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Summary
Background Optimal maintenance therapy for lung squamous cell carcinoma (SCC) has not been established. The aim of
this study was to evaluate the efficacy and safety of switch maintenance therapy with S-1, an oral fluoropyrimidine, after
induction therapy with carboplatin and nanoparticle albumin-bound paclitaxel (nab-paclitaxel) in chemotherapy-naïve
patients with advanced SCC. Methods Chemotherapy-naïve patients with advanced SCC received induction therapy with
four cycles of carboplatin (at an area under the curve of 6, day 1 of a 28-day cycle) and nab-paclitaxel (100 mg/kg, days 1,
8, and 15). Patients who achieved disease control after induction therapy received maintenance therapy with S-1 (80 mg/
m2, days 1–14 of a 21-day cycle) until disease progression or unacceptable toxicity. The primary endpoint was
progression-free survival (PFS) from the start of maintenance therapy. Results Seventy-two patients with SCC were
enrolled to the study. After four cycles of induction therapy, 35 (48.6%) patients achieved disease control, and 31
(43.1%) of these patients received maintenance therapy. Median PFS from the start of maintenance therapy was 3.0 months
(95% confidence interval: 2.1–3.8 months). The most common toxicities of grade 3 or higher during maintenance therapy
were nausea (13.3%), neutropenia (10.0%), and diarrhea (6.7%). Conclusions Switch maintenance therapy with S-1 after
induction therapy with carboplatin and nab-paclitaxel was associated with moderate efficacy and acceptable safety and
may represent a feasible treatment option for patients with advanced SCC.
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Abbreviations
AUC Area under the curve
CBDCA Carboplatin
CI Confidence interval
CTCAE Common Terminology Criteria for

Adverse Events
ECOG Eastern Cooperative Oncology Group
nab-PTX Nanoparticle albumin-bound paclitaxel
NSCLC Non-small-cell lung cancer
OS Overall survival
PFS Progression-free survival
RECIST Response Evaluation Criteria in Solid Tumors
SCC Lung squamous cell carcinoma

Introduction

Maintenance therapy, defined as the continuation of chemo-
therapy immediately after first-line chemotherapy, is a stan-
dard treatment option for advanced non-squamous non-small-
cell lung cancer (NSCLC) [1, 2]. In the pre-maintenance ther-
apy era, up to 50% of patients with lung cancer did not receive
second-line chemotherapy, mainly because of deterioration in
health status during drug holidays after first-line chemothera-
py [3, 4]. An advantage of maintenance therapy is the efficient
delivery of subsequent chemotherapy to patients at risk of
missing the opportunity to receive second-line treatment.

Several maintenance strategies have demonstrated clinical
benefits in NSCLC. Maintenance therapy that continues one
or more agents used in induction therapy is termed
Bcontinuation^ maintenance therapy. Continuation mainte-
nance therapy with pemetrexed after induction therapy with
pemetrexed plus a platinum agent has been shown to improve
overall survival, and is now widely used in clinical practice
[5]. Maintenance therapy that delivers agents not used in in-
duction therapy is termed Bswitch^ maintenance therapy.
Switch maintenance therapy with pemetrexed or erlotinib is
recommended in patients receiving platinum-based therapy
without pemetrexed as induction therapy [1, 2, 6, 7].

However, patients with lung squamous cell carcinoma
(SCC) receive little benefit from these maintenance strategies.
Switch maintenance therapy with pemetrexed has not been
shown to confer a survival benefit on patients with SCC [6],
because pemetrexed has reduced antitumor activity against
SCC compared with non-squamous NSCLC [8]. Thus, pa-
tients with SCC were excluded in the PARAMOUNT study
that evaluated the efficacy of continuation maintenance with
pemetrexed [5]. Switch maintenance therapy with erlotinib has
also been shown to be ineffective for SCC [7]. The optimal
maintenance therapy for SCC therefore remains unknown.

