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Abstract

Background Oral fluoropyrimidines are widely used as
standard treatment for gastric cancer, but peritoneal dis-
seminated gastric cancer patients are often ineligible for
chemotherapy using oral anticancer agents because of
inadequate oral intake. The purpose of this study was to
evaluate the treatment outcome and identify the prognostic
factors in gastric cancer patients with inadequate oral
intake resulting from peritoneal dissemination.

Methods Seventy-nine patients with peritoneal dissemi-
nated gastric cancer receiving systemic chemotherapy as
the first-line treatment option at our hospital between April
1999 and December 2006, and who were administered
intravenous drip infusion because of inadequate oral intake,
were retrospectively analyzed.

Results  All patients received 5-fluorouracil (5-FU)-based
chemotherapy. Of the 79 treated patients, 71 had ascites as
peritoneal dissemination and the remaining 8 had only
gastrointestinal stenosis without ascites. Eleven (15%)
patients showed an improvement in ascites. Proportion of
oral intake improvement was 33%. Median time to pro-
gression and overall survival time was 1.7 months [95%
confidence interval (CI), 0.9-2.4 months] and 3.3 months
(95% CI, 2.1-4.5 months), respectively. Four independent
poor prognostic factors were identified in multivariate
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analysis: serum albumin < 3.0 g/dl [hazard ratio (HR)
1.69, P = 0.03], performance status > 3 (HR 1.78, P =
0.05), massive ascites (HR 1.79, P = 0.04), and serum
C-reactive protein > 2.0 mg/di (HR 2.03, P < 0.01).
Conclusion The efficacy of 5-FU-based chemotherapy
for peritoneal disseminated gastric cancer patients with
inadequate oral intake was unsatisfactory.

Keywords Gastric cancer - Peritoneal metastasis -
Inadequate oral intake - Chemotherapy

Introduction

Although the incidence and mortality rate of gastric cancer
has decreased dramatically over the past several decades,
gastric cancer remains one of the most common malig-
nancies in the world, especially in Asia [1]. Gastric cancer
can spread through various routes such as by local exten-
sion of direct serosal invasion, involvement of lymphatics,
and distant metastasis through vascular diffusion. Perito-
neal dissemination occurs mainly as a result of direct
serosal invasion, omentum and peritoneal seeding, and/or
lymphatic spread. Peritoneal dissemination is a common
reason why gastric cancer cannot be resected [2]. More-
over, peritoneal recurrence after curative resection is
identified as a major type (29-44%) of recurrence [3, 4].
Peritoneal dissemination may cause serious clinical com-
plications, such as intestinal obstruction, massive ascites,
obstructive jaundice, and hydronephrosis. These compli-
cations are associated with abdominal pain, abdominal
fullness, vomiting, and malnutrition, leading to an extre-
mely poor quality of life for the patient.

Recently, several phase II trials demonstrated that
orally administered fluoropyrimidines, S-1 (containing
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tegafur, 5-chloro-2,4-dihydroxypyridine, and potassium
oxonate) or capecitabine, were not inferior to infusional
5-fluorouracil (5-FU) in advanced gastric cancer, so further
clinical trials will demand greater feasibility of oral intake
[5-7]. However, patients with severe peritoneal dissemi-
nation are excluded from drug development in accordance
with inadequate oral intake. It is necessary to establish a
treatment strategy for peritoneal disseminated gastric can-
cer patients with inadequate oral intake.

We retrospectively investigated the treatment outcome
and prognostic factors in peritoneal disseminated gastric
cancer patients with inadequate oral intake to determine the
appropriate treatment strategy.

Patients and methods
Patients

Patients who received first-line chemotherapy treatment
for gastric cancer at the National Cancer Center Hospital
in Tokyo between April 1999 and December 2006 were
retrospectively selected for this study according to the
following criteria: (1) histological confirmation of ade-
nocarcinoma as gastric primary lesion; (2) Stage IV dis-
ease or postoperative recurrence; (3) histological and/or
radiologic confirmation of peritoneal dissemination; (4)
no prior chemotherapy or radiotherapy; and (5) inade-
quate oral intake. We defined inadequate oral intake as
requiring an intravenous drip infusion that had indeed
been done. Patients who were administered an intravenous
drip infusion for the purpose of renal protection or as a
drug administration route such as for morphine were
excluded.

