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Introduction

Although there has been recent progress in surgical
procedures for advanced gastric cancer, the effects of
extensive resection and systematic lymphadenectomy
have reached their limits in survival benefit [1], and
gastric cancer remains a leading cause of death in Japan.
An analysis of prognostic factors clearly shows that the
parameters associated with poor survival in patients
with gastric cancer are distant metastases, lymph node
metastases, and incomplete surgical resection [2–5].
Advanced gastric cancer with non-curative factors is a
systemic disease. The current efforts to improve sur-
vival in patients with advanced gastric cancer aim to
increase the rate of complete tumor resection and treat
residual disease after incomplete tumor removal. Re-
cent chemotherapy with high response rate [6–9] allows
for a chance of performing radical surgery for pri-
marily unresectable disease. High morbidity after radi-
cal surgery hinders early administration of adjuvant
chemotherapy, suggesting theoretic considerations that
support the use of chemotherapy prior to surgical resec-
tion [10]. Because of scarring and altered blood supply
after operation drugs delivered systemically may not
reach the residual tumor in sufficiently high concentra-
tions. The premise of preoperative chemotherapy in
patients with advanced gastric cancers is that it should
enhance the excision rate, reduce systemic metastatic
foci and primary lesions, downstage advanced cancer,
reduce the viability of cancer cells (and prevent their
spread during surgery), increase the in-vivo sensitivity
rate in the cancer tissue, and thus prolong survival.
Furthermore, more intensive chemotherapy is possible
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Abstract:
Background. Neoadjuvant chemotherapy (NAC) has recently
received increasing attention in an attempt to increase the rate
of complete tumor resections, reduce systemic metastases,
and prolong survival in patients with advanced gastric cancer.
Methods. Since 1993, 21 patients with unresectable or non-
curative resectable gastric cancer received NAC, consisting of
5-fluorouracil, leucovorin, and cisplatin (FLP) with at least
two cycles before surgery.
Results. All except 2 patients underwent surgical treatment,
and resection was performed in 18 (85.7%). There were no
deaths and no major morbidity following operation. There
was no complete response (CR), but 12 patients (57.1%) had
a partial response (PR), the response rate was 47.6% for
the primary region, 64.7% for abdominal para-aortic (No.16)
lymph node metastasis, 40.0% for liver metastasis, and 11.1%
for peritoneal dissemination. One-year survival of the 21
patients was 40.5%, and median survival time (MST) was 322
days. MST in the responders was 571 days, and that in non-
responders was 199 days (P < 0.01). MST was 835 days in
patients who underwent curative resection and 310 days in
those who underwent non-curative surgery (P < 0.01). There
was no grade 4 toxicity, but grade 3 leukopenia occurred in
4 patients (19.0%), grade 3 anemia occurred in 3 patients
(14.3%), and grade 3 stomatitis in 2 patients (9.5%). There
were no serious renal disorders and no treatment-related
death.
Conclusions. The combination of FLP for NAC was feasible
and useful for tumor reduction, especially for No.16 lymph
node metastasis. There was a survival benefit in patients
whose tumor had PR or who had had curative resection.
We should confirm the effect and survival benefit of FLP
for NAC by a prospectively randomized clinical controlled
study.
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before than after surgery. Considering the poor progno-
sis of advanced gastric cancer with non-curative clinical
factors, neoadjuvant chemotherapy (NAC) was em-
ployed to prolong survival and improve the quality of
their remaining life in these patients.