S-1 (Taiho Pharmaceutical Co Ltd., Tokyo, Japan), an oral
fluoropyrimidine agent, is widely used in cancer therapy
[9–11]. In lung cancer, S-1 has demonstrated clinical efficacy

and safety as a single agent or in combination with a platinum
agent [12–17]. In addition to this efficacy, S-1 has demonstrat-
ed favorable safety and ease of administration as an oral tablet
therapy, and therefore has a potential therapeutic advantage in
maintenance therapy in SCC. We previously reported the ef-
ficacy and safety of continuation maintenance therapy with S-
1 after induction therapy with carboplatin (CBDCA) and S-1
in SCC [18]. In that study, the proportion of patients who
responded to induction therapy and received maintenance
therapy with S-1 was 35.3%, which was not completely satis-
factory, mainly because of the low efficacy of induction ther-
apy with CBDCA and S-1. Combination therapy with
CBDCA and nanoparticle albumin-bound paclitaxel (nab-
PTX; Taiho Pharmaceutical Co Ltd., Tokyo, Japan) is has
shown favorable efficacy in NSCLC, especially in SCC
[19]. The aim of this phase II study was to evaluate the effi-
cacy and safety of switch maintenance therapy with S-1 after
induction therapy with carboplatin plus nab-paclitaxel in che-
motherapy-naïve patients with advanced SCC.

Patients and methods

Study design

This study was a multicenter, open-label, single-arm phase II
trial. The protocol was approved by the Institutional Review
Board of each participating medical institution and was con-
ducted in accordance with the principles of the Declaration of
Helsinki. The trial was registered at the University Hospital
Trial Registry (UMIN ID 0000006983).

Patients

The key inclusion criteria for the study were as follows: che-
motherapy-naïve patients aged 20 years or older; histological-
ly or cytologically confirmed SCC; nonresectable stage IIIB,
stage IV, or recurrent disease; measurable lesions according to
the Response Evaluation Criteria in Solid Tumor (RECIST)
version 1.1; Eastern Cooperative Oncology Group (ECOG)
performance status of 0 to 1; and life expectancy of more than
3 months. Additional eligibility criteria included oral intake
ability; and adequate hematopoietic, hepatic, and renal func-
tion. Patients were excluded from this study if they had un-
controlled brain metastasis; uncontrolled pleural effusion, as-
cites, or pericardial effusion; watery diarrhea, digestive ob-
struction, ileus, digestive ulcer, interstitial lung disease, con-
comitant malignancy, or other uncontrolled complications.
The use of antiemetic agents, granulocyte colony-stimulating
factor, bisphosphonates, denosumab, and extra-thoracic palli-
ative radiotherapy was permitted in this study.
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Treatment schedule

Eligible patients received induction chemotherapy with
100 mg/m2 of intravenous nab-PTX on days 1, 8, and
15, and intravenous CBDCA at an area under the curve
(AUC) of 6 (Calvert formula) on day 1 of a 28-day cycle.
After four cycles of induction therapy, patients who did
not demonstrate progressive disease received switch
maintenance therapy with oral S-1 at 80 mg/m2 on days
1–14 of a 21-day cycle. Maintenance therapy was contin-
ued until disease progression or unacceptable toxicity.
During induction therapy, two-stage dose reductions were
permitted for CBDCA (AUC 4.5 and AUC 3) and nab-
PTX (80 mg/m2 and 50 mg/m2). During maintenance ther-
apy, a 20% reduction in dose was permitted for S-1.
Patients were withdrawn from the study if they showed
disease progression, had a treatment delay of >21 days, or
had a dose reduction beyond the permitted range.

Assessment of efficacy and safety

The primary endpoint was progression-free survival (PFS)
measured from the start date of maintenance therapy.
Evaluation of tumor response was performed every two
cycles during induction and maintenance therapy.
Secondary endpoints were overall survival (OS) from the
enrollment date, PFS from the enrollment date, overall
response rate (ORR) and disease control rate (DCR) of
induction therapy, and safety. Toxicities were evaluated
according to the Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0.

Statistical analyses

In the maintenance therapy phase, 32 patients were re-
quired to achieve 80% statistical power, assuming an
expected PFS of 4.0 months [15, 20] and threshold
PFS of 2.6 months [6] with a one-sided type I error of
0.1, based on the Southwest Oncology Group (SWOG)
single-arm survival design [21]. It was assumed that ap-
proximately 50% of patients would demonstrate disease
control in the induction therapy phase and thus receive
maintenance therapy [15]. It was therefore calculated that
enrollment of 70 patients was required, after taking the
potential for dropouts into account. PFS and OS were
analyzed using Kaplan–Meier methods. All statistical
analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), a
graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria). Values of
P < 0.05 were considered statistically significant.

