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Abstract
Purpose To evaluate the comprehensive safety proWle of
S-1, a promising novel oral Xuoropyrimidine derivative,
based on large cohort data.
Patients and methods Study subjects were identiWed from
a prospective registry of 3,758 advanced gastric cancer
patients in Japan. Each patient was treated with an identical
regimen of S-1 monotherapy (40 mg b.i.d. on days 1–28,
every 6 weeks) and assessed for all adverse events.
Results The median duration of treatment was 88 days;
1,605 (43%) patients underwent three or more treatment
cycles. The relative dose intensity was 0.87 in the Wrst two
cycles (short-term treatment period) and 0.89 thereafter
(long-term treatment period). Neutropenia was the most
common severe (grade 3–4) hematological event (6.3% in
the short-term period and 5.3% in the long-term period).
Other hematological or key gastrointestinal events (diar-
rhea, nausea/vomiting, and stomatitis) had a low incidence
of severe cases throughout the whole administration period
(0.3–3.8%). The time to onset of severe events did not

diVer between patients with mild renal impairment (creati-
nine clearance, 50–79 ml/min) and those with normal renal
function (¸80 ml/min) (hazard ratio, 1.04; 95% CI, 0.87–
1.23; P = 0.691).
Conclusions S-1 had manageable severe toxicity and
allowed good compliance regardless of treatment duration.
Prolonged administration of the drug was sustainable.

Keywords Gastric cancer · S-1 · Adverse events · Renal 
function · Capecitabine

Introduction

S-1 is a novel oral Xuoropyrimidine derivative that is cur-
rently used in Japan for the treatment of various solid
tumors, including gastrointestinal, lung, head and neck,
breast and pancreatic carcinomas. S-1 was designed on the
basis of the biochemical modulation of 5-Xuorouracil (5-
FU) and comprises tegafur and two enzyme inhibitors, 5-
chloro-2,4-dihydroxypyridine (CDHP) and potassium oxo-
nate (Oxo), in a molar ratio of 1:0.4:1 [1].

In two phase II studies of S-1 monotherapy in patients
with advanced gastric cancer, response rates were 49 and
44%, respectively [2, 3]. These results were the highest
response rates in phase II studies of new-generation agents
for the treatment of advanced gastric cancer, while other
such agents (irinotecan, docetaxel, paclitaxel, and capecita-
bine) exhibited moderate activity and yielded response
rates of 18–34% [4–8]. Recent studies in both Japan and the
West have reported that both excellent response rates
exceeding 50% and prolonged median survival times
(MSTs) were achieved with a combination of S-1 and cis-
platin, irinotecan, or taxane [9–13]. This accumulating evi-
dence suggests that the eVectiveness of S-1 is at least
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equivalent to, if not better than, continuous intravenous or
bolus administration of 5-FU and other oral Xuoropyrimi-
dines. Accordingly, either S-1 monotherapy or S-1 coupled
with another agent has become one of the standard Wrst-line
treatments for advanced gastric cancer in Japan. Recent
interest in the drug has also been considerable in the West
[14], especially after the recent announcement of positive
results in randomized phase III studies (ACTS-GC and
JCOG9912 trials).

The clinical use of S-1 in medical practice began with a
nationwide prospective registry in Japan, conducted by the
manufacturer (Taiho Pharmaceuticals, Tokyo, Japan) in
1999, in which advanced gastric cancer patients undergoing
S-1 were enrolled. The primary scope of this registry was to
collect as wide a range of safety proWle data as possible
since clinical trials are limited in obtaining such informa-
tion because of small to moderate sample size. The registry,
in fact, performed a complete registration of all patients
scheduled for treatment by S-1 and, eventually, collected
data from a total of 3,758 patients. Such an investigation
facilitated the generation of a reliable safety proWle of the
drug in practice. A previous article reported adverse events
during the Wrst two cycles of this registry that involved a
possible causal relation between S-1 and each event (that is,
adverse drug reactions) [15]. However, the median duration
of treatment in the registry was two cycles and nearly 50%
of the registered patients underwent S-1 administration for
three or more cycles. This observation implied that toxicity
of long-term drug delivery over two cycles needed to be
evaluated in the registry. Moreover, other crucial points,
including drug compliance, time to onset of toxicity, and
negative impact of renal impairment, also needed to be ana-
lyzed to better develop S-1 in the clinic. At present, no
study has answered these issues based on a suYciently
large body of data. In this regard, the current registry pro-
vided a valuable channel for the comprehensive under-
standing of the safety of the drug. The purpose of this
article is to report the results of our integrated analysis on
the entirety of the registry data, along with all recorded
adverse events in the whole treatment period regardless of
possible causal relation with the drug by investigators.

Methods

Patients

All patients who were scheduled for treatment by S-1
between March 1999 and March 2000 were enrolled in the
registry. Each patient was provided S-1 upon conWrmation
of enrollment by the central data center. To ensure safe use
of S-1, the following nine criteria were required for patient
registration: Eastern Cooperative Oncology Group (ECOG)

performance status (PS) · 2; leucocyte count ¸ 4,000/mm3

and ·12,000/mm3; neutrophil count ¸ 2,000/mm3; platelet
count ¸ 100,000/mm3; hemoglobin level ¸ 9.0 g/dl;
creatinine · upper limit of normal range (ULN); and
hepatic functions [total bilirubin, alanine aminotransferase
(ALT), and aspartate aminotransferase (AST)] · 2 £ ULN.
However, since the registry was conducted under general
practice conditions, patients who did not satisfy all of the
above criteria were allowed to be enrolled but under careful
monitoring in order to make the registered patients reXect
the general population of advanced gastric cancer. Patients
satisfying all nine criteria were classiWed as the appropri-
ate-use group.

