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Background: Chemotherapy remains a viable option for the management of advanced non-small-cell lung cancer (NSCLC)
despite recent advances in molecular targeted therapy and immunotherapy. We evaluated the efficacy of oral 5-fluorouracil-
based S-1 as second- or third-line therapy compared with standard docetaxel therapy in patients with advanced NSCLC.

Patients and methods: Patients with advanced NSCLC previously treated with >1 platinum-based therapy were randomized
1:1 to docetaxel (60 mg/m? in Japan, 75 mg/m? at all other study sites; day 1 in a 3-week cycle) or S-1 (80120 mg/day,
depending on body surface area; days 1-28 in a 6-week cycle). The primary endpoint was overall survival. The non-inferiority
margin was a hazard ratio (HR) of 1.2.

Results: A total of 1154 patients (577 in each arm) were enrolled, with balanced patient characteristics between the two arms.
Median overall survival was 12.75 and 12.52 months in the S-1 and docetaxel arms, respectively [HR 0.945; 95% confidence
interval (Cl) 0.833-1.073; P=0.3818]. The upper limit of 95% ClI of HR fell below 1.2, confirming non-inferiority of S-1 to
docetaxel. Difference in progression-free survival between treatments was not significant (HR 1.033; 95% CI 0.913-1.168;

P =0.6080). Response rate was 8.3% and 9.9% in the S-1 and docetaxel arms, respectively. Significant improvement was
observed in the EORTC QLQ-C30 global health status over time points in the S-1 arm. The most common adverse drug reactions
were decreased appetite (50.4%), nausea (36.4%), and diarrhea (35.9%) in the S-1 arm, and neutropenia (54.8%), leukocytopenia
(43.9%), and alopecia (46.6%) in the docetaxel arm.

Conclusion: S-1 is equally as efficacious as docetaxel and offers a treatment option for patients with previously treated
advanced NSCLC.

©The Author 2017. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use,
distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://academic.oup.com/

Annals of Oncology

Clinical trial number: Japan Pharmaceutical Information Center, JapicCTI-101155.

Key words: docetaxel, non-inferiority, previously treated NSCLC, S-1, phase 3 study

Introduction

Lung cancer remains one of the most lethal cancers worldwide.
Chemotherapy is the standard treatment for patients with
advanced non-small-cell lung cancer (NSCLC), and there are spe-
cific treatment options based on molecular mutation status ac-
cording to clinical practice guidelines. In the absence of a driver
oncogene, anti-programmed death-ligand 1 (PD-L1) and pro-
grammed death-1 (PD-1) immunotherapy is now a standard
second-line treatment option [1-3]. For patients who have failed
or are not eligible for immunotherapy, docetaxel—with or with-
out angiogenesis inhibition—or pemetrexed are other standard
therapies in case of relapsed NSCLC. However, according to the
results of earlier studies in this setting, docetaxel is associated
with a relatively high incidence of grade 3/4 neutropenia and
febrile neutropenia [4, 5].

S-1is an oral cytotoxic drug that comprises tegafur (a prodrug
of 5-fluorouracil and the main cytotoxic effector of S-1), gimera-
cil (a potent dihydropyrimidine dehydrogenase inhibitor),
and oteracil potassium (an inhibitor of phosphorylation of
5-fluorouracil in the gastrointestinal tract) in a molar ratio of
1:0.4: 1. S-1 monotherapy is a potentially efficacious treatment
for advanced NSCLC in light of promising data from a phase 2
study of S-1 as second-line treatment for NSCLC that showed an
overall response rate of 12.5% and a median overall survival (OS)
of 8.2 months [6]. We hypothesized that S-1 is equally as effica-
cious as docetaxel. In this randomized phase 3 study, we
compared S-1 with docetaxel in patients with previously treated
advanced NSCLC, with a primary objective of establishing non-
inferiority of S-1in OS.

Methods

Study design and patients

This randomized, open-label, phase 3 non-inferiority study was con-
ducted at 84 medical centers in China, Japan, Hong Kong, Singapore,
and Taiwan. Patients were randomized 1 : 1 to receive either S-1 or doce-
taxel. The protocol summary is available in supplementary material,
available at Annals of Oncology online.

