba® Mine Harada® and Shuji Nakano®

Although continuous infusion of 5-fluorouracil (5-FU) has
been clinically demonstrated to be superior to bolus
administration, the mechanistic difference between the
treatments still remains unclear. Here, we investigated

in vitro whether there were any differences in the
metabolism and activity of 5-FU between these schedules.
To simulate bolus and infusional treatments of 5-FU,
HST-1 human squamous carcinoma cells were treated with
short-term, high-doses and long-term, low-doses so that
the area under the curve (AUC) of 5-FU became equivalent
between both schedules, and compared the cytotoxicity,
fluorinated RNA (F-RNA) levels, 5-fluorodeoxyuridine
monophosphate (FAUMP) content and thymidylate
synthase (TS) activity. F-RNA and FAUMP were measured
by capillary gas chromatography-mass spectrometry

and competitive ligand-binding assay, respectively. The
[*HIFdUMP binding site in TS was determined as an
index of the amount of TS using the radio-binding assay.
Long-term, low-dose treatment of 5-FU was found to

be 1.3-1.7 times more cytotoxic than the short-term,
high-dose treatment. F-RNA content increased as the
AUC of 5-FU was increased and was 2-4 times significantly
higher in the cells treated with the long-term, low-dose
than those with the short-term, high-dose schedule,

Introduction

5-Fluorouracil (5-FU) is effective either singly or in
combination with other anti-cancer drugs against a variety
of human solid tumors. This drug has multiple mechan-
isms of action including (a) inhibition of thymidylate
synthase (TS) by 5-fluorodeoxyuridine monophosphate
(FAUMP), (b) incorporation of 5-fluorouridine tripho-
sphate (FUTP) into RNA, and (c) incorporation of
5-fluorodeoxyuridine triphosphate (FAUTP) into DNA,
thereby disrupting DNA synthesis as well as RINA/DNA
function. Because of these differential mechanisms, 5-FU
exhibits clinically different maximal tolerated doses
and different dose-limiting toxicity according to the
administration schedules (e.g. bolus or infusion) [1].
Continuous infusion of 5-FU has been shown to be
clinically superior to bolus administration in anti-tumor
activity [2-4]. However, the mechanistic differences
between these treatments still remain to be clarified.
It has been shown # vitre that short-term treatment with
5-FU produced resistance via decreased incorporation of

0959-4973 © 20086 Lippincott Williams & Wilkins

indicating that the levels of F-RNA are AUC and schedule
dependent. In contrast, there were no significant
differences in FAUMP levels, TS activity and TS inhibition
rate between the schedules. These data suggest that the
superior activity of 5-FU administered long-term, low-dose
over short-term, high-dose could be explained by more
5-FU incorporated into RNA during a long-term, low-dose
exposure, thus providing a strategic rationale for the
clinical advantage of continuous infusion over bolus
administration. Anti-Cancer Drugs 17:439-443 © 2006
Lippincott Williams & Wilkins.

Anti-Cancer Drugs 20086, 17:439-443
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FUTP into RNA, while repeated prolonged exposure
to 5-FU produced resistance via rapid recovery from
TS activity [5], suggesting that 5-FU administered in

‘bolus and continuous fashions may preferentially cause

RNA- and DNA-directed (inhibition of TS) cytotoxicity,
respectively. Clinically, TS inhibition in cancer tissues
has been shown to be significantly higher in patients
treated with infusional 5-FU than those treated with
the bolus administration [6]. However, these experi-
ments were not conclusive because the RNA- and
DNA-directed parameters indicative of 5-FU activity
had not been directly measured and compared between
these schedules.

In this study, we investigated the mechanisms whereby
bolus or infusional schedules of S-FU administration
cause cytotoxic effects by directly measuring the para-
meter including 3-FU incorporated into RNA (F-RINA),
FAUMP and TS inhibition using HST-1 human squamous
carcinoma cells.
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Materials and methods

Cell culture and chemicals

A clonally isolated subline of HST-1 human tongue
squamous carcinoma cells [7] was maintained in DMEM
(Nissui Pharmaceutical, Tokyo, Japan) supplemented
with 10% heat-inactivated FBS (Gibco/Life Technologies,
Grand Island, New York, USA), 100 IU/ml penicillin and
100 pg/m!l streptomycin (Gibeo/Life Technologies) at
37°C in a humidified atmosphere of 5% CO,/95% air.
5-FU was kindly provided by Kyowa Hakko (Tokyo,
Japan). Immediately before use, 5-FU was dissolved in
a culture medium. [*H)6-FdUMP was purchased from
Moravek  Biochemicals (Brea, California, USA),
FdUMP-Na and FH,4 from Sigma (St Louis, Missouri,
USA), and TS (derived from Lactobacillus cases) from
Biopure (Boston, Massachusetts, USA). All other reagents
were the highest available grade.

