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Abstract

Background The standard of care for stage II/III gastric

cancer in Japan is D2 dissection followed by adjuvant S-1

monotherapy. Outcome of patients with stage III disease

remains unsatisfactory, calling for a more intensive adju-

vant chemotherapy regimen, for which evidence in

advanced/metastatic cancer research suggests S-1/cisplatin

(CDDP) as a candidate. Although S-1/CDDP was poorly

tolerated postoperatively in the previous trial, compliance

was dramatically improved by insertion of one cycle of S-1

monotherapy, which delayed administration of CDDP by

6 weeks.

Methods A feasibility study of post-gastrectomy S-1/

CDDP was performed. Patients with stage III/IV gastric

cancer were eligible. The first cycle of chemotherapy

consisted of S-1 monotherapy, and intensive antiemetic

drugs were prescribed when patients were administered

CDDP. The primary endpoint was the completion rate of

four cycles of S-1/CDDP. The secondary endpoints were

the relative dose intensity, safety, progression-free survival

time and overall survival time. Several criteria to skip,

postpone or reduce the dose had been predetermined.

Results Between 2010 and 2011, 33 patients were

enrolled. Four patients had stage IIIA disease, 7 patients

had stage IIIB disease, 11 patients had stage IIIC disease,

and 11 patients had stage IV disease. The completion rate

of the protocol treatment was 60.6 %. The relative dose

intensity of S-1 was 77.3 % and that of CDDP was 72.3 %.

Conclusions The protocol-specified delay in the admin-

istration of CDDP dramatically improved the relative drug

intensity in the postoperative adjuvant setting, although the

completion rate did not reach the expected level.
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Introduction

Although surgery remains the most important part of the

multimodality strategy for gastric cancer, a randomized

trial that explored extended lymphadenectomy has shown

that a surgical procedure that is more extensive than D2

dissection does not improve the outcome in patients with

gastric cancer even if surgical mortality is kept below 1 %

[1]. Thus, making progress in adjuvant treatment is cur-

rently the only way to improve the outcome of resectable

advanced gastric cancer. The Adjuvant Chemotherapy

Trial of S-1 for Gastric Cancer (ACTS-GC trial) [2]

showed that single-agent S-1 administered postoperatively

for 1 year significantly improves the outcome of patients

with stage II/III gastric cancer over treatment with surgery

alone. In that trial, the effect of S-1 in preventing recur-

rence waned as the disease became more advanced, sug-

gesting that some room for improvement in adjuvant

therapy for the stage III category remains. Moreover, there

are occasions when patients with stage IV cancer are

treated by gastrectomy, and these patients are also in need

of high-efficacy postoperative treatment.

Evidence in advanced gastric cancer indicates that S-1/

CDDP is one of the candidates for this situation [3, 4].

Therefore, the authors previously conducted a feasibility

study of postoperative chemotherapy with S-1/CDDP for

patients with stage IV gastric cancer (CCOG 0703) [5].

Unfortunately, the trial was an utter failure since the rela-

tive dose intensity, the primary endpoint, was 37 % for S-1

and 40 % for CDDP, and the completion rate of 5 cycles of

S-1/CDDP was 22.6 % (7/31). Since gastrectomy can have

a detrimental effect on the appetite and oral food intake,

postgastrectomy patients are particularly vulnerable to

gastrointestinal tract toxicities such as nausea, vomiting

and anorexia, which are often associated with the admin-

istration of CDDP [6, 7]. More recently, Takahari et al. [8]

reported in a feasibility study that one 6-week cycle of S-1

monotherapy prior to the introduction of the S-1/CDDP

regimen dramatically improved the completion rate of

three courses of S-1/CDDP for post-gastrectomy patients

with stage III disease. Furthermore, the long-term outcome

of patients treated in that study was extremely promising

with a 3-year overall survival of 84.5 % (95 % CI

72.3–91.6) for 63 patients with stage III cancer [9]. On the

other hand, all institutions that participated in that study

were established high-volume cancer centers where the

treatment was delivered by medical oncologists. Since

adjuvant chemotherapy for gastric cancer in Japan has

more often been given by surgeons, it was intriguing to

consider whether their success could be reproduced in the

setting of community hospitals. In addition, approval of

palonosetron and aprepitant, which were not available at

the time of the study by Takahari et al., has enabled the

introduction of more powerful combination antiemetic

therapy to the clinic.