Pretreatment clinical variables were evaluated: age
(younger than 65 years of age or 65 years and older),
gender (male or female), Eastern Cooperative Oncology
Group (ECOG) performance status (PS) (0-2 or =3),
serum albumin (<3.0 or =3.0 g/dl), serum C-reactive
protein (CRP, <2.0 or >2.0 mg/dl), tumor histological type
(diffuse or others), primary lesion status (present or
absent), disease status (Stage IV or recurrence), ascites
(massive or non-massive), number of metastatic sites (1 or
>2), and the 5-FU administration method (bolus or con-
tinuous). Ascites was defined as four levels: none, mild,
moderate, or massive. None was defined as undetected by
computed tomography (CT) scan; mild ascites was local-
ized in only one area such as the pelvic cavity or surface of
the liver; moderate ascites did not correspond to either mild
or massive ascites; and massive ascites extended continu-
ously from the pelvic cavity to the upper abdominal cavity.

This retrospective study was approved by the National
Cancer Center Institutional Review Board and conducted
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in accordance with ethical principles stated in Japanese
ethics guidelines for epidemiological studies.

Assessment of response

Responses were evaluated using the Response Evaluation
Criteria in Solid Tumors. Ascites response was evaluated
as follows: disappearance was defined as ascites unidenti-
fiable by CT scan, decrease was defined as ascites decrease
of more than one level, no change was defined as ascites
remaining at the pretreatment level, and increase was
defined as ascites increase of more than one level or ascites
becoming clinically apparent. Oral intake improvement
was defined as sufficient ingestion for 7 days or more
without an intravenous drip infusion.

Statistical methods

In univariate analysis, cumulative survival proportions
were calculated using the Kaplan—Meier method, and any
differences were evaluated using the log-rank test. Only
those variables that achieved statistical significance in
univariate analysis were subsequently evaluated in multi-
variate analysis using Cox’s proportional hazard model.
Progression-free survival (PFS) and overall survival (OS)
were calculated using the Kaplan—-Meier method. PFS was
calculated from the date of the first treatment to the date of
disease progression, death, or final follow-up. OS was
calculated from the date of the first treatment to the date of
death or final follow-up. All statistical analyses were per-
formed using Dr. SPSS II software (SPSS Japan, Tokyo,
Japan). All P values presented in this report are of the two-
tailed type. Differences with a P value <0.05 were con-
sidered significant.

Results
Patients and characteristics

From April 1999 to December 2006, a total of 1,747 conse~
cutive patients with gastric cancer underwent systemic
chemotherapy at the National Cancer Center Hospital in
Tokyo. Of these, 340 patients with peritoneal metastasis
underwent systemic chemotherapy as first-line treatment. Of
these 340 patients, 82 patients had received an intravenous
drip infusion before chemotherapy. However, 3 patients
were excluded because of the usage of infusion as an opioid
administration route. The remaining 79 patients were thus
identified as participants in this study. The patient charac-
teristics are summarized in Table 1. All patients had baseline
Eastern Cooperative Oncology Group (ECOG) performance
status (PS) greater than 1.
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Table 1 Patient characteristics

Characteristics N %
Gender

Male 43 54

Female 36 46
Age (years)

Median 58

Range 20-77
ECOG performance status

0 0 0

1 27 34

2 33 42

3 19 24
Disease status

Unresectable 59 75

Recurrent 20 25
Primary tumor

Present 46 58

Absent 33 42
Histological type

Diffuse type 71 90

Intestinal type 4 5

Other not specified 4 5
Number of metastatic sites

1 49 62

>2 30 38
Ascites

None 8 10

Mild 34 43

Moderate 16 20

Massive 21 27
Treatment regimen

Standard 5-FU ci 10 13

Low-dose 5-FU ci 12 15

MTX/5-FU 56 71

5-FU/L-LV 1 1
Chemotherapy

First-line chemotherapy was based on 5-FU in all patients.
5-FU-based regimens of bolus administration were meth-
otrexate (MTX)/5-FU and 5-FU/L-leucovorin (L-LV; or
[-.LV) therapy. The MTX/5-FU therapy consisted of weekly
MTX [100 mg/m?® administered intravenously (i.v.) as
bolus] followed by 5-FU (600 mg/m? i.v. bolus) at 3-h
intervals (Fig. 1a, b). The 5-FU/L-LV therapy consisted of
weekly L-LV (200 mg/m® 2-h iv. infusion) plus 5-FU
(500 mg/m2 i.v. bolus). The continuous 5-FU regimen
included two different schedules: low-dose continuous
infusion (ci) of a daily i.v. infusion of 5-FU (300 mg/m2

