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Results Between April 2002 and July 2003, 45 eligible
patients were registered and analyzed. Among the 45
patients, 40 (89%) had previously received chemotherapy
for metastasis and 24 (53%) had a performance status (PS)
of 0. Thirteen partial responses were obtained among the
45 patients, resulting in an overall RR of 29% (95% CI,
16-42%). The median time to progression was 4.1 months,
and the median survival time was 10 months, with a 1-year
survival rate of 36%. Grade 4 neutropenia was observed in
29% of the patients, whereas febrile neutropenia occurred
in 9%. The incidence rates of grade 3 nausea and diarrhea
were 13 and 2%, respectively.

Conclusions Although this study did not achieve the per-
protocol definition of activity, the progression-free survival
and overall survival appeared to be promising, with
acceptable tolerability. Thus, MMC/CPT-11 therapy as
second-line chemotherapy for fluoropyrimidine-resistant
advanced gastric cancer. presents a potential treatment
option in patients with a good PS.
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Introduction

Gastric cancer is the most common malignancy in Asian
countries, with approximately 50,000 deaths in Japan
annually [1]. The treatment of choice for this malignancy is
primary tumor resection. In patients with curatively
resected stage I-III gastric cancer, the 5-year survival
proportion is >50%; however, this proportion remains at
<10% in stage IV or recurrent disease. Randomized trials
have demonstrated that fluorouracil-based regimens
improve survival proportions in patients with advanced
gastric cancer (AGC) compared with best supportive care
(BSC) alone as first-line chemotherapy [2-4]. Moreover,
combination chemotherapy results in superior outcomes
compared with monotherapy. In Japan, the efficacy and
toxicity of the combination of an oral fluoropyrimidine
(S-1) and platinum was previously evaluated in the phase
III SPIRITS (S-1 plus cisplatin vs. S-1 alone for first-line
treatment of AGC) trial. S-1 plus cisplatin resulted in
superior overall survival (OS) compared with S-1 alone
[hazard ratioc (HR), 0.77; 95% confidence interval (CI),
0.61-0.98%; P = 0.04], with an impressive median OS of
13.0 months [5). The Japan Clinical Oncology Group
(JCOG) 9912 trial (5-fluorouracil [FU] alone vs. S-1 alone
vs. irinotecan [CPT-11] plus cisplatin {CDDP)] combination
for the first-line treatment of AGC) was also conducted in
Japan. S-1 showed significant noninferiority for progres-
sion-free survival (PFS) and OS compared with 5-FU
alone; however, CPT-11 plus CDDP showed no significant

superior effects on PES and OS compared with 5-FU alone
[6}. In Japan, S-1 plus CDDP combination therapy is
considered the standard first-line treatment for AGC.

Thuss-Patience et al. [7] reported at the 2009 Annual
Meeting of the American Society of Clinical Oncology
(ASCO) that CPT-11 monotherapy significantly prolonged
OS compared with BSC as second-line chemotherapy.
Although that report was the first randomized phase III
study investigating second-line chemotherapy for AGC, no
objective responses were observed. Thus, a consensus
regarding the standard regimen for second-line chemo-
therapy has not yet been obtained.

Many AGC patients who failed to respond to first-line
chemotherapy showed symptoms of pain, weight loss, or
nausea due to their progressive disease. Thus, the induction
of a tumor response is as important as delaying tumor
progression for as long as possible. Patients who received
combination chemotherapy showed higher response rates
than those who received single-agent chemotherapy alone.
Therefore, combination chemotherapy is preferable to
single-agent chemotherapy for palliation. Moreover, com-
bination chemotherapy may prolong OS compared with
single-agent chemotherapy alone.

CPT-11 is a potent topoisomerase I inhibitor and is
effective against AGC. In a phase II trial, the response rate
(RR) to CPT-11 alone was 16% in previously treated AGC
patients [8]. The administration of a CDDP and CPT-11
combination in AGC patients resulted in a higher RR and
longer time to progression (TTP) [9-11]. As mentioned
above, CDDP/CPT-11 did not significantly prolong OS
over 5-FU, but induced a significantly higher RR than 5-FU
in the JCOG9912 trial [6]). A 5-FU, leucovorin (LV), and
CPT-11 combination produced a higher RR and longer
TTP than CDDP/CPT-11 in AGC patients [12]. In another
randomized phase Il trial, 5-FU/LV/CPT-11 showed a
trend to have superiority in TTP over CDDP/5-FU (5.0 vs.
4.2 months, respectively; HR, 1.23; 95% CI, 0.97-1.57%;
P = 0.088), and a better safety profile [13]. These resulits
support the finding that CPT-11 is active against AGC.

Mitomycin C (MMC) is also effective against AGC.
Preclinical studies have shown that a MMC and CPT-11
combination synergistically inhibits tumor growth in vitro
[14). This is due to the possible induction of topoisomerase
I gene expression by MMC, thereby increasing tumor cell
sensitivity to CPT-11. A phase I/II study of this combina-
tion recommended an MMC dose of 5 mg/m? and a CPT-
11 dose of 150 mg/m? administered biweekly [15]. The
dose-limiting toxicities of this combination regimen when
administered at 10 mg/m? for MMC and 150 mg/m? for
CPT-11 were grade 4 neutropenia with or without febrile
neutropenia and grade 3 diarthea. The overall RR was
50% (15/30 patients), and 5 of 14 patients (36%) with
prior chemotherapy showed a partial response (PR). We
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previously showed that MMC and CPT-11 combination
chemotherapy was effective and well tolerated in patients
with fluoropyrimidine-resistant metastatic colorectal
cancer; the RR, median TTP, and median survival time
(MST) were 34% (95% CI, 20-49%), 4.2 months, and
11.9 months [16], respectively.

These results led us to conduct the present phase II
clinical trial to investigate the efficacy and toxicity of
MMC/CPT-11 therapy in patients with AGC resistant to a
fluoropyrimidine-containing regimen in the JCOG0109-DI
study.

Patients and methods
Eligibility

A patient was considered eligible if there was evidence of a
refractory response to one prior chemotherapy containing
fluoropyrimidine, which was any of the following types of
history of chemotherapy:

1. In the case of unresectable gastric cancer, disease
progression detected while receiving front-line che-
motherapy containing fluoropyrimidine, or confirmed
immediately after the discontinuation for any reason
other than disease progression.

2. In the case of recurrent gastric cancer, recurrence
detected within 24 weeks from the last dose of
postoperative adjuvant chemotherapy containing flu-
oropyrimidine, and further chemotherapy was not
administered after recurrence.

3. Inthe case of recurrent gastric cancer detected 25 weeks
after the last dose of postoperative adjuvant chemother-
apy, disease progression detected while receiving front-
line chemotherapy containing fluoropyrimidine after
recurrence, or confirmed immediately after the discon-
tinuation for any reason other than progression.

4. In the case of recurrent gastric cancer treated with
neoadjuvant chemotherapy, the effect of neoadjuvant
chemotherapy containing fluoropyrimidine was stable
disease, progressive disease, or not evaluated, and
recurrence was identified after curative resection.
Chemotherapy was not performed following recurrence.

5. In the case of recurrent gastric cancer treated with
neoadjuvant chemotherapy, the chemotherapy effect
was a complete response or PR, and progression was
detected during one chemotherapy containing fluoro-
pyrimidine after recurrence, or confirmed immediately
after discontinuation for any reason other than
progression.

Disease progression and the nonefficacy of neoadjuvant
chemotherapy were believed to represent clinical failure by
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treating physicians. Elevation of the level of a tumor
marker, such as carcinoembryonic antigen (CEA), was
not accepted as adequate evidence for treatment failure.
Documentation of evidence of a refractory response by
computed tomography (CT) and magnetic resonance
imaging was required.

For the other eligibility criteria, patients must be
between 20 and 75 years of age, and have an Eastern
Cooperative Oncology Group performance status (PS) of 0
to 2, adequate baseline bone marrow function [white blood
cell (WBC) and platelet counts >4,000 and 100,000/mm?3,
respectively], adequate hepatic function (serum bilirubin
level <1.5 mg/dl and both serum aspartate aminotransfer-
ase and alanine aminotransferase levels <100 U/), ade-
quate renal function (serum creatinine level <1.5 mg/dl),
adequate respiratory function (arterial partial pressure of
oxygen >70 mmHg), and have received no blood trans-
fusion within 14 days before enrollment. All patients were
required to have >1 measurable lesion according to the
Response Evalunation Criteria in Solid Tumors (RECIST).