These facts prompted the authors to reevaluate the fea-

sibility of postoperative S-1/CDDP in the community

hospital setting, with the strategy of delaying administra-

tion of CDDP by replacing the first cycle with S-1 mono-

therapy and using state-of-the-art combination antiemetic

therapy.

Patients and methods

Patient eligibility

Eligible patients had to meet all of the following criteria:

(1) a confirmed diagnosis of gastric adenocarcinoma, (2)

stage III or IV disease according to the Japanese Classifi-

cation of Gastric Carcinoma, 14th edition (virtually

equivalent to the Tumour Node Metastasis classification

version 7), (3) age of 20–75 years, (4) gastrectomy per-

formed within 8 weeks of initiation of chemotherapy, (5)

no prior treatment besides surgery, (6) European Cooper-

ative Oncology Group (ECOG) performance status of 0 to

1, (7) adequate organ functions, defined as white blood cell

count 3,500–12,000/mm3, total neutrophil count 2,000/

mm3 or more, platelet count 100,000/mm3 or more,

hemoglobin 9.0 g/dl or more, total serum bilirubin

\1.5 mg/dl, serum aspartate aminotransferase and alanine

aminotransferase less than 100 IU/l, and creatinine clear-

ance 60 ml/min or more. Patients had to have a life

expectancy of more than 3 months, with no other active

malignancies or uncontrolled concomitant diseases. Writ-

ten informed consent was obtained from all participants

after they had received a full explanation of the nature of

the study.

The study was approved by the institutional review

board of Nagoya University Hospital and all other hospitals

belonging to the Chubu Clinical Oncology Group (CCOG)

that participated in this multicenter trial.

Treatment plan and dose attenuation

At baseline, a complete medical history was taken, and a

physical examination was performed. Laboratory assess-

ment at baseline included blood cell counts, serum chem-

istry profiles, serum tumor markers (CEA, CA19-9) and

urinalysis. Chemotherapy was to be started within 8 weeks

after surgery. The first cycle of chemotherapy consisted of

S-1 monotherapy. Patients received S-1 orally at the fol-

lowing doses twice daily for 4 weeks, followed by 2 weeks

without chemotherapy. Patients with a body surface area of

\1.25 m2 received 80 mg daily; those with a body surface

area of 1.25 m2 to \1.5 m2 received 100 mg daily; those
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with a body surface area of 1.5 m2 or greater received

120 mg daily. After that, patients received S-1 for 3 weeks,

followed by 2 weeks without chemotherapy. This 5-week

cycle was repeated mainly in an outpatient setting. The

exception was the intravenous administration of CDDP at

60 mg/m2 on day 8 of each cycle, for which the patients

were to be admitted for 2–3 days and given continuous

intravenous fluid administration. As for the antiemetics,

palonosetron 0.75 mg and dexamethasone 12 mg were

administered intravenously on day 8. In addition, oral

aprepitant (125 mg on day 8 and 80 mg on days 9 and 10)

and dexamethasone (8 mg, days 9–11) were prescribed.

One cycle of S-1 and four cycles of S-1/CDDP were to be

delivered as a protocol treatment, after which the patients

with stage III disease were recommended to receive a

further 6 months of chemotherapy with single-agent S-1.

For patients with stage IV disease, there was no protocol-

specified limitation to the number of cycles of S-1/CDDP

to be given.

If the patients had hematological toxicity of grade 4 or

greater, nonhematological toxicity of grade 3 or greater, or

creatinine clearance of \60 ml/min before the start of a

new course, the daily dose of S-1 was decreased from 120

to 100 mg, from 100 to 80 mg or from 80 to 50 mg, and

the dose of CDDP was decreased by 10 mg/m2. If the

patients failed to fulfill the criteria on day 1 of the new

course, the new course was to be postponed until recovery.

