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Two human gastric cancer xenograft lines (GC-YN and
GC-SF) transplanted in nude mice were employed to
evaluate and compare the anticancer effect of seven
single anticancer agents and their various combinations.
Mitomycin C, cisplatin (Briplatin) (CDDP) and 5-fluorour-
acil (5-FU) were screened out to be effective against
GC-YN and only epirubicin (Farmorubicin) (EPIR) was
effective against GC-SF. Combinations of two of these
‘effective’ agents revealed that FP (5-FU + CDDP) is the
most effective two-agent combination regimen against
both lines, and some of those ‘ineffective’ single agents
showed synergistic effects against both lines when
combined with 5-FU. Moreover, three-agent combinations
composed of FP and one of the other five agents were
also evaluated to select out the most effective regimen.
All the combinations showed higher inhibition on the
tumor growth of GC-YN than FP regimen, and FP + adria-
mycin (Adriacin) (ADR) and FP + EPIR were more
effective against GC-SF than FP. However, taking toxic
effects into consideration, the results suggest that
CDDP + 5-FU + EPIR (FPEPIR) may be the regimen most
worthy of clinical trial in the chemotherapy against human
gastric cancer.
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Introduction

Although a major effort toward eatly diagnosis and
surgery with curative intent has improved the
survival rate of gastric cancer, the survival rates of
patients with inoperable gastric cancer still remain
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low with a mean survival of less than 6 months."”
Gastric cancer is now considered to be the cancer
most relatively sensitive to chemotherapy as
compared with other digestive organ cancers.”*
Extensive investigation has therefore been under-
taken in recent years, either to develop new
anticancer agents with improved therapeutic
index> or to pursue more effective regimens.*’ "
For the chemotherapy of gastric cancer, 5-
fluorouracil (5-FU), mitomycin C (MMC), and
adriamycin (Adriacin) (ADR) have been con-
ventionally applied and currently cisplatin (Bripla-
tin) (CDDP), etoposide (Vepside) (VP-16) and
epitubicin (Farmorubicin) (EPIR) have been newly
applied. However, chemotherapy with a variety of
single agents alone is of minimal practical benefit
for gastric cancer patients, because they have shared
the liability of low response rates and short duration
of response.'* Among vatious combination regi-
mens, FAM (5-FU + ADR + MMC), which has
been tested for more than 10 years, is one of the
most extensively evaluated combination regimens.
Although FAM produces a consistent response rate,
like most single-agent regimens and two-agent
combination regimens, it does not produce a
complete response frequently.'*''® With the
development of new anticancer agents, however,
oncologists have been encouraged to pursue
more effective combination chemotherapeutic
regimens.'®** The main purpose of this study is to
pursue a safe and effective regimen that holds
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promise in clinical use. In this study, two
histologically different human gastric cancer lines
were employed to evaluate the efficacy of seven
single agents, including three newly applied cancer
agents— CDDP, VP-16, EPIR—and to establish a
new beneficial combination regimen.

Materials and methods
Animals

Congenitally athymic male BALB/c nude (nu+/
nu+) mice 6-10 weeks of age, were purchased
from CLEA JAPAN, Tokyo, Japan. The mice were
housed in Kyoto University Laboratory Animal
Center under specific pathogen free (SPF) con-
ditions.

Tumors

Two human gastric carcinoma lines (GC-YN and
GC-SF), which were obtained from the resected
specimens and established by transplanting in nude
mice in our division, were employed. GC-YN is a
well-differentiated tubular adenocarcinoma and
GC-SF is a poorly differentiated adenocarcinoma.
Theit mean doubling time of tumor growth are
7.2 + 0.23 days for GC-YN and 14.07 + 1.89 days
for GC-SF.

Anticancer agents

The anticancer agents and their dosages evaluated
in this study are summarized in Table 1. The
original solution of CDDP was used undiluted and
VP-16 was diluted with 5% ethanol. All the other
agents were dissolved or diluted with distilled
water. All agents were administered via the
intravenous route at a dosage of 4 times their

respective maximal clinical dose (MCD) per kg of
body weight; MCDs were approved by the
Japanese Ministry of Health and Welfare. In mice,
these doses approximate only half of the MCD per
m? of body surface area.” The doses may be
maximal for nude mice in three-agent combination
regimens, because some combination regimens
resulted in high mortalities in this study.

