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Abstract

Background. The efficacy and safety of S-1, a new oral
fluoropyrimidine, were evaluated in patients with non-
small-cell lung cancer (NSCLC). The objective of this study
was to determine whether the drug should be investigated
in a late phase II study.

Methods. Each treatment course consisted of an oral dose
of S-1, 50mg/body or 75mg/body, twice a day for 28 days,
followed by a 2-week washout period.
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Results. Fifty-six eligible patients were enrolled. Five of the
40 previously untreated patients (12.5%; 90% confidence
interval, 6.2%-23.5%) showed a partial response (PR),
and no tumor response was observed in the 16 previously
treated patients. The median survival duration in all eligible
patients was 8.4 months, with a 1-year survival rate of
27.3%. The incidences of grade 3 or more severe adverse
effects were: anemia, 5.4%; leukopenia, 5.4%; neutropenia,
5.4%; thrombocytopenia, 1.8%; anorexia, 3.6%; diarrhea,
3.6%; and general fatigue, 5.4%. These effects disappeared
after cessation of the drug or appropriate treatment. One
patient died as a result of aggravated interstitial pneumoni-
tis, but the relationship of this event to S-1 was not clear.
Conclusion. S-1 showed modest activity with mild toxicity
in the treatment of non-small-cell lung cancer. Based on this
result, we will progress to the next stage of a late phase II
study for advanced NSCLC, and a phase II study of S-1 and
cisplatin for advanced gastric cancer. Final results will be
reported as they are obtained.
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Introduction

It has been predicted that lung cancer would be the leading
cause of death from cancer in both males and females in
Japan by the year 2000. Currently, non-small-cell lung can-
cer (NSCLC) accounts for approximately 75%-80% of
the incidence of and mortality from all lung cancers. While
surgical resection offers the best chance for long-term sur-
vival in patients with stage I or II disease, approximately
two-thirds of NSCLC patients will not be candidates for
resection because of the presence of either locally advanced
tumors or distant metastasis.' The prognosis of patients with
metastatic disease is poor, with a median survival of 5 to 12
months.” Fewer than 5% of these patients are long-term
survivors (i.e., longer than 2 years),’ and only systemic treat-
ment can increase this percentage.



S-1 is a new oral fluoropyrimidine anticancer agent,
produced by combining tegafur (FT),' a prodrug of
S-fluorouracil (5-FU), with 5-chloro-2, 4-
dihydroxypyrimidine (CDHP)’ and potassium oxonate
(Ox0)° at a molar ration of 1:0.4:1.

CDHP effectively inhibits the decomposition of 5-FU by
dihydrouracil dehydrogenase and provides a high and sus-
tained blood concentration of 5-FU comparable to that of a
continuous intravenous drip infusion.” Oxo specifically in-
hibits the phosphorylation of 5-FU in the gastrointestinal
mucosa and reduces the side effects of mucosal damage,
such as diarrhea and stomatitis. The high anticancer activity
of this drug was confirmed in a study of animals with trans-
planted human tumors.® Also, this drug is reportedly effec-
tive in the treatment of gastric, breast, and head and neck
cancers.”"!

According to a phase I clinical trial, the dose-limiting
factor (DLF) for S-1 is myelosuppression, with the main
manifestation being leukopenia.'” It was also suggested that
the recommended dosage in early phase II clinical trials be
75mg/body (the FT dose) twice a day for 28 consecutive
days, followed by a 2-week washout period.” Here, we
report on a multicenter trial assessing the efficacy of S-1
against NSCLC that was performed at 15 institutions
between March 1994 and March 1996.

Patients and methods
Eligibility criteria

FEligibility criteria included the following: cytologic or histo-
logic diagnosis of NSCLC; unresectable stage IIIB or IV
without previous treatment or with a history of two courses
or less of chemotherapy, but no thoracic radiotherapy; mea-
surable or assessable lesions; between 20 and 80 years of
age, performance status less than 2 on the Eastern Coopera-
tive Oncology Group (ECOG) scale; adequate renal (serum
creatinine within normal range), liver (bilirubin, =1.5mg/dl;
aspartate aminotransferase [AST], alamine transferase
[ALT], and alkaline phosphatase [Al-p], < two times upper
limit of normal), bone marrow (leukocyte count, =Z4000/ul;
platelet count, =100000/ul), and more than 3-month sur-
vival expectancy. Patients had no previous drug allergy,
severe physical complications, symptoms caused by brain
metastasis, or concomitant malignancy, were not pregnant/
nursing, and had no other medical problems. Patients gave
their informed consent for participation in the trial. The
study was approved by the institutional review boards of the
participating institutions. (see Appendix for list).