Patients were excluded if they had symptomatic brain
metastasis, symptomatic ascites and/or pleural effusion,
previous history of MMC or CPT-11 chemotherapy, pre-
existing diarrhea of >4 times/day, suspicion of existing
active bleeding which needed blood transfusion at 14 days
prior to registration in this study, or a high risk of a
poor outcome due to concomitant nonmalignant disease
(i.e., cardiac, pulmonary, renal, or hepatic disease; poorly
controlled diabetes; or uncontrolled infection), or severe
psychiatric disease. Pregnant or lactating women were
excluded.

The study protocol was approved by the JCOG Clinical
Trial Review Committee and the institutional review board
of each participating hospital. All patients gave their
written informed consent.

Treatment plan

The treatment schedule consisted of one MMC dose
(5 mg/m?, bolus injection), then CPT-11 (150 mg/m?,
90-min i.v. infusion) repeated every 2 weeks, as described
previously [16]. All patients were treated on an outpatient
basis and were recommended to receive both a 5-hydro-
Xytryptamine-3-receptor antagonist and dexamethasone to
prevent emesis, Subsequent treatment cycles were withheld
until the WBC and platelet counts were >3,000 and
100,000/mm3, respectively; diarrhea was <grade 1; and
there were no infection symptoms such as pyrexia (>38°C).
When the treatment course was delayed within 8 days from
the planned schedule, the same dosage levels as those used
previously were administered. When the treatment course
was delayed beyond 8 days and within 21 days from the
planned schedule, one lower dose level (CPT-11 level -1,
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125 mg/m?; level -2, 100 mg/m?) than the previous level
was administered, while the MMC dose was maintained at
5 mg/m?. The treatment course was discontinued if it could
not be started within 21 days from the planned schedule.
‘When grade 4 leukopenia or thrombocytopenia occurred in
a previous treatment course causing a delay within 8 days,
the same dosage levels as those used previously were
administered. When grade 2 diarrhea or higher was
observed in a preceding course, dosages 1 level lower than
the previous dosages were administered.

Treatment was repeated until disease progression or
when severe toxicity was observed. The total MMC dose
was limited to 50 mg/m>, to prevent cumulative toxicity
(e.g., interstitial pneumonia and hemolytic uremic syn-
drome), and thereafter CPT-11 alone was administered.
This indicates that the maximum number of total treatment
cycles of MMC/CPT-11 therapy is 10 cycles.

Evaluation of response and toxicity

During protocol treatment, the patient’s signs and symp-
toms, as well as laboratory data (i.e., WBC with differential
counts, liver function tests, urea nitrogen, creatinine,
electrolytes, and urinalysis) were examined biweekly.
Adverse events were evaluated using the National Cancer
Institute-Common Toxicity Criteria version 2.0. Tumor
response was assessed by CT every 4 weeks. The response
of measurable and evaluable disease sites was assessed by
each investigator in accordance with RECIST, and then
reviewed by central review at the group meeting.

Statistical analysis

For this study, the primary endpoint was the RR and the
secondary endpoints were OS and toxicity. Here, we used
the standard design (attained design) of the Southwest
Oncology Group [17]. Based on reports of RRs of 22%
with paclitaxel alone [18) and 16% with CPT-11 alone [8]
in the second-line setting and an RR of 36% in phase LI
studies of MMC/CPT-11 therapy [15], the RR in this study
was expected to be within 30-40% for a future phase III
trial, Here, the required sample size was calculated to
be 45 patients, with the following parameters: o = 0.05,
B = 0.10, threshold response rate (po) = 20%, and
expected response rate (p,) = 40%. Interim analysis was
performed when the number of enrolled subjects reached
25. The significance level for the interim analysis was set
as P < 0.02. Furthermore, when the number of patients
who reached RR was <5 at the interim analysis, the study
was prematurely discontinned because it would have been
difficult to exceed the expected RR despite further patient
accumulation, or because it would not be worth advancing

this regimen to an ensuing clinical study. When the study
was not completed after the interim analysis, the number of
patients was increased to 45 in order to allow the null
hypothesis (threshold RR) to be tested. When o was <0.05,
or when the lower boundary of the 95% CI of the RR
exceeded 20% of the threshold RR, this therapy was con-
sidered to be efficacious as chemotherapy for gastric cancer
patients who had received pretreatment. That is, when >16
of 45 patients had a PR, this study was judged to be
positive. Here, patient enrollment was not temporarily
discontinued.

OS was defined as the time from the registration date to
death as a result of any cause. PFS was defined as the time
from ‘the registration date to the first documentation of
objective tumor progression, Time-to-event and OS data
were summarized using the Kaplan-Meier method.

Results
Patient population and study treatment

Between April 2002 and July 2003, 45 patients (33 men,
12 women) from 12 hospitals were enrolled and analyzed.
Table 1 shows the demographic data, baseline disease, and
regimens of prior chemotherapy. The median age was
64 years (range 36~75), and all patients had a good PS of 0
or 1. Eighteen patients (40%) had diffuse-type gastric
cancer. As for prior chemotherapy, 40 (89%) had previ-
ously received chemotherapy for metastasis, whereas 5 had
received adjuvant chemotherapy. In the first-line chemo-
therapy, 33 patients (73%) had received 5-FU or S-1 alone,

In all 45 patients, MMC/CPT-11 therapy was adminis-
tered 281 times, and the median number of doses was 6
(range 1-10). Of the 45 patients, 10 (22%) completed the
planned 10 chemotherapy cycles. In the remaining
35 patients, the reasons for treatment discontinuation were
disease progression in 25, toxicity in 6, patient’s refusal in
3, and death in 1. Regarding CPT-11 administration,
11 patients (24%) required -1 level dose reduction and
8 (18%) required -2 level reduction because of leukopenia
and thrombocytopenia.

Efficacy

Of the 45 patients, 13 showed a PR (RR: 28.9%; 95% CI,
15.6-42.1%) (Table 2). The median PFS was 4.1 months
(Fig. 1). The median OS time was 10.1 months (95% CI,
7.3-12.6 months), and the 1-year survival rate was 38%
(Fig. 2).

Because the lower boundary of the 95% CI of the
RR (15.6%) did not exceed the threshold RR (20%), the
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Table 1 Patient characteristics (1 = 45)

Age (years)

Median 64

Range 36-75
Gender

Male 33

Female 12
ECOG performance status

0 24

1 21

2 0
Borrmann macroscopic type of primary cancer

0 1

1 1

2 17

3 18

4 5

Unknown 3
Histological type

Intestinal 25

Diffuse 18

Unclassified 2
Prior chemotherapy

5-FU alone 18

S-1 alone 15

S-1 4+ CDDP 6

MTX + 5-FU 2

Others 4

ECOG Eastern Cooperative Oncology Group, 5-FU 5-fluorouracil,
CDDP cisplatin, MTX methotrexate

Table 2 Evaluation of response (n = 45)

Tumor response Patients

n - % (95% CI)
Complete response 0 0
Partial response {3 28.9 (15.6-42.1)
Stable disease 17 37.7 (23.6-51.9)
Progressive disease 14 31.1 (17.6-44.6)
Not evaluated 1 4.4 (0-6.5)
Survival Months (95% CI)
PFS 4.1 M (2.5-5.7)
(O} 10.1 M (7.3-12.6)

CI confidence interval, PFS progression-free survival, OS overall
survival

MMC/CPT-11 combination as second-line chemotherapy
could not be definitively concluded as efficacious for fur-
ther investigation,
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Toxicity

The toxicities of the MMC/CPT-11 therapy are summa-
rized in Table 3, with myelosuppression and gastrointes-
tinal toxicity as major toxicities. Grade 3 and 4 neutropenia
occurred in 24 and 29% of the patients, respectively,
whereas grade 3 and 4 thrombocytopenia developed in only
7%. As for the nonhematological toxicities, the incidence
rate of grade 3 diarrhea was 2%, and nausea and vomiting
were mild. Early death due to interstitial pneumonitis
within 30 days from the last chemotherapy occurred in
1 patient, which was considered by the JCOG Data and
Safety Monitoring Committee to have been possibly rela-
ted to the treatment,

Discussion
In second-line chemotherapy for AGC, the potential benefits

remain unclear because of the few prospective studies that
have been conducted thus far. These trials demonstrated that
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Table 3 Grade 2-4 adverse

events according to NCI-CTC Grade 2 Grade 3 Grade 4 Grade 34 (%)
ver. 2.0 (n = 45) Hematological WBC 24 8 5 29
Neutrophils 10 11 13 53
Hb 25 3 3 13
Platelets 2 I 7
Febrile neutropenia 0 4 0 9
Non-hematological Anorexia 13 11 0 24
Nausea 11 6 0 13
Diarrhea 4 1 0 2
NCI-CTC National Cancer Infection with grade 3/4 neutropenia 0 2 0 4
Institute-Common Toxicity Infection without neutropenia 4 2 0 4

Criteria, Hb hemoglobin

the RRs to second-line chemotherapy in phase II trials for
gastric cancer were similar to those observed for other
cancers which are more commonly treated after the failure of
first-line chemotherapy. Furthermore, 2 Japanese random-
ized trials (i.e., SPIRITS [5] and JCOG9912 [6]) achieved
a median OS of 13.0 months despite the relatively
short median PFS of about 4-6 months. Although both
JCOGY912 and our previous phase III study (JCOG9205
[19]) utilized 5-FU continuous infusion (c.i.) and 5-FU/
CDDP, the obtained median PFS was 2 months and the OS
in JCOG9912 was much longer than that in JCOG9205. In
the present study, the proportion of patients who received
second-line chemotherapy was >70%, which is higher than
that obtained in our previous study (53%). The results of
previous phase II trials consistently suggest that patients
treated with second-line chemotherapy may survive longer
than those provided with BSC, although the survival benefit
of the second-line chemotherapy has not yet been clarified.

