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Phase I trial of oral S-1 plus gemcitabine in elderly patients
with nonsmall cell lung cancer
Kyoichi Kairaa, Noriaki Sunagaa, Noriko Yanagitania, Haruka Aokia,
Tadayoshi Kawataa, Mitsuyoshi Utsugia, Yasuo Shimizua, Kimihiro Shimizub,
Takeshi Hisadaa, Tamotsu Ishizukaa and Masatomo Moria

We conducted a phase I study to determine the maximum

tolerated dose, the recommended dose and the safety

profile of S-1 and gemcitabine combination regimen in the

treatment of elderly patients (Z70 years) with advanced

nonsmall cell lung cancer (NSCLC). Chemotherapy-naive

patients with advanced NSCLC were treated with S-1 and

gemcitabine. S-1 was administered orally twice daily for 14

days and gemcitabine on days 1 and 15 of each cycle, and

this was repeated every 4 weeks. Doses of each drug were

planned as follows: level 1, 800/60; level 2, 1000/60; level

3, 1000/70; and level 4, 1000/80 [gemcitabine (mg/m2/

day)/S-1 (mg/m2/day)]. The dose-limiting toxicity (DLT) of

the regimen was assessed during the first chemotherapy

cycle. Sixteen patients were enrolled in this study. The

main grade 3 toxicities observed during the first cycle

were neutropenia (43.7%), leukopenia (18.7%), and

hyperglycemia. One of six patients in level 3 had DLT.

Although no patients in level 4 experienced DLT, this level

was considered the maximum tolerated dose. Level 4 was

selected as the recommended dose. Objective responses

were seen in four patients (response rate, 42.9%). The

combination of S-1 plus gemcitabine is a feasible and

well-tolerated regimen for the treatment of elderly patients

with advanced NSCLC. Anti-Cancer Drugs 19:289–294
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Introduction
Nonsmall cell lung cancer (NSCLC) accounts for

approximately 80% of all lung cancers. Most patients

present with locally advanced stage III or metastatic stage

IV disease. A meta-analysis of 52 randomized trials

indicated a significant, but modest survival advantage

for patients treated with cisplatin-containing regimens,

compared with best supportive care alone [1]. Although

the median age of patients with newly diagnosed NSCLC

participating in clinical trials is 60–62 years, more than

50% of diagnoses are made in patients aged more than 65

years, and 30–40% are made in patients more than 70

years old [2]. Elderly individuals have been under-

represented in such clinical trials, making it difficult to

evaluate the efficacy and safety of current treatment

options in this patient population [3]. Physicians tend to

believe that aged patients often have poor tolerance for

chemotherapy, and there is the potential to undertreat

elderly patients because of the fear of excessive toxicity

[4]. Thus, it is important to establish a feasible treatment

regimen for elderly patients with NSCLC.

S-1 (Taiho Pharmaceutical Co., Ltd, Tokyo, Japan) is an

oral anticancer agent composed of tegafur (FT), 5-chloro-

2,4-dihydroxypyridine (CDHP), and potassium oxonate

(Oxo), in a molar ratio of 1 : 0.4 : 1 [5]. FT, a prodrug of

5-fluorouracil (5-FU), is gradually converted to 5-FU and

is rapidly catabolized by dihydropyrimidine dehydrogen-

ase in the liver. CDHP is a competitive inhibitor of 5-FU

catabolism, being about 180 times more potent than

uracil in inhibiting dihydropyrimidine dehydrogenase [6].

When combined with 5-FU, this results in the prolonged

maintenance of 5-FU concentrations, both in plasma and

in tumors. In addition, it has been suggested that CDHP

has the potential to enhance the antitumor activity of 5-

FU against subcutaneous tumors in nude mice [7]. Oxo is

an agent that decreases the phosphorylation of 5-FU in

the gastrointestinal tract by inhibiting the enzyme

pyrimidine phosphoribosyl transferase. Oxo preferentially

localizes in the gut rather than in the tumor and has a

potential biochemical effect on the enzyme pyrimidine

phosphoribosyl transferase, thereby selectively inhibiting

the formation of 5-FU nucleotides in the gut and

theoretically reducing gastrointestinal side effects [8].

In a phase II study of S-1, which was orally administered

at approximately 40 mg/m2 twice a day for 28 days

followed by a 2-week rest period in 59 advanced NSCLC
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patients without prior chemotherapy, the response rate

was 22% and the median survival time was 10.2 months.

