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Prospective exploratory study of gemcitabine and S-1 against
elderly patients with advanced non-small cell lung cancer
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Abstract. A prospective study was conducted to investigate
the efficacy of a combined regimen of gemcitabine and S-1
for the treatment of elderly patients (>70 years) with advanced
non-small cell lung cancer (NSCLC) as a first-line setting
based on the dosage recommended in a previous phase I
study. Chemotherapy-naive patients with advanced NSCLC
received gemcitabine plus S-1. S-1 (40 mg/m?) was admin-
istered orally twice daily for 14 days while gemcitabine
(1,000 mg/m?) was administered on days 1 and 15 of each
cycle, and this regimen was repeated every 4 weeks. A
total of 20 patients were included in the present study. Of
these, 8 patients achieved an overall response rate of 40.0%,
and the overall disease control rate was 65.0%. According
to the histological type, the response rate in patients with
NSCLC and adenocarcinoma was 38.5%, and that for
non-adenocarcinoma was 42.9%. Progression-free survival
and median survival times were 6.4 months and 17.8 months,
respectively. Grade 3 or 4 hematological toxicities observed
were leukopenia (29%) and neutropenia (24%), while febrile
neutropenia was not observed in any patient. The only
non-hematological adverse event observed was grade 3 skin
rash (10%). Therefore, the combination of gemcitabine and
S-1 may be a promising and feasible regimen in the first-line
setting for elderly patients with advanced NSCLC.
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Introduction

Lung cancer is the leading cause of cancer-associated mortality
worldwide. Lung cancer is classified into non-small cell lung
cancer (NSCLC) and small-cell lung cancer, and 80% of lung
cancers are NSCLC (1). Patients with early stage NSCLC are
candidates for curative thoracic surgery, whereas those with
advanced stage NSCLC are usually treated with systemic
chemotherapy or chemoradiotherapy. In total, ~50% of patients
with NSCLC are diagnosed with stage IIIB or IV cancers, and
morbidity is higher among elderly patients compared with
non-elderly patients (1). Previous meta-analyses have revealed
that platinum-based combination chemotherapy slightly
improves survival compared with best supportive care (2,3). A
previous study compared the survival time of elderly patients
with NSCLC who received single-agent treatment, with that
of patients who underwent a platinum-based regimen, and
median overall survival was 10.3 months for platinum-based
chemotherapy and 6.2 months for monotherapy (P<0.0001).
The 1-year survival rate was 44.5% and 25.4%, respec-
tively (4). The incidence of lung cancer has been increasing
among elderly individuals, and single agents including
vinorelbine and docetaxel have been widely used as first-line
treatments against NSCLC in elderly patients with advanced
disease in Japan. In a phase III study, Abe et al (5) reported
that the survival time following docetaxel monotherapy was
significantly increased compared with combination therapy
with docetaxel plus cisplatin in elderly patients with advanced
NSCLC. Therefore, it remains unclear whether combination
chemotherapy improves survival compared with monotherapy
in these patients. Further studies evaluating the clinical signifi-
cance of combination chemotherapy against advanced NSCLC
in elderly patients are warranted.

S-1 (Taiho Pharmaceutical Co., Ltd., Tokyo, Japan) is
an oral anticancer agent composed of tegafur, 5-chloro-2,
4-dihydroxypyridine, and potassium oxonate, in a molar ratio
of 1:0.4:1 (6). Tegafur, a prodrug of 5-fluorouracil (5-FU),
is gradually converted to 5-FU, and is rapidly catabolized
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by dihydropyrimidine dehydrogenase in the liver. In several
studies, S-1 has been reported to actively reduce tumor growth
in various human cancers, and a combination of platinum-based
regimens with S-1 has been the standard treatment regimen
against advanced NSCLC (7-12). Gemcitabine, an anticancer
drug that structurally resembles cytosine arabinoside, has
been demonstrated to exhibit high anti-tumor activity with
minimal adverse effects (13). A previous study revealed that
a combination of gemcitabine and uracil-tegafur was effective
and tolerable in patients with advanced NSCLC (14). It was
demonstrated that a combination of gemcitabine and S-1 was
also useful in patients with advanced pancreatic cancer (15).
Therefore, S-1 and gemcitabine are considered to be antime-
tabolites with minimal toxicities and promising efficacies.

