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Abstract. The platinum doublet is considered to be the 
standard cytotoxic chemotherapy for advanced lung cancer. 
It has been previously reported that nedaplatin and S‑1 have 
clinical efficacy against squamous cell lung cancer. As the 
combination of nedaplatin and S‑1 has never been studied 
for advanced squamous cell lung cancer, a phase I trial of 
this combination in the first‑line setting was conducted. 
Patients who had not received chemotherapy previously, aged 
≤75 years and with advanced squamous cell lung cancer were 
recruited. Nedaplatin was administered intravenously (day 1), 
and S‑1 was orally administered (days 1‑14) at a fixed dose 
based on the body surface area (BSA) <1.25 m2, 80 mg/day; 
BSA=1.25‑1.5 m2, 100 mg/day; and BSA ≥1.5 m2, 120 mg/day. 
A total of 9 patients were enrolled. The maximum tolerated 
dose was 80 mg/m2 for nedaplatin. At this dosage, dose‑limiting 
toxicity was observed in 2 of the 6 patients. A total of one 
patient experienced grade 3 thrombocytopenia, and the other 
patient experienced grade 3 anorexia and grade 3 nausea. The 
recommended dose for phase II studies was determined as 
being 70 mg/m2 for nedaplatin (clinical trial registration no. 
UMIN‑CTR UMIN000036387).

Introduction

Several lines of evidence have revealed that the combination 
of a platinum agent and another anticancer agent is suitable as 
the first‑line therapeutic regimen for non‑small cell lung cancer 
(NSCLC) (1,2). Squamous cell lung cancer is a major histologic 
subtype of NSCLC, accounting for 15‑26% of all cases (3,4).

S‑1 is an oral fluoropyrimidine anticancer agent composed 
of tegafur, 5‑chloro‑2,4‑dihydroxypyridine, and oteracil 
potassium. In a phase II study of S‑1 monotherapy targeting 
patients with previously untreated advanced NSCLC, partial 
responses (PRs) were observed in 13 of 59 patients (22.0%) (5). 
In a subset analysis of the LETS study of patients with squa‑
mous cell lung cancer, the median overall survival (OS) was 
14.0 months in the carboplatin and S‑1 arm, vs. 10.6 months in 
the carboplatin and paclitaxel arm (6).

Nedaplatin is a second‑generation platinum agent that 
was developed to have less renal toxicity than cisplatin. In 
a dose‑finding and pharmacokinetic study of nedaplatin, 39 
chemotherapy‑naïve patients with advanced NSCLC (≥70 years 
old) received nedaplatin monotherapy at 60 or 80 mg/m2 as the 
initial dose, and the recommended doses were determined as 
80 and 100 mg/m2 (7). PRs were observed in 13 patients (33%), 
and the histology of 12 of the responders was squamous cell 
carcinoma (7).

A phase I study of nedaplatin and S‑1 for head and neck 
cancer has been conducted. The recommended doses were 
80 mg/m2 for both nedaplatin and S‑1 (days 1‑14). Responses 
were observed in 3 of 9 patients (33%) (8). In another phase I 
study of nedaplatin and S‑1 (a fixed dose for 14 days) for head 
and neck cancer, the maximum tolerated dose of nedaplatin 
was determined to be 90 mg/m2. Responses were observed in 
8 of 14 patients (57.1%) (9).

Thus, several studies have revealed the efficacy of both 
nedaplatin and S‑1 for squamous cell cancer. Combination 
chemotherapy featuring a platinum agent is considered 
the standard first‑line regimen for advanced NSCLC, and 
the combination of nedaplatin and S‑1 could be feasible for 
the treatment of squamous cell lung cancer. Therefore, we 
conducted a phase  I trial of this combination for patients 
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with advanced squamous cell lung cancer (trial registration: 
UMIN‑CTR UMIN000036387).