Drug testing protocol (Figure 1)

The tumors were cut into pieces of approx. 2-3 mm
and were subcutaneously transplanted into the back
of the mice. After transplantation, tumor length (L)
and width () was serially measured with a
caliper. The volume (1”) of tumor and tumor
growth rate (TGR) were calculated according to
the following formulae:

V=L x W2, TGR =V,/V,,

where 17, is the tumor volume estimated » days
after initial administration, and 17, is the tumor
volume at the start of administration.

Treatment was initiated when tumors reached
100-300 mm® in volume, usually 2-3 weeks after
transplantation. Tumor-bearing mice were random-
ized to groups of 5-6 animals each, including both
treated and control groups. Single-agent, two-
agent, and three-agent combinations were, respec-
tively, evaluated in three successive experiments.
Each experiment (Exp.) was repeated twice and the
results were calculated from the accumulated data.
In Exp. 1, each single agent was administered
weekly on days 0, 7 and 14. In Exp. 2, two agents
were administered alternatively on days 0, 3, 7 and
10. In Exp. 3, two agents were administered in the
same way as in Exp. 2 and the third agent was given
at half dose (i.e. 2 x MCD) on days 0, 3, 7 and 10.
5-FU was arbitrarily elected as the basic agent
because it is the most completely evaluated

Table 1. Dose of anticancer agents evaluated against GC-YN and GC-SF (in mg)

Agent MCD? 4 x MCD MCD
(kg™") (kg™") (m-2)
5-Fluorouracil {(5-FUR: Kyowa Hakkou Ind., Tokyo, Japan) 10.0 40.0 80.0
Mitomycin (MMCPR: Kyowa Hakkou Ind., Tokyo, Japan) 0.08 0.32 0.64
Adriamycin (Adriacin®: Kyowa Hakkou Ind., Tokyo, Japan) 0.8 3.2 6.4
Carboquone (Esquinone®: Sankyo Co. Ltd., Tokyo, Japan) 0.16 0.64 1.28
Cisplatin {Briplatin®: Bristol Myers Co. Ltd., Tokyo, Japan) 0.9 3.6 7.2
Etoposide (Vepside®: Bristol Myers Co. Ltd., Tokyo, Japan) 3.0 12.0 24.0
Epirubicin (Farmorubicin®: Farmitalia Carlo Erba Spa, Milan, Italy) 1.2 48 9.6

a8 Maximal clinical dose.
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Figure 1. Protocols of single-agent chemotherapy and combination
chemotherapies with two or three chemotherapeutic agents. In Exp. 1, seven
single agents were screened for their eftects against GC-YN and GC-SF. Each
single agent was administered on day 0, 7 and 14, making a total dose of 12
times MCD/kg of body weight, and those which significantly inhibit tumor
growth {i.e. TGR, < TGR,, p < 0.05) were defined as ‘effective' single agents.
In Exp. 2, the effects of two-agent combinations were evaluated and
compared among (1) any combinations of two ‘effective’ single agents
and/or (2) combinations of each of the ‘ineffective’ single agents and 5-FU,
which is the most completely evaluated anticancer agent supposed to be
effective for gastric cancer. In order to prevent severe toxicities, they were
alternatively administered on days 0, 3, 7 and 10, making a total dose of 16
times MCD/kg, and the regimen showing the highest % inhibition
was considered the most ‘effective’ two-agent combination. In Exp. 3, FP,
which proved to be the most ' effective’ two-agent combination, was combined
with any of the remaining five agents (D). Any of the agents combining with
FP as well as CDDP were administered on days 0, 3, 7 and 10, and 5-FU was
given at a half dose on these 4 days, making a total dose of 24 times MCD/kg

like FFF.

anticancer agent for gastric cancer.'*** In order to
see and compare the effects of combination with
5-FU, 5-FU was repeatedly administered in Exp. 2
and Exp. 3 as FF (5-FU + 5-FU) and FFF
(5-FU + 5-FU + 5-FU), of which the total doses
administered approximate 1.3 and 2 times that
given as a single agent in Exp. 1. The duration from
the termination of treatment to the day of
evaluation (day 21), i.e. the drug-free duration, of
the combination chemotherapy in Exp. 2 and 3 is
longer (11 days) than that of the single-agent
chemotherapy in Exp. 1 (7 days). This may be
important in regard to the ‘rebound growth
phenomenon’. The mice in the control group were
administered with 0.1 ml of saline water. The
efficacy of each anticancer regimen was evaluated
21 days after the start of treatment in terms of the
% inhibition rate (JR) according to the following

formula:
IR = (1 - TGR,/TGR,) x 100 (%).