Results

Patient characteristics

Between April 2015 and December 2017, 72 patients were
enrolled in this study. Patient characteristics are shown in
Table 1. The median age (range) was 70 years (43–85 years),
60 (83.3%) patients were male, and 25 (34.7%) patients were
aged >75 years. Fifty-eight (80.6%) patients had an ECOG
performance status of 0, and 56 (77.8%) patients had stage
IV disease. All patients had histologic diagnoses of squamous
cell carcinoma. The median follow-up time was 10.6 months
(range, 2.0–33.6 months).

Treatment

In the induction therapy phase, a median of four cycles (range,
1–4) was delivered and 53 (73.6%) patients completed four
cycles of induction therapy. Dose reductions and delays were
required in 41 (56.9%) and 20 (27.8%) patients, respectively.
Forty-one (56.9) patients did not receive maintenance therapy
because of disease progression (n = 30), adverse events (n =
4), patient decision (n = 3), physician decision (n = 2), or a
treatment delay of >21 days (n = 2, Fig. 1). As a result, 31
(43.1%) patients received maintenance therapy, which com-
prised a median of three cycles (range, 2–17). Dose reductions
and delays in the maintenance phase were required in four
(12.9%) and five (16.1%) patients, respectively. Twenty-nine
patients (93.3%) discontinued maintenance therapy because

Table 1 Patient characteristics

All patients
(n = 72)

Age, years 70 (43–85)

Sex, male 60 (83.3)

Smoking status

Never smoker 8 (11.1)

Former smoker 43 (59.7)

Current smoker 21 (29.2)

ECOG performance status

0/1 58 (80.6) / 14 (19.4)

Stage, IIIB/IV 16 (22.2) / 56 (77.8)

Histology, squamous cell carcinoma 72 (100)

Metastasis

Brain 10 (13.9)

Bone 11 (15.3)

Carcinomatous pleurisy 15 (20.8)

Liver 11 (15.3)

Data are expressed as numbers (percentage) or the median (range)

ECOG Eastern Cooperative Oncology Group
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of disease progression (n = 20), adverse events (n = 8), or pa-
tient decision (n = 1). Two patients were still receiving main-
tenance therapy on the data cutoff date.

Efficacy

The median PFS from the start of maintenance therapy was
3.0 months (95% confidence interval [CI]: 2.1–3.8 months;
Fig. 2). When measured from the study enrollment date, me-
dian PFS was 5.4 months (95% CI: 4.3–6.1 months). After
induction therapy, 22 patients (30.6%) had a partial response
and 13 (18.1%) had stable disease, yielding an ORR of 30.6%
(95% CI: 20.2–42.5%) and a DCR of 48.6% (95% CI: 36.7–

60.7%). The median OS from enrollment was 15.8 months
(95% CI: 9.8–19.8 months). When measured from the start
of maintenance therapy, median OS was 14.8 months (95%
CI: 12.0 months–not estimable).

Safety

Major adverse events are listed in Table 2. In the induction
therapy phase, the most common toxicities were neutropenia,
anemia, leukopenia, and nausea. Grade 3 or higher neutropenia
and febrile neutropenia occurred in 33 (45.8%) and 4 (5.6%)
patients, respectively. Twenty (27.7%) patients required the ad-
ministration of granulocyte colony-stimulating factor (G-CSF),
and blood transfusions were required in 12 (16.7%) patients.
Eight (11.1%) patients required hospitalization (febrile neutro-
penia, n = 4; pneumonia, n = 2; empyema, n = 1; and ileus, n =
1). In the maintenance therapy phase, the most common toxic-
ities were anemia, nausea, neutropenia, and thrombocytopenia.