The incidence of grade 3 or 4 toxicity was low [9].

Additionally, a response rate of 47%, median survival time

of 11 months, and 1-year survival rate of 45% were

reported in the phase II study of 55 advanced NSCLC

patients when S-1 was combined with cisplatin [10]. A

recent clinical trial revealed that combination chemother-

apy of S-1 plus carboplatin is a feasible and well-tolerated

regimen for the treatment of patients with advanced

NSCLC [11].

Gemcitabine, an anticancer drug structurally resembling

cytosine arabinoside, has been shown to have high

antitumor activity and minimal adverse effects [12].

Therefore, it is reasonable to assume that gemcitabine

could be better tolerated in older patients or patients

with poor performance status (PS). Ichinose et al. [13,14]

showed that combination chemotherapy of gemcitabine

plus UFT demonstrated a promising effectiveness and

acceptable toxicity in patients with advanced NSCLC.

Recently, the combination chemotherapy with gemcita-

bine plus oral S-1 was shown to be well-tolerated and

promising in patients with advanced pancreatic cancer

[15–17]. Thus, both gemcitabine and S-1 are antimeta-

bolites with minimal adverse effects could be expected to

provide a better quality of life. These two drugs inhibit

DNA synthesis via different pathway, that is, DNA chain

termination and thymidylate synthase inhibition, respec-

tively. We can therefore expect synergistic effects when

they are used in combination.

Against this background, we conducted a phase I study of

S-1 plus gemcitabine in elderly patients with advanced

NSCLC to determine the maximum tolerated dose

(MTD) to be investigated further in a phase II study.

Patients and methods
Patient eligibility

Eligible patients were required to have histologically and/

or cytologically proven unresectable stage IIIB or IV

NSCLC; no previous chemotherapy or radiotherapy; a PS

of 0–1 on the Eastern Cooperative Oncology Group; an

age more than 70 years; a life expectancy of 12 weeks or

more; adequate bone marrow reserve (leukocyte count

Z 4000/mm3, neutrophil count Z 2000/mm3, platelet

count Z 100 000/mm3, and hemoglobin Z 10 g/dl);

normal liver function (total serum bilirubin r 1.5 mg/

dl, and aspartate transaminase, alanine transaminase less

than twice the upper limit of the normal range), normal

renal function (normal serum creatinine and blood urea

nitrogen levels), and pulmonary function (PaO2Z 60

Torr). Patients with concomitant malignancy, central

nervous system metastases, active infectious diseases, or

other serious medical problems were ineligible. The local

ethics committee approved the study and written

informed consent was obtained from all patients.

Clinical study design

This was an open-label, single-center, single-arm, dose-

escalating phase I study. S-1 was administered orally twice

daily after a meal for 14 consecutive days, followed by a 2-

week break. Each capsule of S-1 contained 20 or 25 mg of

FT. Individual doses were rounded down to the nearest

pill size less than the calculated dose, given the available

formulation. Gemcitabine was administered as a 30-min

intravenous infusion on days 1 and 15 of each cycle. The

cycle was repeated every 4 weeks. The dose of each drug

in this study was planned as follows: level 1 was S-1 60

mg/m2/day and gemcitabine 800 mg/m2, level 2 was S-1

60 mg/m2/day and gemcitabine 1000 mg/m2, level 3 was

S-1 70 mg/m2/day and gemcitabine 1000 mg/m2, and level

4 was S-1 80 mg/m2/day and gemcitabine 1000 mg/m2.

The prophylactic administration of granulocyte-colony

stimulating factor was not permitted. Administration of

granulocyte-colony stimulating factor was permitted in

patients with grade 4 neutropenia and/or grade 3 febrile

neutropenia. Subsequent courses of chemotherapy were

initiated when the leukocyte counts were 4000/mm3

or more and platelet counts were 100 000/mm3 or more

after day 29. If the leukocyte or platelet counts had

not returned to these levels by day 1 of the next course

of chemotherapy, both drugs were withheld until full

recovery. Treatment was carried out for at least two

courses, unless unacceptable toxicity or disease progres-

sion occurred.