If such toxicity occurred on day 8, CDDP was to be

skipped. Under these strict rules, the protocol treatment

was to be discontinued in the event of (1) postponement of

the new course for 3 weeks in a row, (2) dose reduction of

S-1 or CDDP by two levels, (3) skipping CDDP for two

cycles in a row, (4) other adverse events that were con-

sidered unmanageable, (5) withdrawal of consent from the

patient or (6) disease recurrence or progression. Patients

who failed the treatment were allowed to be given a sec-

ond-line chemotherapy at the discretion of the surgeons/

oncologists.

Adverse events were monitored by interviews, blood

chemistry profiles and blood cell counts in every exami-

nation. All toxic effects were graded according to the

National Cancer Institute Common Toxicity Criteria (NCI-

CTC; version 4.0).

Endpoints and statistical analysis

The primary endpoint of this study was the completion rate

of four cycles of S-1/CDDP; secondary endpoints were the

relative drug intensity (percentage of the dose actually

administered out of the planned dose calculated from the

body surface area) during four cycles of treatment with

S-1/CDDP, safety and overall survival time (OS).

According to the feasibility study by Takahari et al.

[10], the completion rate of two courses and three courses

of S-1/CDDP after one course of S-1 monotherapy was 95

and 81 %, respectively, for patients who underwent surgery

for stage III cancer [10]. This suggests that a 10 % decline

in the completion rate is expected by adding one course of

S-1/CDDP. Since four courses of S-1/CDDP were planned

after one course of S-1 monotherapy in the current study,

the expected completion rate was determined to be 70 %.

A minimum of 25 cases was needed to confine the 90 %

confidence interval to ±15 %. Considering the possibilities

of exclusion or dropout, the required sample size was

raised to 30.

Results

Patient characteristics

Thirty-three patients were enrolled between October 2011

and December 2012. The demographics and clinicopath-

ological characteristics of the patients are shown in

Table 1. The mean age of the patients was 65 years

(range 40–75 years). The male:female ratio was 22:11.

Eighteen patients underwent distal gastrectomy, and the

other 15 received total gastrectomy. Four patients had

stage IIIA disease, seven patients had stage IIIB disease,

11 patients had stage IIIC disease, and 11 patients had

stage IV disease. Patients were followed for a median of

486 days or until death, and the 1-year survival rate was

82 %.

Compliance and relative drug intensity

The completion rate of one cycle of S-1 monotherapy and

four cycles of S-1/CDDP was 60.6 % (20/33) among all

patients enrolled. The completion rate of each cycle is

shown in Table 2. The reasons for discontinuation of the

treatment were adverse events in seven patients, patient

refusal due to adverse events in two patients, disease

progression in three patients and recurrence in one

patient. Thus, the completion rate of the protocol treat-

ment after excluding those who discontinued treatment

because of recurrence or disease progression (n = 4) was

69.0 % (20/29).

The median relative dose intensity of S-1 was 77.3 %

and that of CDDP was 72.3 %.

Treatment delay was needed in 18 patients (54.5 %).

The most frequent reason for the delay was neutropenia. In

addition, dose reduction was required in 12 patients

(36.3 %) because of adverse events.
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Toxicity

A total of 133 cycles from the 33 patients were assessable

for toxicity (Table 3). The most frequent grade 3/4 hema-

tological toxicity was neutropenia, observed in 30.3 % of

the patients. Grade 3/4 anorexia was the most frequent

nonhematological toxicity (30.3 %), followed by fatigue

(18.2 %) and diarrhea (12.1 %). The frequency of grade

3/4 nausea was 9.1 % and that of grade 3/4 vomiting was

3.0 %.

Discussion

Since the current study was designed primarily to look at

the feasibility of S-1/CDDP in the postoperative phase,

patients with both stage III and IV disease were eligible.

One could argue that patients with stage IV disease suffer

from a more advanced disease and greater cancer burden,

which may influence the tolerability to chemotherapy.