According to the 26 prospective phase II studies repor-
ted in the literature, obtained using the search expressions
“gastric cancer” and “second-line chemotherapy” in
PubMed, the average and median RRs were 18.8 and
20.0% (0-34.6%), respectively [18, 20-44]. Although the
present study did not disprove the null hypothesis about
RR, it is suggested that MMC/CPT-11 therapy with an RR
of 28.9% may possess some antitumor activity as second-
line chemotherapy.

As for survival, the present study showed a median
survival time of 10.1 months (95% CI, 7.3-12.9 months},
and a l-year survival proportion of 38%. These data are
similar to those obtained in the first-line chemotherapy
setting and appeared to be better than those obtained using
several other regimens, showing a survival period of
3.5-13 months compared with the reported median sur-
vival period of 7-10 months in untreated patients. How-
ever, it is very difficult to compare phase 1I studies due to
differences in patient background and subsequent therapy.
One reason for improved survival may be good clinical
selection of a patient. At the baseline evaluation, the

median age of the patients in the present study was
64 years (range, 36-75), and all the patients had a good PS
of 0 or 1. Another reason for the improved survival was the
high proportion of tumor stabilization (66.7%) after the
administration of the MMC/CPT-11 regimen. Therefore, it
is considered that MMC/CPT-11 therapy may provide
some survival benefit.

The toxicity of the MMC/CPT-11 regimen can be con-
sidered tolerable and manageable. Hematological toxicity
was within the expected range, including grade 4 neutro-
penia, observed in 13 patients (29%) and grade 3 febrile
neutropenia in 4 patients (9%). According to a Japanese
prospective pharmacogenomic study of CPT-11, homozy-
gotes and double heterozygotes of *6 and *28 (*6/+6,
#*28/%28 and *6/*28) were significantly associated with
severe neutropenia. The UGTIA1 pgene test prior to
receiving this regimen may be useful to decide the starting
dose of CPT-11 or to decide whether the patient should
receive CPT-11 and MMC combination chemotherapy or
CPT-11 monotherapy [45]. Although treatment-related
death was observed in 1 patient (2%) in the present study,
the occurrence of adverse events was similar to that in
JCOG9911-DI, a phase II study of the same regimen for
colon cancer; thus, MMC/CPT-11 therapy was considered
tolerable. In the present study, the proportion of patients
with toxicity was similar to that of patients where MMC/
CPT-11 therapy was used as second-line treatment against
colorectal cancer [16].

From the above results, the present phase II study of
MMC/CPT-11 therapy for FU-based chemotherapy-
refractory gastric cancer is judged to be negative on the
basis of the decision rule defined in the protocol. This may
be due to the threshold RR being set very high owing to the
lack of data as the basis for setting the threshold level and
expected RR, because of the small number of phase Il
studies of second-line treatment when this protocol was
developed. In fact, the RR cannot be considered poor
compared with that in phase II studies performed in other
treated patients (as shown in Table 2), with a favorable
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survival time of 10 months. In conclusion, the MMC/CPT-
11 regimen might be one treatment option for pretreated
AGC in patients with good PS.
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Abstract

Background: The aim of this study was to evaluate the efficacy and feasibility of preoperative chemotherapy with S-1 plus cisplatin in pa-
tients with initially unresectable locally advanced gastric cancer.

Methods: We enrolled patients with initially unresectable locally advanced gastric cancer because of severe lymph node metastases or in-
vasion of adjacent structures. Preoperative chemotherapy consisted of S-1 at 80 mg/m? divided in two daily doses for 21 days and cisplatin
at 60 mg/m? intravenously on day 8, repeated every 35 days. If a tumor decreased in size, patients received 1 or 2 more courses. Surgery
involved radical resection with D2 lymphadenectomy.

Results: Between December 2000 and December 2007, 27 patients were enrolled on the study. No CR was obtained, but PR was seen in 17
cases, and the response rate was 63.0%. Thirteen patients (48.1%) had RO resections. There were no treatment related deaths. The median
overall survival time (MST) and the 3-year overall survival (OS) of all patients were 31.4 months and 31.0%, respectively. Among the 13
patients who underwent curative resection, the median disease-free survival (DFS) and the 3-year DFS were 17.4 months and 23.1%, re-
spectively. The MST and the 3-year OS were 50.1 months and 53.8%, respectively. The most common site of initial recurrence after the RO
resection was the para-aortic lymph nodes.

Conclusions: Preoperative S-1 plus cisplatin can be safely delivered to patients undergoing radical gastrectomy. This regimen is promising
as neoadjuvant chemotherapy for resectable gastric cancer. For initially unresectable locally advanced gastric cancer, new trials using more
effective regimens along with extended lymph node dissection are necessary.

© 2011 Elsevier Ltd. All rights reserved.

Keywords: Neoadjuvant chemotherapy; Lymph node dissection; Bulky lymph node; TS-1; Cisplatin; Para-aortic lymph node

Introduction anticipated in the year 2003 and the 5-year survival rate
of gastric cancer diagnosed from 1993 to 1996 was

Gastric cancer is still one of the most common cancers 54.4% %3
in the world; 876,000 new cases were anticipated world- Currently, surgery remains the mainstay of curative
wide in the year 2000.! In Japan, 110,323 new cases were treatment. However, only an RO resection is associated

with significant cure rates. Patients having microscopic
* Corresponding author. Tel/fax: +81 72 804 2865. (R1) or macroscopic (R2) residual tumor have an extremely

E-mail address: inoueke@hirakata.kmu.ac.jp (K. Inoue). poor prognosis.
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Preoperative and neoadjuvant chemotherapy represent
investigational options. The rationale of preoperative che-
motherapy is based on the difficulty of performing an RO
resection in patients with initially unresectable locally ad-
vanced tumors and the high risk of micrometastatic disease
in these patients. Neoadjuvant chemotherapy has potential
for resectable gastric cancer for the purpose of treating
micrometastases.

Intensive chemotherapy is necessary for the improve-
ment of the RO resection rate and complete elimination of
the micrometastases. However, it is difficult for patients
who undergo gastrectomy to tolerate intensive chemother-
apy. Because weight decreases by gastrectomy, it is neces-
sary to reduce the dose of chemotherapy. The tolerance to
chemotherapeutic agents with digestive organ toxicity
was often reduced by gastrectomy-related gastrointestinal
effects.

S-1 (TS-1, Taiho Pharmaceutical, Tokyo, Japan) is an
orally active combination of tegafur (a prodrug that is con-
verted by cells to fluorouracil), gimeracil (an inhibitor of
dihydropyrimidine dehydrogenase, which degrades fluoro-
uracil), and oteracil (which inhibits the phosphorylation
of fluorouracil in the gastrointestinal tract, thereby reducing
the gastrointestinal toxic effects of fluorouracil) at a molar
ratio of 1:0.4:1. The response rate of S-1 alone exceeded
40% in two phase 2 trials involving patients with metastatic
gastric cancer.® The combination chemotherapy of S-1
plus cisplatin (CDDP) achieved a high response rate
(74%, 95%CIL: 54.9—90.6) in a previous phase I/II study
of patients with metastatic gastric cancer.’

These factors led us to perform the current phase II trial
to investigate the use of an active preoperative chemother-
apy regimen. The primary objectives of the trial were to in-
vestigate tolerance to the preoperative regimen, its effects
on operative morbidity and mortality, and the response
rate. Secondary objectives included evaluation of the RO re-
section rate, disease-free and overall survival, and failure
pattern.