Patients and methods

From January 1993 to May 1997, 21 consecutive pa-
tients with unresectable or non-curative resectable gas-
tric cancer were entered into this phase II trial if they
fulfilled the following eligibility criteria: (1) histologi-
cally confirmed adenocarcinoma of the stomach which
was either unresectable or non-curative, and clinically
proven as evidenced by involvement of abdominal para-
aortic lymph nodes, liver metastasis, or ascites at com-
puted tomography (CT) scan, (2) evaluable lesion on
CT scan, at upper gastrointestinal series and upper di-
gestive endoscopy, (3) no prior chemotherapy or radio-
therapy, (4) performance status (PS) between 0 and 2
on the Eastern Cooperative Oncology group (ECOG)
scale, (5) age less than 75 years, (6) adequate bone
marrow function (leukocytes more than 4000/mm3,
platelets more than 100000/mm3), (7) adequate liver
function (GOT, GPT less than two times the upper limit
of normal and total bilirubin less than 2.0mg/dl), (8)
adequate renal function (blood urea nitrogen [BUN]
and creatinine within normal range), (9) no metastatic
tumor to central nervous system, no serious compli-
cations (serious infection, heart failure, renal failure,
hepatic failure), (10) no concurrent active malignancy,
(11) no serious psychosomatic disorder, (12) no second
malignancy, and (13) provision of written informed
consent. Usual blood chemistry tests and serum
carcinoembryonic antigen (CEA) and carbohydrate
antigen (CA) 19-9 were performed prior to each cycle.
A complete blood and platelet count was done every
week to assess hematological toxicity. Pathological
specimens were classified as differentiated and undiffer-
entiated carcinoma. We employed neoadjuvant chemo-
therapy (NAC) with the FLP combination regimen,
consisting of 5-fluorouracil (5FU) (333mg/m2 per day
intravenous infusion over 2h for 8 consecutive days),
leucovorin (LV) (30mg/body bolus infusion for 8
consecutive days), and cisplatin (CDDP) (50mg/m2 per
day as a 2-h intravenous infusion on days 1 and 8 with
hyperhydration) (Table 1). Cycles were repeated every
4 weeks according to hematological, digestive, and renal
tolerance. Toxicity was assessed using World Health
Organization (WHO) criteria [11]. Patients received at
least two cycles of FLP. The evaluation of response was
performed immediately after every cycle according to
the Japanese Research Society for Gastric Cancer crite-
ria [12]. The duration of treatment was dependent on

Table 1. Protocol schema

Systemic chemotherapy
Day 1 and day 8

Cisplatin 50mg/m2 as 2-h i.v. infusion
Days 1–8

5-fluorouracil (5FU) 333 mg/m2 as 2-h i.v. infusion
Days 1–8

Leucovorin 30mg/day as i.v. bolus

After a waiting period of 3 weeks, repeat at least two cycles

response and toxicity. For patients who achieved an
objective response, an additional cycle was planned.
Surgery was performed at least 4 weeks after the final
cycle. Surgery consisted, when it was possible, of
complete excision of tumor and extensive lympha-
denectomy. Postoperative additional adjuvant treat-
ment, at least ten cycles of the sequential methotrexate
(MTX) and 5FU therapy [13], was performed. If
palliative surgery was performed because of incomplete
resection, unresectability, or evidence of distant metas-
tases, patients were submitted to another chemotherapy
regimen. As a control group, 14 patients with non-
curative or unresectable clinical factors who had not
received chemotherapy but had had only best suppor-
tive care in the same period were compared with
the NAC group. A comparison of response rates was
performed using the ø2 method. Overall survival was
calculated from the start of chemotherapy. Survival
comparisons were determined by the log-rank test.

Results

The patients’ characteristics are summarized in Table 2.
As regards the gross type, there were 4 patients with
type 2, 9 with type 3, and 8 with type 4; as non-curative
factors, there were 5 patients with liver metastasis, 9
with peritoneal dissemination, 17 with involvement of
abdominal para-aortic lymph nodes, and 3 with locally
advanced and potentially unresectable gastric cancer.
All patients were evaluable. The median number of
cycles administered per patient was two (range, two
to four). The rate of response to chemotherapy was
evaluable in 21 patients. There was no complete
response (CR), and there were 12 patients with partial
response (PR). The overall response rate was 57.1%
(95% confidence interval [CI], 34.0%–78.2%). Eight
patients had no change (NC) and there was 1 patient
with tumor progression.

Two patients did not undergo surgery because of
massive peritoneal carcinosis and para-aortic lymph
node enlargement. Thus, 19 patients had an interven-
tion. The primary tumor in 18/21 patients (85.7%)
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Response rate to chemotherapy by tumor site and type

Response rate to chemotherapy according to tumor site
and type is shown in Table 3. There was no complete
response (CR), but 12 patients (57.1%) had a partial
response (PR). The response rate was 64.7% for ab-
dominal para-aortic (No.16) lymph nodes, 47.6% for
primary regions, 40.0% for liver metastasis, and 11.1%
for peritoneal dissemination. One of 17 patients with
No.16 lymph nodes metastases showed complete re-
sponse of No.16 nodes microscopically and downstag-
ing, but a few other regional lymph nodes revealed
remnant cancer cell nests. The response rate according
to gross type was 50% in type 2, 66.7% in type 3, and
37.5% in type 4. Resectability was higher in patients
with an objective response to chemotherapy. Of the 12
responders, residual tumor was completely resected in
6. Of the 9 patients who failed to achieve an objective
response to chemotherapy, 6 underwent surgery, but
complete resection was possible in only 1 of them. Thus,
50% of the patients with an objective response had a
complete resection, compared with 11.1% of the non-
responders.