Materials and methods

Eligibility. This study was approved by the Institutional Review 
Board of Kagawa University (No. 2012CS023) and all partici‑
pating institutes. Patients who were diagnosed with advanced 
or relapsed squamous cell lung cancer between November 2012 
and March 2017 were enrolled in this trial. Written informed 
consent was obtained from each patient before enrollment. The 
inclusion criteria were as follows: i) histologically or cytologically 
confirmed squamous cell lung cancer; ii) stage III or IV cancer 
without an indication for curable radiotherapy and surgery or 
relapse after surgery; iii) age ≤75 years; iv) Eastern Cooperative 
Oncology Group performance status of 0 to 1; v) adequate hema‑
topoietic function (white blood cell count, ≥4,000/mm3; neutrophil 
count, ≥1,500/mm3; platelet count, ≥100,000/mm3; hemoglobin 
level, ≥9.0 g/dl); vi) adequate hepatic function (total bilirubin 
level, <1.5 mg/dl; transaminase level, <100 U/l); vii) no respira‑
tory failure (PaO2 ≥60 Torr or SpO2 ≥90%); and viii) adequate 
renal function (creatinine clearance, ≥60 ml/min). The exclusion 
criteria were as follows: i) previous treatment with chemotherapy 
and/or radiotherapy for lung cancer; ii)  serious concomitant 
systemic disorders including severe heart failure, active ulcer, 
ileus, uncontrolled diabetes mellitus, severe diarrhea, and active 
infection; iii) interstitial lung diseases; iv) positivity for hepatitis 
B antigen; v) brain metastasis requiring emergency treatment; 
vi) pleural effusion, ascites, or pericardial effusion necessitating 
drainage; vii) pregnancy; and viii) other concomitant malignan‑
cies or the receipt of anticancer drugs.

Treatment schedule and dose escalation. S‑1 (Taiho 
Pharmaceutical Co., Ltd.) was administered at a fixed 
dose based on the body surface area  (BSA) of the patient 
as follows: BSA <1.25 m2, 80 mg/day (40 mg twice a day); 
BSA=1.25‑1.5 m2, 100 mg/day; and BSA ≥1.5 m2, 120 mg/day. 
S‑1 was administered orally for 14 days, followed by 14 days 
of rest. Nedaplatin (Nichi‑Iko Pharmaceutical Co., Ltd.) was 
administered intravenously over 1 h on day 1. The starting 
dose of nedaplatin was 70 mg/m2 (level 1). Additional increases 
by 10 mg/m2 up to 100 mg/m2 were permitted to identify the 
maximum tolerated dose (MTD). The treatment schedule was 
repeated every 28 days until disease progression, unacceptable 
toxicities, or patient refusal.

Chemotherapy was temporally stopped for any of the 
following occurrences: i) grade 3 or more leukocytopenia, 
neutropenia, or thrombocytopenia; ii) grade 3 febrile neutro‑
penia; iii) elevated total bilirubin ≥1.5 mg/dl; iv) elevated 
transaminase ≥100  IU/l; v)  elevated serum creatinine 
≥1.5  mg/dl; and iv)  grade  2 non‑hematological toxicities. 
Chemotherapy was restarted after recovery from these criteria.

At least three patients were treated at each dose level. 
Toxicities were evaluated according to the Common 
Terminology Criteria for Adverse Events  (CTCAE), 
version 4.0. Dose‑limiting toxicities (DLTs) were defined as 
follows: i) grade 4 neutropenia; ii) grade 3 febrile neutropenia; 
iii) grade 3 thrombocytopenia; vi) grade 3 non‑hematological 
toxicities; v)  less than 70% (20/28) doses of S‑1 could be 
administered; and v)  a >15‑day delay in the start of the 

second cycle. When a DLT appeared, three patients were 
added at the same dose level. If DLTs occurred in zero of 
three or one of six patients, then the dose was increased to 
the next level. If a DLT was observed in two of six patients 
at the same dose level, the dose was defined as MTD, and the 
study was stopped. The previous dose level was considered 
the recommended dose.

Evaluation and follow‑up. The baseline evaluation included 
medical history, physical examination, blood cell counts, serum 
chemistry, chest X‑ray and computed tomography, enhanced 
brain magnetic resonance imaging, and either positron emission 
tomography or bone scintigraphy. Clinical response was evalu‑
ated for each cycle of chemotherapy. A complete response (CR) 
was defined as the disappearance of all clinically evident tumors 
and no new disease. A PR was defined as a >30% reduction of 
the sum of the longer diameter of the tumor and no new disease. 
Progressive disease (PD) was defined as a >20% increase in the 
sum of the longer diameter of tumors or the appearance of a 
new lesion. Stable disease (SD) was defined as disease regres‑
sion that did not qualify as a PR or disease progression that did 
not qualify as PD and no new disease. Progression‑free survival 
(PFS) was defined as the time from the start of chemotherapy 
to that of PD or death. OS was defined as the time from the 
date of diagnosis to that of death from any cause. PFS and OS 
curves were constructed, and median survival was estimated via 
the Kaplan‑Meier method using Ekuseru‑Toukei 2015 software 
(Social Survey Research Information).