TS assay

* ' We measured cytosolic FdUMP and [*H]FdUMP binding
sites present in TS using a reported method with some
modifications [8,9]. In brief, HST-1 cells were seeded
into tissue culture dishes (100 mm) at a density of 4 x 10°
cells and incubated overnight. Then the cells in 10 dishes
were exposed to each schedule of 5-FU. Subsequently,
the cells were mechanically detached by a scraper and
cells from 10 dishes were collectéd together. The
collected samples were homogenized and sonicated in
2ml of 50 mmol/l KH,PO, buffer, pH 7.4, containing
20 mmol/l 2-mercaptoethano! (ME), 100 mmol/l NaF and
15mmol/l cytidylate at 4°C. The cytosol then was
prepared by centrifugation and 1 ml of the cytosol mixed
with 2 ml of 1 mol/l acetic acid was used for the FAUMP
assay. The mixture was centrifuged and the supernatant
was lyophilized. The acid extract then was loaded on a
DEAE cellulose column (Wako Pure Chemical Industry,
Osaka, Japan) to separate FAUMP and 2'-deoxyuridine-
5'-monophosphate (dUMP). FdUMP was measured by a
competitive ligand-binding assay.

To determine the TS e, S0 pl of the cytosol was added
to 50ul S0mmol/l Tris containing 100 mmol/l NaFK
15mmol/l cytidine 5'-monophosphate and 100 mmol/l
2-ME (pH 8.0), and the resulting solution incubated for
3h at 25°C in order to dissociate FdUMP from the
complex. After incubation, 9.5pmol [*H]FdUMP
(0.15mCi) and 25ul of a solution containing 2 mmol/l
tetrahydrofolic acid, 16 mmol/l sodium ascorbate and
9 mmol/l formaldehyde were added, followed by incuba-
tion for 20 min at 25°C. To this solution was added 1ml
of a cold slurry comprising 3.3g activated charcoal in
100 ml 0.1 mol/l HCI containing 3% dextran and 2% BSA,
and the suspension was allowed to stand for at least
40min in an ice-water bath. The [PH]FdUMP-bound
ternary complex was collected in the supernatant by
centrifugation, 850l of which was transferred to a
scintillation vial and mixed with 8 ml Scintisole EX-H,
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and the radioactivity determined with a liquid scintilla-
tion counter. The same procedure was used for purified
L. casei ‘TS with previously quantitated [*H]FdUMP
binding sites as the standard protein. Thus, the sum of
[*H|IFdUMP binding sites in samples, TS, was
calculated from the standard curve based on L. casesr TS.
TSgee was determined in the same manner as TSy,
except without incubation for 3h at 25°C. Further, the
inhibition rate of TS activity with FAUMP was calculated
using the formula [1-(TSgee/TSwoea)] % 100.

~ Measurement of 5-FU incorporated into RNA

F-RNA was assayed using gas chromatography—mass
spectrometry  (GC-MS) with some modifications as
described previously [10]. In brief, collected treated
samples were homogenized in 2ml water, mixed with
5 ml cold 5% trichloroacetic acid (TCA) and centrifuged.
The resulting precipitate was washed twice by mixing
with each of 5 ml! cold 5% TCA, 70% ethanol, 95% ethanol
and ethanol:diecthylether (3:1) solvent, followed by
centrifugation and discarding the supernatant. The final
precipitate was dissolved in 0.3 mol/l KOH and incubated
overnight at 37°C to hydrolyze RNA to mononucleotide.
After neutralizing with HCIO4 and desalting, a portion of
the mononucleotide solution was used for the determina-
tion of the concentration of RNA in terms of the color
reaction between mononucleotide and orcinol and
standard RNA from bakers yeast. To 1.4 ml of the residual .
mononucleotide solution was added 100ul of 1 pg/ml
['*N,]5-FU as internal standard, and this solution was
mixed with an equivalent volume of 12 mol/l HCI and
hydrolyzed in a closed tube for 20h ac 100°C. After
cooling and washing the reaction solution with CHCl;,
the solution was evaporated to dryness under a stream of
nitrogen. The residue was reconstituted with 1 mol/l
phosphate buffer (pH 4.0) and extracted with ethyl
acetate. The extract was purified by preparative silica
gel column chromatography. The residue of the fraction
containing 5-FU and internal standard was dissolved in
30 ul aceronitrile, and reacted with 10 ul ditrifluorobenzyl
bromide in the presence of triethylamine for 20 min at
room temperature. Then 50 pl ethyl acetate followed by
450 ul n-hexane was added to the reaction mixture, and
a precipitate formed in the solution. After centrifugation
of the solution, the supernatant was transferred to a new
tube. The solvent was removed under a stream of
nitrogen and the residue was reconstituted with 200 ul
r-hexane as the sample solution for GC-MS.