Key eligibility criteria were age >20 years; locally advanced or meta-
static NSCLC; Eastern Cooperative Oncology Group performance sta-
tus <2; appropriate organ function; and <2 previous chemotherapy
regimens, including >1 platinum-based regimen [if patients had received
an epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor
(TKI), gefitinib/erlotinib, then three previous regimens were allowed].
The study protocol was approved by the institutional review board of
each participating center. All patients provided written informed consent
before participation.

Treatment

S-1 was given orally, twice daily, after meals, at a dose based on body sur-
face area (<1.25 m?, 80 mg/day; >1.25to <1.5 m?, 100 mg/day; >1.5 m?,

120 mg/day) for 4weeks in a 6-week cycle. Docetaxel 75mg/m>

(or 60 mg/m* when given at study sites in Japan) was given intravenously
on day 1 of a 3-week cycle.

Study endpoints

The primary endpoint was OS, which was defined as the time after ran-
domization until death from any cause. Secondary endpoints were
progression-free survival (PFS), defined as the time from randomization
until either disease progression or death from any cause (whichever was
earlier); time to treatment failure, defined as the time from randomiza-
tion to the earliest date of disease progression, death from any cause, or
discontinuation of study treatment; and response rate, defined as the
proportion of patients whose best overall response was complete
response or partial response.

Tumor response was assessed in patients with measurable lesions ac-
cording to the Response Evaluation Criteria in Solid Tumors version
1.1. Adverse events (AEs) were evaluated according to the Common
Terminology Criteria for Adverse Events version 4.0. Patient-reported
outcomes were based on the European Organisation for Research
and Treatment of Cancer (EORTC) Quality of Life Questionnaire
Core-30 (QLQ-C30) and the lung cancer-specific questionnaire mod-
ule (QLQ-LC13) at baseline and every 6 weeks during treatment.

Statistical analysis

The primary objective was to establish non-inferiority in OS of S-1 com-
pared with docetaxel. With an expected median OS of 12 months in both
arms 1.5 years after the final randomization and a hazard ratio (HR) of
1.2 as the non-inferiority margin, a total of 944 events (in both arms) and
568 patients per arm were required to establish non-inferiority with a
one-sided significance level of 0.025 and an 80% power. The non-
inferiority margin was determined by the effect-retention method [7],
guided by results of the TAX317 trial [4], with an HR of docetaxel to best
supportive care of 0.61. In the present study, we assumed that at least
60% of the efficacy of docetaxel over best supportive care would be ac-
ceptable as a non-inferiority margin, which corresponds approximately
toan HR of 1.2.

The primary efficacy analysis was based on the full analysis set (FAS),
consisting of all randomized patients except those with a major protocol
deviation. The per-protocol set consisted of all FAS patients without any
deviations in eligibility criteria or use of prohibited concomitant thera-
pies. Safety was analyzed for the patients who received at least one dose of
the study drug.

The Cox proportional hazards model was used to calculate the HR
for primary analysis. Survival curves were estimated using the Kaplan—
Meier method, and response rates were compared using the y* test.
Quality of life (QoL) was analyzed using a linear mixed-effects model.
Subgroup analyses were carried out to assess treatment effects by pre-
specified background factors. All statistical analyses were carried out
using SAS version 9.2.

Results

Between July 2010 and June 2014, 1154 of 1255 screened pa-
tients were enrolled and randomized, with 577 patients to each
arm (Figure 1). The FAS consisted of 577 patients in the S-1
arm and 570 patients in the docetaxel arm. The study drug was
administered to 1129 patients (S-1, 569; docetaxel, 560).
Baseline characteristics were well balanced between arms
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Figure 1. Study disposition. FAS, full analysis set; PPS, per-protocol set.

(Table 1); 70.9% of EGFR mutation positive patients (95 in the
S-1 arm, 93 in the docetaxel arm) received EGFR-TKI before
the study (supplementary Table S1, available at Annals of
Oncology online). Median number of treatment cycles was 2.0
(range 1-27) in the S-1 arm and 3.0 (range 1-41) in the doce-
taxel arm. At the data cut-off date (20 November 2015), there
were 479 (83.0%) and 487 (85.4%) deaths in the S-1 and doce-
taxel arms, respectively, and median follow-up time was
30.75 months.