TGR, and TGR, indicate the TGR
treated and control groups, respectively.

Toxicity was evaluated for 3 weeks from the
start of treatment in terms of body weight ratio
(W,/W,, where W, is body weight measured »
days after initial administration and W), is body
weight at the start of administration) and mortality.

of the

Statistics

All results were expressed as mean + SD and p
values were determined by Student’s s-test using
Medical Plan II computer software (Sankyo Co.
Ltd.).
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Results

The antitumor effects of single agents against
GC-YN and GC-SF and the toxicities of single
agents are summarized in Table 2. Among the
single agents, CDDP, MMC and 5-FU are
significantly effective against GC-YN with an IR of
67.6, 53.8 and 49.7%, respectively. By contrast,
only EPIR is effective against GC-SF with an IR
of 52.6%. No remarkable (<5%) loss of body
weight or mortality was noted in groups of single
agents.

The two-agent combinations were designed as
follows: (1) combinations of independently effective
single agents, and (2) 5-FU + other agents, because
5-FU is the agent most widely applied in
combination chemotherapies for gastric cancer.
Among the two-agent combinations (Table 3), FP
(5-FU + CDDP) is the most effective regimen
against GC-YN with an IR of 73.4% on day 21,
followed by FQ (5-FU + carboquone (CQ)),
72.7%; FM (5-FU + MMC), 70.5%; FE (5-
FU + VP-16), 67.5%; FA (5-FU + ADR), 62.6%;
FEPIR (5-FU + EPIR), 60.3%; and MP (MMC +
CDDP), 56.2%. In spite of a longer drug-free
duration in the groups of combination chemo-
therapy, all of these two-agent combinations were
effective against GC-YN (p < 0.01 vs control). FP

is also the most effective two-agent regimen against
GC-SF with an IR of 47.2%, followed by FQ,
45.2%; FEPIR, 44.8%; and FE, 44.0%. However,
none of them surpassed the IR of EPIR alone.
There was no remarkable toxicity in any group of
two-agent combinations (Table 3). It is worthy to
note that some ‘ineffective’ single agents (VP-16,
ADR, CQ) showed synergistic effects on the growth
of GC-YN when combined with 5-FU. Against
GC-SF, combinations of two ‘ineffective’ agents
(FP, FQ, FE) also showed synergistic effects.
Based on the effect of two-agent regimens,
three-agent regimens were designed to include
FP, and were compared with FAM which has
been clinically used as a standard regimen for
gastric cancer. Table 4 summarizes the antitumor
effects and toxicities of three-agent combina-
tions: FEP (5-FU + VP-16 + CDDP) has an IR
of 90.7% on day 21, followed by FAP (5-
FU 4+ ADM + CDDP), 86.6%; FMP (5-FU +
MMC + CDDP), 84.7%; FQP (5-FU + CQ +
CDDP), 78.0%; and FPEPIR (5-FU + CDDP +
EPIR), 76.4% against GC-YN. All of these
three-agent combination regimens consisted of
CDDP and 5-FU and had higher IRs than all the
two-agent combination regimens. Against GC-SF,
FPEPIR and FAP also showed significant inhibi-
tions on tumor growth, although FAP did not

Table 2. Tumor inhibitory effect and toxicities of single agents on GC-YN and GC-SF

Protocol Tumor inhibitory effect on Toxicity
GC-YN GC-SF Body weight Mortality
ratio (%)
TGR® Mean TGR Mean {mean + SD)
(mean + SD) IR® (%) {mean + SD) IR (%)

Control 7.87 +2.82 — 2.48 + 0.50 — 1.02 + 0.04 0
(saline) (n=16) (n=12) (n = 28)

MMC 3.13 + 2.44* 53.8 2.81 + 068 —13.2 1.04 + 0.05 0
(n=26) (n=16) (n=12)