GC-MS analysis was carried out with a system consisting
of a Hewlett Packard 5890 (Hewlett Packard, Tokyo,
Japan) gas chromatograph and a JEOL Automass JMS-
AM150 (JEOL, Tokyo, Japan) mass spectrometer. To the
gas chromatograph was connected a DB-1 fused silica
capillary column, 30m x 0.25mm internal diameter
(J & W Scientific, Folsom, California, USA). The GC
conditions were as follows: the carrier gas was helium at a



flow rate of 1.0 mi/min at the outlet of the column, the
injector temperature was 250°C, the interface tempera-
ture was 250°C and the oven temperature was maintained
at 100°C for 1 min, then programmed to increase at 20°C/
min to 300°C and maintained at 300°C for 10 min. An
aliquot (1 pul) of the sample solution was injected into the
GC-MS in splitless mode. The mass spectrometer was
operated under negative-ion chemical ionization mode.
Isobutane was introduced into the ion source at about
0.5Torr as reagent gas. The source temperature was
150°C and the ionization energy was 150eV. 5-FU and
internal standard were monitored with ions of m/z 355 and
357, respectively. The analysis was based on an estab-
lished procedure. The apparatus for analysis was regularly
checked with quality control samples. We calculated the
mean * SD values from the analytical data for each item
to be used as the supplemental data for validation.

Cell survival assay

To avoid the density-dependent inhibition of cell growth,
an appropriate number of cells (1 x 10* was seeded into
60-mm culture dishes (Falcon 3002; Oxnard, California,
USA) such that control cultures did not reach confluence
at the time of harvest. The cells were allowed to attach to
the bottom overnight. In the low AUC, cells were
exposed to 1pg/ml of 5-FU for 24h and 24 ug/ml of
5-FU for 1h, while in the high AUC, cells were exposed
to 5 ug/ml of 5-FU for 24 h and 120 pg/ml of 5-FU for 1h.
After drug treatment, the medium was replaced with
fresh medium and the. cells were cultured for 10 days
with medium change every 3 days. The control dishes
were cultured in the medium without drug. The cell
number was counted using a Coulter counter (Model ID;
Hialeah, Florida, USA). The percentage of survival was
calculated by dividing the number of cells in the drug-
treated culture by the number of cells in the culture not
exposed ‘to drug. The data include results from three
separate experiments.

Statistical analysis

For statistical analysis, Student’s #-test was used to
compare the differences in F-RNA contents, FAUMP
levels, TS inhibition rate and growth-inhibition rate
between the two different schedules of 5-FU. Differ-
ences were considered statistically significant at P < 0.05.

Results

Detection of RNA incorporation

To simulate the bolus and infusional treatments of 5-FU,
we treated HST-1 cells either with a high dose of 5-FU
for a short-term or a low dose of 5-FU for a long-term, so
that the AUC became equivalent between both treat-
ment schedules. Exposure to 5-FU for 24h caused an
1Cs at the concentration of 1.0 pg/ml. Therefore, in the
low AUC, cells were treated with either 1 pg/ml for 24h
or 24 pg/ml for 1h, while in the high AUG, cells were
treated with either 5pg/ml for 24 h or 120 pg/ml for 1h.

In-vitro differential metabolism and activity of 5-FU Qin et al.

When the cells were treated with a low AUC, F-RNA
contents in the cells treated with 1pg/ml for 24h
exposure and 24 pg/ml for 1h exposure were 264 and
67.1ng/mg RNA, respectively. When the celis were
treated with a high AUC, F-RNA contents in the cells
treated with 5pg/ml for 24 h exposure and 120 pg/ml for
1h exposure were 759 +62.9 and 375+ 62.9 ng/mg
RNA, respectively. F-RNA contents increased as AUC
of 5-FU increased and were 2—4 times significantly higher
in the cells treated with low-dose, long-term exposure
than those treated with high-dose, short-term exposure,

iindicating that the levels of F-RNA is AUC and schedule

dependent (Table 1).