Patients and methods
Patients

The study was conducted as a prospective multi-
institutional phase II trial by the Osaka Gastrointestinal
Cancer Chemotherapy Study Group (OGSG) in Japan. All
patients had histologically confirmed adenocarcinoma of
the stomach. They also had to have initially unresectable
locally advanced tumors because of invasion to adjacent
structures or severe lymph node metastases, staged by
contrast-enhanced CT as T2-3N2-3M0O or T4NanyMO, ac-
cording to the Japanese Classification of Gastric Carcinoma
(2nd English Edition).® They also had to have lymph node
metastases that were measurable according to the RE-
cIsT'® guidelines.9 We did not require laparoscopic stag-
ing as an entry criterion for this study. Any sites of

suspected M1 disease had to be ruled out prior to entrance
into the study. No prior chemotherapy or radiation was al-
lowed. The age range was 20—75 years. The performance
status (ECOG) was 0 from 1.

Because of the worse prognosis of type IV gastric cancer,
also known as scirrhous or linitis plastica, we excluded such
cases.!® Acceptable hematologic profile (WBC = 4000 cells/
mm’, hemoglobin = 8.0 g/dl, platelets = 100,000 cells/
mm’), and renal (BUN = 25 mg/dl, creatinine = 1.2 mg/dl
and/or creatinine clearance > 60 ml/min) and hepatic function
(total serum bilirubin < 1.5 mg/dl) were required. In addition,
certain respiratory function test results (ratio of the forced expi-
ratory volume in one second Z 50%, PaO2 in room
air = 70 mmHg) were required criteria. No clinically signifi-
cant auditory impairment was allowed. Patients with prior can-
cer diagnosed during the previous 5-year period (except for
colon carcinoma in situ) were excluded. Other exclusion criteria
included significant cardiac disease, pregnancy or serious infec-
tions. The protocol was reviewed and approved by the Institu-
tional Review Board of each institution. All patients gave
written informed consent.

Preoperative chemotherapy

Patients found to have locally advanced gastric cancer as
defined above, received two cycles of S-1 plus cisplatin ev-
ery 35 days. Preoperative chemotherapy consisted of S-1 at
80 mg/m? divided in two daily doses for 21 days and cis-
platin at 60 mg/m? intravenously on day 8. Physical exami-
nation, abdominal CT scan and assessment of toxicity were
performed prior to each cycle. The response measurement of
the preoperative chemotherapy was carried out according to
the RECIST' guidelines. Because it was preoperative che-
motherapy, response was not confirmed at least 4 weeks
apart. Toxicity was recorded and graded according to the Na-
tional Cancer Institution Common Toxicity Criteria (NCI-
CTC) version 2.0 scale. Operative complication was graded
according to the Common Terminology Criteria for Adverse
Events v4.0 (CTCAE v4.0). If a tumor decreased in size, ac-
cording to protocol criteria, we added 1 or 2 more courses. If
curative resection was considered possible after planned
chemotherapy, the patient had surgery. If curative resection
was considered difficult, a further course of chemotherapy
was added. The doses of both agents were attenuated for
grade = 3 toxicities, using standard reduction criteria.

Surgery

The surgery was planned for 3—6 weeks from the day of
last administration of chemotherapy. Surgery involved
a radical resection, the extent of which (total or distal gas-
trectomy) depended on the site of the primary tumor, with
a D2 lymphadenectomy. We performed D2 or more dissec-
tion in patients with metastasis to N3 lymph nodes before
chemotherapy. Spleen preservation in total gastrectomy
procedure was entrusted to the decision of each clinician.
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Patients in whom curative resection was impossible under-
went palliative operation. The postoperative treatment was
left to the decision of each physician.

Biostatistical considerations

The 3 primary end points of the study were as follows;
1) tolerance to preoperative chemotherapy, 2) operative
morbidity and mortality, and 3) objective response rate
(ORR). Secondary end points were RO resection rate, fail-
ure pattern, and disease-free and overall survival. One of
the primary end points was ORR. The number of patients
to be enrolled was calculated at 24, which was required
given the assumption that the 95% confidence interval
(CI) would be £20%, assuming an expected response rate
of 60%. Finally, we set the number as 30 patients in consid-
eration of disqualified patients. The early stopping criterion
of the trial was 3 treatment related deaths. Analogous sam-
ples were used to estimate the response rate, RO resection
rate, operative morbidity and mortality, and incidence of
treatment related grade 3—4 toxicity. Overall survival
(OS) of all patients was calculated from the day of registra-
tion in the trial. OS and disease-free survival (DFS) of the
patients who underwent RO resections were calculated from
the day of surgery. Survival distributions were estimated us-
ing the Kaplan—Meier method.

Follow-up

Following completion of chemotherapy and surgery, pa-
tients were followed at 3- monthly intervals until year 3.
Thereafter, 6-month follow-up visits were performed. CT
scans and appropriate blood studies were performed on
the occasion of each evaluation.

Results
Patient population

Between December 2000 and December 2007, 27 pa-
tients with initially unresectable local advanced gastric can-
cer were enrolled into the study from 9 institutions. As
shown in Table 1, the male to female ratio was 20:7. The
median age was 63 years. As for the histologic type, 15
cases were undifferentiated (including signet ring cell car-
cinoma) and 11 cases were differentiated type. One case
was classified as mucinous carcinoma. There were 3 cStage
1ITa (11.1%) preoperatively, 8 cStage IIIb (29.6%), and 16
cStage IV (59.3%).

Preoperative chemotherapy

The median number of preoperative chemotherapy regi-
mens was 3 courses. Grade 3—4 toxicities associated with
preoperative S-1/CDDP are described in Table 2. Hemato-
logic toxicity (Grade 3/4) was 7.4% and non-hematologic

Table 1
Patient characteristics (n = 27).
Number %

Age, years Median (range) 63 (48—-175)

Gender Male 20 74.1
Female 7 25.9

Histology Differentiated 11 40.7
Undifferentiated 15 55.6
Other 1 3.7

Pretreatment cStage T2N2MO (1I1IA) 3 11.1
T3N2MO (1IIB) 7 25.9
T4NIMO (I1IB) 1 37
T2N3MO (IV) 5 18.5
T3N3MO (IV) 6 22.2
TAN2MO (IV) 3 11.1
TAN3MO (IV) 2 74

toxicity (Grade 3/4) was 3.7%. Treatment was generally
well tolerated and no chemotherapy-related deaths were ob-
served. While there was no CR, there were 17 cases of PR
and the response rate was 63.0% [95%CIL: 42.4-80.6]
(Table 2).

Operative outcome

All patients who were entered into this trial had initially
unresectable tumors. Nine patients were diagnosed as being
unresectable when chemotherapy was completed and did
not undergo surgery. Eighteen patients (66.7%) underwent
laparotomy (Table 3). Thirteen patients (48.1%) had RO re-
sections. Three patients (11.1%) underwent R1 surgery, be-
cause of positive results of peritoneal washing cytology.
Two patients underwent simple laparotomy because of peri-
toneal metastases or unresectable local extension of meta-
static lymph nodes. Postoperative complications are
described in Table 3. The incidence of complications was
22.2%. One patient underwent operative intervention be-
cause of pancreatic leakage; however, there were no
surgery-related deaths.

Table 2
Courses, responses and toxicities of preoperative chemotherapy.
n %
Courses Median (range) 3 (1-9)
Response CR 0 0.0
PR 17 63.0
SD 6 222
PD 4 14.8
Toxicities Gradel/2 Grade3/4
n %o n %
Neutropenia 10 37.0 2 74
Thrombocytopenia 3 11.1 1 3.7
Hemoglobin 21 77.8 1 3.7
Vomiting 7 259 1 37
Nausea 13 48.1 1 3.7
Diarrhea 4 14.8 1 3.7
Anorexia 17 63.0 1 3.7
Cerebral infarction 0 0 1 3.7
Treatment 0 0.0

related death
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Table 3
Operative outcome (n = 27).
Number %
No operation 9 333
Operation 18 66.7
RO resection 13 48.1
R1 resection 3 11.1
R2 resection 0 0
Simple Laparotomy 2 222
Complications
None 14 77.8
Pancreatic leak 3 (Grade 1: 2, Grade 4: 1) 16.7
Lymphorrhea 1 (Grade 1) 5.6
Anastomotic leak 0 0.0
Re-operation 1 5.6
Mortality 0 0.0

Seven of 9 patients who did not undergo surgery re-
ceived 2nd-line chemotherapy (S-1: 3 patients, S-1/CPT-
11: 2 patients, CPT-11/CDDP: 1 patient, Paclitaxel: 1 pa-
tient). Four of 5 patients who underwent R1-2 surgery re-
ceived further chemotherapy (S-1/Paclitaxel: 2 patients,
S-1: 1 patient, CPT-11/CDDP: 1 patient).

