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non-hematological toxicities were generally mild. Ten 
patients (23.3%) required chemotherapy treatment sched-
ule delay, and one patient required one dose level reduc-
tion because of drug fever. Median disease-free survival 
was 78.6 months [95% confidence interval (CI) 39.5–not 
reached (NA)] and median overall survival was not reached 
(95% CI 83.7–NA).
Conclusions  Biweekly administration of gemcitabine and 
carboplatin is effective and well tolerated for patients with 
completely resected NSCLC as an adjuvant chemotherapy.

Keywords  Adjuvant chemotherapy · Gemcitabine · 
Carboplatin · Non-small cell lung cancer

Introduction

Lung cancer is the most common cause of cancer-related 
mortality worldwide, accounting for 27% of all cancer death 
in 2016 [1]. Non-small cell lung cancer (NSCLC) comprises 
85% of all primary lung cancers [1]. Surgery is the best 
therapeutic strategy for patients with early-stage NSCLC; 
however, the prognosis after surgery remains unsatisfactory. 
As per the Lungscape study, 5-year relapse-free survival 
(RFS) rate was 52.8 months for all stages [2]. According to 
the pathological stage, RFS was 62.5% for stage IA, 57.8% 
for stage IB, 47.9% for stage IIA, 43.8% for stage IIIA, and 
13.2% for stage IIIB.

To improve outcomes after complete resection, trials of 
adjuvant chemotherapy were conducted [3]. Pignon JP et al. 
authored a meta-analysis of the five largest trials, the lung 
adjuvant cisplatin evaluation (LACE), demonstrating that 
cisplatin-based adjuvant chemotherapy had a 5-year survival 
benefit of 5.4% and an overall hazard ratio of death of 0.89 
[4]. Subgroup analyses in the LACE study indicated that the 
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combination of cisplatin plus vinorelbine produced a signifi-
cant survival benefit for the patients with stage II and stage 
III cancers [5]. Therefore, the cisplatin plus vinorelbine regi-
men is currently recommended as an adjuvant chemother-
apy for patients with stage II and IIIA NSCLC. Meanwhile, 
carboplatin-based regimens were also tested as an adjuvant 
chemotherapy [6, 7] because the cisplatin-based adjuvant 
chemotherapy completion rate was low due to toxicities such 
as nausea, vomiting, and nephrotoxicity.

Gemcitabine (2′, 2′-difluoro-deoxycytidine) is a pyrimi-
dine antimetabolite that is efficacious for NSCLC treatment 
[8]. The combination of cisplatin plus gemcitabine is used 
clinically for chemotherapy-naïve patients with advanced 
NSCLC [9]. As for a histology of squamous cell lung carci-
noma, overall survival (OS) for patients receiving cisplatin 
plus gemcitabine was superior to those receiving cisplatin 
plus pemetrexed [10]. Additionally, a phase III randomized 
trial of cisplatin plus gemcitabine versus carboplatin plus 
gemcitabine, revealed that carboplatin plus gemcitabine had 
comparable antitumor efficacy with lower toxicity in patients 
with advanced NSCLC [11]. This regimen exhibits well-
balanced efficacy and safety.

Recently, we reported a phase I dose escalation study of 
biweekly gemcitabine and carboplatin as adjuvant chemo-
therapy in patients with completely resected stage IB-IIIA 
NSCLC. In this study, the maximum-tolerated dose was not 
reached and the recommended dose for a phase II study was 
gemcitabine 1000 mg/m2 on days 1 and 15 and carbopl-
atin area under the time-concentration curve (AUC) 5 on 
day 1, every 4 weeks. This protocol had acceptable toxicity 
in adjuvant settings [12]. Our adjuvant regimen was toler-
able and feasible for patients with early-stage cancers who 
received complete resection. Based on the above findings, 
we conducted a phase II study to evaluate the efficacy and 
safety of biweekly gemcitabine and carboplatin as adjuvant 
chemotherapy in patients with completely resected NSCLC.