Treatment schedule

Each chemotherapy course consisted of 75mg/body twice a
day at the planned initial dose of S-1 after breakfast and
dinner for 28 consecutive days, followed by a rest period
of 2 weeks. The maximum number of courses was four. If
leukopenia of grade 3 or more occurred, chemotherapy was
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discontinued and was withheld until the leukocyte count
recovered to at least 3000/ul. Suspension of chemotherapy
was allowed for a period of up to 4 weeks.

Assessment of response

Before being registered for the study, all patients gave a
full medical history and received complete physical and
bronchoscopic examinations; bone scintigraphy; chest X-
ray; computed tomographic scan of chest, abdomen, and
brain; routine blood chemistries; blood cell count; urinaly-
sis, and electrocardiogram (ECG). For the assessment of
response and toxicity in each patient, a complete clinical
record and physical examination was obtained. In addition,
routine blood chemistry examinations, including AST,
ALT, A1-P, lactic dehydrogenase (LDH), bilirubin, serum
creatinine, and blood urea nitrogen, and a complete blood
cell count and urinalysis, were repeated once per week dur-
ing the study.

Evaluation of response was based on the criteria of
therapeutic effects for primary and metastatic lung cancer
established by the Japan Lung Cancer Society.” Evaluation
of toxicity was based on the criteria of chemotherapeutic
effects for solid tumors established by the Japan Society for
Cancer Therapy." Both sets of criteria were modified on the
basis of World Health Organization (WHO) criteria.”
Assessment categories for response were as follows: a
complete response (CR) was defined as the disappearance
of any evidence of tumor for at least 4 weeks. A partial
response (PR) was defined as a 50% or more reduction in
the sum of the products of the greatest perpendicular diam-
eters of all lesions for at least 4 weeks. No change (NC) was
defined as a less than 50% reduction or a less than 25%
increase in the products of the greatest perpendicular diam-
eters of all lesions without evidence of new lesions for 4
weeks. Progression of disease (PD) was defined as an in-
crease of greater than 25% or the appearance of new le-
sions. The response duration was measured from the start
of chemotherapy to disease progression.

Extramural reviewers verified eligibility criteria, staging,
and toxicity. They also reviewed original X-rays to evaluate
each patient. The efficacy of the drug was judged by exter-
nal reviewers. S-1 was provided by Taiho Pharmaceutical
(Tokyo, Japan).

Statistical methods

The efficacy of the drug in untreated patients was evaluated
using the 90% confidence interval of response rate; the
threshold rate was defined as 5% and the expected rate was
set as 20%. When the number of eligible patients reached
20, patient enrollment was discontinued and an interim
analysis was performed. If the lower limit of the 90% confi-
dence interval exceeded the 5% threshold (efficacy in 4 or
more of the 20 previously untreated eligible patients) the
drug was judged to be effective. If the upper limit of the
90% confidence interval did not exceed the expected rate of
20% (no objective response in the 20 previously untreated
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Table 1. Patient characteristics

No. of patients

Mean age (years; median)
Age (years; range) 36-78

Sex; male/female 41/15 (30/10)
ECOG performance status scale

68 (69)

0 9(5)

1 38 (30)

2 9(5)
Stage

111B 15 (12)

v 41 (28)
Histology

Adenocarcinoma 37 (26)

Squamous cell carcinoma 14 (10)

Large-cell carcinoma 3(3)

Adenosquamous carcinoma 2(1)

Numbers in parentheses show numbers of untreated patients (total,
n = 40)
ECOG, Eastern Cooperative Oncology Group

eligible patients), the drug was judged to be ineffective and
the study was terminated. If response was confirmed in 1-3
of 20 previously untreated eligible patients, the study was
continued until the number of eligible patients reached 35.
The efficacy in previously treated patients was evaluated in
the same manner. The number of patients in each category
was set at 20. Survival was calculated from the date of start
of chemotherapy, using the Kaplan-Meier method.

Results
Patients and demographic characteristics

We observed one PR within the first 20 previously treated
patients in the interim analysis. Accordingly, we decided to
expand the study, and previously untreated patients were
enrolled until the termination of the study. Of the 16
previously treated patients in the interim analysis, none
responded, and enrollment was closed.