Overall survival of all patients

Only one patient was lost to follow-up at 8 months from
the first day of preoperative chemotherapy, but all other pa-
tients were followed more than three years. The median
overall survival time and the 3-year overall survival rate
of all patients were 31.4 months and 31.0% [95%CIL:
17.5—55.1], respectively.

DFS, OS, and first relapse site of patients who
underwent RO resection

Thirteen patients underwent RO resection. The details of
these patients are shown in Table 4. Twelve of these 13

Table 4
Patients who underwent RO resection.

patients (92.3%) achieved PR after preoperative chemother-
apy. The median number of course of chemotherapy of
these patients was 3 (2—5). Of these patients, only 2 pa-
tients (15.4%) underwent D2 plus para-aortic lymph node
dissection (D3). Downstaging was observed in 11 patients
(84.6%). Seven of 13 patients received postoperative adju-
vant chemotherapy (S-1: 4 patients, S-1 plus CDDP: 1 pa-
tient, CPT-11: 1 patient, CPT-11/CDDP: 1 patient). To date,
recurrence has been diagnosed in 10 patients. First relapse
site of five of ten patients was para-aortic lymph nodes. The
median disease-free survival time and the 3-year disease-
free survival rate of the 13 patients were 17.4 months and
23.1% [95%CI: 8.6—62.3], respectively (Fig. 1A). The me-
dian overall survival time and the 3-year overall survival
rate of the 13 patients were 50.1 months and 53.8% [95%
CI: 32.6—89.1], respectively (Fig. 1B).

Discussion

The combination chemotherapy of S-1 plus cisplatin was
chosen because it had achieved a high response rate of 74%
(95%CI: 54.9—90.6) in previous phase I/II study of patients
with metastatic gastric cancer. The incidences of severe
(Grade 3/4) hematological and non-hematological toxicities
were 15.8 and 26.3%, respectively.” A randomized con-
trolled trial in Japan showed the superiority of S-1/cisplatin
compared with S-1 monotherapy according to the response
rate and survival for metastatic gastric cancer.!! Therefore,
S-1/cisplatin therapy is now the standard treatment for met-
astatic gastric cancer in Japan.

This multi-institutional phase II prospective trial of pre-
operative chemotherapy in initially unresectable locally
advanced gastric cancer showed that preoperative chemo-
therapy using S-1/cisplatin was not only feasible but also
achieved a high response rate. The overall response rate
was 63.0% [95%CI: 42.4—80.6]. The incidence of grade
3/4 toxicities was less than 10% and treatment related

No. cStage Course  Response Gastrectomy D Combined resection fStage Nodes First relapse

1 T3N2MO (IIIB) 2 PR Distal D3 Liver, Gallbladder T2N2MO (I111A) 4 None

2 T3N3MO (IV) 3 PR Total D2 Spleen, Panc. (tail) T2N2MO (IIIA) 6 Brain
Gallbladder

3 T3N2MO (I1IB) 2 PR Total D2 Spleen T2N2MO (1I1A) 10 Lymph (para AO)

4 T3N2MO (I1IB) 2 PR Distal D3 None T2N2MO (IIIA) 3 None

5 T3NZMO (I1IB) 3 PR Total D1#* Liver T2NOMO (IB) 0 None

6 T2N2MO (II1A) 2 SD Distal D2 Panc. (head) T4N3MO (IV) 7 Peritoneum

7 T4N2MO (1IV) 3 PR Total D2 Spleen, Panc. (tail) T3N2MO (IIIB) 10 Lymph (para AO)

8 T2N3MO (IV) 4 PR Distal D2 Gallbladder T2N2MO (II1A) 1 Bone

9 T4N3MO (IV) 3 PR Distal D2 None TINOMO (1A) 0 Lung

10 T4N1MO (IIIB) 3 PR Total D2 Spleen T2N2MO (II1A) 4 Lymph (hepatic)

11 T2N3MO (IV) 5 PR Total D1x None T2N3MO (1V) 2 Lymph (para AO)

12 T2N2MO (111A) 3 PR Total D1x None T2NOMO (IB) 0 Lymph (para AO)

13 T3N2MO (I1IB) 3 PR Total D1x None T2N2MO (111A) 13 Lymph (para AO)

D1*: we performed almost D2 dissection, but it classified D1 dissection according to the Japanese classification of gastric carcinoma (2nd English edition),
because of preserving spleen.
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Figure 1. Disease-free and overall survival of the patients who underwent
RO surgery (n = 13).

mortality was 0.0%. Similar results were reported in other
studies.'>!® These results encourage the use of S-1/cis-
platin combination chemotherapy as neoadjuvant treatment
for patients who have resectable gastric cancer. Such ftrials
are currently under way in Jalpam.m’15

The recently completed MAGIC trial constitutes
a larger study regarding neoadjuvant chemotherapy in gas-
tric cancer. In this study, 503 patients were randomized to
three cycles of pre- and three cycles of postoperative epi-
rubicin/cisplatin/5-FU (ECF) chemotherapy or surgery
alone. Neoadjuvant chemotherapy was tolerable and was
completed in 88% of patients. Significant downsizing
(5.0 versus 3.1 cm median tumor size, P < 0.001), down-
staging (54% versus 36% T1—T2 tumors, P = 0.01) and
enhanced resectability (79% versus 69%, P = 0.02)
were noted. Improved progression-free survival and sur-
vival were demonstrated, with an overall 5-year survival
of 36% versus 23% for those undergoing surgery alone.'®
We should conduct phase III clinical trials of the

neoadjuvant chemotherapy of S-1/cisplatin therapy for re-
sectable gastric cancer.

In Japan, the ACTS-GC trail demonstrated a survival ad-
vantage of postoperative adjuvant chemotherapy after RO
resection. RO patients were randomized to adjuvant chemo-
therapy using S-1 (529 patients) versus surgery alone (530
patients); improved survival (3-year overall survival rates
of 80.1% versus 70.1%, P = 0.003) was noted.!” Adjuvant
chemotherapy, as reported by the ACTS-GC Group, is now
considered a standard treatment for RO patients. However,
of the 283 patients who had stage III disease and received
S-1 adjuvant chemotherapy, 73 patients died. The hazard
ratio of the adjuvant chemotherapy group worsened with
an increasingly advanced stage. These results suggest that
S-1 monotherapy is insufficient for patients who have stage
III or more. However, for patients who have initially unre-
sectable gastric cancer like the patients enrolled in this trial,
S-1/cisplatin chemotherapy is insufficient because of the
high relapse rate of patients who underwent RO resection.

For the patients immediately after gastrectomy, highly
toxic chemotherapy is difficult because of overlaps be-
tween chemotherapy-induced gastrointestinal toxicity and
digestive symptoms due to gastrectomy.18 Therefore, fur-
ther improvements in preoperative therapy will require de-
velopment of more effective chemotherapeutic regimens.
During the last decade, several new agents with promising
activity against gastric cancer were identified. These in-
clude paclitaxel, docetaxel, irinotecan and trastuzumab.
These agents are now undergoing phase II and III trials,
as part of combination regimens.!??? If improved outcome
is seen in metastatic disease, these agents will undergo ex-
tensive testing in the preoperative setting.

The absence of laparoscopic staging might have allowed
inclusion of patients with positive peritoneal cytology or
small peritoneal implants that could have disappeared with
the chemotherapy; these patients have a worse prognosis,
which could have impacted on the final results. Actually,
there were 3 cases of positive cytology at exploration after

" chemotherapy. Laparoscopic staging should be mandatorily

included in future similar projects.

An interesting point is that there were many para-aortic
lymph node recurrences in the patients who underwent RO
resection. Among 13 patients who underwent curative re-
section, initial recurrence in 5 patients was in a para-
aortic lymph node. These patients had not undergone
para-aortic lymph node dissection. The prognostic im-
provement effect of the para-aortic lymph node dissection
was refuted by two clinical trials.”>** In the JCOG 9501
trial, 523 patients with resectable gastric cancer were en-
rolled, and 263 were assigned to D2 group and 260 were
assigned to D2 plus para-aortic nodal dissection. The 5-
year overall survival rate was 69.2% for D2 lymphadenec-
tomy group and 70.3% for the D2 lymphadenectomy plus
para-aortic nodal dissection group; the hazard ratio for
death was 1.03 (95%CI, 0.77 to 1.37; P = 0.85). There
were also no significant differences in recurrence-free
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survival and the pattern of recurrence between the two
groups.®® In the East Asian Surgical Oncology Group trial,
269 patients with resectable gastric cancer were enrolled,
and 135 were assigned to the D2 group and 134 were as-
signed to the D2 plus para-aortic nodal dissection. The 5-
year overall survival rates were 52.6% for the D2 lympha-
denectomy group and 55.0% for the D2 lymphadenectomy
plus para-aortic nodal dissection group. There was no sig-
nificant difference in survival between the two groups
(P = 0.801).** It was concluded that the D2 lymphadenec-
tomy plus para-aortic nodal dissection did not improve
prognosis regarding D2 lymph node dissection in the re-
sectable gastric cancer.