Kaplan—Meier curve and forest plot of OS are shown in
Figure 2. Median OS was 12.75 and 12.52 months in the S-1 and
docetaxel arms, respectively (HR 0.945, 95% CI 0.833-1.073;
P=0.3818), confirming non-inferiority of S-1 to docetaxel. HRs
of OS by randomization factor are summarized in supplementary
Table S2, available at Annals of Oncology online. Supportive
analysis in the per-protocol set (HR 0.963, 95% CI 0.847-1.095)
and all randomized patients (HR 0.940, 95% CI 0.829—1.067;
supplementary Figure S1, available at Annals of Oncology online)

showed similar results to that of the FAS. In OS subgroup
analysis, no interactions were observed among subgroups
(Figure 2B). The stratified HR for Japanese and non-Japanese pa-
tients is shown in supplementary Table S3, available at Annals of
Oncology online.

Kaplan—Meier curve and forest plot of PFS are shown in
Figure 3. Median PFS was 2.86 and 2.89 months in the S-1 and
docetaxel arms, respectively (HR 1.033, 95% CI 0.913-1.168;
P=10.6080). In PES subgroup analysis, interaction was observed
in EGFR mutation status (P=0.002) and sex (P=0.0154)
(Figure 3B), and was also observed in histological type (squa-
mous/non-squamous, P= 0.024; data not shown).

Median time to treatment failure was 2.66 and 2.56 months
in the S-1 and docetaxel arms, respectively (HR 0.886, 95% CI
0.788-0.997; P=0.0436) (supplementary Figure S2, available
at Anmnals of Oncology online). Response rate was 8.3% in
the S-1 arm and 9.9% in the docetaxel arm (P=0.3761)
(supplementary Table S4, available at Annals of Oncology online).
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Table 1. Baseline and demographic data

S-1 Docetaxel
N=577 N=570

Sex

Male 388 (67.2) 381 (66.8)

Female 189 (32.8) 189 (33.2)
Age (years), median (range) 62 (23—85) 62 (28—82)
Body surface area (m?), median 1670 (1.17-2.12) 1.670 (1.21-2.30)

(range)
Previous chemotherapy

regimens

1 350 (60.7) 357 (62.6)

2 178 (30.8) 169 (29.6)

3 49 (8.5) 44 (7.7)
ECOG performance status

0 200 (34.7) 207 (36.3)

1 365 (63.3) 350 (614)

2 12 (2.1) 13 (2.3)
Ethnicity

Japanese 357 (61.9) 358 (62.8)

Chinese 193 (334) 192 (33.7)

Korean 1(0.2) 0 (0.0)

Taiwanese 22 (3.8) 16 (2.8)

Other 4(0.7) 4(0.7)
Previous EGFR TKI

No 442 (76.6) 440 (77.2)

Yes 135 (23.4) 130 (22.8)
Surgery

No 470 (81.5) 456 (80.0)

Yes 107 (18.5) 114 (20.0)
Radiation therapy

No 358 (62.0) 330 (57.9)

Yes 219 (38.0) 240 (42.1)
Histology type

Adenocarcinoma 430 (74.5) 431 (75.6)

Squamous cell carcinoma 105 (18.2) 97 (17.0)

Large cell carcinoma 10(1.7) 7(1.2)

Other 31 (54) 35 (6.1)

Unknown 1(0.2) 0 (0.0)
Stage

B 48 (8.3) 35 (6.1)

\% 528 (91.5) 535 (93.9)

Unknown 1(0.2) 0 (0.0)
Smoking status

Ever 395 (68.5) 383 (67.2)

Never 182 (31.5) 187 (32.8)
EGFR mutation

Positive 135 (23.4) 130 (22.8)

Negative 350 (60.7) 347 (60.9)

Unknown 92 (15.9) 93 (16.3)
Target lesions

No 80 (13.9) 53(93)

Yes 496 (86.0) 517 (90.7)

Unknown 1(0.2) 0 (0.0)

Data are n (%) unless otherwise specified.
ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth
factor receptor; TKI, tyrosine kinase inhibitor.