Materials and methods

Patient eligibility

To be eligible for this study, patients were required to have 
had complete resection pathologically documented stage 
IB, IIA, IIB, or IIIA NSCLC; only a single station of a 
resected mediastinal lymph nodule; no previous chemo-
therapy or radiotherapy; a performance status (PS) of 0–1; 
age over 20 years; a life expectancy of more than 12 weeks; 
adequate bone marrow reserves (leukocyte count ≥ 4000/
mm3 and ≤ 12,000/mm3, neutrophil count ≥ 2000/mm3, 
platelet count ≤ 100,000/mm3, and hemoglobin ≥ 9.5 g/dL); 
normal liver function [total serum bilirubin ≤ 2.0 mg/dL, 
and aspartate transaminase (AST), alanine transaminase 

(ALT) ≤ 100  IU/L]; normal renal function (serum cre-
atinine ≤ 1.5 mg/dL); and PaO2 ≥ 60 Torr. Patients with a 
concomitant malignancy, active infectious disease, or other 
serious medical problems were excluded. The local ethics 
committee approved the study and written informed con-
sent was obtained from all patients. Patients with interstitial 
pneumonia detectable on chest radiography, uncontrolled 
pleural or pericardial effusions, superior vena cava syn-
drome, peripheral neuropathy ≥ grade 2, edema ≥ grade 
2, uncontrolled diabetes, hypertension, liver dysfunction, 
unstable angina, myocardial infarction within the previous 
3 months, clinically severe infections, symptomatic brain 
metastases, active double cancers, history of severe aller-
gic reactions, severe disease complications, or new (before 
entry) lesions were ineligible.

Clinical evaluation

Patients were evaluated prior to treatment with a complete 
blood cell count, a differential count, routine chemistry 
measurements, a chest radiograph, chest computed tomog-
raphy (CT) scan, abdominal CT scan, whole-brain magnetic 
resonance imaging or CT scan, and an isotope bone scan. 
Weekly evaluations included complete blood cell count, dif-
ferential count, routine chemistry measurements, physical 
examination, and toxicity assessment. Toxicities were evalu-
ated according to NCI-CTCAE version 4.0.

Treatment schedule

Patients received four cycles of gemcitabine 1000 mg/m2 
on days 1 and 15 and carboplatin AUC 5 mg/mL/min on 
day 1, starting within 8 weeks of lung resection. The regi-
men was performed every 4 weeks. Before administration of 
the anticancer agent, each patient received antiemetic agents 
consisting of 5-HT3 antagonist and dexamethasone intrave-
nously. Prophylactic administration of granulocyte-colony 
stimulating factor (G-CSF) was not permitted. Administra-
tion of G-CSF was permitted in patients with grade 4 neutro-
penia and/or grade 3 febrile neutropenia. Gemcitabine was 
delayed in case of leukocyte count ≤ 3,000/mm3, neutrophil 
count ≤ 1500/mm3, platelet count ≤ 100,000/mm3, fever with 
infections, liver and renal and lung toxicity, peripheral neu-
ropathy ≥ grade 2, or non-hematological toxicity ≥ grade 3 
on day 15. The maximum delay was 2 weeks. Subsequent 
courses of chemotherapy were initiated when the leukocyte 
counts were ≥ 3000/mm3, neutrophil counts were ≥ 1500/
mm3, and platelet counts were ≥ 100,000/mm3, and there 
was no fever with infections, aspartate liver functions, 
peripheral neuropathy ≤ grade 1, edema ≤ grade 1, and 
liver and cardiac and lung toxicity ≤ grade 1 after day 29. 
If these criteria were unmet by day 1 of the next course of 
chemotherapy, both drugs were withheld until full recovery, 
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with a maximum delay of 2 weeks. Dose reduction was per-
formed on any patient who presented grade 4 leukopenia, 
grade 4 neutropenia for ≥ 4 days, febrile neutropenia, liver 
toxicity ≥ grade 2, or peripheral neuropathy ≥ grade 2. Any 
patient with these toxicities after dose reduction, reappear-
ance of lesions, or ≥ 2 week delay before the subsequent 
chemotherapy course was withdrawn from the study. Treat-
ment carried out four courses, unless unacceptable toxicity 
or disease progression occurred.

Statistical analysis

The primary end point of this study was the proportion of 
patients who were disease-free at 1 year. Secondary end 
points were safety and survival. Assuming 1 year disease-
free survival of 70% in eligible patients would indicate 
potential usefulness, whereas a 1 year disease-free survival 
of 50% would constitute the lower limit of interest; with 
α = 0.05 and β = 0.20, the estimated accrual was 43 patients.

Results

Patient characteristics

Between August 2006 and June 2014, 43 patients were 
enrolled in this study. The patient characteristics are sum-
marized in Table 1. The median age of the patients was 
65 years with range of 49–74 years. Twenty-nine patients 

(67.4%) were male and all patients were PS of 0. Twenty-
nine patients (67.4%) were diagnosed with adenocarcinoma. 
Ten patients (23.3%) had stage IIIA disease.