ADR 8.23 + 2.98 9.5 2.52 + 0.60 -1.5 1.01 + 0.07 0
(n=6) (n=16) (n=12)

EPIR 4.06 + 1.22 41.0 1.18 + 0.40 52.6 0.99 + 0.03 0
(n=86) (n=26) (n=12)

cQ 10.33 + 4.67 —14.9 3.75 + 1.69 —-51.3 1.03 + 0.07 0
(n=16) (n=26) (n=12)

VP-16 6.37 + 1.82 17.7 3.54 +0.18 —4238 1.02 + 0.03 0
(n=6) (n=16) (n=12)

CDDP 1.94 + 1.12%%+ 67.6 2.67 £ 0.76 —-7.8 098 +0.11 0
(n=26) {n=6) (n=12)

5-FU 3.59 + 1.39** 49.7 1.96 + 0.32 211 0.98 + 0.03 0
(n=6) (n=6) {(n=12)

All these resuits were determined by the accumulated data from two experiments.

& TGR, tumor growth rate; ® /R, inhibition rate.
* p < 0.05; ** p <0.01; *** p < 0.001 (vs control).
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Table 3. Tumor inhibitory effect and toxicities of two-agent combination on GC-YN and GC-SF

Protocol Tumor inhibitory effect on Toxicity
GC-YN GC-SF Body weight Mortality
ratio (%)
TGR® Mean TGR Mean {mean + SD)
(mean + SD) IR® (%) (mean + SD) IR (%)
Control 8.67 + 4.32 — 2.48 + 1.50 — 1.03 + 0.05 0
(saline) (n = 15) (n=10) (n = 25)
MMC + CDDP® 3.80 + 1.23 56.2 Not evaluated — 1.02 + 0.05 0
(n=6) (n=8)
MMC + 5-FU* 2.56 + 0.95%** 70.5 1.77 + 0.96 37.4 1.01 + 0.03
(n=6) (n=25) (n=11) 0
CDDP + 5-FU* 2.31 + 0.68%** 73.4 1.31 + 0.27* 47.2 0.98 + 0.06
(n=26) (n=25) (n=1)
CcQ + 5-Fu° 2.37 + 0.94%** 72.7 1.36 + 0.14* 45.2 0.98 + 0.04 0
(n=26) (n=25) (n=11)
VP-16 + 5-FU° 2.82 + 1.30*** 67.5 1.39 + 0.26* 440 1.02 + 0.06
(n=6) (n=15) (n=1) 0
ADR + 5-FU° 3.24 1+ 1.27%** 62.6 1.56 + 0.44 37.2 1.02 + 0.02
(n=6) (n=5) (n=11)
EPIR + 5-FU° 3.44 + 1.16** 60.3 1.37 + 0.28* 448 1.00 + 0.10 0
(n=86) {n=5) (n=11)
5-FU + 5-FU* 1.53 4 0.29*** 771 Not evaluated — 0.92 + 0.06 43
(n=7,3/7died) (n=4) (3/7)

All these results were determined by the accumulated data from two experiments.

2 TGR, tumor growth rate; ® /A, inhibition rate.
¢ Combinations of two ‘effective’ agents against GC-YN.
9 Combinations of 5-FU and 'ineffective’ agents for GC-YN.

¢ 5-FU administered twice a week for 2 weeks, of which the total dose approximates 1.3 times of that administered as a single agent,

was evaluated as a contrast for two-agent combinations.
* p<0.05; ** p < 0.01; *** p < 0.001 (vs control).

surpass EPIR alone in the antitumor effect. Except
for the regimens of FPEPIR and FQP, these
three-agent combination regimens also had quite
severe toxicities (Table 4): FEP showed a significant
(about 18%) loss of body weight, and a mortality
rate of 21.4%; FAP had a mortality rate of 21.4%;
and FMP had a mortality rate of 7.1%. FQP and
FPEPIR showed no significant loss of body
weight, and no mortality. In contrast, FAM had
either a low IR andjor severe side effects, and
because of high mortality (>70%) on day 21,
its anticancer effect against GC-YN was evalu-
ated on day 17, with an IR of 66.1%, about
15% loss of body weight and a mortality rate
over 50%. It is worthy to note that FF and FFF
also had remarkable inhibitions on tumor growth;
however, their toxicities were too severe to be
accepted.