The planned dose levels are shown in Table 1. At least

three patients were enrolled at each dose level. Initially,

three patients were treated at dose level 1, and no

intrapatient dose escalation was allowed. If one DLT was

observed in the first three patients, three more patients

were entered at this dose level and dose escalation

continued to the next level if fewer than three out of six

patients experienced DLT during the first one cycle. The

MTD was defined as the previous level from the level at

which DLT was observed in two out of three or in three

out of six patients during the first one cycle. DLT

was defined as (i) grade 3 or greater nonhematological

toxicities except nausea/vomiting; (ii) grade 4 thrombo-

cytopenia; (iii) grade 4 neutropenia lasting longer than 4

days; (iv) grade 3 or 4 neutropenia complicated by fever;

(v) any unresolved toxicity requiring a delay in the

administration of a subsequent course exceeding 8 days;

Table 1 Planned dose of each level

Level Gemcitabine
(mg/m2)

S-1 (mg/m2) Enrolled patients
(mg/m2)

No. of DLT

1 800 60 3 0
2 1000 60 4 0
3 1000 70 6 1
4 1000 80 3 0

DLT, dose-limiting toxicity.
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and (vi) any grade 2 toxicity which, in the judgement of

the investigator, required dose reduction or discontinua-

tion of therapy. Toxicities were assessed according

to Common Terminology Criteria for Adverse Events

(CTCAE) version 3.0. Second-line chemotherapy or

other treatments after this study were not prohibited

by the protocol.

Treatment assessment

Patients were evaluated before treatment with a com-

plete blood cell count, a differential count, routine

chemistry measurements, a chest radiograph, a chest

computed tomographic (CT) scan, an abdominal CT

scan, whole-brain magnetic resonance imaging or CT

scan, and an isotope bone scan. Evaluations performed

weekly were complete blood cell count, differential

count, routine chemistry measurements, physical exam-

ination, and toxicity assessment. We used the Response

Evaluation Criteria in Solid Tumors to assess response to

S-1 plus gemcitabine [18]. Responses based on target and

nontarget lesions were defined as follows: complete

response, disappearance of all target (nontarget) lesions;

partial response (PR), or greater 30% reduction in size

(or disappearance of one or more nontarget lesions);

stable disease, less than 30% decrease and less than 20%

increase in size (or the persistence of one or more

nontarget lesions); and progressive disease, more than

20% increase in size (or the appearance of new nontarget

lesions and/or progression of existing nontarget lesions).

The overall response was defined as the best response

recorded from the start of treatment until disease

progression or recurrence, confirmed by repeated assess-

ments performed no less than 4 weeks after the criteria

for response were first met.

Results
Patient characteristics

Between November 2005 and September 2007, 16

patients were enrolled in this study and the clinical

characteristics are summarized in Table 2. The number of

patients entered at each level is listed in Table 1. The

median age of the patients was 76 years (range: 70–86

years). Ten patients were men and six were women. PS,

clinical stage, and histology of the patients were as

follows: five patients with performance status (PS) 0, 11

patients with PS 1; four patients with stage IIIB, 12

patients with stage IV; and six patients with adenocarci-

noma, six patients with squamous cell carcinoma and

four patients with nonsmall cell lung cancer. Comorbid

disease states were as follows: six patients with chronic

obstructive pulmonary diseases; nine patients with

hypertension (medically treated); one patient with

diabetes mellitus; and three patients with arrhythmia.

Toxicity and treatment cycles

Toxicity was evaluated in all treated patients. The

number of patients who developed DLT in the first cycle

at each level is listed in Table 1. At level 1, no patients

had developed DLT. Three patients developed grade 1–2

diarrhea. The patients, however, improved without

intervention. Thus, three patients were started at level

2. At this dose level, no patients had developed DLT,

although one patient developed grade 3 neutropenia.

Although one patient was added at this dose level, there

were no DLTs in four patients. Therefore, three patients

were started at level 3. One patient developed grade 3

neutropenia and one patient developed grade 2 hepato-

toxicity. One patient developed grade 3 hyperglycemia on

day 1, and grade 2 leukopenia and grade 2 neutropenia on

day 16. Therefore, three more patients were added at this

dose level. One patient developed grade 3 neutropenia

and grade 3 leukopenia. One patient developed grade 2

fatigue and grade 2 appetite loss. One patient out of six

developed DLT at level 3 and three patients were started

at level 4. Two patients developed grade 3 neutropenia

and grade 3 leukopenia. At level 4, no patients had

developed DLT. We concluded that the MTD was level 4,

gemcitabine 1000 mg/m2 on day 1, 15 and S-1 80 mg/m2

for 14 consecutive days, followed by a 14-day rest period

and the recommended dose for the phase II study was

also level 4. The hematological and nonhematological

toxicities are listed in Tables 3 and 4.