In a previous phase I study, a combination of gemcitabine
and S-1 was observed to be an effective and feasible treat-
ment against NSCLC in elderly patients (16). Seto et al (17)
also reported the clinical benefit of gemcitabine plus S-1 in
elderly patients, with the combination regimen yielding a
response rate of 27%, a time to progression of 4.2 months and
an overall survival of 12.9 months, with minimum toxicity.
Their treatment schedule was the oral administration of
S-1 (30 mg/m? twice a day) on days 1-14, and intravenous
administration of gemcitabine (1,000 mg/m?) on days 8 and
15. On the other hand, the treatment schedule followed in the
previous study performed by our group was the oral admin-
istration of S-1 (40 mg/m? twice a day) on days 1-14, and
intravenous administration of gemcitabine (1,000 mg/m?)
on days 1 and 15. The dose of S-1 and the administrative
schedule of gemcitabine differed between the previous study
by our group and the study by Seto er al (17). In another study,
Satouchi et al (18) recommended two treatment schedules
that differed in the administration schedule of gemcitabine:
The oral administration of S-1 (30 mg/m? twice a day) on
days 1-14 and intravenous administration of gemcitabine
(1,000 mg/m?) on days 1 and 8 or days 8 and 15 in patients with
chemotherapy-naive NSCLC. Similarly, Takiguchi et al (19)
also described the oral administration of S-1 (30 mg/m?
twice a day) on days 1-14 and intravenous administration
of gemcitabine (1,000 mg/m?) on days 8 and 15. However,
it remains unclear whether the differences in S-1 dose and
gemcitabine administration affected the response rate and
survival time in patients with advanced NSCLC. Therefore,
the present study was conducted to investigate the efficacy of
the regimen comprised of S-1 plus gemcitabine based on the
dosage used in the previous phase I study performed by our

group (16).
Patients and methods

Patients and patient eligibility. A total of 21 patients were
enrolled in the present study between August 2007 and March
2015 at Gunma University Hospital (Maebashi, Japan) A
single patient withdrew because of the occurrence of vascular
disease. Patient characteristics are detailed in Table I. The
inclusion criteria were histologically and/or cytologically
proven unresectable stage IIIB or IV NSCLC (1,3), no
previous systemic chemotherapy or radiotherapy, an Eastern
Cooperative Oncology Group (ECOG) performance status
(PS) of 0 or 1, age =70 years, a life expectancy of =12 weeks;
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adequate bone marrow reserve (leukocyte count 24,000 mm?,
neutrophil count >2,000 mm?, platelet count >100,000 mm
and hemoglobin =10 g/dl), normal liver function (total serum
bilirubin <1.5 mg/dl, and aspartate transaminase, alanine
transaminase <2x the upper limits of the normal range),
regardless of epidermal growth factor receptor (EGFR)
mutation status and normal renal function (serum creatinine
<1.5 mg/dl and creatinine clearance =60 ml/min). Patients
with concomitant malignancies, central nervous system
metastases, active infectious diseases or other serious medical
problems were excluded. The institutional Review Board at
Gunma University Hospital approved the present study, and
written informed consent was obtained from all patients
(approval no. UMINO000001750).

Clinical study design. The present study was a prospective,
single-center, single-arm study investigating the effectiveness
of gemcitabine and S-1 combination therapy for the treat-
ment of elderly patients with NSCLC. S-1 (80 mg/m?*/day)
was administered orally twice daily following a meal for
14 consecutive days, followed by 2 weeks without treatment.
Each S-1 capsule contained 20 or 25 mg tegafur. Individual
doses were rounded down to the nearest pill size less than the
calculated dose, given the available formulation. Gemcitabine
(1,000 mg/m?/day) was administered as a 30-min intrave-
nous infusion on days 1 and 15 of each cycle. The cycle was
repeated every 4 weeks. Although the prophylactic adminis-
tration of granulocyte-colony stimulating factor (G-CSF) was
not permitted, the administration of G-CSF was permitted
in patients with grade 4 neutropenia and/or grade 3 febrile
neutropenia. Subsequent cycles of chemotherapy were initiated
when the leukocyte counts were =4,000 m?, and the platelet
counts were =100,000 m? following day 29. If the leukocyte
or platelet counts had not returned to these levels by day 1 of
the next cycle of chemotherapy, the drugs were withheld until
full recovery. Chemotherapeutic treatment was performed for
at least two cycles, unless unacceptable toxicity or disease
progression occurred.

Treatment assessment. Patients were evaluated prior to treat-
ment with complete blood cell count evaluation, differential
count evaluation, routine chemistry measurements, chest radi-
ography, chest computed tomography (CT), abdominal CT,
whole-brain magnetic resonance imaging or CT, and isotope
bone scintigraphy. Evaluations performed weekly were
complete blood cell count, differential count, routine chemistry
measurements, physical examination, and toxicity assessment.
Response Evaluation Criteria in Solid Tumors version 1.1 was
used to assess the response to S-1 plus gemcitabine (20). To
evaluate the response, CT scans were performed every 6 weeks
until progressive disease developed. The overall response was
defined as the best response. Second-line chemotherapy or
other treatments following the present study were not prohib-
ited by the protocol. Adverse events were assessed according
to the Common Terminology Criteria for Adverse Events
version 3.0 (21).