Results

Characteristics of patients. Nine patients were enrolled in this 
trial, including three patients treated at dose level 1 and six 
patients treated at dose level 2. The details of patient character‑
istics are shown in Table I. All nine patients were men. Three 
patients were diagnosed with clinical stage  III cancer, and 

Table I. Patient characteristics.

Parameter	 Value

Number of patients enrolled	 9
Sex	
  Male	 9
  Female	 0
Age	 60‑74
ECOG performance status	
  0	 4
  1	 5
Histology	
  Squamous cell carcinoma	 9
Clinical stage	
  IIIA	 1
  IIIB	 2
  IV	 6

ECOG, Eastern Cooperative Oncology Group.
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six were diagnosed with stage IV cancer, including one patient 
whose tumor had relapsed with distant metastasis after surgery.

Toxicity. Table  II presents the data for hematological and 
non‑hematological toxicity. Three patients completed the first 
cycle at dose level 1 without DLTs. Then, six patients were 
enrolled at dose level 2 because one of the first three patients 
experienced CTCAE grade 3 thrombocytopenia. Anorexia 
was the most common toxicity of any grade, being observed 
in all nine patients. Other toxicities of any grade included 
nausea (7 cases; 78%), anemia (6 cases; 67%), neutropenia 
(6 cases; 67%), and thrombocytopenia (5  cases; 56%). No 
patients experienced vomiting. Grade 3 anorexia and grade 3 
nausea occurred in one of the added patients. Thus, DLTs 
developed in two of six patients at dose level 2. Therefore, the 
MTD was dose level 2, the study was terminated, and dose 
level 1 was selected as the recommended dose.

Response and status. The number of cycle numbers of neda‑
platin and S‑1 therapy administered to the patients ranged 2‑6 
(mean,  3.4). No patients achieved CRs. Four, three, and 
two patients achieved PRs, SDs, and PDs, respectively. The 
response rate was 44%. However, all nine patients eventually 
experienced disease progression, and the median PFS was 
6.0 months. All patients died of disease progression, and the 
median OS was 12.0 months.

Discussion

To the best of our knowledge, this phase I trial of the combi‑
nation of nedaplatin and S‑1 for patients with advanced 

squamous cell lung cancer is the first report of this combina‑
tion in the treatment of lung cancer in this setting. As a result, 
the MTD and recommended dose were determined. Regarding 
efficacy, the response rate was 44%, and the median PFS was 
6.0 months. Although the number of patients was too small 
to clarify efficacy; which is a limitation as a phase I trial, 
antitumor effects were certainly observed in some patients. 
A phase II trial of this combination regimen is warranted to 
further evaluate its feasibility.

Several studies have reported the efficacy of combination 
regimens including S‑1 or nedaplatin for advanced squamous 
cell lung cancer (6,10,11). A subset analysis of the LETS study 
suggested that S‑1 plus carboplatin tended to more strongly 
prolong OS than paclitaxel plus carboplatin in patients with 
squamous cell lung cancer (6). A phase II study of S‑1 plus 
carboplatin followed by maintenance S‑1 was conducted 
in patients with chemotherapy‑naïve advanced squamous 
cell lung cancer. Patients received carboplatin on day 1 and 
S‑1 on days 1‑14 every 21 days. In the 33 analyzed patients, 
the response rate was 30.3%, and the disease control rate 
was 75.8%. The median PFS and OS were 3.5 and 11.3 months, 
respectively (10). A randomized phase III trial revealed that the 
OS was significantly longer in the nedaplatin plus docetaxel 
arm than in the cisplatin plus docetaxel arm (median OS: 
13.6 months vs. 11.4 months) (11). Although the combination 
of nedaplatin and S‑1 for squamous cell lung cancer has not 
been reported previously, the efficacy of this combination 
in advanced lung adenocarcinoma after the failure of first 
line chemotherapy has been evaluated  (12). The response 
rate of nedaplatin and S‑1 was 33.0%, which exceeded that 
of standard therapy consisting of docetaxel or pemetrexed 

Table II. Toxicity.