72 received induction therapy 

41 discontinued 
30 progressive disease   
 4  adverse event           

 2  treatment delay 

31 received maintenance therapy 

2 still receiving maintenance therapy at date cutoff

29 discontinued 
20 progressive disease    
 8  adverse event 

Fig. 1 Study profile

Fig. 2 Progression-free survival. Progression-free survival of patients
who received maintenance therapy was estimated from the date of admin-
istration of maintenance therapy using the Kaplan–Meier method.
Median progression-free survival was 3.0 months (95% confidence inter-
val: 2.1–3.8 months)

Table 2 Adverse events

Induction therapy Maintenance therapy

(n = 72) (n = 30)

Grade Grade Grade Grade
1–4 3–4 1–4 3–4

Hematologic toxicity

Leukopenia 39 (54.2) 23 (31.9) 6 (20.0) 0

Neutropenia 45 (62.5) 33 (45.8) 8 (26.7) 3 (10.0)

Anemia 45 (62.5) 13 (18.1) 15 (50.0) 0

Thrombocytopenia 22 (30.6) 4 (5.6) 7 (23.3) 0

Non-hematologic toxicity

ALT/AST increased 9 (12.5) 2 (2.8) 3 (10.0) 0

Nephrotoxicity 3 (4.2) 0 2 (6.7) 0

Nausea 30 (41.2) 4 (5.6) 11 (36.7) 4 (13.3)

Vomiting 8 (11.1) 1 (1.4) 0 0

Constipation 16 (22.2) 0 3 (10.0) 0

Diarrhea 4 (5.6) 1 (1.4) 3 (10.0) 2 (6.7)

Fatigue 17 (23.6) 1 (1.4) 3 (10.0) 0

Infection 8 (11.1) 8 (11.1) 1 (3.3) 1 (3.3)

Febrile neutropenia 4 (5.6) 4 (5.6) 0 0

Alopecia 20 (27.8) 0 3 (10.0) 0

Rash 1 (1.4) 0 0 0

Allergy 0 0 0 0

Oral mucositis 0 0 1 (3.3) 0

Pneumonitis 4 (5.6) 3 (4.2) 1 (3.3) 1 (3.3)

Taste disorder 7 (9.7) 0 2 (6.7) 0

Peripheral neuropathy 11 (15.3) 0 1 (3.3) 0

Data are expressed as numbers (percentages)

ALT alanine aminotransferase, AST aspartate aminotransferase
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Grade 3 or higher neutropenia occurred in three (10.0%) pa-
tients. No administration of G-CSF was required, and one
(3.3%) patient required a blood transfusion. There were no
treatment-related deaths during the study period.

Post-study therapy

Among the 70 patients who discontinued study treatment, 43
(61.4%) received post-study chemotherapy: 25 received
nivolumab, 4 pembrolizmab, and 8 docetaxel.

Discussion

Switch maintenance therapy with S-1 following induction ther-
apy with carboplatin plus nab-paclitaxel demonstrated moder-
ate efficacy in patients with advanced SCC. Although the me-
dian PFS of 3.0 months did not reach the expected level of
4.0 months, it did exceed the preplanned lower threshold level
of 2.6 months. Additionally, maintenance therapy with S-1
demonstrated acceptable safety, alongside the convenience of
oral administration. Induction therapy with CBDCA and nab-
PTX demonstrated favorable efficacy, which enabled a consid-
erable proportion of patients to progress to maintenance thera-
py. Switch maintenance therapy with S-1 after induction thera-
py with CBDCA and nab-PTX may therefore represent a fea-
sible treatment strategy for patients with SCC.

S-1 has been shown to demonstrate clinical efficacy, re-
gardless of NSCLC histology. In a phase III study of first-
line CBDCA and S-1, the treatment efficacy was comparable
between patients with SCC and those with non-squamous
NSCLC [12, 13]. In another phase III study of S-1 monother-
apy for previously treated NSCLC, treatment efficacy did not
differ according to histological type [16]. The median PFS of
S-1 maintenance therapy observed in the current study was
equivalent to that reported in a phase III study of S-1 mono-
therapy for previously treated NSCLC including both SCC
and non-squamous histology (2.86 months) [16]. In addition,
continuation maintenance therapy with S-1 after induction
therapy with CBDCA and S-1 in SCC demonstrated an equiv-
alent median PFS of 3.0 months [18]. Previous studies of
maintenance therapy have resulted in little clinical benefit
for SCC because of selective efficacy for non-squamous
NSCLC (e.g. pemetrexed or erlotinib); however, S-1 may
have a potential role in maintenance therapy for SCC.