Toxicity

Forty-three cycles were evaluable for toxicity in 21
patients (Table 4). Hematological toxicity consisted
of grade 3 leukopenia in 4 patients (19.0%) and grade
3 anemia in 3 patients (14.3%), but there was no grade
3 thrombocytopenia. Stomatitis grade 3 was noted
in 2 patients (9.5%) and there was grade 3 hyper-
bilirubinemia in one patient. There were mild toxicities,
such as anorexia, nausea, and diarrhea, but no serious
myelosuppression or renal disorders were reported.
Therefore, this therapy was well tolerated and there
was no increase in postoperative major complications
such as anastomotic leakage, adhesive ileus, and/or
subphrenic abscess. There was no treatment-related
death (TRD) and no grade 4 serious toxicities.

Survival

With a median follow-up of 35 months (range, 22–46
months), only 3 of the 21 patients (14.3%) remain alive

was resected (12 total gastrectomy and 6 distal
gastrectomy). One patient had a pancreatoduo-
denectomy associated with hepatic central segmentec-
tomy. Another patient with peritoneal carcinomatosis
and para-aortic lymph node metastases had a bypass
procedure. Of the 21 patients, 33.3% had a macro-
scopically complete resection (curative B), 57.1% had
a macroscopically incomplete resection (curative C),
4.8% were unresectable, and 9.5% were not operated
on. Clinical response, toxicity, and survival were
assessed.

Table 3. Treatment results after FLP (n 5 21) according to gross type

Gross Primary No.16 LN H P Total

Type 2 50.0% (2/4) 50.0% (2/4) 0% (0/1) 0% (0/1) 50.0% (2/4)
Type 3 55.6% (5/9) 71.4% (5/7) 66.7% (2/3) 33.3% (1/3) 66.7% (7/9)
Type 4 37.5% (3/8) 66.7% (4/6) 0% (0/1) 0% (0/5) 37.5% (3/8)
Total 47.6% (10/21) 64.7% (11/17) 40.0% (2/5) 11.1% (1/9) 57.1% (12/21)

FLP, 5-Fluorouracil, leukovorin, cisplatin; No.16 LN, Abdominal para-aortic lymph node; H, Liver metastasis; P, peritoneal dissemination

Table 2. Patients’ characteristics

Characteristics No. of patients

Sex
Male 14
Female 7

Age (years)
Mean 57
Range 21–75

Gross type
Type 2 4
Type 3 9
Type 4 8

Histology
Differentiated 8
Undifferentiated 13

Surgery
Total gastrectomy 12
Distal gastrectomy 6
Unresectable 3

Unresectable lesions
One factor

N3/4 5
Two factors

N3/4,T4 4
P3,N4 4
H1,N4 1
H1,T4 1
P3,T4 1

Three factors
P2,N4,T4 2
H3,P1,T4 1

Four factors
H3,P3,N4,T4 2
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and disease-free, at 221, 271, 321 months, respec-
tively, after the beginning of NAC. The median survival
time (MST) for the overall population was 322 days and
the 1- and 2-year survivals were 42.9% and 19.0%, re-
spectively (Fig. 1). The MST in the control group was
81 days, and there were no 1-year survivors.

According to the tumor response, the MST of the 12
responders was 571 days, whereas it was 199 days for the
9 non-responders (Fig. 2). The 1- and 2-year survival
rates of responders (66.7% and 33.3%) were better than
those of the non-responders (11.1% and 0%). There
was a significant difference between the two groups
(P , 0.01).

According to the quality of resection, of the seven
patients who had a macroscopically complete resection,
four had distant metastases and died (Fig. 3). Survival

Table 4. Toxicitya

Grade

1 2 3 4 Positive rate $ Grade 3

Hb 7 10 3 0 20 (95.2%) 3 (14.3%)
WBC 7 5 4 0 16 (76.2%) 4 (19.0%)
Plt 4 1 0 0 5 (23.8%) 0 (0.0%)
T· Bil 0 1 1 0 2 (9.5%) 1 (4.8%)
GOT 3 1 0 0 4 (19.0%) 0 (0.0%)
Cre 1 0 0 0 1 (4.8%) 0 (0.0%)
Stomatitis 8 0 2 0 10 (42.9%) 2 (9.5%)
Nausea 12 5 0 0 17 (81.0%) 0 (0.0%)
Diarrhea 6 3 0 0 9 (42.9%) 0 (0.0%)
Alopecia 3 0 0 0 3 (14.3%) 0 (0.0%)
Neurogenic symptoms 0 0 0 0 0 (0.0%) 0 (0.0%)