The registry was conducted under the same protocol at
all participating centers, and informed consent was
obtained from all the patients prior to enrollment. Data col-
lection and management were carried out at the central data
center. Patients were followed up until either March 2002
or death.

Treatment delivery

The initial dose of S-1 was based on the patient’s body sur-
face area (BSA) as follows: BSA < 1.25 m2, 40 mg;
BSA ¸ 1.25 m2 and <1.50 m2, 50 mg; and BSA ¸ 1.50 m2,
60 mg. The dose was taken twice a day orally after meals.
A single treatment cycle consisted of S-1 monotherapy for
28 consecutive days, followed by 14 days of no treatment.
This schedule was repeated every 6 weeks (42 days) unless
the disease progressed or unacceptable adverse eVects
occurred. The dose modiWcation was according to the
scheme previously used in phase II studies [2, 3].

Dose intensity was calculated as the total dose adminis-
tered divided by the duration of administration. The relative
dose intensity (RDI) was then calculated as the ratio of the
actual dose intensity to the ideal intensity, had the dose
been administered as scheduled.

Safety assessment

For each patient, laboratory tests (hematological, hepatic,
and renal) were performed every 2 weeks. Adverse events
were assessed and recorded every 2 weeks and graded from
1 to 4 according to the criteria of the Japan Society of Clin-
ical Oncology, which is equivalent to the National Cancer
Institute Common Toxicity Criteria (NCI-CTC) but with a
few minor modiWcations to suit Japanese patients [16]. Our
analysis was based on all recorded adverse events, regard-
less of whether or not the events were reported to be drug-
related by investigators. Adverse events that occurred dur-
ing the Wrst two cycles were classiWed as short-term events,
whereas those that occurred during or after the third cycle
were classiWed as long-term events.
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Renal impairment

The impact of baseline renal impairment on the safety pro-
Wle was evaluated. Renal impairment was measured in
terms of creatinine clearance calculated by the formula of
Cockroft and Gault [17]. Renal function was then classiWed
as normal (creatinine clearance ¸ 80 ml/min), mildly
impaired (50–79 ml/min), moderately impaired (30–49 ml/
min), or severely impaired (<30 ml/min).

Statistical analysis

The time to Wrst onset of grade 3–4 adverse events was cal-
culated by the Kaplan–Meier curve estimate, and the diVer-
ences between curves were tested by logrank test. A
stratiWed Cox regression model was used to analyze the
association between renal function or initial S-1 dose and
the time to onset of adverse events. Fisher’s exact test was
used to compare the frequencies of adverse events between
patient subgroups. We reported all P values as two-sided,
with P less than 0.05 indicating statistical signiWcance. All
analyses were performed using SAS for Windows (SAS
Institute Inc, Cary, NC).

Results

Study population

A total of 4,177 patients with malignant tumors were regis-
tered from 757 institutions in Japan. Of these, 419 were
excluded because they did not receive S-1, had diVerent
malignancies other than gastric tumors, or had undergone
complete resection of gastric cancer. The study population
for our analysis thus comprised 3,758 advanced gastric can-
cer patients. Table 1 shows the demographics of these
patients, which closely resemble those of patients in previ-
ous phase II studies [2, 3].

Summary of S-1 delivery

Table 2 describes the summary of S-1 delivery. The median
duration of treatment for the 3,758 patients was 88 days
(two treatment cycles); 43% of the patients (1,605 out of
3,758) underwent treatment for three or more cycles and
were classiWed as long-term administered patients. Con-
versely, the treatment discontinuation rate in the Wrst two
cycles was 57% (2,153 out of 3,758); treatment was discon-
tinued in 17% (650 out of 3,758) due to adverse events and
in 40% (1,503 out of 3,758) due to death or disease progres-
sion. For the 1,605 long-term administered patients, the dis-
continuation rate due to adverse events was 8% (127 out of
1,605). Thus, throughout the total length of the registry,

treatment was discontinued in 777 (650 + 127) patients due
to adverse events, which was 21% of the total number
enrolled. The number of patients whose treatment was initi-
ated at a lower dose than the standard dose (see ‘Initial
dose < Standard’ in Table 2) was 928 (395 + 533), which
was 25% of the total number enrolled, and in 739 of these
patients, treatment was actually initiated with a one-level
dose reduction.

Treatment discontinuation was more frequent in the sub-
group of patients who had received chemotherapy within
half a year and initiated S-1 at a lower dose than the stan-
dard dose (see the bottom row in Table 2). This Wnding was
due to high mortality and disease-progression rates
observed within the Wrst two cycles for this subgroup
(48%), compared with the other three subgroups (39%)
(P < 0.001, Fisher’s exact test).