(a) MTX/5-FU
| MTX; 100mg/me | [ 5-FU; 600mg/ms |

bolus bolus

6-week on/ 2-week off

(b) 5-FU/i-LV
5:EU; 500mg/m?-

bolus
|‘ : k.‘l-‘LV;.ZOOmg‘k/ni‘?jjﬁ'g :

L J
T

2-h 6-week on/ 2-week off

(¢)5-FUci

| 5FU; 800mgim¥iday |

L )
T

120-h (5 days)

every 4 weeks

(d) Low-dose 5-FU ci

|
| 5-FU; 300mg/meyday | |
1
[ J
Continuing until PD or unacceptable AE

—

Fig. 1 5-Fluorouracil (5-FU)-based regimens used in the current
stady. MTX, methotrexate; 2-LV (I-LV), L-leucovorin; PD, progressive
disease; AE, adverse event; ci, continuous infusion

24-h ci) and standard 5-FU ci (800 mg/m® 24-h ci on days
1-5, g4w) (Fig. 1c, d). Median number (range) of each
chemotherapy was 4 times (1-41 times) in MTX/5-FU,
6 times in 5-FU/L-LV, and 2 times (1-4 times) in standard
5-FU ci; median administration of low-dose 5-FU ci was
24 days (4-299 days).

Efficacy

Seventy-one (90%) of the 79 patients had evaluable ascites
at initial diagnosis. The remaining 8 (10%) patients
had gastrointestinal stenosis without ascites. Objective
improvement in ascites was observed in 11 patients [15%,
95% confidence interval (CI) 8-26%]: 2 (3%) patients
achieved disappearance of ascites and 9 (13%) patients had
a decrease of ascites. Twenty-eight patients showed no
change of ascites and 14 patients had an increase of ascites.
The remaining 26 patients were not assessable because of
the unavailability of posttreatment radiologic images,
except for evident clinical disease progression that is
unnecessary for radiologic evaluation (11 patients), transfer
to other hospitals (7 patients), refusal (7 patients), and early
death (1 patient). Oral intake improvement was observed in
26 patients (33%, 95% CI 23-44%). Two patients were
excluded from analysis because they underwent endoscopic
stent placement or ileostomy during chemotherapy. The
most frequent reason for treatment discontinuation was
disease progression (77%), followed by hospital transfer
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Table 2 Treatment discontinuation

=z

Category %

Progressive disease (PD)

=]
—

77
Ascites

38

Gastrointestinal stenosis
Obstructive jaundice
Hydronephrosis

W oA

Pleural effusion

Lymphangitis

Bone metastasis

Target lesions

Clinical PD
Unacceptable toxicity
Treatment-related death
Others®

3
14

_— N th AN b o— =

—

2 Ten patients transferred to other hospitals and 1 provided no
follow-up

with stable disease (13%), unacceptable toxicity (6%),
treatment-related death (3%), and loss of follow-up (1%)
(Table 2). Among the 61 patients with disease progression,
only 17 patients received second-line chemotherapy treat-
ment, which consisted of a regimen of taxanes for 12
patients, MTX/5-FU for 2 patients, 5-FU ci for 2 patients,
and mitomycin for 1 patient.

Seventy-seven patients had died at a2 median follow-up
time of 3.3 months (range, 0.4-29.7 months). Twenty
(25%) patients died within 30 days after the last adminis-
tration of first-line chemotherapy. Of these 20 patients, 17
patients died of disease progression, 2 patients died of
treatment-related causes, and 1 patient died of aspiration
pneumonia. As to treatment-related death, both patients
developed septic shock with febrile neutropenia. Median
PFS and median OS for all patients were 1.7 months (95%
Cl, 0.9-2.4 months) and 3.3 months (95% CI, 2.1-4.5
months), respectively (Fig. 2).

Prognostic factors

In univariate analysis, five variables were identified as
significantly associated with shorter survival time
(Table 3A): serum CRP level of >2.0 mg/dl (P < 0.001),
performance status of >3 (P < 0.001), serum albumin level
of <3.0 g/di (P = 0.004), massive ascites (P = 0.004), and
number of metastatic sites of >2 (P = 0.049). The results
of multivariate analysis are given in Table 3B. Elevated
serum CRP level, low serum albumin level, poor perfor-
mance status, and massive ascites were found to be signif-
icantly poor prognostic factors in multivariate analysis. The
results of forward and backward stepwise regression
procedures remained the same. The patients were then
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overall survival

....... progression-free survival

survival probability (%)
N
(=

20

0 6 12 18 24 30 36
months after treatment

Fig. 2 Overall survival (continuous line) and progression-free sur-
vival (dotted line) in the 79 patients. The marks on the curves indicate
censored cases

classified into three groups according to the prognostic
index, as follows: good prognosis with none of the four
prognostic factors (group 1, n = 26); intermediate prog-
nosis with one or two of the poor prognostic factors (group
2, n = 39); or poor prognosis with three or four prognostic
factors (group 3, n = 14). The survival curves for the three
groups are shown in Fig. 3. The median survival time in the
good, intermediate, and poor prognosis groups was 6.0, 3.1,
and 1.4 months, respectively. There were significant
differences in survival time among the three groups
(P < 0.015).