Statistical analysis. The primary endpoint of the present
study was to evaluate the overall response rate (ORR), and the
secondary endpoints were to examine the adverse events and



survival data. Progression-free survival (PFS) was defined as
the time from treatment initiation to disease progression or
mortality. Overall survival (OS) was determined as the time
from the start of the treatment to mortality from any cause.
Survival estimation was performed using the Kaplan-Meier
method and the log-rank test. P<0.05 was considered to indicate
a statistically significant difference. The estimated required
accrual was 19 patients, assuming an ORR of 35% in eligible
patients would indicate potential usefulness, whereas an ORR
of 13% would constitute the lower limit of interest, with a
power of 80% and a level set at 5% (one-sided test). The esti-
mates were based on the 32.7-47.0% response rates reported in
previous trials for platinum-based combination regimens with
S-1 (6,7) and 12.5-22.7% response rates reported by a study
conducted using S-1 monotherapy (8.9). All statistical analyses
were performed using GraphPad Prism 4 software (GraphPad
Software, La Jolla, CA, USA) for Microsoft Windows.

Results

Patient demographics. Patient characteristics are detailed
in Table I. The median age of patients was 78 years (range,
70-86 years); 10 (50%) patients were men, and 10 (50%) were
women. Histology indicated 13 (65%) adenocarcinomas,
5 (25%) squamous cell carcinoma and 2 (10%) other. Two
patients (10%) had stage IIIB disease, and 18 (90%) had
stage IV disease. Other demographics included an ECOG
performance status score of 0 (80%) and a history of smoking
(60%). The distribution of comorbid diseases was as follows:
4 patients with chronic obstructive pulmonary disease;
5 patients with hypertension (medically treated); 4 patients with
diabetes mellitus; 2 patients with arrhythmia; and 2 patients
with angina pectoris (medically treated). The status of EGFR
mutation was assessed in 13 patients with adenocarcinoma. Of
these 13 patients, there were 4 patients with EGFR mutation,
7 patients with EGFR wild type and the other 2 patients had
unknown status.

Treatment delivery. Chemotherapy was administered to
20 patients, and the median number of cycles was 2 (range,
1-27). Four or more cycles were administered to ~35% of all
patients. Among the total 74 cycles administered, gemcitabine
was not skipped in any of the patients. S-1 was administered
at >98% of the scheduled dosage in all cycles. Following
disease progression, 9 patients received second- or third-line
chemotherapy including gefitinib or erlotinib. The 4 patients
harboring EGFR mutations were treated with gefitinib or
erlotinib, and the 5 patients with EGFR wild type received
erlotinib.

Efficacy and survival data. A total of 17 patients completed
>2 cycles of chemotherapy. Three patients discontinued treat-
ment prematurely following 1 cycle due to adverse effects
and patient choice. None of the patients achieved complete
response (CR), and 8 achieved a partial response (PR) with
an ORR of 40.0% [95% confidence interval (CI): 18.5-61.5%].
The overall disease control rate (CR + PR + stable disease)
was 65.0% (95% CI: 44.1-85.9%; Table II). According to the
histological type, patients with adenocarcinoma exhibited a
response rate of 38.5% (95% CI: 12.0-64.9%; Table 1) and
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Table I. Patient demographics.

Clinical characteristic Value
Age [years; median (range)] 78 (70-86)
Sex (male/female) 10/10
ECOG PS (0/1) 16/4
Histology (AC/SQC/other) 13/5/2
Clinical stage (IIIB/IV) 2/18
Smoking history (yes/no) 12/8
Comorbid disease (yes/no) 17/3
Recurrence following operation (yes/no) 5/15

ECOG, European clinical oncology group; PS, performance status;
AC, adenocarcinoma; SQC, squamous cell carcinoma.

Table II. Response rate according to histological type.

Response
No.
Histology of patients CR PR SD PD
AC 13 0 5 4 4
Non-AC 7 0 3 1 3
Total patients 20 0 8 5 7
Response rate of 40.0%

(95% CI; 18.5-61.5%)
total patients
Disease control rate
of total patients

65.0%
(95% CI; 44.1-85.9%)

CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; CI, confidence interval; AC, adenocarcinoma.

those without adenocarcinoma exhibited a response rate of
42.9% (95% CI: 6.2-79.5%; Table II). The median PFS was
6.4 months (95% CI: 4.0-17.0), and the PFS rates at 3 and
6 months were 85.0 and 48.2%, respectively (Fig. 1A). The
median survival time (MST) was 17.8 months (95% CI:
6.0-46.0), and the OS rates at 6 and 12 months were 78.8 and
59.3%, respectively (Fig. 1B).