Post-study treatment was given in 72.1% and 69.6% of patients
in the S-1 and docetaxel arms, respectively, and a subsequent
EGFR-TKI was given in 27.6% and 28.8% of patients,
respectively.

EORTC QLQ-C30 scores for global health status until 48 weeks
were significantly better in the S-1 arm (P=0.0065) with
repeated-measures data (Figure 4). Additionally, QLQ-C30
scores for physical functioning, role functioning, emotional func-
tioning, social functioning, and fatigue were significantly better
in the S-1 arm. QLQ-LC13 scores for pain in chest, dyspnea, per-
ipheral neuropathy, and alopecia were significantly better in the
S-1 arm, while the dysphagia score was significantly better in the
docetaxel arm (Figure 5; supplementary Figure S3, available at
Annals of Oncology online). QoL results by two docetaxel doses
are shown in supplementary Figures S4—S6, available at Annals of
Oncology online.

The most common adverse-drug reactions in the S-1 arm were
decreased appetite (50.4%), nausea (36.4%), and diarrhea
(35.9%), while those in the docetaxel arm were neutropenia
(54.8%), leukocytopenia (43.9%), alopecia (46.6%), and decreased
appetite (36.4%) (Table 2). AEs regardless to relationship to study
drug and AEs by docetaxel dose are summarized in supplementary
Tables S5 and S6, available at Annals of Oncology online,
respectively.

Discussion

This is the first randomized, phase 3 study that confirms S-1 to be
non-inferior in OS to docetaxel as second- or third-line therapy
for patients with advanced NSCLC. Our findings were consistent
across ethnicity, EGFR status, and histological type. S-1 was also
as effective as docetaxel in terms of PFS and response rate. The
magnitude of treatment effect and QoL was similar between the
two doses of docetaxel (60 and 75 mg/mz). No differences were
observed in subgroup analysis of OS, whereas in PFS subgroup
analysis, interaction was observed in EGFR mutation status and
sex, having longer PFS in the male subgroup or the EGFR wild-
type subgroup with S-1 from docetaxel. Notably, EGFR mutation
status and squamous cell carcinoma, which may play an import-
ant role in deciding the course of treatment for NSCLC patients,
had an interaction with PFS but not with OS, suggesting that S-1
may have a better outcome in squamous cell carcinoma or EGFR
wild-type status. For patients with EGFR mutation, the standard
recommended treatment is osimertinib if there is presence of
T790M mutation [8].

Significant differences were observed between the S-1 and
docetaxel arms in about half of the items in QLQ-C30 and in
QLQ-LC13; however, the clinical relevance of these findings will
need to be addressed further in the context of mean differences.
Items in the QLQ-C30 for global health status, social functioning,
and financial difficulty favored S-1 with mean differences in the
range of ‘small: subtle but nevertheless clinically relevant’ as
defined by Cocks et al. [9]. No large benefits were observed in
QLQ-LC13 items; some items reflected toxicity in each arm, with
peripheral neuropathy and alopecia favoring S-1. In addition,
there were no differences in gastrointestinal toxicity items (nau-
sea, vomiting, appetite loss, and diarrhea) between arms, which
could be an important factor in deciding treatment options for
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Figure 2. (A) Kaplan-Meier curve for overall survival (FAS); (B) Forest plot for overall survival. Cl, confidence interval; EGFR, epidermal growth
factor receptor; FAS, full analysis set; HR, hazard ratio; MST, median survival time; TKI, tyrosine kinase inhibitor.

patients. Gastrointestinal toxicities can be well managed by sup- The safety profiles of docetaxel and S-1 observed in this study
portive care. This might explain why QoL was better maintained  were consistent with those of previous studies [4, 6]. Overall,
with S-1 than with docetaxel and might serve as a rationale for incidence of AEs was similar between arms. Hematological
using S-1. AEs were more common in the docetaxel arm, whereas
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Figure 3. (A) Kaplan—Meier curve for progression-free survival (FAS); (B) Forest plot for progression-free survival. Cl, confidence interval; EGFR,
epidermal growth factor receptor; FAS, full analysis set; HR, hazard ratio; MST, median survival time; TKI, tyrosine kinase inhibitor.