Table 1 Characteristics of study population (n = 3,758)

Unit: age (years), BMI (kg/m2), creatinine clearance (ml/min)

BMI body mass index, ECOG Eastern Cooperative Oncology Group
a  Calculated by the Cockcroft-Gault formula
b Patients satisfying all of nine criteria at baseline (refer to the Meth-
ods section)
c Chemotherapy history within half a year prior to S-1

Characteristics

Age

Median (range) 63 (18–92)

Sex

Male 2,624 (70%)

Female 1,134 (30%)

BMI

Median (range) 19.5 (12.3–33.5)

ECOG performance status

0 2,263 (60%)

1 1,207 (32%)

2 270 (7%)

3/4 17/1 (0.5%)

Disease status

Advanced 2,153 (57%)

Recurrent 1,605 (43%)

Creatinine clearancea

¸80 1,379 (37%)

50–79 1,811 (48%)

30–49 530 (14%)

<30 38 (1%)

Eligibility status

Appropriate-useb 2,747 (73%)

Other 1011 (27%)

Prior chemotherapyc

No 1,831 (49%)

Yes 1,927 (51%)
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The median RDI of S-1 for the whole population was
0.87 in the short-term treatment period and 0.89 in the long-
term treatment period (Table 2), indicating that the compli-
ance of S-1 was good overall and was not reduced by pro-
longed treatment. The median RDI for patients whose
treatment was initiated at the standard dose was approxi-
mately 0.95 regardless of the treatment period, showing a
high completion rate of the scheduled dosing. On the other
hand, the median RDI for patients whose treatment was ini-
tiated at a lower dose than the standard dose was less than
0.80. The total dose administered to these patients obvi-
ously remained low, compared with an ideal value that
assumes the initiation of S-1 at a standard dose, thus lead-
ing to a decrease in RDI.

Comparison of adverse events between short- and 
long-term treatment periods

The adverse events that occurred at a frequency of ¸10%
(all grades) in either the short-term or long-term treatment
periods are listed in Table 3. Anorexia (37% in the short-
term period, 43% in the long-term period), fatigue (28,
33%), nausea/vomiting (26, 26%), leucopenia (27, 25%),
and neutropenia (22, 23%) occurred in ¸20% of the
patients in both the short- and long-term treatment periods
(all grades). Grade 3–4 adverse events that occurred with a
frequency of ¸5% in both the short- and long-term treat-
ment periods were anorexia (11, 10%), fatigue (8, 8%), and
neutropenia (6, 5%). The levels of liver enzymes increased
with prolonged administration of S-1 [total bilirubin (T-
bil), 13!21%; AST, 10!17%; ALT, 8!11%; and alka-
line phosphatase (ALP), 10!17%; all grades]. However,
these levels were almost unchanged for grade 3–4 events
(T-bil, 4!7%; AST, 1!2%; ALT, 1!1%; ALP, 2!3%),
indicating that there was no evidence of direct hepatotoxicity

by S-1. Anorexia was the most frequently occurring grade
3–4 event although the incidence of other grade 3–4 gastro-
intestinal tract events (nausea/vomiting, diarrhea, and sto-
matitis) remained low in both durations of treatment (0.3–
3.8%). Grade 3–4 hematological events were infrequent
with an incidence ranging from 1.5 to 6.3%. Overall, there
were no diVerences between short- and long-term drug
deliveries in the incidence of adverse events (Table 3).

Figure 1 shows the frequency of each severe outcome
that occurred only with prolonged treatment, that is, the
number of patients who never experienced any grade 3–4
events during the short-term treatment period but experi-
enced events during the long-term treatment period. For
each toxic event other than neutropenia and leucopenia,
most of these patients did not experience even grade 1 or 2
events in the short-term treatment period. The frequency of
key adverse events that are typically related to Xuoropyrim-
idine treatment (neutropenia, diarrhea, nausea/vomiting,
stomatitis, and dermal events) [18–20] was small (5–52
patients) as shown in Fig. 1.

Time to onset of severe adverse events

Table 4 lists the distribution of the time to Wrst onset of
each grade 3–4 adverse event among patients who experi-
enced them. The median time to onset of severe hematolog-
ical events (leucopenia, neutropenia, decreased
hemoglobin, and thrombocytopenia) was approximately
3 weeks (22 days), identical to that of severe Xuoropyrimi-
dine-related key events (neutropenia, nausea/vomiting,
diarrhea, stomatitis, rash, and pigmentation; 20 days). It is
noteworthy that the median time to onset of severe hepatic
events was 2 months; these events were delayed compared
with other events. In contrast, the median time to onset of
severe dermal events was only 2 weeks.

Table 2 Summary of S-1 delivery

RDI relative dose intensity
a Chemotherapy history within half a year prior to S-1
b Patients undergoing three or more treatment cycles
c RDI  for administration during the Wrst two cycles
d RDI for administration during and after the third cycle
e Standard = dose determined according to body surface area

Prior 
chemotherapya

Initial dose status No. Total treatment 
duration (days), 
median (range)

Long-term 
administeredb, 
no. (%)

RDI in short-term 
periodc, median 
(range)

RDI in long-term 
periodd, median 
(range)

All patients 3,758 88 (1–925) 1,605 (43%) 0.87 (0.09–1.43) 0.89 (0.21–1.32)

No Initial dose ¸ standarde 1,436 97 (1–925) 667 (46%) 0.96 (0.09–1.43) 0.96 (0.26–1.32)