Discussion

This study demonstrated that median OS of peritoneal dis-
seminated gastric cancer patients with inadequate oral
intake receiving first-line systemic chemotherapy was
3.3 months. Serum CRP level >2.0 mg/dl, serum albumin
level <3.0 g/dl, massive ascites, and poor performance
status (PS > 3) were independent prognostic factors. To the
best of our knowledge, this is the first study identifying the
treatment outcome and prognostic factors in gastric cancer
patients with inadequate oral intake resulting from perito-
neal dissemination, treated by systemic chemotherapy.
Gastric cancer patients with peritoneal dissemination
have been excluded from the eligibility criteria in most
clinical trials because of the absence of measurable lesions
and potential severe complications such as massive ascites,
hydronephrosis, obstructive jaundice, and intestinal
obstruction. Moreover, because peritoneal dissemination
causes inadequate oral intake, it is difficult to continue
chemotherapy using oral anticancer agents. Recent phase
Il trials demonstrated that chemotherapy using oral
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Table 3 Pretreatment factors associated with the outcome 1007y
Variable N P value
(A) Univariate analysis '\;? 80
o
Gende: el
nadaer B"
Male 43 0.06 = 60
=
Female 36 =
=2 Group |
Age =3
>65 18 0.08 s 40
<65 61 s 3
ECOG PS 2 0 "
0-2 60 <0.001 - ‘
3 19
Disease status 1]
Unresectable 20 0.52 0 6 12 I8 24 30 36
Recurrent 59 months after treatment
H‘Sfdogy Fig. 3 Survival curves for the three groups determined by prognostic
Diffuse type 71 0.07 index: group 1, good prognosis (26 patients); group 2, intermediate
Non-diffuse type 8 prognosis (39 patients); group 3, poor prognosis (14 patients). The
Primary tumor marks on the curves indicate censored cases
Present 46 0.81 Lo o
Absent 33 fluoropyrimidines, such as capecitabine or S-1, has efficacy
Number of metastatic sites results cor.nparabl‘e t<? 5—ﬂuoroura011-¥)ased chemotl.lerapy
[5, 7]. Patients with inadequate oral intake are subiject to
1 49 0.049 q ]
>2 30 the exclusion criteria in the treatment protocol, and most of
Ascites them must receive 5-FU-based chemotherapy as an intra-
Non-massive 58 0.004 venous administration. Although 5-FU is one of the most
Massive 21 commonly used drugs in patients with gastrointestinal
Treatment regimen malignancies, systemic chemotherapy of 5-FU has a lim-
5-FU bolus 57 0.38 ited response rate. Therefore, we need to develop novel
5-FUci 2 chemotherapeutic regimens to provide significant benefits
Albumin (g/dl) at the initial stage of therapy to control the symptoms and
<30 3 0.004 improve the quality of life in gastric cancer patients who
>3.0 48 h . . s
) : ave severe peritoneal dissemination.
C"rzagt‘ve protein (me/dl) - 0001 Regarding the host-related factors, good performance
>2. . .
;20 % status, absence of ascites, serum CRP level <2.0 mg/dl,
- and serum albumin level >3.0 g/dl were found to be
Variable N Hazard ratio 95% CD Pvalie  favorable prognostic factors by multivariate analysis.
(B) Multivariate analysis Presence of ascites and high serum CRP level were iden-
ECOG PS tified as being significantly associated with shorter survival
0-2 60 1 0.05 times in the multivariate analysis, and these findings are
3 19 1.78 (1.001-3.17) compatible with previous reports [8, 9]. Moreover, per-
Number of metastatic sites formance status is one of the best known prognostic factors
1 49 1 0.14 in most cancers beyond gastric cancer. For clinical appli-
22 30 1.32 (0.91-1.91) cation of these findings, we can directly predict the survival
Ascites curve of each patient. These survival curves can be easil
) P y
Non-massive 38 ! 0.04 calculated because they are based on variables obtained
Mass%ve 21 1.79 (1.04-3.08) during routine clinical examinations. These findings,
Albumin (g/dl) therefore, can be used to stratify peritoneal disseminated
>3.0 48 1 0.03 . . s .
=0 31 169 (105273 gastric cancer patients with inadequate oral intake before
c[e;lctive protein (mgfdl) R systemic chemotherapy according to predicted survival.
<0 4% ) <0.01 Accordingly, patients with a good prognosis may obtain
520 3 2.03 (125-331) sufficient treatment efficacy and survival with 5-FU-based