Hb, Anemia; WBC, leukocytopenia; Plt, thrombocytopenia; TBil, liver dysfunction; GOT, liver
dysfunction; Cre, renal dysfunction
a According to WHO criteria [11]

Fig. 1. Actuarial survival curves for 21 gastric cancer patients
treated with neoadjuvant chemotherapy (NAC; thick lines)
and 14 control patients treated with best supportive care (thin
lines). Median survival time (MST) for NAC group, 322 days;
MST for controls, 81 days

Fig. 2. (thick lines Actuarial survival curves for the 12 re-
sponders; MST, 571 days) and 9 non-responders (thin lines;
MST, 199 days). Differences between the groups were signifi-
cant: P , 0.01 by log-rank test and P 5 0.0043 by generalized
Wilcoxon test

was significantly better after curative than after non-
curative resection (MST, 835 and 310 days, respec-
tively). The 1- and 2-year survival rates of patients with
curative resection were 85.7% and 57.1%, respectively,
with the survival period of the longest survivor, 32
months. The differences between survival rates for
the curative and non-curative resection groups were
significant (P , 0.01).

Discussion

Japanese studies report favorable results of adjuvant
chemotherapy in the limited subsets of patients with
advanced gastric cancer [14], but few reports from
Western countries support this benefit [15]. With the
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ceived chemotherapy afterwards [16]. But the prognos-
tic benefit expected from NAC may be limited to a
subgroup of patients with locally advanced tumors and
distant lymph node metastasis [7,18,25]. The highest
response was observed in the metastatic distant lymph
nodes (abdominal para-aortic or supraclavicular nodes)
and primary lesions [26]. With currently used NAC regi-
mens, response is low for peritoneal carcinosis; our re-
sult was 11.1%. Peritoneal dissemination was frequently
detected on subsequent resection and was one of the
most common reasons precluding complete tumor re-
section. Because of the poor prognosis associated with
peritoneal dissemination and the inefficacy of current
neoadjuvant regimens, these patients should not be
included in neoadjuvant protocols.

Several arguments have been raised against the more
general use of preoperative therapy in patients with
advanced gastric tumors. They include the potential
toxicity of chemotherapy, the associated deterioration
of the general condition of patients while receiving
NAC, a delay of definite treatment or tumor progres-
sion, and the fear of increased postoperative compli-
cations and mortality. Toxicity associated with NAC
was reported to be related to treatment-related death
(TRD) [27]. EAP was highly effective in locally ad-
vanced gastric cancer [6,7], but, on the other hand,
TRD of more than 10% was reported, suggesting that
the EAP regimen is too toxic for NAC [28,29].
Myelosuppression with thrombocytopenia and
leukocytopenia are the most frequently reported side
effects of NAC. Septic complications associated
with neutropenia required hospitalization of a substan-
tial number of patients. Myelosuppression could
be managed by dose reduction, substitution, or by the
use of colony-stimulating factors. It was rare, but che-
motherapy-associated deterioration of general status or
septic complications prohibited subsequent resection.
Close observation is required. Subsequent tumor resec-
tion was not performed in 10% of the patients receiving
NAC [30]. Detection of systemic metastases in patients
while they were receiving chemotherapy, or peritoneal
dissemination detected on laparotomy were the main
reasons for not performing a resection. In Japan, the
rate of postoperative complications was not increased
to the rate observed in patients who had primary resec-
tion [18,31]. We experienced a high incidence of toxicity
with FP, but its grade was moderate and controllable
by symptomatic measures. Ambulatory treatment on an
outpatient basis was possible and was safely undertaken
[32]. Consequently, the major focus of research clearly
must be to develop less toxic and more effective chemo-
therapy regimens and dosage forms to increase re-
sponse rates and limit toxicity.