In total, 58 patients were enrolled in this study. However,
2 patients were excluded: 1 had received radiation therapy
for metastases and the other was confirmed to have me-
sothelioma. Table 1 shows the demographic details of the
56 eligible patients. Forty-one patients (30 untreated) were
male and 15 (10 untreated) female. Age ranged from 36 to
78 years. The overall median age was 68 years, and 69 years
in untreated patients. The histological classification of lung
cancer was adenocarcinoma in 37 (26, untreated), squa-
mous cell carcinoma in 14 (10, untreated), adenosquamous
carcinoma in 2 (1, untreated) and large-cell carcinoma
in 3 (3, untreated). The clinical stage was I1IB in 15 (12,
untreated) and IV in 41 (28, untreated).

Treatment response

Of the 40 untreated eligible patients, 5 (12.5%; 90% confi-
dence interval, 6.2%-23.5%) achieved a PR, 19 showed NC,

13 had PD, and 3 could not be evaluated for response. In
terms of histological classification, PR was noted in 3 of the
26 patients with adenocarcinomas, 1 of the 10 patients with
squamous cell carcinomas, and 1 of the 3 patients with
large-cell carcinomas. In terms of clinical stage, PR was
noted in 8.3% (1/12) of patients in stage 11IB and in 14.3%
(4/28) of patients in stage IV. No tumor response was ob-
served in the 16 previously treated patients.

The period from the start of therapy to the achieve-
ment of PR varied from 24 to 72 days (median, 32 days).
The response duration varied from 16.3 to 38.4+ weeks
(median, 21.4+ weeks).

Treatment delivery

We began oral administration of the initial dose of 75mg/
body of S-1 twice a day; however, a grade 1 or 2 skin
eruption occurred in 4 of the first 6 patients (66.7%) receiv-
ing the dose, and we reduced the initial dose to 50mg/body
twice a day. Subsequently, of 50 patients who were treated
with the initial dose of 50mg/body, only 7 patients (14%)
had a grade 1 or 2 skin eruption.

In total, 117 cycles of S-1 were administered orally, con-
sisting of 102 cycles of 50mg/body and 15 cycles of 75mg/
body. The median S-1 dose of 50mg/body constituted a
cumulative dose of 2800mg, ranging from 600 to 44650 mg,
and for 75 mg/body, the cumulative dose was 1800 mg, rang-
ing from 225 to 9225mg.

Survival

At the median follow-up time of 30.9 weeks, the projected
median survival duration was 8.4 months, with a 1-year
survival rate of 27.3% for the 56 eligible patients, and 9.5
months, with a 1-year survival rate of 26.7% in previously
untreated patients (Fig. 1).

Toxicity

The safety of the drug was evaluated in the 56 eligible
patients. Table 2 shows the major toxicities identified. Ane-
mia, leukopenia, neutropenia, thrombocytopenia, increases
in AST, ALT, and LDH, stomatitis, anorexia, diarrhea,
nausea, vomiting, skin rash, and general fatigue were noted.
The incidences of grade 3 or more severe adverse effects
were: anemia, 5.4% (3/56); leukopenia, 5.4% (3/56); neu-
tropenia, 5.4% (3/56); thrombocytopenia, 1.8% (1/56);
anorexia, 3.6% (2/56); diarrhea, 3.6% (2/56), and general
fatigue, 5.4% (3/56). These adverse effects disappeared af-
ter cessation of the drug or appropriate treatment of the
effects. One patient died of aggravated interstitial pneu-
monitis. He had a history of this ailment, but it had been
stable prior to the treatment of S-1. However, the treatment
was terminated because of the progression of cancer after
one course of chemotherapy. Subsequently, the interstitial
pneumonitis was aggravated, and he died 44 days after the
last administration of S-1. The relationship of this event to
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Fig. 1. Overall survival. Untreated, Previously untreated; treated, previously treated

Table 2. Toxicity in 56 eligible patients

Toxicity Grade Incidence of grade
3 or more (%)
1 2 3 4

Leukopenia 7 6 3 0 54
Neutropenia 8 6 3 0 54

Anemia 3 10 3 0 54
Thrombocytopenia 3 0 1 0 1.8

AST* 7 0 0 0 0

ALT* 4 2 0 0 0

LDH* 13 3 0 0 0

General fatigue 9 2 2 1 54

Diarrhea 6 1 1 1 3.6

Anorexia 12 7 2 0 3.6

Stomatitis 4 3 0 0 0

Skin rash 9 2 0 0 0
Nausea/vomiting 9 3 0 0 0

*Increases in levels of AST, ALT, and LDH

S-1 was not clear. No other irreversible, severe, or unex-
pected adverse effects were noted.