Measurements of FAUMP, TS activity and TS inhibition
rate

Although the amounts of FAUMP, total TS and free TS
were not detected in the cells treated with a low AUC,
except total TS in a long-term schedule, these para-
meters were available in the cells treated with a high
AUC. As shown in Table 1, FAUMP levels in the cells
treated with 5 pg/ml for 24 h exposure and 120 pg/mi for
1h exposure were 20.1 £19.4 and 4.56 * 3.56 ng/mg
RNA, respectively. FAUMP levels of long-term exposure
appeared higher than those of short-term exposure.
There was no statistical difference, however. The total
TS levels in the cells treated with Spg/ml for 24h
exposure and 120 pg/ml for 1 h exposure were 4.68 + 4.02
and 3.08 = 4.38 pmol/g, respectively. Free TS levels in
the cells treated with Spg/ml for 24h exposure and
120 pg/ml for 1h exposure were 0.96 =0.74 - and
0.95 = 0.64 pmol/g, respectively. Thus, TS inhibition
rates in the cells treated with 5 pg/ml for 24 h exposure
and 120 pg/ml for 1h exposure were 75.4 %= 14.4 and
74.9 = 14.9%, respectively. Consequently, FdUMP levels,
TS activity and TS inhibition rate all increased as the
AUC of 5-FU increased, but no significant differences
were found between low-dose, long-term exposure and
high-dose, short-term exposure, suggesting that FdAUMP
levels, TS activity and TS inhibition rate are AUC
dependent, but not schedule dependent.

Cytotoxicity assay of 5-FU

When the cells were treated with a low AUC, the
inhibition rates of cell growth after 10 days in the cells
treated with 1pg/ml for 24h exposure and 24 pg/ml for
1h exposure were 75+ 7 and 43 x 16%, respectively.
When the cells were treated with a high AUC, the
inhibition rates in the cells treated with 5 pg/ml for 24 h
exposure and 120 pg/ml for 1 h exposure were 96 + 3 and
72 + 5%, respectively. These data indicated that the
activity of 5-FU increased as the AUC of 5-FU increased
and were 1.3—1.7 times significantly more cytotoxic in the
cells treated with low-dose, long-term exposure than
those treated with high-dose, short-term exposure,
indicating that the cytotoxicity of 5-FU is AUC and
schedule dependent (Table 2).
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Table 1

F-RNA, FAUMP content and TS activity in HST-1 cells treated with two different schedules of 5-FU

Dose intensity Treatment schedule

F-RNA (ng/mg RNA) FdUMP (ng/mg RNA)

TS activity

TS total (pmol/g) TS free (pmol/g) Inhibition rate (%)

Low AUC? 1 pg/ml (24 h exposure) 264 NDP
24 ug/ml (1 h exposure) 871 3° ND
High AUC 5 ug/ml (24 h exposure)  759162.9 20.1£19.4
120 ug/mi (i h exposure) 375+62.9 [3° 456356

NS 308+438 |NS

24 . ND . -
ND ND -
468+4.02 0.96+0.74 75.4114.4

095%0.64 (NS 749+149 |[NS

In the low AUC, cells were treated with either 1 ug/mi for 24 h or 24 pg/mi for 1 h, while in the high AUC, cells were treated with 5 pg/m! for 24 h or 120 ug/ml for 1 h. The

values are means + SD of three independent experiments. NS: not significant.

*The experiment was done once at this concentration, because the parameters other than F-RNA could not be detected.

®ND: not detected.
°P<0.05 by Student’s ttest.

Table 2 Cytotoxicity of.5—FU in HST-1 cells treated with two different schedules

Dose intensity Treatment schedule

Actual no. of cells/dish ( x 104)

Survival fraction Growth inhibition rate (%)

No treatment 50.4+3.82 1 0
Low AUC 1 ug/ml (24 h exposure) 12.5+3.54 0.25+0.07 757 .
24 pg/mi (1 h exposure) 28.7£8.08 0.57%0.16 43%16
High AUC 5 pg/ml (24 h exposure) 2.0+1.41 0.04+0.03 96+3 o
120 pg/ml (1 h exposure) 14.3+2.31 0.28+0.05 725

In the low AUC, cells were treated with 1 pg/mi for 24 h and 24 pg/mi for 1 h, while in the high AUC, cells were treated with 5 ug/ml for 24 h and 120 ug/ml for 1 h. The

values are means* SD of three independent experiments.
2P<0.05 by Student’s t-test.
PP<0.01 by Student’s ttest.