Discussion

In this study, GC-YN is sensitive to MMC, 5-FU
and CDDP, and GC-SF is sensitive to EPIR alone.

In two-agent combination regimens, however, FP,
FQ, FE and FEPIR were effective against both
GC-YN and GC-SF. In three-agent regimens, FAP
and FPEPIR were effective against both lines. Table
5 reviews the previously published results of
single-agent chemotherapy in advanced gastric
cancer.>>**# 5. FU, MMC and CDDP are reported
to be comparatively effective against gastric
cancers.>**** In this study, GC-YN is sensitive to
these agents and GC-SF is resistant to them. Nu-
merous attempts have been made to develop effec-
tive combination chemotherapeutic regimens. The
currently published results of combination chemo-
therapeutic regimens tested in patients with gastric
cancer are summarized in Table 6.*!21416.26.30-35
FP, FAP and FAM are clinically effective regi-
mens,>"*"**% and in terms of tumor inhibitory
effects alone, the results of this study seem to be
consistent with these reports. However, if side
effects are also taken into consideration, only
FPEPIR is shown to be effective and a safe regimen
worthy of clinical application. FAM, which had
been used as one of the standard combination
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Table 4. Tumor inhibitory effect and toxicities of three-agent combination on GC-YN and GC-SF

Protocol Tumor inhibitory effect on Toxicity
GC-YN GC-SF Body weight Mortality
ratio (%)
TGR? Mean TGR Mean (mean + SD)
(mean + SD) IR® (%) (mean + SD) IR (%)
Control 8.12 + 4.56 — 2.46 + 0.06 — 1.00 + 0.08 0
(saline) (n=15) (n=10) (n = 25)
FP + MMC 1.17 + 0.35%* 84.7 1.82 + 0.72 31.6 0.97 + 0.1 71
(n=28, 1/8 died) (n=6) (n=13) (1/14)
FP + CQ 1.62 + 0.72** 80.0 1.58 + 0.35 36.4 0.99 + 0.07 0
(n=7) (n=26) (n=13)
FP + VP-16 0.71 + 0.30** 90.7 1.62 + 0.34 34.8 0.82 + 0.06* 21.4
(n =28, 3/8died) (n=86) (n=11) (3/14)
FP + ADR 1.03 + 0.28** 86.6 1.22 + 0.19 50.9 1.13 + 0.15* 214
(n=28, 3/8 died) (n=6) (n=11) (3/14)
FP + EPIR 1.82 4+ 0.74* 76.1 1.10 + 0.15 55.6 1.01 £ 0.05 0
(n=28) (n=16) (n=14)
FAMS® 2.49 1+ 0.05 66.1 Not — 0.85 + 0.07 60
(n=2>5, 3/5died) evaluated (n=2) (3/5)
FFFd 1.15 + 0.24 72.6 Not — 0.92 + 0.03 100
(n=7, all died) evaluated (n=17) (7/7)

All these results were determined by the accumulated data from two experiments.

2 TGR, tumor growth rate; ° /R, inhibition rate.

¢ FAM was evaluated on day 17 because of severe toxicity and high mortality.
9 FFF was evaluated on day 14 because no mice survived beyond day 14.

* p < 0.05; ** p < 0.01; *** p < 0.001 (vs control).

regimens for years,'*'® had low efficacy against
GC-YN and had severe toxicity also. FAP, which
has been currently applied in clinical chemotherapy
of gastric cancer ¥ also showed high mortality
rates in this study. FQP, FMP and FEP are effective
against GC-YN but not effective against GC-SF.
These shortcomings may be responsible for the low
complete response rate in the clinical reports.'*

Taken together, we suggest that three-agent

Table 5. Single-agent chemotherapy in advanced gastric
cancer

combination regimens are more worthy of clinical
trial than two-agent combination regimens or single
agents, and among the three-agent combination
regimens evaluated in this study, FPEPIR may be
the regimen of choice in patients with advanced
gastric cancer. The relatively high response rate of
EPIR as a single agent,”®® and its relatively low
toxicity may be responsible for the efficacy of the
FPEPIR regimen. We are encouraged, if not fully
convinced, by the temporary result of the early
phase II study on the FPEPIR regimen (CDDP,
50 mg/body day 1; EPIR, 40 mg/m?® day 2; 5-FU,
250 mg/body days 2-5, q 2 weeks) for various

Drug No. of responses/ Response (%) Reference advanced solid tumors, especially for gastric cancer,

No. of patients which is being undertaken in our department, with

S 241392 o1 04 a response rate of 38% (3/8, one complete response

VMG 63/211 30 o4 and two partial responses) for gastric cancers as

90/398 23 o% revealed in the interim report (in preparation).