However, stage IV cancer in the current Japanese practice

usually undergoes surgery only under the condition that

residual disease could be kept to the minimum. Thus, we

consider that comparisons in terms of feasibility could be

made between the current results and those of CCOG0703

[5], a trial exclusively of resected stage IV cancer, and the

study by Takahari et al. [8], which only looked at stage III

cancer. All 8 patients with gross metastases (3 hepatic and

5 peritoneal) in the current study underwent metastatecto-

my along with gastrectomy; consequently, only 6 patients

received R1 resection (positive cytology results of the

peritoneal washes in 4 and microscopically positive

resection margins in 3), while none received R2 resection.

Thus, the target of chemotherapy in both stage III and stage

IV disease was microscopic residual disease.

However, disease progression in the absence of critical

adverse events occurred more frequently among stage IV

patients, and these did interfere with the evaluation of

Table 1 Patient characteristics

Characteristics n = 33

Median age, years (range) 60 (40–75)

Gender

Male 22 (66.7 %)

Female 11 (33.3 %)

PS (ECOG)

0 28 (84.8 %)

1 5 (15.2 %)

Pathological type

Intestinal 9 (27.3 %)

Diffuse 24 (72.7 %)

T stage

pT1 0 (0 %)

pT2 1 (3.0 %)

pT3 3 (9.1 %)

pT4a 21 (63.6 %)

pT4b 8 (24.2 %)

N stage

pN0 1 (3.0 %)

pN1 5 (15.2 %)

pN2 8 (24.2 %)

pN3a 8 (24.2 %)

pN3b 11 (33.3 %)

Cancer stage

IIIA 11 (12.1 %)

IIIB 7 (21.2 %)

IIIC 11 (33.3 %)

IV 11 (33.3 %)

Type of gastrectomy

Total 15 (45.5 %)

Distal 18 (54.5 %)

Table 2 Completion rate

n

1st cycle (S-1 monotherapy) 100.0 % (33/33)

2nd cycle (S-1/CDDP) 97.0 % (32/33)

3rd cycle (S-1/CDDP) 81.8 % (27/33)

4th cycle (S-1/CDDP) 63.6 % (21/33)

5th cycle (S-1/CDDP) 60.6 % (20/33)

Table 3 Toxicities

Events All grades (%) Grades 3 and 4 (%)

Leukopenia 21 (63.6) 2 (6.0)

Neutropenia 27 (81.8) 10 (30.3)

Anemia 28 (84.8) 4 (12.1)

Thrombocytopenia 13 (39.3) 0 (0)

Febrile neutropenia 2 (6.0) 1 (3.0)

Anorexia 29 (87.9) 10 (30.3)

Nausea 22 (66.7) 3 (9.1)

Vomiting 5 (15.1) 1 (3.0)

Diarrhea 15 (45.5) 4 (12.1)

Fatigue 19 (57.6) 6 (18.2)

Stomatitis 9 (27.3) 1 (3.0)

AST 11 (33.3) 0 (0)

ALT 12 (36.4) 0 (0)

Total bilirubin 6 (18.2) 0 (0)

Creatinine 4 (12.1) 0 (0)

Pigmentation 9 (27.3) 0 (0)

Lacrimation 1 (3.0) 0 (0)
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tolerability in the current study. The completion rate of

four cycles of S-1/CDDP was 60.6 % (20/33); the expected

completion rate of 70 % was not achieved at least in part

because of the four patients who stopped treatment because

of disease recurrence. Nevertheless, the completion rate

was markedly higher than in the previous CCOG0703 trial

by the same study group at 22.6 % [5]. The relative drug

intensity of S-1 and that of CDDP were also markedly

higher in this study (S-1 77.3 %, CDDP 72.3 %) than in the

previous trial (S-1 37 %, CDDP 40 %).

Although overall survival was one of the secondary

endpoints, the authors decided to publish the current data

before waiting for the availability of mature data because

(1) the survival data of the mixed population of stage III/IV

patients render comparison with previous studies inade-

quate, (2) the promising outcome by the same treatment for

stage III cancer has already been reported from a study

involving a larger population [9], and data on feasibility are

required immediately to design the next generation of trials

testing the perioperative therapy for stage III cancer.