Initial dose < standard 395 90 (2–826) 182 (46%) 0.77 (0.20–1.05) 0.78 (0.27–1.05)

Yes Initial dose ¸ standard 1,394 86 (1–882) 571 (41%) 0.95 (0.13–1.20) 0.94 (0.21–1.17)

Initial dose < standard 533 84 (1–779) 185 (35%) 0.75 (0.17–1.37) 0.76 (0.24–0.96)
123



Cancer Chemother Pharmacol (2008) 61:335–343 339
Impact of renal impairment and initial dose on safety

The pharmacokinetics study of S-1 in both animal models
and patients with impaired renal function reported that
plasma clearance of CDHP and 5-FU is retarded according
to the degree of renal impairment, suggesting that renal

dysfunction may directly increase 5-FU concentration and
lead to severe adverse events [21]. To assess and quantify the
impact of baseline renal impairment and initial administered
dose on the development of severe adverse events, the
Kaplan–Meier curves that estimate the time to Wrst onset
were calculated. Figure 2 shows the estimated time to onset

Table 3 Summary of adverse events with an incidence of 10% or more (all grades) in either short- or long-term treatment periods

Thrombocytopenia and rash had an incidence of slightly less than 10%, but both are key events and included
a Incidence of each adverse event that occurred during the Wrst two cycles
b Incidence of each adverse event that occurred during and after the third cycle

Adverse event Incidence in all grades Incidence in grade 3–4

Short term (%)a 
(n = 3,758)

Long term (%)b 
(n = 1,605)

Short term (%) 
(n = 3,758)

Long term (%) 
(n = 1,605)

Hematological

Leucopenia 26.9 25.4 2.8 1.5

Neutropenia 21.9 22.7 6.3 5.3

Hemoglobin decreased 12.1 14.8 2.3 2.4

Thrombocytopenia 9.8 8.8 2.0 2.1

Hepatic

Total bilirubin increased 13.0 20.9 3.9 7.1

AST increased 10.0 16.6 1.4 2.2

ALT increased 8.0 10.7 0.9 1.1

ALP increased 9.9 17.4 2.2 2.9

Gastrointestinal

Anorexia 37.1 43.2 10.7 10.0

Nausea/vomiting 26.2 25.5 3.8 2.9

Diarrhea 18.4 17.0 2.1 1.1

Stomatitis 12.8 8.8 1.2 0.3

Dermal

Rash 9.0 5.4 0.9 0.2

Pigmentation 14.7 19.2 1.2 1.0

Other

Fatigue 27.6 32.8 7.8 7.7

Fig. 1 The total number of 
patients who never experienced 
any grade 3–4 events during the 
short-term treatment period but 
did experience events during the 
long-term treatment period. The 
dark bar represents patients who 
did not experience any grade of 
events during the short-term 
period, while the outlined bar 
represents patients who experi-
enced grade 1–2 events during 
the short-term period
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of grade 3–4 Xuoropyrimidine-related key events (Fig. 2a)
and its stratiWcation according to status of both renal function
(Fig. 2b) and initial dose of S-1 (Fig. 2c). Renal function was
measured in terms of creatinine clearance. Patients exhibiting
baseline renal impairment were conWrmed to be at a signiW-
cantly higher risk of grade 3–4 events (P < 0.001, logrank
test); reduction of initial dose tended to diminish this risk
(P = 0.150, logrank test). The same tendency was observed
for grade 3–4 hematological events (results not shown). We
applied a Cox regression model to quantify the impact of
these factors in terms of hazard ratios (Table 5). Since the eli-
gibility status of patients (whether they belonged to the
appropriate-use group; refer to the Methods section) and the
history of chemotherapy prior to S-1 would aVect the risk of
adverse events, the stratiWed Cox regression model with
these two factors being strata was speciWcally used to elimi-
nate their possible confounding eVects [22]. The onset of

severe Xuoropyrimidine-related key events was signiWcantly
earlier in patients who exhibited moderate or severe renal
impairment than in those with normal renal function (hazard
ratio [HR], 1.46; 95% CI, 1.16–1.82; P < 0.001), translating
into a 46% increase in the risk of these events. On the other
hand, no diVerences were observed between patients with
mild impairment and normal function (HR, 1.04; 95% CI,
0.87–1.23; P = 0.691). Reduction of initial dose contributed
to a statistically signiWcant decrease in the risk of adverse
events (HR, 0.81; 95% CI, 0.67–0.98; P = 0.034). Similar
results were observed for severe hematological events
(Table 5). In summary, moderate or severe renal impairment
elevated the risk of grade 3–4 episodes, while mild impair-
ment did not. Lowering the initial dose of S-1 led to a reduc-
tion in the risk of adverse events.

Discussion

We set out to establish the safety proWle of S-1 in the treat-
ment of advanced gastric cancer using data from a prospec-
tive registry of 3,758 cases. The results of our analysis
revealed that S-1 was associated with low incidence of
adverse events. Also, prolonged administration of S-1 did
not alter its safety proWle in the short-term treatment period
because most adverse events occurred with an approxi-
mately same incidence between the Wrst two cycles and
thereafter. Furthermore, the median RDI of the drug did not
decline in the long-term treatment period but was main-
tained at a high value, implying that a dose reduction from
the initial dose was not needed by most of the patients.