Toxicity. Adverse events were assessed in all the treated
patients. Hematological and non-hematological adverse events
are listed in Table III. Grade 3 or 4 hematological toxicities (21)
were leukopenia (30%), neutropenia (25%), anemia (0%), and
thrombocytopenia (0%). Febrile neutropenia was not observed
in any patients. The only non-hematological adverse event
observed was grade 3 skin rash (10%). Pulmonary injuries,
including interstitial pneumonia, and treatment-associated
mortality were not observed in the present study.

Discussion

In the present study, a combination of gemcitabine and S-1
was demonstrated to be feasible and effective as a first-line
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Table III. Hematological and non-hematological adverse
events.

Grade

._
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w
~

Adverse event

Leukopenia
Neutropenia
Febrile neutropenia
Anemia
Thrombocytopenia
Nausea/vomiting
Anorexia

Diarrhea

Liver dysfunction
Infection

Skin rash
Constipation

Fever
Neuropathy-sensory
Pneumonitis
Vertigo

Alopecia

Fatigue
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Figure 1. Kaplan-Meier survival curves for (A) PFS and (B) OS for all patients.
Median PFS was 6.4 months, and median survival time was 17.8 months.
PFS, progression free survival; OS, overall survival.
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treatment in elderly patients with advanced NSCLC. A
previous phase I study of this regimen reported mild toxici-
ties and a response rate of 42.9% (16). The response rate in
the present study almost coincided with that of this previous
phase I study. To date, only three studies have reported
the combination of gemcitabine and S-1 in the treatment
of patients with advanced NSCLC (Table IV) (17-19). In a
previous prospective study conducted in a first-line setting,
two regimens were investigated, and the efficacy was 22.0 and
28.9%, the PFS was 3.6 and 4.1 months, and the OS was 15.5
and 18.8 months, with mild toxicities (18). A study reporting
a platinum-refractory case yielded a response rate of 23.5%,
a PFS of 6.6 months and an OS of 19.9 months (19). A phase
II trial in elderly patients with NSCLC indicated a response
rate of 27%, a time to progression of 4.2 months, and an OS
of 12.9 months (17). The present study suggested a higher
response rate associated with the regimen designed by our
group compared with the other studies (17-19), although the
sample size of the present study was very small. Regarding
adverse events, the previous three studies demonstrated
hematological toxicities in 45.9-61.0% with grade 3/4 neutro-
penia, 21.0-28.9% with grade 3/4 leukopenia and 4.9-13.5%
with thrombocytopenia, and non-hematological toxicities
in 0-6.0% with grade 3/4 skin rash (17-19). Furthermore,
febrile neutropenia was observed in 3.0-7.3% of patients, and
grade 3/4 pneumonia was observed in 4.9-9.0%. On the other
hand, the toxicities observed in the present study appeared
to be mild compared with those observed in other studies
with gemcitabine and S-1. Bi-weekly administration of
gemcitabine plus S-1 may contribute to increased tolerability
and efficacy, although the mechanisms underlying the effects
of the regimen remain to be delineated. In addition, the
survival data in the present study, although biased due to the
small sample size, suggested that it was possible to compare
the effectiveness of this regimen with that of the previous
studies (17-19). Therefore, further studies conducted with
a larger sample size to confirm the findings of the present
study are warranted.

Single agents, including docetaxel or vinorelbine, have
been recommended for the treatment of elderly patients
with advanced NSCLC. In Japan, the results of phase
IIT trials reported by Kudoh et al (22) and Abe ef al (5)
indicated that docetaxel was suitable for such patients.
Kudoh et al (22) reported the OS, PFS and ORR of docetaxel
were 14.3 months, 5.5 months and 22.7%, respectively. In
the phase III trial conducted by Abe er al (5) the ORR,
MST and PFS were reported to be 24.6%, 14.3 months and
4.4 months, respectively, which was superior to the results
of survival data from platinum combination therapies
including docetaxel. These studies had similar profiles of
adverse events and grade 3/4 leukopenia was observed in
58.0-62.7%, grade 3/4 neutropenia in 82.9-88.8% and febrile
neutropenia in 12.5-15.2% of the patients. The toxicities
following docetaxel administration were markedly severe
compared with those following gemcitabine plus S-1.
However, the efficacy did not differ between docetaxel alone
and gemcitabine plus S-1. In the present study, the ORR of
gemcitabine plus S-1 may be superior to that of docetaxel
alone irrespective of mild toxicities, comparable with that
of the combination of platinum doublet. As anticancer
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