	 Treatment
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Level 1 (n=3), 70 mg/m2 N, 	 Level 2 (n=6), 80 mg/m2 N, 
	 80, 100 and 120 mg/m2 S‑1 based on BSA	 80, 100 and 120 mg/m2 S‑1 based on BSA
Parameter	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
CTCAE grade	 1	 2	 3	 4	 1	 2	 3	 4

Hematological toxicity								      
  Anemia	 3	 0	 0	 0	 2	 2	 0	 0
  Leukopenia	 3	 0	 0	 0	 3	 0	 1	 0
  Neutropenia	 1	 2	 0	 0	 2	 0	 1	 0
  Thrombocytopenia	 2	 0	 0	 0	 2	 0	 1	 0
  AST	 1	 0	 0	 0	 0	 0	 0	 0
Non‑hematological toxicity								      
  Anorexia	 3	 0	 0	 0	 2	 3	 1	 0
  Nausea	 3	 0	 0	 0	 1	 2	 1	 0
  Fatigue	 0	 0	 0	 0	 3	 0	 0	 0
  Diarrhea	 0	 0	 0	 0	 1	 1	 0	 0
  Stomatitis	 0	 0	 0	 0	 0	 1	 0	 0
  Fever	 0	 0	 0	 0	 1	 0	 0	 0
  Heartburn	 1	 0	 0	 0	 0	 0	 0	 0
  Sleeplessness	 1	 0	 0	 0	 0	 0	 0	 0

BSA, body surface area; CTCAE, Common Terminology Criteria for Adverse Events; AST, aspartate aminotransferase; N, nedaplatin.
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monotherapy (19.3%). The response rate was not correlated 
with gender, age, performance status, or the first‑line chemo‑
therapeutic regimen. The median PFS of nedaplatin and S‑1 
was 3.34 months, which was also longer than that of standard 
therapy (12).

In addition to the use of combination chemotherapeutic 
regimens, therapeutic strategies for squamous cell lung 
cancer have been improved by the development of attrac‑
tive drugs with new antitumor mechanisms. The addition of 
necitumumab, a second‑generation epidermal growth factor 
receptor antibody, to gemcitabine and cisplatin chemotherapy 
improved OS in patients with advanced squamous cell lung 
cancer (SQUIRE phase III trial) (13). The median OS was 
significantly longer in the necitumumab plus gemcitabine 
and cisplatin arm than in the gemcitabine and cisplatin arm 
(11.5 months vs. 9.9 months) (13). An additional phase II trial 
in Japan also reported longer OS in the necitumumab plus 
gemcitabine and cisplatin arm than in the gemcitabine and 
cisplatin arm (14.9 months vs. 10.8 months) (14).

Furthermore, the usefulness of immune checkpoint inhibi‑
tors has been reported for a variety of malignancies including 
squamous cell lung cancer. In patients with previously treated 
squamous cell lung cancer, OS and PFS were significantly 
better for nivolumab than for docetaxel (CheckMate 017) (15). 
This surprising report proved the effectiveness of 
immuno‑oncology. Subsequently, first‑line pembrolizumab 
monotherapy improved PFS and OS in patients with NSCLC 
positive for programmed cell death ligand 1 (KEYNOTE‑024 
and ‑042) (16,17). The addition of pembrolizumab to carbo‑
platin plus paclitaxel or nab‑paclitaxel resulted in significantly 
longer PFS and OS than chemotherapy alone in patients 
with squamous cell lung cancer (KEYNOTE‑407, median 
PFS: 6.4 months vs. 4.8 months; median OS: 15.9 months vs. 
11.3 months) (18). The addition of pembrolizumab to chemo‑
therapy also improved health‑related quality of life scores 
compared with the effects of chemotherapy alone (19).

Based on these findings, the addition of an immune check‑
point inhibitor to nedaplatin plus S‑1 could further improve 
the efficacy of the regimen for treating advanced squamous 
cell lung cancer, and we are planning a clinical trial of this 
combination strategy.
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