When considering maintenance therapy, the efficacy of in-
duction therapy may be of importance. First-line treatment
with CBDCA and nab-PTX has the potential for superior
efficacy, particularly in SCC rather than in non-squamous
NSCLC [19]. Previously, we evaluated continuation mainte-
nance with S-1 after induction therapy with CBDCA and S-1
in patients with SCC. In that study, induction therapy was
associated with a numerically lower ORR (19.6%) and DCR

(35.3%), and fewer patients therefore received maintenance
therapy (35.3%) compared with those in the current study
(30.6%, 48.6%, and 43.1%, respectively). The median PFS
from the start of S-1 continuation maintenance therapy was
3 months, which was comparable with in the data from the
current study. However, the median PFS from induction ther-
apy was numerically longer in the current study compared
with that observed for induction therapy with CBDCA and
S-1 (4.4 months) [18]. The difference in overall PFS between
these studies, which included identical maintenance therapy
with S-1, may be attributable to differences in the efficacy of
induction therapy.

No conclusive evidence for an optimal maintenance strat-
egy has been reported to date. Continuation maintenance ther-
apy has the advantage of continuing chemotherapeutic agents
that have already demonstrated efficacy in induction therapy,
therefore maximizing the potential efficacy of these agents.
Indeed, a phase II trial of continuation maintenance therapy
with nab-PTX following induction therapy with CBDCA and
nab-PTX demonstrated a median PFS of 6.5 months for the
maintenance therapy [22], which was numerically superior to
that observed in the current study. However, in the previous
study, grade 3 or higher neutropenia, anemia, and all hemato-
logical toxicities occurred at a rate of 25%, 6.3%, and 31.3%,
respectively, which was more frequent than the rates observed
in the current study. Furthermore, frequent hospital visits are
required for maintenance therapy with nab-PTX (days 1, 8, 15
for every 28-day cycle). Tolerability and convenience are par-
ticularly important during maintenance therapy for SCC, be-
cause patients with SCC typically have the characteristics of
older age, advanced disease, and high incidence of comorbid-
ities [23–25]. For patients with SCC receiving induction ther-
apy with CBDCA and nab-PTX who are unsuitable for main-
tenance therapy with nab-PTX, switch maintenance therapy
with S-1 may represent a feasible treatment option.

The current study had some limitations. S-1 has the advan-
tages of convenience and safety but demonstrates only mod-
erate efficacy. In studies evaluating the efficacy of S-1 as
second-line therapy or maintenance therapy, PFS was approx-
imately 3 months, and this might be the therapeutic limit of S-
1 monotherapy [15–18]. Combination maintenance therapy
with S-1 and bevacizumab has demonstrated improved effica-
cy compared with maintenance S-1 monotherapy (median
PFS of 4.6 months and 2.6 months, respectively) in non-
squamous NSCLC [17]. Anti-antiangiogenic agents are
known to increase the efficacy of chemotherapy [26–29].
Bevacizumab is not approved for use in SCC, but
ramucirumab, another antiangiogenic agent, has demonstrated
clinical efficacy in combination with docetaxel, regardless of
NSCLC histology [30]. Combination maintenance therapy of
S-1 and an antiangiogenic agent may therefore have potential
benefits in SCC. Immune checkpoint inhibitors (ICIs) repre-
sent a novel treatment option for NSCLC, and biomarker-
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based treatment strategies for ICIs (e.g. programmed death-
ligand 1 and tumor mutation burden) are important [31–34].
Furthermore, combination therapy with cytotoxic chemother-
apy and ICIs has demonstrated clinical efficacy [35, 36]. In a
new era of complicated therapeutic strategies, further studies
are required for the repositioning of cytotoxic chemotherapy
and maintenance therapy for SCC.

Conclusion

Switch maintenance therapy with S-1 after induction therapy
with CBDCA and nab-PTX demonstrated modest efficacy
and acceptable safety and may therefore represent a feasible
treatment option for patients with advanced SCC.
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