However, in these trials, patients who had gross metasta-
ses to the para-aortic nodes were excluded. The incidence
of metastases in the para-aortic nodes was lower than ex-
pected in 8.5% and 9.7%, respectively. The median number
of metastatic nodes was only 2 nodes among the patients
who underwent D2 plus para-aortic nodal dissection in
the JCOG 9501. In the East Asian Surgical Oncology
Group trial, the mean number of metastatic nodes was 5.9
in the para-aortic lymph node dissection group.

Recently, 15-year follow-up results of a randomized na-
tionwide Dutch D1D2 trial were published. 711 patients un-
derwent randomly assigned treatment with curative intent
(380 in the D1 group and 331 in the D2 group). Overall
15-year survival was 21% for the D1 group and 29% for
the D2 group. Gastric cancer-related death rate was signif-
icantly higher in the D1 group (48%, 182 patients) than that
in the D2 group (37%, 123 patients). Local recurrence was
22% (82 patients) in the D1 group versus 12% (40 patients)
in D2, and regional recurrence was 19% (73 patients) in D1
versus 13% (43 patients) in D2. After a median follow-up
of 15 years, D2 lymphadenectomy was associated with
lower locoregional recurrence and gastric cancer-related
death rates than D1 surgery.25 This difference was greater
in the patients with lymph node metastases from 7 to 15.%6

The observation period was shorter in the clinical trials
of JCOG and East Asian Surgical Oncology Group than in
the Dutch trail, and fewer mortality events occurred and
also fewer metastases to lymph nodes. Therefore, para-
aortic lymph node dissection might have better prognosis
in patients with severe lymph node metastases like the pa-
tients enrolled in our trial.

In summary, preoperative S-1/cisplatin can be safely de-
livered to patients undergoing radical gastrectomy. The re-
sponse rtate was high, with no increase in operative
morbidity and mortality compared with those upon surgery
without preoperative chemotherapy.27 Controlled trials of
neoadjuvant chemotherapy using this regimen with the
postoperative S-1 monotherapy for resectable gastric cancer
are necessary. For initially unresectable locally advanced
gastric cancer, the rate of recurrence was high, and the
most common initial recurrent site was para-aortic lymph
node. New trials, using a more effective regimen along
with extended lymph node dissection are necessary.
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Abstract

Background The Trastuzumab for Gastric Cancer (ToGA)
study is the first international trial to include Japanese patients
with human epidermal growth factor 2 (HER2) positive
advanced/metastatic gastric or gastroesophageal junction
cancer. ToGA showed that trastuzumab plus chemotherapy
(capecitabine/cisplatin or 5-fluorouracil/cisplatin) improved
overall survival in the overall population (hazard ratio 0.74).
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Regional differences in outcome in favor of Japanese popu-
lations were observed in other studies; therefore, subgroup
analyses of ToGA may contribute to the evaluation of the
potential benefits of this regimen in Japanese patients,
Methods We performed subgroup analyses on 101 Japa-
nese patients enrolled into ToGA (trastuzumab plus che-
motherapy, n = 51; chemotherapy, n = 50).

Results Median overall survival in the Japanese subgroup
was 15.9 months (95% confidence interval 12-25) for
trastuizamab plus chemotherapy and 17.7 months (95%
confidence interval 12-24) for chemotherapy (hazard ratio
1.00; 95% confidence interval 0.59-1.69). After adjusting
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for prespecified covariates, the estimated hazard ratio for
overall survival was 0.68 (95% confidence interval
0.36-1.27). Further post hoc and exploratory examinations
supported the robustness of the adjusted hazard ratios.
Conclusions  After adjusting for imbalanced patient back-
grounds between arms, overall survival of Japanese patients
with human epidermal growth factor 2 positive advanced/
metastatic gastric or gastroesophageal junction cancer who
received trastuzumab plus chemotherapy was improved
compared with patients who received chemotherapy alone.

Keywords Trastuzumab - Drug therapy - Stomach
neoplasms - Randomized controlled trial

Background

Approximately 110,000 people in Japan develop gastric
cancer each year [1], with 65,000 estimated deaths (which is
second only to lung cancer among cancer-related deaths
[1]). For advanced disease, the oral fluoropyrimidine S-1, in
combination with cisplatin, has become the standard treat-
ment for gastric cancer in Japan, based on the results of the
SPIRITS trial [2]. However, the prognosis still remains
poor, and therefore new therapies such as molecular-tar-
geted drugs are needed. Trastuzumab is a recombinant
monoclonal antibody that targets human epidermal growth
factor receptor 2 (HER2), Trastuzumab derives its anti-
cancer effects from inducing antibody-dependent cytotox-
icity, inhibiting HER2-mediated signaling, and preventing
cleavage of the extracellular domain of HER2 [3].
Trastuzumab has been approved for use in HER2-positive
metastatic breast cancer and as a postoperative adjuvant
therapy for HER2-positive breast cancer, and is now the
standard of care worldwide for these indications, including in
Japan. The Trastuzumab for Gastric Cancer (ToGA) study
was the first intemational randomized controlled phase I
trial to include Japanese patients with HER2-positive
advanced/metastatic gastric or gastroesophageal junction
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{GEJ) cancer. The percentage of patients with HER2-positive
gastric cancer, as assessed by immunohistochemistry (IHC;
3+ on a scale of 0 to 3+) or fluorescence in situ hybridization
(FISH; HER2:CEP17 ratio >2.0) was 22.1% in the overall
ToGA population. The proportion of patients with HER2-
positive disease was similar for Europe (23.6%), Asia
(23.5%), and Japan (27.6%) [4], and similar to that seen in
patients with breast cancer in other trial populations
(25-30%) [5). ToGA showed that patients who received
combination treatment with trastuzumab and chemotherapy
[capecitabine plus cisplatin (XP) or flucrouracil plus cisplatin
(FP)] had significantly improved survival compared with
those who received chemotherapy alone: the median overall
survival (OS) in the intent-to-treat (ITT) population was
13.8 months in the trastuzumab plus chemotherapy arm
and I11.1 months in the chemotherapy-only arm [hazard
ratio (HR) 0.74, 95% confidence interval (CI) 0.60-0.91;
P = 0.0046] [6].

There were substantial differences in OS reported from
recent phase III trials of chemotherapy for gastric cancer,
and these are especially evident between Japan and other
countries. Recent trials in Japan have demonstrated that
combination therapy resulted in longer survival than was
seen in studies outside of Japan, with a median survival
exceeding 1 year [7, 8], as compared with around
10 months in Western trials [9, 10). There are considered
to be two reasons for the longer survival observed in Jap-
anese trials. Firstly, up to 70% of Japanese patients receive
subsequent chemotherapy following failure of first-line
therapy [11-13]. Secondary, there may be differences in
the eligibility criteria and baseline patient characteristics
between the Japanese and non-Japanese trials; the studies
in Japan included patients with and without measurable
metastatic disease, whereas non-Japanese trials usually
included patients with measurable metastatic disease only
[11]. Since the primary endpoint of the ToGA study was
OS, there is a possibility that the impact of trastuzumab on
survival might be reduced in Japanese patients due to
inherently longer survival in this population. To evaluate
the efficacy of trastuzumab in combination with chemo-
therapy specifically in the Japanese population of ToGA,
we conducted preplanned and post hoc subgroup analyses.

Patients and methods

The details of the ToGA trial design and methods have
been reported elsewhere [6].

Japanese patient subgroup

To evaluate the efficacy and safety of the combination
treatment (trastuzumab plus XP) in the Japanese population

— 531 —



Trastuzumab for advanced GC in Japan

of the ToGA study, we performed subgroup analyses using data
from patients who were enrolled from institutions in Japan.

Preplanned sample size for Japanese patients

In the ToGA study, the HR for OS was expected to be 0.77, the
expected number of events was 460, and the target sample size
was set at 584 patients [6]. Before starting the ToGA study, we
set the sample size of Japanese patients to allow us to evaluate
similarities between the overall ToGA results and our sub-
group analysis in an exploratory manner, Assuming a 70%
probability that the HR for OS in the Japanese subgroup would
be less than 0.88 (the midpoint between 0.77 and 1.00), the
expected number of events was 70. To reach this expected
number of events within the study period, the minimum
sample size was determined to be 89 patients to allow us to
conduct four analyses: preplanned (unadjusted and adjusted),
post hoc, and exploratory analyses of the HR.