The incidence of severe key gastrointestinal events, such
as diarrhea, stomatitis, or nausea/vomiting, was less than
5% in both the short- and long-term treatment periods.
Severe myelosuppression (leucopenia, neutropenia,
decreased hemoglobin, and thrombocytopenia), which was
the reported dose-limiting toxicity in a phase I study [23],
remained at 1.5–6.3% in both periods. Only total bilirubin
showed a slight elevation of grade 3–4 outcomes with pro-
longed administration. Any grade of cardiac toxicity,
neurotoxicity, and febrile neutropenia was rarely observed
(<0.1%). S-1 was originally targeted at inducing fewer
toxic eVects while prolonging exposure to 5-FU [24–26],
and our results supported such a concept.

Another oral Xuoropyrimidine that has attracted consid-
erable attention and can broaden the availability of the
treatment of advanced gastric cancer is capecitabine [27].
Previously, three phase III studies on colorectal cancer have
investigated the use of capecitabine monotherapy [18–20];
two of these studies were conducted for the Wrst-line treat-
ment of advanced cancer and one for the adjuvant treatment
following surgery. Although the settings among the studies
diVered substantially, the drug safety proWles obtained were

Table 4 Distribution of time to onset of grade 3–4 adverse events

a Percentage in the parenthesis is the proportion to all (3,758) patients
b Distribution of time to Wrst onset among patients who experienced
each adverse event
c Neutropenia, nausea/vomiting, diarrhea, stomatitis, rash, pigmenta-
tion
d Leucopenia, neutropenia, hemoglobin decreased, thrombocytopenia

Adverse event Total number 
of patients 
throughout 
studya

Distribution of 
time to Wrst 
onsetb (in days), 
median (quartiles)

Hematological

Leucopenia 122 (3.2%) 20 (9, 58)

Neutropenia 287 (7.6%) 22 (12, 64)

Hemoglobin decreased 118 (3.1%) 32 (14, 86)

Thrombocytopenia 103 (2.7%) 36 (15, 101)

Hepatic

Total bilirubin increased 235 (6.3%) 64 (22, 129)

AST increased 87 (2.3%) 68 (21, 137)

ALT increased 48 (1.3%) 52 (14, 127)

ALP increased 121 (3.2%) 38 (8, 106)

Gastrointestinal

Anorexia 546 (14.5%) 37 (9, 92)

Nausea/vomiting 184 (4.9%) 40 (8, 85)

Diarrhea 96 (2.6%) 19 (12, 57)

Stomatitis 48 (1.3%) 12 (8, 41)

Dermal

Rash 38 (1.0%) 12 (8, 21)

Pigmentation 49 (1.3%) 16 (10, 46)

Other

Fatigue 400 (10.6%) 43 (15, 91)

Fluoropyrimidine-related 
key eventsc

632 (16.8%) 20 (9, 64)

Hematological eventsd 500 (13.3%) 22 (10, 71)
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Fig. 2 Kaplan–Meier estimates for time to Wrst onset of grade 3–4 Xu-
oropyrimidine-related key adverse events (neutropenia, nausea/vomit-
ing, diarrhea, stomatitis, rash, and pigmentation). The horizontal and
vertical axes represent the time to onset (months) and the estimated

probability of occurrence of the events, respectively: (a) estimate for
all 3,758 patients; (b) stratiWcation by status of renal function measured
by creatinine clearance (Crcl); (c) stratiWcation by status of initial dose
of S-1

Table 5 Impact of baseline renal function and initial dose status on time to onset of grade 3–4 adverse events: multivariate Cox regression analysis

Multivariate Cox model stratiWed by Eligibility status and Prior chemotherapy 
a Neutropenia, nausea/vomiting, diarrhea, stomatitis, rash, pigmentation
b Leucopenia, neutropenia, hemoglobin decreased, thrombocytopenia

Fluoropyrimidine-related key adverse eventsa (grade 3–4) Hematological adverse eventsb (grade 3–4)

Hazard ratio 95% CI P Hazard ratio 95% CI P

Creatinine clearance

¸80 1.00 1.00 

50–79 1.04 0.87–1.23 0.691 1.10 0.90–1.35 0.350 

<50 1.46 1.16–1.82 <0.001 1.69 1.32–2.16 <0.001

Initial dose status

¸ Standard 1.00 1.00 

< Standard 0.81 0.67–0.98 0.034 0.84 0.67–1.02 0.087 

Fig. 3 Reported incidence of 
grade 3–4 adverse events of 
capecitabine in previous studies 
(advanced colorectal cancer [18, 
19] and adjuvant colon cancer 
[20]) along with incidence of S-
1 in our study. Adverse events of 
S-1 are those that occurred 
among patients who had no che-
motherapy within 6 months, no 
major abnormalities in their lab-
oratory parameters, and a good 
performance status at baseline 
(n = 1,365). Each incidence is 
rounded oV and shown on the 
vertical axis
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surprisingly similar [28, 29]. Thus, the data from these
three studies that involved a total of 1,591 patients provided
the safety proWle of capecitabine monotherapy. Figure 3 shows
the frequencies of major grade 3–4 events of capecitabine
reported in the three studies as well as those of S-1 in our
study. The three studies of capecitabine included several
eligibility criteria for patient enrollment; therefore, in order
to permit maximum comparability between our registry
data and them, we focused on the 1,365 patients who had
no chemotherapy within half a year prior to S-1 as well as
belonged to the appropriate-use group and considered
adverse events observed in this group.