Discussion

Orally formulated chemotherapy represents a potential
major advance in patient convenience, especially in terms of
the patient’s quality of life, and the cost-effectiveness.'® In
combination with other anticancer drugs, 5-FU has been
widely used in the treatment of various solid cancers, in-
cluding NSCLC."** However, 5-FU is rapidly metabolized

to 2-fluoro-beta-alanine, mostly in the liver by dihydrouracil
dehydrogenase, and excreted in urine. Various 5-FU
derivatives, such as tegafur,""” tegafur plus uracil (UFT), 5'-
deoxy-5-fluorouridine (5'DFUR),”** and emitefur (BOF-
A2),”have been developed with the aim of achieving greater
anticancer effects by the inhibition of 5-FU decomposition
or by achieving a high blood concentration of 5-FU.
While BOF-A2 has demonstrated a response rate of 18%,
5'DFUR and UFT have produced much lower response
rates (0-6%).”** S-1, as well as BOF-A2, can produce a high
interstitial 5-FU concentration owing to its markedly en-
hanced inhibition of 5-FU decomposition by dihydrouracil
dehydrogenase.”

This phase I clinical trial suggested the DLF of this drug
to be myelosuppression, with the main manifestation being
leukopenia. It was also suggested that the recommended
dosage in an early phase II clinical trial would be 75mg/
body (the FT dose) twice a day for 28 consecutive days,
followed by a 2-week washout.

The response rate in the early phase II study demon-
strated marginal activity for previously untreated patients
with stage I1IB and IV NSCLC (12.5%, with a 90% confi-
dence interval of 6.2%-23.5%). Also, the median survival
time was 9.5 months, with a 1-year survival rate of 26.7%.
The major toxicities recognized in this study were anemia,
leukopenia, neutropenia, thrombocytopenia, anorexia,
diarrhea, and general fatigue, although the incidences and
extents of these adverse effects were clinically negligible.

The combination of 5-FU and cisplatin has been shown
to produce synergistic cytotoxicity in both in-vitro studies
and tumor-bearing animals."®”* The response rates for
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UFT or cisplatin as single agents in the treatment of
NSCLC were reported to be 6%-8%> and 12%-14%,”
respectively. However, in a phase II trial of combined UFT
and cisplatin chemotherapy for previously untreated
NSCLC, the response rate was 35%,” suggesting that these
two agents have a synergistic effect. Moreover, in a random-
ized trial of postoperative adjuvant chemotherapy, includ-
ing UFT, for NSCLC, chemotherapy with UFT alone or
cisplatin/vindesine plus UFT yielded significantly better
survival than surgery alone.”

We started at the initial dose of 75mg/body of S-1 twice
a day in this study. After 6 patients had received this dose,
4 (66.7%) had grade 1 or 2 skin eruptions. Therefore, we
reduced the initial dose of S-1 to 50mg/body twice a day.
Subsequently, of the 50 patients who were treated with this
dose, only 14% (7/50) had a grade 1 or 2 skin eruption. The
study was terminated without any major problems.

Based on these results, we recommended that, in a late
phase II study for advanced NSCLC and a phase II study of
S-1 combined with cisplatin for advanced gastric cancer, the
appropriate initial dose of S-1 should be 40mg/m” twice a
day. The preliminary results of these two studies were pre-
sented at the thirty-sixth and thirty-seventh American Soci-
ety of Clinical Oncology (ASCO) meetings, respectively
(held at New Orleans in May 2000 and at San Francisco in
May 2001), and currently we are awaiting the final results of
these two studies.””
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Participating institutions
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ment of Internal Medicine, National Shikoku Cancer Center
(Masafumi Fujii); Department of Internal Medicine, Niigata Cancer
Center Hospital (Akira Yokoyama); Department of Internal Medi-
cine, Sendai Kosei Hospital (Yushi Nakai); Clinic of Surgery, Chest
Diseases Research Institute, Kyoto University (Shigeki Hitomi); Sec-
ond Department of Internal Medicine, Hiroshima University School of
Medicine; (Michio Yamakido).
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