Unadjusted analyses

We calculated the unadjusted OS and progression-free sur-
vival (PFS) of the Japanese sub-group using the same methods
as those used for the overall ToGA study [6]. Objective
response rate of the Japanese sub-group was analysed with a Ve
test in patients with measurable disease (n = 45 in the trast-
uzumab plus XP arm and 41 in the XP arm).

Preplanned analyses

Prior to carrying out the Japanese subgroup analysis, we pre-
dicted an imbalance in the baseline patient characteristics,
Therefore, we planned to calculate an adjusted HR and 95% CI
in the Japanese subgroup using a multivariate Cox regression
analysis with 15 factors: extent of disease, primary tumor site,
measurability of disease, Eastern Cooperative Oncology Group
Performance Status (ECOG PS), chemotherapy regimen
(stratification factors), sex, age, number of lesions, number of
metastatic sites, type of gastric cancer, visceral metastasis, prior
gastrectomy, prior chemotherapy, HER2 status, and region of
origin (other prespecified covariates). All factors were pre-
specified in the ToGA study protocol. Each covariate was also
evaluated using a univariate Cox regression analysis.

Post hoc analyses

During the preplanned multivariate Cox regression analy-
sis, we excluded patients for whom HER2 status was
reported as THC 3+/FISH unknown (no result). In addition,
estimates of effects were extremely unstable for covariates
that contained a category which included only one patient.
Therefore, to target all of the enrolled patients and ensure
the stability of the model, a post hoc analysis was conducted

using a multivariate Cox analysis. Among covariates, HER2
status was divided into two categories: high expression (IHC
2+ and FISH-positive or JHC 3-+) and low expression (IHCO
and FISH-positive or IHC 14 and FISH-positive). Covariates
that contained a category with only one patient (extent of
disease and previous chemotherapy) were excluded from the
model to ensure its stability,

Exploratory analyses to evaluate deviation of patient
prognosis

To identify factors that affect prognosis specifically in the
Japanese subgroup, and to confirm the robustness of our
preplanned and post hoc analyses, an exploratory multi-
variate Cox regression analysis on the HR for OS with
various combinations of covariates was carried out. We
created a series of models that included the treatment group
as a base covariate with 3-6 other covariates, and selected
the top four models ranked by value following a chi-square
test. The procedure was repeated for the models with three,
four, five, and six covariates, and a total of 16 models were
selected. From the well-fitting model that was obtained, we
compared the HR for OS with the results of preplanned and
post hoc analyses. To ensure that HER2 status was not a
confounding variable, we carried out a multivariate Cox
regression analysis with HER2 expression (high or low) as
the stratification factor, and determined the HR for OS in
which selected covariates were included in the model.

Furthermore, scoring of the prognosis of each patient in
both study arms using the Cox regression model and esti-
mation of the risk for each patient were carried out with the
selected covariates. The risk was shown by the estimated
value of logarithm HR for each patient. To eliminate the
influence of treatment on the mortality risk, we set the
treatment group as the stratification factor and produced a
histogram plot according to the distribution of patient risk
to evaluate potential bias between the treatment arms.

Safety

Adverse events and serious adverse events were assessed
according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (NCI-CTCAE) version 3.0

and the International Conference on Harmonization guide-
lines, respectively.

Results

Patients

Between September 2005 and December 2008, 594
patients were enrolled in the primary ToGA study at 122
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Table 1 HER? testing results in the Japanese population of ToGA

FISH result IHC score

IHCO0 IHC14+ IHC24+ IHC3+ Total
FISH-positive, n 14 19 36 37 106
FISH-negative, n 155 57 14 1 227
NE, n 48 12 8 8 83
Total, n 217 88 58 46 409

FISH fluorescence in situ hybridization, HER2 human epidermal
growth factor receptor 2, /HC immunohistochemistry, NE not
evaluable

centers in 24 countries, of whom 584 were included in the
primary analysis. Four hundred twenty-one tumor samples
were provided for HER2 testing from 16 centers in Japan.
Twelve samples were not evaluated due to a lack of tumor
tissue in the sample (n = 7), shipment failure (7 = 4), or
disease progression before shipment (n = 1). Of the 409
samples successfully screened, 115 (28.1%) were scored as
HER2-positive (IHC 3+ or FISH-positive; Table 1) and
102 patients were registered into the study. After excluding
one patient who did not receive the study drug, 101 Japa-
nese patients (trastuzumab plus chemotherapy, n = 51;
chemotherapy alone, n = 50) were included in this sub-
group analysis. All patients received capecitabine as the
chemotherapy partner of cisplatin.

Table 2 shows the baseline characteristics of the Japa-
nese patients included in this subgroup analysis (» = 101)
and the non-Japanese patients (n = 483). There is simi-
larity in the baseline characteristics of patients from other
countries between the study arms. On the other hand,
number of metastatic sites, histologic type, and prior gas-
trectomy were imbalanced by approximately 10% between
the study arms in the Japanese subgroup, and were con-
sidered to be prognostic factors. Median follow-up times
were 18.6 months [interquartile range (IQR) 11-25] in the
trastuzumab plus XP arm and 17.1 months IQR 1-49) in
the XP arm. The median number of cycles of trastuzumab
therapy was eight (range 1-24). Forty-one patients in the
trastuzumab plus XP arm (80.4%) and 41 patients in the XP
arm (82.0%) received second-line treatment (at least one
chemotherapy treatment after disease progression despite
the study treatments).

Efficacy
Unadjusted analyses

Twenty-eight patients (54.9%} in the trastuzumab plus XP
arm and 27 patients (54.0%) in the XP arm had died by the

&) Springer

data cutoff point. As shown in Table 3, unadjusted median
OS was 159 months (95% CI 12-25 months) in the
trastuzumab plus XP arm and 17.7 months (95% CI
12-24 months) in the XP arm (HR 1.00, 95% CI
0.59-1.69). The number of PFS events (defined as disease
progression or death) was 43 (84.3%) in the trastuzumab
plus XP arm and 40 (80.0%) in the XP arm. Unadjusted
median PFS was 6.2 months (95% CI 5-7 months) in the
trastuzumab plus XP arm and 5.6 months (95% CI
5-7 months) in the XP arm (HR 0.92, 95% CI 0.60-1.43).
The objective response rate was 64.4% (95% CI
48.8-78.1%) in the trastuzumab plus XP arm and 58.5%
(95% CI 42.1-73.7%) in the XP arm.

Preplanned analyses

In the multivariate analysis, the HR for OS, adjusted by the
15 prespecified covariates above, was 0.68 (95% CI
0.36-1.27, P = 0.2251, Table 4). The adjusted HR for PFS
was 0.66 (95% CI 0.40-1.09%), which was slightly
improved compared with the results for the overall popu-
lation. Among the covariates in the preplanned analysis,
the univariate analysis showed that prior gastrectomy was
the covariate most strongly associated with longer OS (HR
0.39, 95% CI 0.16-0.91). There were more patients with
prior gastrectomy in the XP arm (26%) than in the trast-
uzumab arm (16%). After adjusting for gastrectomy only,
the HR for OS between the treatment arms was 0.85 (95%
CI 0.49-1.45).

Post hoc analyses

For the post hoc exploratory multivariate Cox regression
analysis, the adjusted HRs for OS and PFS were 0.82 (95%
CI 0.45-1.50) and 0.81 (95% CI 0.50-1.30), respectively
(Fig. 1).