Both capecitabine and S-1 were associated with a rela-
tively low incidence of grade 3–4 hematological events
(Fig. 3). A higher incidence of diarrhea was observed with
capecitabine than with S-1, while anorexia was more com-
mon with S-1. Cutaneous events were much more common
with capecitabine due to the occurrence of hand-foot syn-
drome (HFS), which is known as the most severe toxicity
of capecitabine treatment [27]. The present study conWrmed
that S-1 rarely causes HFS. A major reason for this diVer-
ence might be that CDHP in S-1 potently inhibits dihydro-
pyrimidine dehydrogenase (DPD) and, in turn, decreases
the concentration of F-�-alanine, which is a possible cause
of HFS, neurotoxicity, and cardiotoxicity [30–33].

Previous articles have reported that patients with moder-
ate or severe renal impairment at baseline exhibited a sig-
niWcantly higher incidence of adverse events with
capecitabine treatment compared with those with normal
renal function, although patients with mild impairment did
not [28, 29]. Our analysis by the Cox regression model
demonstrated that the same fact holds true for S-1 treat-
ment. Thus, as in the case of capecitabine, S-1 could be ini-
tiated in patients with mild renal impairment at a standard
dose under careful monitoring.

One crucial issue to be discussed is the applicability of
our results for patients in Western countries because the
registry included only Japanese patients. It has been
reported that the MTD of S-1 is diVerent in the West than in
Japan, and that the toxicity proWle appears to be diVerent
from Japanese studies, with more diarrhea and HFS, and
less myelotoxicity [34]. Diarrhea was the dose-limiting tox-
icity in European patients [35], while HFS occurred in 3 out
of 30 patients (one with grade 3 and two with grade 1) [34].
S-1 hardly causes severe cases in either events in Japanese
patients as was shown in this registry. This diVerence might
be due to the use of a diVerent administration schedule and/
or to genetic diVerences between the Asian and the Western
populations. Careful consideration is required before apply-
ing our results to Western patients. However, treatment
with S-1 is safe at a reduced dose with appreciable response
rates. In the future, a diVerent compounding ratio of tegafur,
Oxo, and CDHP in S-1 may be desired in either population.

Gastric cancer is the fourth most commonly diagnosed
cancer and the second leading cause of cancer death.
Although gastric cancer patients typically exhibit an
advanced phase of the disease, there is no internationally
accepted standard treatment for this stage [36]. The rapid
development of S-1 for gastric cancer both in Asia and the
West shows promise for its use as a promising anticancer
drug which may realize oral treatment and lead us into the
next era of cancer management [37].

The present study from a large series of patients demon-
strated the well-tolerated safety proWle of S-1, suggesting
that it is not inferior to capecitabine. Our results will con-
tribute useful information for the future development of the
combined use of S-1 with other agents.

Acknowledgment The authors are indebted to Kunio Itoh, Kazuhiro
Yodo, and Hirofumi Hagimoto for their support in preparation of the
manuscript. We would thank Prof. Patrick Barron of Tokyo Medical
University for his review of the manuscript. The original data of this
research were provided by Taiho Pharmaceuticals.

References

1. Shirasaka T, Shimamato Y, Ohshimo H, Yamaguchi M, Kato T,
Kato T, Fukushima M (1996) Development of a novel form of an
oral 5-Xuorouracil derivative (S-1) directed to the potentiation of
the tumor selective cytotoxicity of 5-Xuorouracil by two biochem-
ical modulators. Anticancer Drugs 7:548–557

2. Koizumi W, Kurihara M, Nakano S, Hasegawa K (2000) Phase II
study of S-1, a novel oral derivative of 5-Xuorouracil, in advanced
gastric cancer. For the S-1 Cooperative Gastric Cancer Study
Group. Oncology 58:191–197

3. Sakata Y, Ohtsu A, Horikoshi N, Sugimachi K, Mitachi Y,
Taguchi T (1998) Late phase II study of novel oral Xuoropyrimi-
dine anticancer drug S-1 (1 M tegafur-0.4 M gimestat-1 M otastat
potassium) in advanced gastric cancer patients. Eur J Cancer
34:1715–1720

4. Futatsuki K, Wakui A, Nakao I, Sakata Y, Kambe M, Shimada Y,
Yoshino M, Taguchi T, Ogawa N (1994) Late phase II study of iri-
notecan hydrochloride (CPT-11) in advanced gastric cancer. CPT-
11 Gastrointestinal Cancer Study Group. Jpn J Cancer Chemother
2:1033–1038

5. Bang YJ, Kang WK, Kang YK, Kim HC, Jacques C, Zuber E,
Daglish B, Boudraa Y, Kim WS, Heo DS, Kim NK (2002) Docet-
axel 75 mg/m(2) is active and well tolerated in patients with met-
astatic or recurrent gastric cancer: a phase II trial. Jpn J Clin Oncol
32:248–254