gastrointestinal AEs were more common in the S-1 arm.
Incidence of febrile neutropenia was 0.9% and 13.6% in the
S-1 and docetaxel arms, respectively; this factor may poten-
tially affect treatment cost and hospitalization rates, although
cost-effectiveness was not captured in the current study. Most

gastrointestinal AEs reported in the S-1 arm were transient and
manageable. The rate of drug discontinuation due to AEs was
lower in the S-1 arm than in the docetaxel arm. Overall, S-1 was
shown to produce an active response as a single agent for meta-
static NSCLC with minimal toxicity. There were no differences in
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Figure 4. Change in global health status item of the EORTC QLQ-C30 (FAS). BL, baseline; EORTC QLQ-C30, European Organisation for
Research and Treatment of Cancer core quality of life questionnaire Core-30; FAS, full analysis set.

overall AEs between the two doses of docetaxel in the Japanese
and non-Japanese populations. Of particular interest was our ob-
servation of a higher incidence of grade 3/4 neutropenia and fe-
brile neutropenia in Japanese patients who received docetaxel at
60 mg/m”. This evidence is supportive of a lower dosage of doce-
taxel for this population.

Anti-PD-1/PD-L1 therapy is now the new standard second-line
therapy for patients who have failed first-line doublet
chemotherapy [1—3], and addition of ramucirumab or nintedanib
to docetaxel may also improve OS in selective patients [10, 11].
Key findings of these studies could not be taken into consideration
in the design of the present study, thus forming a limitation of this
study. We adopted docetaxel as the control arm when the drug was
the only standard second-line therapy. On the other hand, not all
patients are eligible or able to afford the novel but costly immuno-
therapies. Single-agent chemotherapy remains one of the options
for this group of patients, and S-1 is an oral alternative to standard
docetaxel.

In conclusion, S-1 shares similar efficacy with docetaxel
but differs in toxicity and QoL profile. Our study confirmed S-1 as
aviable treatment option for previously treated advanced NSCLC.
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Figure 5. Change in the EORTC QLQ-LC13 symptom scales from baseline (FAS) for (A) chest pain, (B) dyspnea, (C) coughing. BL, baseline; EORTC
QLQ-LC13, European Organisation for Research and Treatment of Cancer core questionnaire lung cancer-specific module; FAS, full analysis set.
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Table 2. Drug-related adverse events

S-1 (n = 569) Docetaxel (n = 560)
Any grade Grade 3-4 Any grade Grade 3-4

Decreased appetite 287 (50.4) 37 (6.5) 204 (36.4) 15 (2.7)
Nausea 207 (36.4) 5 (0.9) 149 (26.6) 8 (14)
Diarrhea 204 (35.9) 36 (6.3) 92 (16.4) 6 (1.1)
Skin hyperpigmentation 178 (31.3) 0 (0) 11 (2.0) 0 (0)
Stomatitis 133 (234) 14 (2.5) 80 (14.3) 5 0.9)
Vomiting 106 (18.6) 9 (1.6) 64 (11.4) 4 0.7)
Malaise 105 (18.5) 1 0.2) 131 (234) 4 (0.7)
Fatigue 95 (16.7) 7 (1.2) 106 (18.9) 5 (0.9
Neutropenia 85 (14.9) 31 (5.4) 307 (54.8) 267 (47.7)
Constipation 70 (12.3) 1 0.2) 92 (16.4) 1 0.2)
Anemia 69 (12.1) 15 (2.6) 53 (9.5) 8 (1.4)
Weight decreased 69 (12.1) 3 (0.5) 20 (3.6) 0 )
Thrombocytopenia 63 (11.1) 7 (1.2) 13 (2.3) 1 0.2)
Rash maculo-papular 59 (104) 5 (0.9) 45 (8.0) 1 0.2)
Leukocytopenia 54 (9.5) 7 (1.2) 246 (43.9) 163 (29.1)
Peripheral sensory neuropathy 23 (4.0) 1 0.2) 87 (15.5) 0.7)
Edema peripheral 13 (2.3) 0 0) 88 (15.7) 5 (0.9)
Alopecia Il (1.9) 0 (0) 261 (46.6) 0 (0)
Febrile neutropenia 5 (0.9) 5 (0.9) 75 (134) 75 (134)
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