The combination antiemetic treatment of palonosetron,

aprepitant and dexamethasone was recommended for

patients receiving high emetic risk intravenous chemo-

therapy including CDDP, especially, in patients treated

with CDDP C 50 mg/m2 [10]. Patients who were entered

into the current study were expected to benefit from the

availability of these novel antiemetics, which had not been

approved during the previous studies [5, 8]. However, the

incidence of grade 3/4 nausea, vomiting, anorexia and

general fatigue was observed in 9.1, 3, 30.3 and 18.2 % in

the current study as opposed to 10, 0 and 23 and 10 % in

CCOG 0703 [5]. In other words, the incidence of severe

gastrointestinal toxicities per se was not markedly reduced.

On the other hand, six patients in the CCOG 0703 dis-

continued treatment due to patient refusal because of the

adverse events, which did not reach levels rendering the

patients ineligible for further treatment, whereas this hap-

pened only in two patients in the current study. In the

previous study, seven patients had to discontinue the pro-

tocol treatment because of a delay of[3 weeks to starting a

new cycle due to poor recovery from adverse events, but

this phenomenon was not observed in the current study.

These findings suggest that the patients suffered from a

similar extent of emesis but were able to tolerate this owing

to enhanced recovery from the surgical intervention

through the additional 6 weeks provided in the current

study before the first administration of CDDP.

There is a definite weakness in the S-1/CDDP combination,

in addition to the adverse events, that admission for hydration

and management of emesis is usually desired for patients with

advanced cancer and is mandatory for those who receive the

treatment postoperatively. This weakness becomes more crit-

ical when a large number of cycles are needed. There is no

consensus regarding the optimal number of cycles to be given

in the adjuvant setting. Since the treatment continued for

6 months with capecitabine and oxaliplatin in the successful

CLASSIC trial for gastric cancer [11], and 6 months of adju-

vant chemotherapy is quite usual in several other cancer types,

one cycle of S-1 and four cycles of S-1/CDDP, which amounts

to 6 months of treatment, could be considered sufficient.

However, since adjuvant chemotherapy with S-1 monotherapy

for 12 months is the current standard of care in Japan [2],

patients with stage III disease were recommended to receive a

further 6 months of chemotherapy with single-agent S-1 at this

time. The excellent outcome reported from the study by

Takahari et al. [9] suggests that the treatment by S-1/CDDP

could be reduced to three cycles. Determining the length of

treatment and subsequent randomized comparison with S-1

monotherapy to show significant superiority are needed to

confirm that this promising combination should be recom-

mended despite the weaknesses.

Finally, evidence suggests that oxaliplatin is at least not

inferior to cisplatin as a platinum agent against gastric cancer

[12]. A combination of oxaliplatin and S-1 could be a prom-

ising option [13] along with oxaliplatin and capecitabine [11],

for which phase III evidence already exists. However, com-

parison of the pattern of disease failure in the ACTS-GC trial

and the CLASSIC trial suggests that S-1 is effective in elimi-

nating cancer cells in the peritoneal cavity, which may cause

peritoneal dissemination, whereas the oxaliplatin and cape-

citabine combination effectively prevented hematogenous

metastasis. Moreover, in an attempt to classify gastric cancer

based on the gene expression pattern, Tan et al. [14] found that

the two subtypes of gastric cancer respond differently to plat-

inum agents, with a tendency for higher sensitivity to cisplatin

being observed in diffuse type cancer. These findings suggest

that it is still meaningful to explore cisplatin in the postoper-

ative adjuvant setting alongside oxaliplatin.

To conclude, in the current feasibility study involving

patients with stage III/IV gastric cancer, postoperative

treatment consisting of one cycle of S-1 monotherapy fol-

lowed by 4 cycles of S-1/CDDP was tolerated by 60.6 % of

all 33 patients who were entered onto the trial and by 69 % if

the 4 patients who stopped treatment because of cancer

recurrence were excluded. Our results support the strategy of

delaying the introduction of CDDP in the postoperative

adjuvant setting, and under that strategy, postoperative

adjuvant S-1/CDDP remains a candidate to be explored for

stage III gastric cancer.
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