chemotherapy as the first-line treatment. In contrast,
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patients with a poor prognosis may be treated with pallia-
tive care only because of the extremely short median sur-
vival (1.4 months) expected, or may be treated with other,
more intensive chemotherapy. Systemic chemotherapy for
gastric cancer has recently become an important focus,
because new anticancer agents, such as oxaliplatin and
taxanes, have been proven to confer a survival benefit and
to show promise as standard anticancer agents for patients
with gastric cancer [6, 10, 11]. Especially in gastric cancer
with peritoneal dissemination, paclitaxel is recognized as
an effective agent because of its high molecular weight and
bulky molecular structure, delaying its clearance from the
peritoneal cavity [12-14]. A randomized phase II trial
(JCOG 0407) comparing best available 5-FU versus
weekly paclitaxel is now ongoing for fluoropyrimidine-
resistant gastric cancer with peritoneal dissemination.
Oxaliplatin tends to be selected as a substitute for cisplatin
in cases of peritoneal dissemination with a certain amount
of ascites because oxaliplatin does not require extensive
hydration [15]. To improve treatment efficacy, further
chemotherapy regimens, such as combination therapy
comprising 5-FU and taxane or oxaliplatin, remain as
challenges to be met by further detailed investigations for
peritoneal disseminated gastric cancer patients with inad-
equate oral intake. These findings may be helpful in pre-
dicting the life expectancy in peritoneal disseminated
gastric cancer patients with inadequate oral intake who are
treated with 5-FU-based chemotherapy.

In conclusion, this study demonstrated that the efficacy
of 5-FU-based chemotherapy as the first-line treatment
against peritoneal disseminated gastric cancer with inade-
quate oral intake was unsatisfactory. Patients receiving
chemotherapy safely could be selected depending on some
prognostic markers: PS, amount of ascites, serum CRP, and
serum albumin. Systemic chemotherapy should be recom-
mended with caution to patients with poor prognostic
factors considering the risk—benefit balance. Further
development of new regimens without oral anticancer
agents is necessary to improve the quality of life and
prognosis in this patient population.
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Abstract

Background The aim of this study was to determine the
optimal management of adjuvant S-1 therapy for stage Il or
IIl gastric cancer, encompassing the details of dose
reduction and treatment schedule modification.

Methods We retrospectively examined 97 patients with
stage II or III gastric cancer who received S-1 chemo-
therapy following gastrectomy between January 2003 and
December 2007. S-1 (80 mg/m* per day) was orally
administered twice daily for 4 weeks, followed by a
2-week rest. As a rule, treatment was continued for 1 year
after gastrectomy. Dose reduction or treatment schedule
modification was performed according to toxicity profiles.
Results Among the 97 patients, 57 (59%) underwent dose
reduction at least once and 39 (40%) received treatment
schedule modification. Of the 57 patients who required
dose reduction, 45 (79%) underwent reduction within
3 months of the beginning of treatment. The most common
reasons for dose reduction were anorexia (47%), followed
by diarrhea (32%), leukopenia (24%), and rash (16%), with
the reasons overlapping. Although the difference in the
requirement for dose reduction was not significant, patients
with a low creatinine clearance level or those who under-
went total gastrectomy had a greater tendency to require
dose reduction. The duration of the S-1 treatment period
was at least 3 months in 88% of the patients, at least
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6 months in 82%, and the planned 1-year period in 73% of
the patients.

Conclusions In most patients, the planned 1-year adju-
vant S-1 therapy for stage II or III gastric cancer could be
completed by modifying the dose reduction and treatment
schedule.