Discussion

Although continuous infusion of 5-FU has been clinically
demonstrated to be superior to bolus administration
[2-4], the mechanistic difference between the treat-
ments has yet to be determined. Therefore, by simulating
bolus and continuous infusion # vitre, we investigated the
mechanisms of growth inhibition by directly measuring
the parameters including 5-FU incorporated into RNA
(F-RNA), FAUMP and TS inhibition. We found that both
F-RNA content and cytotoxicity of 5-FU increased with
elevation of the AUC of 5-FU and that the cells treated
with a low dose of 5-FU for a long-term exposure
exhibited 2-4 times significantly more F-RNA content
and 1.3-1.7 cimes significantly higher cytotoxicity,
respectively, than those administered with the high-dose,
short-term exposure. These data, together with the fact
that the extent of 5-FU-mediated TS inhibition did not
differ significantly between the two different schedules,
suggest that increases of 5-FU activity on continuous.
versus short-term exposure might be explained by the
increase of F-RNA content. This increase of F-RNA
might be conceivable because 3-FU is a cell cycle-specific
drug that exhibits its anti-tumor activity through
incorporation into DNA and RNA during both G, and S
phases. Upon short-term exposure, substantial numbers
of cells will not enter the G/S phase, thus evading
5-FU-induced DNA and RNA damage [11].

It has been widely accepted that F-RNA is an important
element of 5-FU cytotoxicity since there is a good
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correlation between the cytotoxicity and incorporation of
5-FU into RNA [12]. Decreased drug incorporation into
RNA has been observed in 5-FU-resistant cells [13,14].
In addition, it has been suggested ‘that measurement of
F-RNA levels together with the determination of 5-FU
concentration and TS inhibition rate should be consid-
ered as good parameters for the evaluation of anti-tumor
efficacy of 5-FU and its analogs both in experimental
and in clinical settings [15]. 5-FU has been shown to
be extensively incorporated into both nuclear and
cytoplasmic RINA species, interfering with normal
RNNA processing and function [12]. Nuclear ‘run-on’
transcription analysis revealed that 5-FU inhibited RNA
transcription [16]. 5-FU can be incorporated into RNA,
which will lead to non-DNA damage-directed effects
such as disturbances at the transcriptional and post-
transcriptional level [17]. The mechanism whereby 5-FU
modulates the expression of mRNA transcripts remains
unclear. Misincorporation of 5-FU into RNA may
potentially affect many RNA processes important for
mRNA function. It is quite possible that the RNA-
directed cytotoxicity of 5-FU is due to the combination
of many actions against RNA functions which simply
overwhelm the cells, resulting in death [12].

[t has been shown #z vitro that short-term treatment with
5-FU produced resistance via decreased incorporation of
FUTP into RNA, while repeated prolonged exposure to
5-FU produced resistance via rapid recovery from TS
activity [5], suggesting that 5-FU administered in bolus



and continuous fashions may preferentially cause RINA-
and DNA-directed (inhibition of TS) -cytotoxicity,
respectively. In addition, TS inhibition in cancer tissues
has been shown to be significantly higher in patients
treated with infusional 5-FU than those treated with the
bolus administration [6]. Contrary to these studies, we
have clearly shown here that long-term treatment did not
increase the TS inhibition rate as compared to short-term
treatment. Racher, long-term treatment enhanced the
incorporation of 5-FU into RNA. Although FdUMP
levels, total TS, free TS and TS inhibition rate all
increased with elevation of the AUC of 5-FU, no
significant differences in these parameters could be
observed between low-dose, long-term and high-dose,
short-term exposures, suggesting that these parameters
are AUC dependent, but not schedule dependent. The
mechanism of the lack of differences in these parameters
between low-dose, long-term and high-dose, short-term
treatments remains to be fully elucidated. The kinetics
of 5-FU in murine tumor models # wvwo and human
carcinoma cells # wizro has shown that FAUMP levels
were highest at the earliest 0.5 h, with rapid losses within
1h after treatments {13,18,19]. In our study, the cells
were treated with a low dose for a 1-h exposure and a high
dose for a 24-h exposure. By catabolism and binding to
free TS, newly produced FAUMP may be eliminated
rapidly, resulting in no significant differences in FAUMP
levels and subsequent TS inhibition rates between these
schedules.