The median and range of the treatment cycles and the

number of patients who received a dose reduction are

shown in Table 5. Each patient received 1–6 cycles of

therapy, with a median of four cycles.

Response rate

Fourteen patients were assessable for response to

treatment (Table 6). A PR was observed in six cases

(one of three patients in level 1, one of four patients in

level 2, two of six patients in level 3, and two of three

patients in level 4). The overall response rate was 42.9%.

Table 2 Patient characteristics

Characteristic No. of patients

Patients enrolled 16
Age (years)

Median 76
Range 70–86

Sex
Male 10
Female 6

PS (ECOG)
0 5
1 11

Histology
Adenocarcinoma 6
Squamous cell carcinoma 6
Poor differentiated carcinoma 4

Stage
IIIB 4
IV 12

Prior treatment
None 11
Surgery 5

PS (ECOG), performance status (Eastern Cooperative Oncology Group).
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Discussion
This is the first report of a phase I study designed to

determine the DLTand MTD of S-1 plus gemcitabine for

the treatment of chemotherapy-naive elderly patients

with advanced NSCLC. The MTD and recommended

dose of the combination were defined at dose level 4,

that is, S-1 80 mg/m2 and gemcitabine 1000 mg/m2. All

enrolled patients (16) were evaluated for toxicity. Six

PRs, with an overall response rate of 42.9% were noted.

Hematological toxicities were mild in our study. Grade 3

neutropenia occurred in 43.7% of patients; three of four

patients in level 2, two of six patients in level 3, and two

of three patients in level 4. No febrile neutropenia was

detected. No patients experienced grade 3 or 4

thrombocytopenia. Nonhematologic toxicities were also

mild. Although grade 3 hyperglycemia was observed in

one patient, the patient improved without intervention.

No other patient experienced grade 3 or 4 nonhemato-

logical toxicities. No patients experienced hematological

toxicity requiring a delay in the administration of a

subsequent course exceeding 8 days.

Recently, prospective trials that specifically address the

role of chemotherapy in elderly individuals with NSCLC

have been designed and conducted. A randomized phase

III trial [Elderly Lung Cancer Vinorelbine Italian Study

(ELVIS)] has demonstrated that vinorelbine mono-

therapy improves quality of life and survival in advanced

NSCLC patients aged 70 years or older compared with

supportive care alone, thus establishing the potential of

chemotherapy in this age group [19]. Gemcitabine has

demonstrated promising activity with good tolerability in

a number of retrospective analysis in which no differences

were noted between elderly and younger patients with

respect to response or survival [2,20]. The Multicenter

Italian Lung Cancer in the Elderly Study (MILES) trial

demonstrated that single-agent therapy with vinorelbine

or gemcitabine is preferable to the combination for

treatment of advanced NSCLC in elderly patients [21].

Although several retrospective subset analyses of plati-

num-based chemotherapy trials have demonstrated no

or minimal differences between elderly and younger

patients, no elderly specific prospective phase III trials of

platinum-based therapy in NSCLC have been conducted

previously [2,22]. At present, single-agent chemotherapy

of vinorelbine or gemcitabine seems to be a reasonable

choice on elderly patients with advanced NSCLC.

S-1 is a novel anticancer drug, and the efficacy and

survival rate of combination chemotherapy with S-1 and

cisplatin are reported to be favorable in advanced NSCLC

[10]. This drug also has minimal adverse effects and is

presumed to be well tolerated in elderly patients. In this

study with S-1, the treatment modality was determined

based on the phase I/II trial of S-1 plus gemcitabine in

patients with metastatic pancreatic cancer [15–17].

Nakamura et al. [15] showed that the recommended dose

is gemcitabine 1000 mg/m2 on day 8, 15 and S-1 60 mg/m2

for 14 consecutive days, followed by a 7-day rest period.