Keywords S-1 - Adjuvant chemotherapy - Gastric cancer

Intreduction

Gastric cancer remains one of the leading causes of cancer-
related deaths, the mortality rate of which ranks second
worldwide [1]. Although surgery remains the sole mainstay
of any curative treatment, the relapse rate is high and survival
remains low even after surgical resection with curative
intent. To prevent relapse and increase the survival rate,
several types of adjuvant treatments have been administered.
The rationale for using adjuvant treatment after curative
resection remains controversial worldwide. In the United
States, adjuvant chemoradiotherapy has become a standard
treatment [2], and in Europe, perioperative chemotherapy
has been established as a standard treatment [3]. On the other
hand, in Japan, oral anticancer agents have been investigated
for decades as postoperative adjuvant chemotherapy without
sufficiently robust evidence for their efficacy. The different
approaches in Europe, the United States, and Japan regarding
adjuvant chemotherapy for gastric cancer may be attribut-
able to differences in surgical approaches. In Europe and the
United States, the standard surgical treatment is gastrectomy
plus DO or D1 lymphadenectomy, and chemoradiotherapy
appears to be effective for local control after curative
resection. In Japan, however, the established standard sur-
gical treatment for gastric cancer is gastrectomy plus D2
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lymphadenectomy [4]. The role of adjuvant chemotherapy is
to control distant or peritoneal recurrences. Against this
background, adjuvant chemotherapy using oral fluorinated
pyrimidines has been most widely used in both clinical
practice and clinical trials [5, 6], although it remains unclear
which specific treatment is effective.

S-1 is an effective derivative of 5-fluorouracil (5-FU) that
combines tegafur with two modulators of 5-FU metabolism;
namely, 5-chloro-2,4-dihydroxypyridine (CDHP), a reversible
inhibitor of dihydropyrimidine dehydrogenase (DPD), and
potassium oxonate, in a molar ratio of 1:0.4:1 [7]. Tegafur, an
oral prodrug of 5-FU, is gradually converted to 5-FU and
rapidly metabolized by DPD in the liver. The maximum
concentration (Cmax) and area under the concentration time
curve (AUC) of 5-FU in plasma during S-1 treatment have
been found to be higher than the steady-state concentration and
AUC of 5-FU in plasma during protracted intravenous infusion
of 5-FU at 250 mg/m* per day [8]. Recently, the Adjuvant
Chemotherapy Trial of TS-1 for Gastric Cancer (ACTS-GC)
was performed [9]. This was a Jarge randomized controlled
trial comparing surgery alone versus surgery plus adjuvant
chemotherapy. Following the ACTS-GC ftrial, S-1 adminis-
tration for 1 year after curative surgery increased both overall
and relapse-free survival compared with surgery alone. Thus,
S-1 has become widely used in Japan not only for unresectable
recurrent or metastatic tumors but also for disease-free patients
after curative surgery for gastric cancer.

In the ACTS-GC trial, even though the major grade 3/4
toxicities included only anorexia (6.0%), nausea (3.7%),
and diarthea (3.1%), the percentage of patients who com-
pleted the planned 1-year S-1 treatment was only 65.8%. In
addition, dose modification was performed in 42.4% of the
patients, although details of the reasons for such modifi-
cation were not provided. We therefore retrospectively
investigated the details of dose reduction and schedule
modification in patients with adjuvant S-1 therapy after
curative resection of gastric cancer.

Patients and methods

Between January 2003 and December 2007, we retrospec-
tively analyzed a total of 97 patients with stage II or Il
gastric cancer who received S-1 therapy after gastrectomy at
the National Cancer Center Hospital, Tokyo. The clinico-
pathologic findings were determined in accordance with the
Japanese classification of gastric carcinoma [10]. We
regarded S-1 administration that started within 90 days after
surgery as an acceptable period because this was a retro-
spective study, and because oncologists should consider
starting adjuvant chemotherapy as soon as possible after
gastrectomy (within 6 weeks) in order to eliminate micro-
metastases. There is no clear evidence for this 90-day period,

but it is approximately twice the starting limit of the
ACTS-GC study. Moreover, because the period of adjuvant
S-1 therapy was 1 year, this study was intended for patients
who had started adjuvant S-1 therapy 1 year or more before
the time of analysis. In principle, S-1 was administered
orally at 40 mg (body surface area [BSA] < 1.25 m?),
50 mg (BSA 1.25-1.50 m?), and 60 mg (BSA > 1.50 m%)
twice daily for 4 weeks, followed by a 2-week rest. How-
ever, a reduction of the starting dose was allowed at the
physician’s discretion; for example, when patients had
postoperative gastrointestinal symptoms, poor general con-
dition, or myelosuppression. S-1 administration was con-
tinued until 1 year after gastrectomy if there was no evidence
of tumor recurrence or unacceptable toxicity. The dose or
treatment schedule was modified at the physician’s discre-
tion according to toxicity profiles. In principle, we recom-
mended that the schedule be changed from a 4-week
administration followed by a 2-week rest to a 2-week
administration followed by a 1-week rest if patients could
take S-1 twice per day completely without S-1 skip but had
severe gastrointestinal symptoms or myelosuppression dur-
ing the first 2 weeks, and the dose was reduced (1 level
down) if sufficient S-1 could not be administered to the
patients due to adverse events during first 2 weeks. Never-
theless, we recommended a further dose reduction of S-1
(2 levels down) or 2-week administration followed by a
1-week rest when patients could not continue S-1 by
adjusting first step dose or schedule modification. Further-
more, we attempted a 2-week administration followed by a
2-week rest or a 3-week administration followed by a 2-week
rest if the treatment was not successful. We also allowed low
doses such as 60 mg/day when we could not manage adverse
events with a reduction to 80 mg/day.