In conclusion, low-dose, long-term treatment of 5-FU
exhibited higher growth-inhibition rates as well as higher
levels of F-RINA than the high-dose, short-term treat-
ment. Because the extent of 5-FU-mediated TS inhibi-
tion did not differ significantly between the two different
schedules, superior activity of 5-FU administered as a
low-dose, ‘long-term exposure over high-dose, short-term
exposure could be explained by more 5-FU incorporated
into RNA during long-term exposure. Our data provide a
strategic rationale for the clinical advantage of continuous
infusion of 5-FU over bolus administration.
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Preclinical report

In-vitro schedule-dependent interaction between oxaliplatin
and 5-fluorouracii in human gastric cancer cell lines

Baoli Qin?, Risa Tanaka® Yoshihiro Shibata® Shuji Arita®, Hiroshi Ariyama?,
Hitoshi Kusaba?, Eishi Baba®, Mine Harada® and Shuji Nakano®

In order to define the most effective combination schedule
of oxaliplatin (L-OHP) and 5-fluorouracil (5-FU), we
investigated the in vitro interaction between these drugs in
a panel of four human gastric adenocarcinoma cell lines
(MKN-1, NUGC-3, NUGC-5 and AZ-521). Cytotoxic activity
was determined by the WST-1 assay. Different schedules of
the two drugs were compared and evaluated for synergism,
additivity or antagonism with a quantitative method based
on the median-effect principle of Chou and Talalay. Cell
cycle perturbation and apoptosis were evaluated by flow
cytometry. Simultaneous and sequential treatments of
L-OHP followed by 5-FU exhibited synergistic effects in all
four cell lines, whereas the reverse sequence yielded a
clear antagonism. 5-FU exclusively arrested cells at the
Go/G, phase, and L-OHP at the Gy/G, and G,/M phases.
Apoptosis was most prominent when cells were treated
simultaneously or in a sequence of L-OHP followed by
5-FU, producing apoptosis in the majority of treated cells
(55.5-61.5%). In contrast, the reverse sequence yielded
only 20% induction of apoptosis, the rate being not
significantly different from those induced by each drug
singly. Moreover, this sequence dependence was further

Introduction

Gastric cancer is the second most common cause of
cancer death worldwide, with most cases being diagnosed
at the stage of advanced disease [1,2]. The prognosis for
this disease is extremely poor, with a median survival time
ranging between 6 and 8 months {3,4]. Only 10% of
patients with advanced gastric cancer can survive 2 years
with chemotherapy [S]. Although gastric cancer appears
to be a chemotherapy-sensitive disease, there have been
no standard chemotherapeutic regimens for this incurable
disease. Therefore, it is of paramount importance to
develop the most beneficial chemotherapeutic regimens
that improve survival of patients.

Oxaliplatin (srans-1-1,2-diaminocyclohexane oxalato plati-
num II, L-OHP) is a third-generation platinum com-
pound that acts as an alkylating agent, inhibiting DNA
replication by forming adducts berween two adjacent
guanines or guanine and adenine [6]. L-OHP has been
demonstrated to exhibit anti-tumor activity against
several cell lines with acquired cisplatin resistance as
well as clinical tumors that are intrinsically resistant to
cisplatin and carboplatin [7,8]. Phase Il studies of single-

0959-4973 © 2006 Lippincott Williams & Witkins

confirmed by the experiment which compared the total
number of NUGC-3 cells 7 days after these combination
schedules. These findings suggest that the interaction of
5-FU and L-OHP could be highly schedule dependent, with
the most efficacious interaction observed in simultaneous
combination and that 5-FU followed by L-OHP would

not be recommended in clinical trials for patients with
advanced gastric cancer. Anti-Cancer Drugs 17:445-453
© 2006 Lippincott Williams & Wilkins.
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agent L-OHP have shown activity in colorectal [9],
ovarian [10], breast [11] and non-small cell lung cancers
[12]. Moreover, L-OHP has been shown recently to be
effective against gastric cancer in several phase II studies
[13,14]. L-OHP has a different toxicity profile from that
of cisplatin, with mild nausea/vomiting and, in contrast to
carboplatin, mild to moderate hematological toxicity. The
dose-limiting toxicity of L-OHP is a dose-dependent and
reversible peripheral neuropathy [15].