ADR 17/68 05, 25 26 According to this result, Kyoto Research Group for

9/62 15 2% Chemotherapy of Gastric Cancer has started a

CDDP 10/49 20 3.27 randomized clinical study on the comparison of FP
32/144 21 2% . .

EPIR 2147 15 28, 29 and FPEPIR. The results of this study will be

* Japanese Reports.
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Table 6. Combination chemotherapy for advanced gastric cancer

Combination No. of responses/ Response (%) Median duration of Reference
No. of patients survival/response
(months)

Two agents  5-FU + CDDP(FP) 0/13 0 25/ 12
21/53 40 (2% CR, 38% PR) / 9 (2-31) 9

Overall 21/66 32
5-FU + MMC (FM) 6/43 14 6.0/ 30
17/53 32 4.0/ 26

Overall 23/96 24
5-FU + ADR (FA) 3/ 27 7.0/ 31
1/19 5 6.0/ 32

Overall 4/30 13
Three agents 5-FU + ADR + MMC 18/36 50 55/ 95 14
(FAM) 28/81 35 (5% CR, 30% PR) 17.0%/10.5 15
18/46 39 (4% CR, 35% PR) 6.4/ 16

Overall 64/163 39 (4% CR, 35% PR)
5-FU + ADR + CDDP 10/35 29 55/ 7
(FAP) 9/18 50 (6% CR, 44% PR) / 45 33
9/18 50 12.0 /6.0 34
13/26 50 (11% CR, 39% PR) 9.0/ 35
Overall 41/97 42 (7% CR, 35% PR)

CR, complete response; PR, partial response.
2 Survival duration in responders only.

different degrees of differentiation such as moder-
ately or poorly differentiated adenocarcinomas, may
be necessary to confirm the effectiveness of various
chemotherapies. In this study, GC-YN and GC-SF
showed different chemosensitivities to single
agents, suggesting that these lines may be feasible
for screening the combination regimens, which may
be commonly effective against human gastric
cancers with different degrees of differentiation.
Our study also demonstrated that xenotransplanta-
tion of human cancers in nude mice can provide a
useful in-vivo model for tumor-oriented trials
which are feasible with the hope of clinical
applicability.”*

Although using the nude mouse system for
pursuing effective regimens, particularly for the
combination regimens, is quite expensive and
time-wasting, we believe that this may be the only
way to predict which regimen will hold the best
promise for clinical trials. It may be difficult to
evaluate or compate every combination of even the
most commonly used anticancer agents. However,
this study suggests that the ‘optimal’ combinations
may enhance the efficacy of each individual agent,
reduce unnecessary toxicity, and improve the
tesponse rates or the complete response rates.
Finally, we hope that the FPEPIR regimen may
reduce the incidence of recurrence or refractoriness
and improve survival rate.

Acknowledgements

The authors are grateful to Ms H. Higashigawa and
Ms E. Morishita for their excellent technical
assistance.

References

1. Kaneko E, Nakamura T, Umeda N, e/ a/. Outcome of
gastric carcinoma detected by gastric mass survey in
Japan. Guz 1977, 18: 626-30.

2. Ogawa M. An overview of chemotherapy for advanced
gastric cancer. In: Friedman M, Ogawa M, Kisner D,
eds. Diagnosis and Treatment of Upper Gastrointestinal
Tumors. International Congress Series 542, Amsterdam:
Excerpta Medica 1980: 357-69.

3. Beer M, Cocconi G, Ceci G, ¢ a/. A phase II study of
cisplatin in advanced gastric cancet. Eur | Cancer Clin
Oncol 1983; 19: 717-20.