6. Yamada Y, Shirao K, Ohtsu A, Boku N, Hyodo I, Saitoh H, Miyata
Y, Taguchi T (2001) Phase II trial of paclitaxel by three-hour infu-
sion for advanced gastric cancer with short premedication for pro-
phylaxis against paclitaxel-associated hypersensitivity reactions.
Ann Oncol 12:1133–1137

7. Hong YS, Song SY, Lee SI, Chung HC, Choi SH, Noh SH, Park
JN, Han JY, Kang JH, Lee KS, Cho JY (2004) A phase II trial of
capecitabine in previously untreated patients with advanced and/or
metastatic gastric cancer. Ann Oncol 15:1344–1347

8. Ohtsu A (2005) Current status and future prospects of chemotherapy
for metastatic gastric cancer: a review. Gastric Cancer 8:95–102

9. Koizumi W, Tanabe S, Saigenji K, Ohtsu A, Boku N, Nagashima
F, Shirao K, Matsumura Y, Gotoh M (2003) Phase I/II study of
123



Cancer Chemother Pharmacol (2008) 61:335–343 343
S-1 combined with cisplatin in patients with advanced gastric
cancer. Br J Cancer 8:2207–2212

10. Ajani JA, Lee FC, Singh DA, Haller DG, Lenz HJ, Benson AB,
Yanagihara R, Phan AT, Yao JC, Strumberg D (2006) Multicenter
phase II trial of S-1 plus cisplatin in patients with untreated
advanced gastric or gastroesophageal junction adenocarcinoma.
J Clin Oncol 24:663–667

11. Inokuchi M, Yamashita T, Yamada H, Kojima K, Ichikawa W, Ni-
hei Z, Kawano T, Sugihara K (2006) Phase I/II study of S-1 com-
bined with irinotecan for metastatic advanced gastric cancer. Br J
Cancer 94:1130–1135

12. Yamaguchi K, Shimamura T, Hyodo I, Koizumi W, Doi T,
Narahara H, Komatsu Y, Kato T, Saitoh S, Akiya T, Munakata M,
Miyata Y, Maeda Y, Takiuchi H, Nakano S, Esaki T, Kinjo F, Sak-
ata Y (2006) Phase I/II study of docetaxel and S-1 in patients with
advanced gastric cancer. Br J Cancer 94:1803–1808

13. Mochiki E, Ohno T, Kamiyama Y, Aihara R, Haga N, Ojima H,
Nakamura J, Ohsawa H, Nakabayashi T, Takeuchi K, Asao T,
Kuwano H (2006) Phase I/II study of S-1 combined with paclitaxel
in patients with unresectable and/or recurrent advanced gastric
cancer. Br J Cancer 95:1642–1647

14. Lenz HJ, Lee FC, Haller DG, Singh D, Benson AB 3rd, Strumberg
D, Yanagihara R, Yao JC, Phan AT, Ajani JA (2007) Extended
safety and eYcacy data on S-1 plus cisplatin in patients with un-
treated, advanced gastric carcinoma in a multicenter phase II
study. Cancer 109:33–40

15. Nagashima F, Ohtsu A, Yoshida S, Ito K (2005) Japanese nation-
wide post-marketing survey of S-1 in patients with advanced gas-
tric cancer. Gastric Cancer 8:6–11

16. Japan Society of Clinical Oncology (1997) Adverse drug reaction
criteria of the Japan Society of Clinical Oncology. Int J Clin Oncol
2:177–179

17. Cockcroft DW, Gault MH (1976) Prediction of creatinine clear-
ance from serum creatinine. Nephron 16:31–41

18. HoV PM, Ansari R, Batist G, Cox J, Kocha W, Kuperminc M,
Maroun J, Walde D, Weaver C, Harrison E, Burger HU, Osterwalder
B, Wong AO, Wong R (2001) Comparison of oral capecitabine
versus intravenous Xuorouracil plus leucovorin as Wrst-line treat-
ment in 605 patients with metastatic colorectal cancer: results of a
randomized phase III study. J Clin Oncol 19:2282–2292

19. Van Cutsem E, Twelves C, Cassidy J, Allman D, Bajetta E, Boyer
M, Bugat R, Findlay M, Frings S, Jahn M, McKendrick J,
Osterwalder B, Perez-Manga G, Rosso R, Rougier P, Schmiegel
WH, Seitz JF, Thompson P, Vieitez JM, Weitzel C, Harper P
(2001) Oral capecitabine compared with intravenous Xuorouracil
plus leucovorin in patients with metastatic colorectal cancer:
results of a large phase III study. J Clin Oncol 19:4097–4106

20. Twelves C, Wong A, Nowacki MP, Abt M, Burris H, Carrato A,
Cassidy J, Cervantes A, Fagerberg J, Georgoulias V, Husseini F,
Jodrell D, Koralewski P, Kroning H, Maroun J, Marschner N,
McKendrick J, Pawlicki M, Rosso R, Schuller J, Seitz JF, Stabuc
B, Tujakowski J, Van Hazel G, Zaluski J, Scheithauer W (2005)
Capecitabine as adjuvant treatment for stage III colon cancer. N
Engl J Med 352:2696–2704

21. Ikeda M, Furukawa H, Imamura H, Shimizu J, Ishida H, Masutani
S, Tatsuta M, Kawasaki T, Satomi T (2002) Pharmacokinetic
study of S-1, a novel oral Xuorouracil antitumor agent in animal
model and in patients with impaired renal function. Cancer
Chemother Pharmacol 50:25–32