The cumulative incidence of dose reduction was calculated
by the Kaplan-Meier method, censoring at the date of treat-
ment discontinuation caused by postoperative recurrence or
adverse events. Statistical analysis was performed using Dr
SPSS II (SPSS Japan, Tokyo, Japan). All statistical compari-
sons were two-sided and P < 0.05 was considered significant.
Treatment-related toxicities were assessed using the Common
Terminology Criteria for Adverse Events version 3.0.

This study was approved by the institutional review
board of the National Cancer Center and was conducted in
accordance with the ethical principles stated in Japanese
ethics guidelines for epidemiological studies.

Results
Patient characteristics

The characteristics of the patients are shown in Table 1.
Forty patients underwent total gastrectomy, 54 had distal
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Table 1 Patient characteristics (n = 97) Table 2 Adverse events (n = 97)
n (%) No. of patients % %
Age (years) Gl G2 G3 G4 AIG G34
Median 59 Hematological toxicity
Range 35-80 Leukopenia 3 35 1 0 73 1
Sex Neutropenia 18 36 2 1 79 24
Male 6305  Anemia 66 20 1 0 90
Female 34.(35) Thrombocytopenia 18 2 0 21 0
ECOG performance status Nonhematological toxicity
0 60 (62)  Anorexia 67 11 3 0 84 3
1 3738 Nausea 43 5 0 0 49 0
Stage, Japanese classification Vomiting 14 0 0 17 0
1 062 Mucositis 35 4 0 0 40 0
A 230 Diarrhea 53 10 2 0 67 2
B 18 (19) Fatigue 65 4 1 0 72 1
Surgical procedure Rash 27 3 1 0 32 1
Total gastrectomy 40 (4D Pigmentation 0 4 - - 45 -
Subtotal gastrectomy 5769 Hand-foot syndrome 11 2 1 - 14 1
Creatinine clearance (ml/min) Watery eyes 6 5 1 - 12 1
<60 10 (10) Taste alteration 13 5 - - 19 -
6-80 29 (30) Hypoalbuminemia 23 2 1 0 27 1
>80 S860)  Hyperbilirubinemia 33 10 1 0 45 1
Initial dose of S-1 (mg/body) AST 27 3 2 0 33 2
80 Ian — arr 2 2 2 0 2 2
100 35@36)  Arp 6 0 0 0 17 0
120 S1G3) Creatinine 6 1 0 0 7 0

Creatinine clearance was calculated using the Cockroft—-Gault for-
mula. Percentages might not add up to 100% due to rounding

ECOG Eastern Cooperative Oncology Group

gastrectomy, and the remaining 3 underwent pylorus-
preserving gastrectomy. Of 19 patients receiving dose reduc-
tion at the initial administration, 6 showed inadequate food
intake after gastrectomy, 5 had leucopenia and were judged
unfit to start at the standard dose, 1 developed pancreatic
fistula as a postsurgical complication, and 1 had borderline
BSA (This patient had BSA of 1.51, so physician selected
S-1 100 mg/day in consideration of postsurgical condi-
tion); the reasons for the dose reduction in the remaining
6 patients were unknown. Of the 97 patients enrolled,
62 patients exceeded the 6-week starting time limit of the
ACTS-GC study. The reasons were pancreatic fistula in 6
patients, gastrointestinal symptoms in 5 patients, poor oral
intake in 3 patients, poor general condition in 3 patients,
another treatment in 2 patients (dental therapy in 1 and
treatment for early bladder cancer in the other), anasto-
motic stenosis in 1 patient, ileus in 1 patient, colitis in 1
patient, delay of pathological confirmation in 1 patient, and
by patient request for 1 patient; and the remaining 38
patients delayed seeking an examination at the outpatient
clinic by about 1 or 2 weeks.