Exploratory analyses to evaluate deviation of patient
prognosis

We evaluated the HR for OS with different combinations
of covariates in the model. In the well-fitting models with
high chi-square values, the HRs using three, four, five, and
six covariates ranged between 0.79 (95% CI 0.49-1.38)
and 0.89 (95% CI 0.52-1.54), 0.77 (95% CI 0.44-1.33) and
0.88 (95% CI 0.51-1.53), 0.68 (95% CI 0.39-1.20) and
0.80 (95% CI 0.45-1.42), and 0.68 (95% CI 0.38-1.20)
and 0.76 (95% CI 0.44-1.33), respectively. In choosing the
well-fitting models, the covariates sex, HER2 status, type
of gastric cancer, prior gastrectomy, prior chemotherapy,
and number of lesions tended to be chosen. The sets of
covariates were similar to those used as prespecified
covariates (15 factors). A similar analysis was carried out
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Table 2 Baseline patient characteristics of the Japanese population and the non-Japanese population of ToGA

Characteristic Japanese Non-Japanese
Trastuzumab plus XP (# = 51) XP/FP (n = 50) Trastuzumab plus XP (# = 243)  XP/FP (n = 240)

Sex

Male, n 40 (78.4%) 40 (80.0%) 186 (76.5%) 178 (74.2%)
Median age, years (range) 63.0 (29-76) 63.5 (45-81) 60.0 (23-83) 59.0 (21-82)
Extent of disease

Locally advanced, n 0 (0.0%) 1(2.0%) 10 (4.1%) 9 (3.8%)

Metastatic, # 51 (100.0%) 49 (98.0%) 233 (95.9%) 231 (96.3%)
Primary tumor site

Stomach, » 49 (96.1%) 44 (88.0%) 187 (77.0%) 198 (82.5%)

Gastroesophageal junction, n 2 (3.9%) 6 (12.0%) 56 (23.0%) 42 (17.5%)
Measurability of disease

Measurable, # 45 (88.2%) 41 (82.0%) 224 (92.2%)" 216 (90.0%)

Nonmeasurable, n 6 (11.8%) 9 (18.0%) 19 (7.8%) 24 (10%)
ECOG performance status

0-1, n 51 (100.0%) 50 (100.0%) 213 (87.7%) 213 (88.7%)

2,n 0 (0.0%) 0 (0.0%) 30 (12.3%) 27 (11.3%)
Chemotherapy regimen

XP, n 51 (100%) 50 (100%) 205 (84.4%) 205 (85.4%)

FP, n 0 (0.0%) 0 (0.0%) 38 (15.6%) 35 (14.6%)
Number of lesions (n = 242)

1-4, n 16 (31.4%) 18 (36.0%) 112 (46.3%) 98 (40.8%)

>4, n 35 (68.6%) 32 (64.0%) 130 (53.7%) 142 (59.2%)

Median value (range) 6 (1-15) 6(1-15) 5 (1-20) 5 (1-16)
Number of metastatic sites (n=242)

1-2,n 28 (54.9%) 32 (64.0%) 124 (51.2%) 114 (47.5%)

>2,n 23 (45.1%) 18 (36.0%) 118 (48.8%) 126 (52.5%)

Median value (range) 2 (1-5) 2 (1-5) 2 (1-7) 3 (1-8)
Type of gastric cancer (central review)” (n = 242) (n=237)

Intestinal type, n 37 (72.5%) 42 (84.0%) 188 (77.7%) 171 (72.2%)

Diffuse type, »n 5 (9.8%) 4 (8.0%) 21 (8.7%) 21 (8.9%)

Mixed type, n 9 (17.6%) 4 (8.0%) 33 (13.6%) 45 (19.0%)
Visceral metastasis (liver or lung)

Yes, n 35 (68.6%) 33 (66.0%) 134 (55.1%) 139 (57.9%)

No, n 16 (31.4%) 17 (34.0%) 109 (44.9%) 101 (42.1%)
History of treatment for gastric cancer

Prior gastrectomy, n 8 (15.7%) 13 (26.0%) 62 (25.5%) 49 (20.4%)

Prior chemotherapy, n 1 (2.0%) 0 (0.0%) 26 (10.7%) 12 (5.0%)
HER?2 status

IHC 0/FISH-positive, » 3(5.9%) 9 (18.0%) 20 (8.2%) 29 (12.2%)

IHC 1+4/FISH-positive, n 10 (19.6%) 7 (14.0%) 28 (11.5%) 25 (104%)

THC 2-+4/FISH-positive, n 18 (35.3%) 13 (26.0%) 62 (25.5%) 66 (27.5%)

THC 3+/FISH-positive, n 16 (31.4%) 17 (34.0%) 115 (47.3%) 108 (45.0%)

[HC 3+/FISH-negative, n 1(2.0%) 0(0.0%) 8 (3.3%) 6 (2.5%)

IHC unknown/FISH-positive, n 0 (0.0%) 0 (0.0%) 5(2.1%) 2 (0.8%)

THC 3+/FISH unknown, 3(5.9%) 4 (8.0%) 52.1%) 4 (1.7%)
Region of origin

Japanese, n 51 (100%) 50 (100%) 0 (0.0%) 0 (0.0%)

Non-Japanese, # 0 (0.0%) 0 (0.0%) 243 (100%) 240 (100%)

ECOG Eastern Cooperative Oncology Group, FISH fluorescence in situ hybridization, FER2 human epidermal growth faclor receptor 2, JHC immu-
nohistochemistry, XP capecitabine plus cisplatin

# Type of gastric cancer was described by the Lanren Classification
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using HER2 expression (high or low) as the stratification
factor. The HR was approximately 0.7, and the HRs using
three, four, five, and six covariates were between 0.67
(95% CI 0.38-1.18) and 0.79 (95% CI 0.46-1.39), 0.70

Table 3 Overall survival in the Japanese population of ToGA
(unadjusted Cox regression analysis)

Trastuzumab plus ~ XP

XP (n = 51) (n =50)

Number of events (%) 28 (54.9) 27 (54)
Median OS, months (95% CI)  15.9 (12-25) 17.7 (12-24)
Survival rate (%)

6 months 92 92

12 months 68 64

18 months 48 49

24 months 41 35

Razard ratio (95% CI) 1.00 (0.59-1.69)

CI confidence interval, OS overall survival, XP capecitabine plus
cisplatin

Table 4 Preplanned multivariate Cox regression analysis of overall
survival by extent of disease, primary tumor site, measurability of
disease, ECOG status, chemotherapy regimen, and other prespecified

(95% CI 0.40~1.24) and 0.82 (95% CI 0.47-1.42), 0.68
(95% CI 0.39-1.22) and 0.76 (95% CI 0.43-1.34), and
0.67 (95% CI 0.37-1.22) and 0.78 (95% CI 0.44-1.36),
respectively. Influential covariates chosen in the well-fit-
ting models included sex, prior gastrectomy, and number of
lesions. Table 5 shows the covariate combinations that
resulted in a good fit based on these analyses. Figure 2
shows the distribution of patient risk with these three
models, The risk distribution is broad in each arm; how-
ever, the XP arm shows a somewhat greater distribution
toward the left, indicating that this arm included a greater
number of patients with better prognosis.

Safety

Table 6 shows the adverse events in the Japanese popula-
tion of ToGA, and indicates that all patients experienced at
least one adverse event in each arm. Grade 3/4 adverse
events occurred in 43 patients (84%) in the trastuzumab

covariates: sex, age, number of lesions, number of metastatic sites,
type of gastric cancer, visceral metastasis, prior gastrectomy, prior
chemotherapy, HER2 status, and region of origin

Hazard ratio (95% CI) P value

Trastuzumab plus XP versus XP 0.68 ~(0.36-1.27) 0.2251
Sex (male vs. female) 0.16 (0.07-0.41) <0.0001
Age (<60 vs. >60) 1.07 0.54-2.13) 0.8382
Extent of disease (locally advanced vs. metastatic) 0.00 0.00-) 0.9902
Primary tumor site (stomach vs, gastroesophageal junction) 0.68 (0.25-1.87) 0.4559
Measurability of disease (measurable vs. nonmeasurable) 0.95 (0.29--3.05) 0.9268
ECOG performance status - - -
Chemotherapy regimen - - -
Number of lesions (14 vs. >4) 0.49 (0.22-1.09) 0.0818
Number of metastatic sites (1-2 vs, >2) 0.79 (0.41-1.50) 0.4695
Type of gastric cancer

Diffuse type versus intestinal type 324 (1.08-9.70) 0.0356

Mixed type versus intestinal type 0.91 ©0.30-2.71) 0.8644
Visceral metastasis (yes vs. no) 1.15 (0.48-2.74) 0.7510
Prior gastrectomy (yes vs. no) 022 (0.06-0.75) 0.0159
Prior chemotherapy (yes vs. no) 27.72 (1.11-694.38) 0.0432
HER2 status

IHC O/FISH-positive versus IHC 3+/FISH-positive 5.31 (1.29-21.86) 0.0208

JHC 14-/FISH-positive versus IHC 3+/FISH-positive 487 (1.73-13.70) 0.0027

IHC 2--/FISH-positive versus THC 3+/FISH-positive 1.53 {0.73-3.18) 0.2578

IHC 3--/FISH-negative versus IHC 3-4/FISH-positive 25.66 (1.72-382.49) 0.0186

Region of origin

Among 15 prespecified factors, chemotherapy regimen, performance status, and region of origin were not calculated in this table because all
Japanese patients received capecitabine as the chemotherapy partner of cisplatin, had Kamofsky performance status of 0-1, and were from Asia

(Japan)

Ci confidence interval, ECOG Eastern Coopetative Oncology Group, FISH fluorescence in situ hybridization, HER2 human epidermal growth
factor receptor 2, /HC immunohistochemistry, XP capecitabine plus cisplatin
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