22. Hosmer D, Lemeshow S (1999) Applied survival analysis: regres-
sion modeling of time to event data. Wiley, New York

23. Taguchi T, Inuyama Y, Kanamaru R, Hasegawa K, Akazawa S,
Niitani H, Furue H, Kurihara M, Ota K, Suga S, Ariyoshi Y, Takai

S, Shimoyama T, Toge T, Takashima S, Sugimachi K, Hara Y,
Fujita H, Kimura K, Saito T, Tsukagoshi S, Nakao I (1997) Phase
I study of S-1. S-1 Study Group. Jpn J Cancer Chemother
24:2253–2264

24. Takechi T, Nakano K, Uchida J, Mita A, Toko K, Takeda S,
Unemi N, Shirasaka T (1997) Antitumor activity and low intestinal
toxicity of S-1, a new formulation of oral tegafur, in experimen-
tal tumor models in rats. Cancer Chemother Pharmacol 39:205–
211

25. Yamada Y, Hamaguchi T, Goto M, Muro K, Matsumura Y,
Shimada Y, Shirao K, Nagayama S (2003) Plasma concentrations of
5-Xuorouracil and F-beta-alanine following oral administration of
S-1, a dihydropyrimidine dehydrogenase inhibitory Xuoropyrimi-
dine, as compared with protracted venous infusion of 5-Xuoroura-
cil. Br J Cancer 89:816–820

26. Maehara Y (2003) S-1 in gastric cancer: a comprehensive review.
Gastric Cancer 6(Suppl 1):2–8

27. Ajani J (2006) Review of capecitabine as oral treatment of gastric,
gastroesophageal, and esophageal cancers. Cancer 107:221–231

28. Scheithauer W, McKendrick J, Begbie S, Borner M, Burns WI,
Burris HA, Cassidy J, Jodrell D, Koralewski P, Levine EL,
Marschner N, Maroun J, Garcia-Alfonso P, Tujakowski J, Van
Hazel G, Wong A, Zaluski J, Twelves C (2003) Oral capecitabine
as an alternative to i.v. 5-Xuorouracil-based adjuvant therapy for
colon cancer: safety results of a randomized, phase III trial. Ann
Oncol 14:1735–1743

29. Cassidy J, Twelves C, Van Cutsem E, HoV P, Bajetta E, Boyer M,
Bugat R, Burger U, Garin A, Graeven U, McKendric J, Maroun J,
Marshall J, Osterwalder B, Perez-Manga G, Rosso R, Rougier P,
Schilsky RL (2002) First-line oral capecitabine therapy in meta-
static colorectal cancer: a favorable safety proWle compared with
intravenous 5-Xuorouracil/leucovorin. Ann Oncol 13:566–575

30. Heggie GD, Sommadossi JP, Cross DS, Huster WJ, Diasio RB
(1987) Clinical pharmacokinetics of 5-Xuorouracil and its metab-
olites in plasma, urine, and bile. Cancer Res 47:2203–2206

31. Koenig H, Patel A (1970) Biochemical basis for Xuorouracil
neurotoxicity. The role of Krebs cycle inhibition by Xuoroacetate.
Arch Neurol 23:155–160

32. Robben NC, Pippas AW, Moore JO (1993) The syndrome of
5-Xuorouracil cardiotoxicity. An elusive cardiopathy. Cancer
71:493–509

33. Frickhofen N, Beck FJ, Jung B, Fuhr HG, Andrasch H, Sigmund
M (2002) Capecitabine can induce acute coronary syndrome sim-
ilar to 5-Xuorouracil. Ann Oncol 13:797–801

34. Chollet P, SchöVski P, Weigang-Köhler K, Schellens JH, Cure H,
Pavlidis N, Grünwald V, De Boer R, Wanders J, Fumoleau P; EO-
RTC Early Clinical Studies Group (2003) Phase II trial with S-1 in
chemotherapy-naïve patients with gastric cancer. A trial per-
formed by the EORTC Early Clinical Studies Group (ECSG). Eur
J Cancer 39:1264–1270

35. van Groeningen CJ, Peters GJ, Schornagel JH, Gall H, Noordhuis
P, de Vries MJ, Turner SL, Swart MS, Pinedo HM, Hanauske AR,
Giaccone G (2000) Phase I clinical and pharmacokinetic study of
oral S-1 in patients with advanced solid tumors. J Clin Oncol
18:2772–2779

36. Ohtsu A, Yoshida S, Saijo N (2006) Disparities in gastric cancer
chemotherapy between the East and West. J Clin Oncol 24:2188–
2196

37. SchöVski P (2004) The modulated oral Xuoropyrimidine prodrug
S-1, and its use in gastrointestinal cancer and other solid tumors.
Anticancer Drugs 15:85–106
123


	Safety evaluation of oral fluoropyrimidine S-1 for short- and long-term delivery in advanced gastric cancer: analysis of 3,758 patients
	Introduction
	Methods
	Patients
	Treatment delivery
	Safety assessment
	Renal impairment
	Statistical analysis

	Results
	Study population
	Summary of S-1 delivery
	Comparison of adverse events between short- and long-term treatment periods
	Time to onset of severe adverse events
	Impact of renal impairment and initial dose on safety

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