@ Springer

G grade, AST aspartate aminotransferase, ALT alanine aminotrans-
ferase, ALP alkaline phosphatase

Safety

S-1 chemotherapy adverse events, which involved grade
1/2 intensity in the majority of cases, are summarized in
Table 2. The most common hematological adverse event
was neutropenia, occurring at grade 3/4 intensity in
23 patients (24%). Only 1 patient developed grade 3 febrile
neutropenia. Nonhematological toxicity was frequent but
rarely severe. Taste alteration and watery eyes, which
occurred consistently with repeated courses of therapy,
were experienced by 18 (19%) and 12 (12%) patients,
respectively, and occasionally a few patients needed dose
reduction or treatment discontinuation. There were no
treatment-related deaths.

Treatment administration

The median follow-up period after gastrectomy was
43.0 months (range 5.3-73.4 months). Among the 97
patients analyzed, 57 (59%) received dose reduction at
least once and 39 (40%) underwent schedule modification
during the planned 1-year treatment. Of the 57 patients
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10, Table 4 Reasons for treatment discontinuation (n = 26)
91 Adverse events 20 (77%)
X Gastrointestinal toxicities 14
§ 71 Afxorexia 6
:g 6 Diarrhea 3
g Nausea/vomiting 3
4 31 Abdominal pain 1
}’5 4 4 Mucositis 1
é 3 Others
e 2 Fatigue 3
Leukopenia/neutropenia 2
o Watery eyes 2
00 b p M 5 ! v 2 Taste alteration 2
tirme to first dose reduction (raonths) Rash !
’ Hand-foot syndrome 1
Fig. 1 Cumulative incidence of the time to first dose reduction Pigmentation 1
Liver function 1
. Dyspnea 1
Table 3 Reasons for dose reduction (n = 57) Recurrence 2 (8%)
Pretreatment dose reduction 19 (33%) Others 4 (15%)
Inadequate food intake 6 The numbers do not balance because of overlapping reasons for
Leukopenia 5 treatment discontinuation
Pancreatic fistula 1
Borderline BSA* 1 (47%), followed by diarrhea (32%), leukopenia (24%), and
Unknown 6 rash (16%) with reasons overlapping (Table 3). Of the 39
Dose reduction during the treatment 38 (67%)  patients who required schedule modification, 22 patients
Gastrointestinal toxicities underwent a 2-week administration followed by a 1-week
Anorexia 18 rest, 19 patients had a 2-week administration followed by a
Diarrhea 12 2-week 1est, and 2 patients had a 3-week administration
Nausea/vomiting 5 followed by a 2-week rest (including the 4 patients who
Mucositis 2 underwent two modifications, i.e., a 2-week administration
Abdominal pain 1 followed by a 1-week rest, and a 2-week administration
Others followed by a 2-week rest in 3 patients, and a 3-week
Leukopenia/neutropenia 9 administration followed by a 2-week rest and a 2-week
Rash 6 administration followed by a 2-week rest in 1 patient).
Fatigue 3 A total of 60 patients required dose reduction and/or
Taste alteration 3 schedule modification, and 32 patients underwent remodi-
Liver dysfunction 2 fication after their initial modification (the number of mod-
Watery eyes 1 ifications was 1 in 28 patients, 2 in 22 patients, 3 in 9 patients,

The percentages and numbers do not balance because of overlapping
reasons for dose reduction during the treatment

BSA body surface area

* 1 patient with borderline BSA had BSA of 1.51, so physician
selected S-1 100 mg/day in consideration of postsurgical condition

who required dose reduction, 45 (79%) underwent the
reduction within 3 months of starting the treatment. The
median time to the first dose reduction was 1.4 months
(range 0-10.6 months). The time to dose reduction is
shown graphically in Fig. 1. The most common reasons for
dose reduction during the treatment period were anorexia

and 4 in 1 patient). No patients were rechallenged with the
initial dose after undergoing dose reduction due to adverse
events during the adjuvant chemotherapy. The relative
administration day, defined as the ratio of actual adminis-
tration days to planned administration days, was 83.8%, and
we regarded relative number of administration days assum-
ing that was reckoned from the start date of actual S-1
administration, not within 6 weeks after surgery specified in
ACTS-GC. The relative dose intensity, defined as the ratio of
the actual cumulative dose to the planned cumulative dose,
was 69.1%. The percentage of patients who continued
treatment for at least 3 months was 88%, that of patients who
continued treatment for at least 6 months was 82%, and that
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