Safety

The toxicity of chemotherapy is summarized in Table 2. 
Major grade 3/4 hematological adverse events (AEs) 
included: leukocytopenia (27.9%), neutropenia (53.5%) and 
anemia (4.7%). Non-hematologic AEs were generally mild 
and grade 3/4 non-hematological toxicities included nausea 
(2.3%) and anorexia (2.3%). Interstitial lung disease (ILD) 
and treatment-related death were not observed in our study.

The median number of treatment cycles was four (1–4). 
Thirty-four patients received four cycles of chemotherapy, 
as planned, and the completion rate of chemotherapy was 
79.1% [95% confidence interval (CI) = 0.64–0.90]. Nine 
patients received fewer than four cycles because of patient 
refusal (33.3%) and toxicities (66.7%). The completion rates 
in patients with stage IB, IIA, IIB and IIIA were 100, 80.9, 
62.5 and 80.0%, respectively.

Treatment efficacy

The 1-year disease-free survival rate was 86.0% (95% 
CI = 0.72–0.95); 1-year disease-free rates in patients with 
stage IB, IIA, IIB and IIIA were 100, 85.7, 100 and 70%, 
respectively. Median disease-free survival (DFS) was 
78.6 months [95% CI = 39.5 to not reached (NA); Fig. 1]; 
median DFS in patients with stage IB, IIA, IIB and IIIA 
were 77.5 months (95% CI = 77.5–NA), 42.1 months (95% 
CI = 25.7–NA), not reached (95% CI = 63.0–NA) and 
19.0 months (95% CI = 8.6–NA), respectively. Median OS 
was not reached (95% CI = 83.7–NA; Fig. 2); median OS in 
patients with stage IB, IIA, IIB and IIIA were 82.5 months 
(95% CI = 82.5–NA), not reached (95% CI = 44.4–NA), 
not reached (95% CI = 76.8–NA), and 84.4 months (95% 
CI = 32.2–NA), respectively.

The sites of disease recurrence are shown in Table 3. 
The rate of local and distant recurrence was 7.0 and 37.2%, 
respectively. The most frequent site of distant recurrence 
was pulmonary metastasis (20.9%), and pulmonary metas-
tases alone were observed in 14.0% of patients with any 
recurrences. CNS metastasis (including meningitis carci-
nomatosa) and brain metastasis alone were 7.0 and 4.7%, 
respectively. Multiple distant metastases were only recog-
nized in 14%.

Discussion

This phase II study evaluated the efficacy and safety of 
biweekly gemcitabine and carboplatin treatment in patients 

Table 1   Patient characteristics

Ad Adenocarcinoma, Sq Squamous cell carcinoma, LA Large cell 
carcinoma, Adsq Adenosquamous cell carcinoma, EGFR epidermal 
growth factor receptor

Characteristic No. of patients

Gender
 Male/female 29/14

Median age at treatment (range) 65 (49–74)
Performance status (PS)
 0/1 43/0

Histology
 Ad/Sq/La/Adsq 29/10/2/2
p stage
 IB/IIA/IIB/IIIA 4/21/8/10

EGFR mutation status
 mutant/wild type/unknown 3/10/30

Smoking status
 Smoker/non-smoker 30/13

Number of course
 1/2/3/4 1/3/5/34

Median of cycles (range) 4 (1–4)
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with completely-resected NSCLC. The results of our study 
demonstrated that the combination of biweekly gemcitabine 
and carboplatin as adjuvant chemotherapy had less toxicity 
and was associated with higher completion rates.

Carboplatin causes thrombocytopenia, but severe nausea, 
vomiting and nephrotoxicity are less frequent compared to 
cisplatin, in previous meta-analyses [13–15]. In our study, 

Table 2   Adverse events

NCI-CTI National Cancer Institute-Common Toxicity Criteria, AST aspartate aminotransferase, ALT ala-
nine aminotransferase

Total (%) NCI-CTI grade 3 or 4 (%)

1 2 3 4

Leukocytopenia 36 (83.7) 6 18 12 0 27.9
Neutropenia 36 (83.7) 4 9 15 8 53.5
Anemia 33 (76.7) 22 9 2 0 4.7
Thrombocytopenia 22 (51.2) 13 9 0 0 0
Febrile neutropenia 0 (0) 0 0 0 0 0
Nausea 18 (41.9) 15 2 1 0 2.3
Vomit 5 (11.6) 5 0 0 0 0
Fatigue 7 (16.2) 5 2 0 0 0
Anorexia 11 (25.9) 8 3 1 0 2.3
Phlebitis 0 (0) 0 0 0 0 0
Bilirubin increased 0 (0) 0 0 0 0 0
AST increased 21 (48.8) 20 1 0 0 0
ALT increased 21 (48.8) 19 2 0 0 0
Creatinine increased 6 (14.0) 6 0 0 0 0
Constipation 12 (27.9) 12 0 0 0 0
Diarrhea 2 (4.7) 2 0 0 0 0
Pneumonitis 0 (0) 0 0 0 0 0
Infection 5 (11.6) 0 5 0 0 0
Oral mucositis 1 (2.3) 1 0 0 0 0
Peripheral sensory neuropathy 1 (2.3) 1 0 0 0 0
Fever 4 (9.3) 4 0 0 0 0
Rash 4 (9.3) 3 1 0 0 0