Currently, the combination of 5-fluoruracil (5-FU)/leu-
covorin and L-OHP is regarded as a standard regimen for
patients with advanced colorectal cancer. This combina-
tion was administered with the sequence L-OHP/leu-
covorin followed by 5-FU [16]. However, the optimal
combination schedule of 5-FU and L-OHP still remains
unclear. Fischel ¢f @/ demonstrated that the combination
of L-OHP and 5-FU is synergistic whatever the tested
schedules using four human colorectal cancer cell lines
[17]. Since this combination has been shown to be
effective against patients with advanced gastric cancer
[14,18-20], we investigated the schedule-dependent
interaction between 5-FU and L-OHP using a panel of
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human gastric cancer cell lines. We have found that the
interaction of 5-FU and L-OHP could be highly schedule
dependent.

Materials and methods

Cell lines and culture

Four human gastric cancer cell lines (AZ-521, MKN-1,
NUGC-3 and NUGC-5) were purchased from the
Japanese Cell Resource Bank (Tokyo, Japan). The cells
- were maintained in DMEM (Nissui, Tokyo, Japan)
supplemented with 10% heat-inactivated FBS (Gibco,
Grand Island, New York, USA), 100 IU/ml penicillin and
100 pg/ml streptomycin at 37°C in a humidified incubator
under an atmosphere containing 5% CO,.

Drugs

5-FU and L-OHP were kindly provided by Kyowa Hakko
(Tokyo, Japan) and Yakult (Tokyo, Japan), respectively.
Stock solutions of these drugs were prepared in sterile
distilled water. Immediately before their use, 5-FU and
L-OHP were dissolved in culture medium.

Evaluation of cytotoxicity

Cytotoxic activity was measured by the WST-1 assay
(Wako Chemicals, Osaka, Japan), following the manufac-
turer’s instructions [21]. The WST-1 assay is a colori-

Fig. 1

metric method in which the intensity of the dye is
proportional to the number of viable cells. Briefly,
exponentially growing cells were plated into 96-well
microplates at a density of 3000 cells/well in a volume of
100 pl/well and incubated for 24h for sufficient cell
growth. The cells were then treated with graded
concentrations of 5-FU or L-OHP alone for 24h, or in
simultaneous or sequential fashion, as shown in Fig. 1.

After treatment, the cells were washed twice with PBS,
and cultured in drug-free medium for an additional 21 h.
Then, 10 ul of WST-1 solution was added into each well
and the plates were incubated at 37°C for 3 h. Absorbance
values at 450 and 620 nm were measured using a Delta
Soft Elisa analysis program for Macintosh computers
interfaced with a microplate reader (Immuno-Mini NJ-
2300; Bio-Tek, Winooski, Vermont, USA). Wells contain-
ing cells untreated with drugs were used as controls. Each
experiment was performed using six replicate wells for
each drug concentration and carried out independently at
least 3 times. The ICsy values were defined as the
concentrations that inhibited 50% of cell growth.

Functional interactions between drugs
The combined drug effects were evaluated by using the
Chou and Talalay analysis based on the median-effect

Schedule A
1 5-FU+L-OHP 1
~24h oh 24 h 48h 72 h 96 h
Schedule B
‘ 5-FU L-OHP ‘
—24 h Oh 24 h 48 h 72 h 96 h
Schedule C
l : L-OHP ‘ '
-24h Oh 24 h 48 h 72 h 96 h
0 o 1 T T i
Plating :

WST-1 assay T

Description of the three combination schedules. Closed arrows indicate the harvest of samples for FACS analysis and WST-1 assay.
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principle [22]. This method involves plotting dose—effect
curves for each drug and for multiply diluted, fixed-ratio
combinations by using the median-effect equation:
fulfa= (DID,,)™, where D is the dose, Dy, is the dose
required for 50% effect (e.g. 50% inhibition of cell
growth), £, is the fraction affected by dose D (e.g. 0.9 if
cell growth is inhibited by 90%), £, is the unaffected
fraction (therefore f, = 1-£,) and m is a coefficient of the
sigmoidicicy of the dose—effect curve. Based on the slope
of the dose—effect curves, it can be determined whether
the drugs have mutually non-exclusive effects (e.g.
independent or interactive mode of action).

The combination index (CI) is then determined by the
equation: CI= (D)/(Dy); + (D)2/(Dy)z + (D) 1(D)2/(Dx)y
(Dy)2, where (D,); is the dose of drug 1 required to
produce x percent effect alone and (D), is the dose of drug
1 required to produce the same x percent effect in

. combination with (D), If the mode of action of the drugs
is mutually exclusive or non-exclusive, then o is 0 or 1,
respectively. CI values were calculated by solving the
equation for different values of f; (i.e. different degrees of
inhibition of cell growth). CI values below 1 indicate
synergy, values equal to 1 indicate additive effects and
values above 1 indicate antagonism.