4. De Lisi V, Cocconi G, Tonato M, e/ «/. Randomized
comparison of 5-FU alone or combined with carmus-
tine, doxorubicin, and mitomycin (BAFMi) in the
treatment of advanced gastric cancer: a phase III trial
of the Italian Clinical Research Oncology Group
(GOIRC). Cancer Treat Rep 1986; 70: 481-5.

5. Hurteloup P, Ganzina F. Clinical studies with new
anthracyclines: Epirubicin, Idarubicin, Esorubicin. Drags
Expt! Clin Res 1986; XII(1/2/3): 233-46.

6. Leichman L, McDonald B, Dindogru A, e 4/. Cisplatin,
an active drug in the treatment of disseminated gastric
cancer. Cancer 1984; 53: 18-22,

Anti-Cancer Drugs « Vol 2+ 1991 463



C-C Tseng et al.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

464

Cazap EL, Gisselbrecht C, Smith FP, e /. Phase II
trials of 5-FU, doxorubicin, and cisplatin in advanced
measurable adenocarcinoma of the lung and stomach.
Cancer Treat Rep 1986; 70: 781-3.

. Elliott Th E, Moertel CG, Wieand HS, e a/. A phase

II study of the combination of etoposide and cisplatin
in the therapy of advanced gastric cancer. Cancer 1990;
65: 14914,

. Lacave A], Esteban E, Fernandez-Hidalgo OA, et al

Phase II clinical trial with cisplatin (P) and 5-
fluorouracil (F) in gastric cancer (GC): final result. Proc
Am Soc Clin Oncol 1989; 8: 111,

Schnitzler G, Queisser W, Heim ME, ¢ 4/. Phase III
study of 5-FU and carmustine versus 5-FU, carmustine,
and doxorubicin in advanced gastric cancer. Cancer
Treat Rep 1986; 70: 477-9.

Machover D, Goldschmidt E, Chollet P, e 4/. Treatment
of advanced colorectal and gastric adenocarcinomas with
5-fluorouracil and high dose folinic acid. | Clin Onco/ 1986,
4: 685-96.

Zimet AS, Zalcberg JR. A phase II study of cisplatinum,
5 fluorouracil and leucovorin in patients with advanced
gastric carcinoma. Proc Am Soc Clin Onco/ 1989; 8: 109.
Imai S, Nio Y, Shiraishi T, ¢/ 4/. In vivo inhibitory effect
of a conjugate of immunoglobulin G and melphalan,
K18, on human tumors transplanted in nude mice.
Anticancer Res 1989; 9: 453-9,

MacDonald ]S. Cancer of the stomach: In: DeVita VT
Jr, Hellman S, Rosenburg SA, eds. Cancer Principles &
Practice of Oncology, 3rd edn. Philadelphia: JB Lippincott
1989: 790-6.

Cummingham D, Soukop M, MacArdle CS, et 4l
Advanced gastric cancer: experience in Scotland using
5-fluorouracil, adriamycin, and mitomycin C. Br J Sarg
1984; 71: 673-6.

Douglass HO, Lavin PT, Goudsmit A, ¢ a/. An Eastern
Cooperative Oncology Group evaluation of combina-
tions of methyl-CCNU, mitomycin C, Adriamycin, and
5-fluorouracil in advanced measurable gastric cancer
(Est 2277). J Clin Oncol 1984; 2: 1372-81.

MacDonald ]S, Woolley PV, Smythe T, et al 5-
Fluorouracil, adriamycin, and mitomycin-C (FAM) combi-
nation chemotherapy in the treatment of advanced gastric
cancer. Cancer 1979; 44: 42-7.

MacDonald ]S, Gohmann . Chemotherapy of ad-
vanced gastric cancer: present status, future prospects.
Semin Oncol 1988; 15(Suppl 4): 42-9.

Wilke H, Preusser P, Fink U, e/ a/. New developments
in the treatment of gastric carcinoma. Semin Oncol
1990; 17: 61-70.

Wils ], Bleigerg H. Current status of chemotherapy for
gastric cancer. Eur | Cancer Clin Oncol 1989; 25: 3-8.
Levi JA, Fox RM, Tattersall MH, e 4/ for the Sydney
Cooperative Oncology Group. Analysis of a prospec-
tively randomized comparison of doxorubicin versus
5-fluorouracil, doxorubicin, and BCNU in advanced
gastric cancer: implication for future studies. | Clin
Oncol 1986; 4: 1348-55.