Ueno et al. [17] also described that the recommended

dose is gemcitabine 1000 mg/m2 on day 1, 8 and S-1

80 mg/m2 for 14 consecutive days, followed by a 7-day rest

period. Biweekly administration of gemcitabine is shown

Table 3 Hematologic toxicity during first cycle

Level No. of patients Leukopenia grade 1/2/3/4 Neutropenia grade 1/2/3/4 Anemia grade 1/2/3/4 Thrombocytopenia grade 1/2/3/4

1 3 0/1/0/0 0/1/0/0 1/0/0/0 0/0/0/0
2 4 1/1/0/0 0/1/3/0 1/0/0/0 0/0/0/0
3 6 0/1/1/0 0/1/2/0 1/0/0/0 1/0/0/0
4 3 0/1/2/0 0/1/2/0 0/0/0/0 0/0/0/0

Table 4 Nonhematologic toxicity during first cycle

Level No. of
patients

Diarrhea grade
1/2/3/4

Fever grade
1/2/3/4

Appetite loss
grade 1/2/3/4

Nausea/vomitting
grade 1/2/3/4

Liver grade
1/2/3/4

Fatigue grade
1/2/3/4

Rash grade
1/2/3/4

Hyperglycemia
grade 1/2/3/4

1 3 2/1/0/0 2/0/0/0 1/1/0/0 1/0/0/0 0/0/0/0 0/0/0/0 0/0/0/0 0/0/0/0
2 4 0/0/0/0 0/0/0/0 0/0/0/0 0/0/0/0 0/0/0/0 0/0/0/0 0/0/0/0 0/0/0/0
3 6 0/0/0/0 2/0/0/0 2/1/0/0 3/0/0/0 0/2/0/0 0/1/0/0 0/0/0/0 0/0/1/0
4 3 0/0/0/0 0/0/0/0 1/0/0/0 1/0/0/0 0/0/0/0 0/0/0/0 0/1/0/0 0/0/0/0

Table 5 Duration of administration and dose intensity

Level Gemcitabine/
S-1 (mg/m2)

No. of
patients

No. of cycles Cycles with dose reduc-
tion in gemcitabine

Total Median
(range)

Number %

1 800/60 3 12 4 (2–6) 0 0
2 1000/60 4 19 4 (3–6) 0 0
3 1000/70 6 22 4 (1–6) 3 13.6
4 1000/80 3 13 4 (3–6) 0 0

Table 6 Response rate

Tumor response No. of patients (level 1/2/3/4)

Complete 0 (0/0/0/0)
Partial 6 (1/1/2/2)
Stable disease 8 (1/2/4/1)
Progressive disease 0 (0/0/0/0)
Not evaluable 2 (1/1/0/0)
Overall response rate (%) 42.9
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to be active without increasing toxicity in patients with

advanced NSCLC [23]. The biweekly administration of

5-FU and gemcitabine is also shown to be well tolerated

and promising for the treatment of advanced colorectal

cancer [24]. Biweekly administration of anticancer

agents was described to be feasible and effective in

elderly patients with advanced NSCLC [25,26]. Con-

sidering the treatment in elderly patients with NSCLC,

we planned that S-1 would be administered for 14 days

followed by a 14-day rest and the schedule was

repeated every 4 weeks other than 3 weeks for use in

an outpatient treatment setting. Biweekly adminis-

tration of gemcitabine also contributes to biweekly

hospital visits during this outpatient treatment. Although

efficacy was not a primary endpoint of this study, 42.9%

of our patients achieved a PR and seemed to be

similar to the results of the platinum-based chemo-

therapy [27,28].

The first course of chemotherapy was conducted by

hospitalization for all patients, but the second or

subsequent courses could be performed at an outpatient

clinic for all of 16 patients. Moreover, oral administration

of S-1, which eliminates the cost and inconveniences of

infusion pumps and catheters with their potential risks of

infection and thrombosis, also contributes to fewer

hospital visits during this outpatient treatment. Anti-

cancer treatment for advanced NSCLC would be

preferable on an outpatient rather than an inpatient

basis, given the short life expectancy and quality

of life considerations. In treatment for patients

with advanced NSCLC, it is important to not only

improve the prognosis of advanced NSCLC but also

create a feasible regimen of chemotherapy that does not

require hospitalization. These results indicated that

the combination at the recommended dose selected in

this study is quite feasible in outpatient treatment

setting.

In conclusion, the results of this study indicate that the

combination of S-1 plus gemcitabine is a safe and well-

tolerated regimen in elderly patients with advanced

NSCLC. The optimal dosage schedule for a phase II

study is gemcitabine 1000 mg/m2 on day 1, 15 and S-1

80 mg/m2 for 14 consecutive days, followed by a 14-day

rest period. A multicenter phase II trial is already ongoing

to further evaluate the efficacy and the toxicity of this

regimen.
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