Data analysis was performed automatically using the
CalcuSyn software program (Biosoft, Cambridge, UK).
The dose-effect relationships for the drugs tested alone
or in combinations were subjected to the median-effect
plot in order to determine their relative potency (ICs),
shape (m) and conformity (r) in each selected cell line. As
defined previously, the ICso and 7 values were used for
calculating synergism or antagonism based on the CI
equation.

Cell cycle analysis

AZ-521 cells were seeded at a density of 3 x 10° per 100-
mm dish (3003; Falcon, Oxnard, California, USA). Then
the cells were treated with 5-FU or L-OHP singly, or
concurrent or sequential combinations, as shown in Fig. 1.
After medium change, the cultures were continued until
cell cycle analyses 24, 36, 48, 72 and 96h after the
beginning of treatment. The cells were harvested by
collecting floating and trypsinized adherent cells, and
fixed in 70% ethanol in PBS for at least 30 min on ice.
After removal of ethanol by centrifugation, cells were
washed with ice-cold PBS and then incubated in PBS
containing 45 pg/ml propidium iodide (PI) and 500 pg/ml
ribonuclease A (Sigma, St Louis, Missouri, USA) for
30min on ice in the dark. Cell cycle analysis was
performed on a Becton Dickinson FACSCalibur flow
cytometer using the CellQuest and ModFit 3.0 software
packages (Becton Dickinson, San Jose, California, USA).
The percentages of apoptotic populations were deter-
mined by measuring the sub-G, phase after collecting
floating and trypsinized adherent cells at various times

following drug exposure. Results were obrained from
three separate experiments performed in duplicate.

Statistical analysis

Statistical significance between these combination treat-
ments was determined by Student’s s-test. Significant
differences were considered at P < 0.05.

Resuits

Single-agent experiments

The cytotoxic activities of 5-FU and L-OHP were tested
individually on the four tumor cell lines. The cells were
exposed to each drug for 24 h. The ICsy are summarized
in Table 1. For 5-FU, the 1Csg ranged from 16.1 pmol/l for
AZ-521 cells to 344 umol/l for MKN-1 cells. NUGC-3 and
NUGC-5 cells showed ICsq values of 115 and 129 pmol/I,
respectively. For L-OHP, AZ-521 cells were the most
sensitive to L-OHP (3.27 pmol/l) among the four tumor
cell lines and MKN-1 cells were the least sensitive
(15.4 umol/l). The ICsq values of NUGC-3 and NUGC-5
cells were 13.3 and 14.1pM, respectively.

Median-effect analysis of 5-FU and L-OHP combination
in vitro

5-FU and L-OHP were tested in different combinations
to define the most effective schedule. Three different
schedules (simultaneous and sequential drug exposures)
were tested as shown in Fig. 1 and the exposure duration
to each drug was 24 h. In MKN-1 cells, both simultaneous
treatment and the sequence L-OHP followed by 5-FU
showed synergistic effects (Fig. 2a and c), while the
sequence 5-FU followed by L-OHP exhibited an
antagonistic effect at almost all ranges of the cell kill
fractions (Fig. 2b). In NUGC-3 cells, simultancous
treatment and the sequence L-OHP followed by 5-FU
also showed a remarkable synergism at all cell kill
fractions (Fig. 3a and c). In contrast, the reverse sequence
(5-FU followed by I.-OHP) demonstrated a clear
antagonism at all cell kill fractions (Fig. 3b). In NUGC-
S cells, simultaneous treatment and sequence L-OHP
followed by 5-FU produced a marked synergism at all
ranges of cell kill fractions (Fig. 4a and c), whereas the
opposite sequence 5-FU followed by L-OHP produced an
antagonism at all cell kill fractions (Fig. 4b). In AZ-571
cells, simultanecus treatment and the sequence L-OHP
followed by 5-FU yielded a synergism (Fig. 5a and c).

Table 1 |Cso values of 5-FU and L-OHP in four gastric cancer cell
lines

Drug MKN1 NUGC-3 NUGC-5 AZ-521
5-FU {(umol/l) 8441438 11561700 129+454 16.1£0.77
Oxaliplatin (umol/l)  15.4%9.06 13.3+73 141+11.6 3.27%0.76

Cells were treated with various concentrations of 5-FU for 24 h or L-OHP for
24 h, and assayed for cytotoxicity as described in Materials and methods. The
values are the means £ SD of three independent experiments.
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