Wils ], Bleiberg H, Dalesio O, et o/, An EORTC
Gastrointestinal Group evaluation of the combination
of seqential methotrexate and 5-fluorouracil, combined
with adriamycin in advanced measurable gastric cancer.

J Clin Oncol 1986; 4: 1799-803.

Anti-Cancer Drags = Vol 2+ 1991

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37

38.

39.

Freireich EJ, Gehan EA, Rall DP, e 4/ Quantitative
comparison of toxicity of anticancer agents in mouse,
rat, hamster, dog, monkey, and man. Cancer Chemother
Rep 1966; 50: 21945,

Comis RL, Carter SK. Integration of chemotherapy into
combined modality treatment of solid tumors: IIL
Gastric cancer. Cancer Treat Rep 1974; 1: 221-8.

Moertel CG. Chemotherapy of gastrointestinal cancer.
Clinics in Gastroenterol 1976; 5: 777-93.

Moertel CG, Lavin PT. Phase II-III chemotherapy
studies in advanced gastric cancer. Cancer Treat Rep
1979; 63: 1871-6.

Lavave A]J, Wils ], Diaz-Rubio E, ez a/. A Phase II study
of the EORTC gastrointestinal tract cancer cooperative
group. Eur ]| Clin Oncol 1985; 21: 13214,

Figer A, Loven D, Vigler N, e/ 4/ Epirubicin in the
treatment of advanced cancer of the stomach. Proc Am
Soc Clin Oncol 1989; 8: 112.

de Vries EGE, Greidanus J, Nanninga A, ¢ a/. A phase
2 study of a 21-day continuous infusion schedule with
epirubicin in advanced gastric cancer. Proc Am Soc Clin
Oncol 1989; 8: 117.

Buroker T, Kim PN, Groppe C, e /. 5-FU infusion
with mitomycin C versus 5-FU infusion with methyl-
CCNU in the treatment of advanced upper gastro-
intestinal cancer. Cancer 1979; 44: 1215-21.

Cullinan SA, Moertel CG, Fleming TR, et 4/ for the
North Central Cancer Treatment Group. A comparison
of three chemotherapeutic regimens in the treatment of
advanced pancreatic and gastric carcinoma. | Am Med
Assoc 1985; 253: 2061-7.

The Gastrointestinal Tumor Study Group. Randomized
study of combination chemotherapy in unresectable
gastric cancer. Cancer 1984; 53: 13-17.

Figoli F, Galligioni E, Crivellari D, et a/. Cisplatin
(DDP) in combination with adriamycin (A) and
fluorouracil (F) (DAF) in advanced gastric cancer—A
phase II study. Proc Am Soc Clin Oncol 1986; 5: 95.
Wagener D, Yap SH, Wobbes T, e /. Phase II trial of
5-fluorouracil, adriamycin and cisplatin (FAP) in advanced
gastric cancer. Cancer Chemother Pharmacol 1985; 15:
86-7.

Moertel CG, Rubin J, O’Connel MJ, e /. A phase II
study of combined 5-fluorouracil, doxorubicin, and
cisplatin in the treatment of advanced upper gastro-
intestinal adenocarcinomas. ] Clin Onco/ 1986; 4:
1053-7.

Coutenay VD, Mills ], Steel GG. The spectrum of
chemosensitivity of two human pancreatic carcinoma
xenografts. Br | Cancer 1982; 46: 436-9.

Ovejera AA, Houchens DP. Human tumor xenografts in
athymic nude mice as a preclinical screen for anticancer
agents. Semin Oncol 1981; 8: 386-93,

Sordillo PP, Hajdu SI, Magill GB, et a/. Effect of
desacetyl vinblastin amide (DV A) against human sarcomas
heterotransplanted in nude mice. Cancer Clin Trials 1980;
3: 391-4.

Sternburg CN, Sordillo PP, Cheng E, ¢ a/. Evaluation
of new anticancer agents against human pancreatic
catcinomas in nude mice. Am | Clin Oncol (CCT) 1987;
10(3): 219-21.

(Received 8 Augnst 1991; accepted 27 August 1991)