An improvement in overall long-term survival is the
ultimate aim of NAC for locally advanced gastric

Fig. 3. Actuarial survival curves for 7 patients with curative
resection (thick lines; MST, 835 days) and 11 patients with
non-curative resection (thin lines; MST, 310 days). Differences
between the groups were significant: P , 0.01 by log-rank test
and P 5 0.0012 by generalized Wilcoxon test

development of a chemotherapy regimen that showed
stage-dependent activity and predictable response
rates, a more systematic assessment of the role of
chemotherapy in patients with unresectable or non-
curative gastric cancer was possible [7,16,17]. The use of
NAC in patients with gastric cancer is based on two
major premises. One is to reduce the locoregional
tumor mass and increase the chance for complete tumor
resection on subsequent surgery. The second premise
is to eliminate or delay systemic metastases. Both pre-
mises are considered essential for prolonging disease-
free and overall survival.

Downstaging of the primary tumor to enable
complete resection at subsequent surgery is one of the
major goals of NAC. Shrinkage of the primary tumor
and para-aortic lymph node and hepatic metastases fa-
cilitates resectability. The shrinkage of para-aortic
lymph node metastases may be feasible. The response
rates of several chemotherapy regimens regarded as
effective for advanced gastric cancer are: FLP, 45%
[18]; irinotecan hydrochloride (CPT-11) 1 cisplatin
(CDDP), 41.7% [19]; FAM (5FU 1 Adriamycin [ADR]
1 mitomycin C [MMC]), 42% [20]; FAP (5FU 1 ADR
1 CDDP), 50% [8]; LV 1 5FU, 48% [21]; MLP-F
(methotrexate [MTX] 1 LV 1 CDDP 1 5FU) 88% [9],
ECF (epirubicin 1 CDDP 1 5FU), 45% [22]; and
FAMTX (5FU 1 ADR 1 MTX), 41% [23]. The re-
sponse rates of NAC regimens are: EAP (etoposide 1
5FU 1 CDDP) 70% [6]; EFP (etoposide 1 5FU 1
CDDP), 25% [24]; FP (CDDP 1 5FU) 56%, [25]; FLEP
(etoposide 1 5FU 1 LV 1 CDDP), 50% [26]; PMUE
(CDDP 1 MMC 1 UFT [uracil and futraful] 1
etoposide) 62% [16]. The response and curative resec-
tion rate were higher in the patients with NAC than in
those patients who underwent operation first and re-
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cancer. The survival of our patients with PRs with cura-
tive surgery was good, but that of PR patients who
underwent palliative surgery, and of the non-respond-
ers, was poor. In the latter two groups, no survival ben-
efit was observed even when NAC was effective. These
results indicate that responsiveness of the tumor and
complete surgical eradication seem to enhance long-
term survival. The median survival after NAC and sub-
sequent resection ranges between 15 and more than 18
months and is markedly longer than the median survival
reported in control groups (6–8 months) [22–24].
Survival after complete tumor resection is another es-
sential reason for assessing the effect of NAC followed
by surgery. The median survival after NAC and subse-
quent complete resection is in the order of 20–25
months. When the survival after NAC and curative re-
section was compared to that in an age, sex, and tumor
stage-matched control group of patients who underwent
primary resection, there was a clear tendency indicating
a survival advantage for those who had NAC [16]. Fur-
thermore, long-term survivors were exclusively found
among patients with distant lymph node metastasis
treated by curative surgery, and the 5-year survival rate
was surprisingly high (55.6%) [26]. Disease-free sur-
vival and recurrence have usually not been accurately
evaluated. Relapse rates after NAC, however, appear to
exceed 60%, with a predominance of locoregional
recurrences and development of peritoneal metastases.
This finding indicates a potential role for postoperative
intraperitoneal chemotherapy in addition to preopera-
tive systemic therapy. Postoperative systemic and intra-
peritoneal therapy, in addition to NAC, may further
prolong survival in patients who responded to NAC
[14]. Local intraarterial application of NAC is another
promising approach that deserves further evaluation
[26]. Although NAC may not increase the rate of
complete tumor resection in patients with resectable
tumors, there appears to be a marked rise in the cura-
tive resection rate after NAC in patients with locally
advanced tumors. There appears to be a survival benefit
in those patients who respond to NAC and who have
complete tumor resection at subsequent surgery.

Conclusion

We concluded that FLP combination therapy for NAC
was feasible and useful for primary tumor and abdomi-
nal paraaortic metastatic lymph node reduction. A
modest survival benefit was observed for responders
and for patients who had curative resection. But the
survival benefit was not sufficient. We should confirm
the effect and survival benefit of FLP for NAC by a
prospectively randomized clinical controlled study.
Randomized trials assessing the role of preoperative

chemotherapy in gastric cancer patients with non-
curative clinical factors are, therefore, clearly war-
ranted. Furthermore, more powerful and less toxic
regimens are required to improve the results.
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