n = 43 

Median disease-free survival = 78.6 months (95% CI 39.5-not reached)
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Fig. 1   Kaplan–Meier survival curves for disease-free survival (DFS) 
for all patients. Median DFS was 78.6 months
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Median overall survival = not reached (95%CI 83.7-not reached)

Fig. 2   Kaplan–Meier survival curves for overall survival (OS) for all 
patients. Median OS was not reached
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thrombocytopenia, nausea, and vomiting were recognized 
in 51.2, 41.9, and 11.6% of patients, respectively, but no 
grade 3/4 AE toxicities were observed. Gemcitabine causes 
thrombosis and induces ILD [16–18], but we did not observe 
these AEs in our study. Grade 4 toxicity, limited to neutro-
penia, was observed in 18.6% of patients with no treatment-
related deaths. While severe toxicity was not observed in 

our schedule, ten patients (23.3%) required delay and one 
patient (2.3%) required one-level dose reduction. Because 
of the reduced toxicity, the completion rate of chemotherapy 
was 79.1% and only six patients (14.0%) received fewer than 
four cycles.

Previous adjuvant chemotherapy studies are summarized 
in Table 4. Compared to previous studies, the rate of overall 
grade 3/4 toxicities was 66% in four trials and the rate of 
overall grade 4 toxicities was 32% in five trials in the LACE 
meta-analysis [4]. In these trials, only 59% patients received 
at least 240 mg/m2 of cisplatin due to its high toxicity, and 
treatment-related deaths occurred in 19 patients (0.9%). 
Adjuvant chemotherapy completion rates were generally 
low; the rate was 48% in the JBR-10 trial, 50% in Adjuvant 
Navelbine International Trials Association (ANITA) and 
76% in the LACE meta-analysis [4, 19, 20]. The major rea-
sons for receiving fewer than the planned number of cycles 
included patient’s refusal (35%), toxicity (34%), and early 
death or progression (9%) in LACE meta-analysis [4]. Con-
sidering the frequency of toxicity profiled in adjuvant setting 
in previous studies, our regimen appears less toxic and possi-
bly higher completion rates because of the carboplatin-based 

Table 3   Sites of disease recurrence

No. of patients

Local recurrence
 Mediastinal lymph node 3 (7.0%)

Distant recurrence 16 (37.2%)
 Pulmonary 9 (20.9%)
 Bone 4 (9.3%)
 Brain 2 (4.7%)
 Liver 2 (4.7%)
 Pleural dissemination 1 (2.3%)
 Meningitis carcinomatosa 1 (2.3%)
 Lymph node under the jaw 1 (2.3%)

Table 4   Summary of previous studies in adjuvant chemotherapy

CDDP cisplatin, CBDCA carboplatin, VNR vinorelbine, GEM gemcitabine, DFS disease-free survival, OS overall survival, NR not reached, NA 
not available, Refs. References

JBR-10 ANITA Uramoto et al CJLSG50 Our study

Treatment CDDP
50 mg/m2

day 1, 8
VNR
25 mg/m2

day 1, 8, 15, 22

CDDP
100 mg/m2

day 1
VNR
30 mg/m2

day 1, 8, 15, 22

CBDCA
AUC3
day 1, 8
GEM
1000 mg/m2

day 1, 8

CBDCA
AUC5 (level 1)
or 4 (level 2)
day 1
GEM
1000 mg/m2

day 1, 8

CBDCA
AUC5
day 1
GEM
1000 mg/m2

day 1, 8

Interval q4w q4w q4w q3w q4w
n 242 407 36 20 43
Completion rate (%) 48 50 69 85 79.1
DFS (months) NR 36.3 NA NA 78.6
(%, at 1 year) NA 90.5 NA NA 86
(%, at 2 years) NA 90.4 66.3 NA NA
OS (months) 94 65.7 NA NA NR
(%, at 1 year) NA NA NA NA NA
(%, at 2 years) NA NA 79.1 NA NA
Grade 3/4 (%)
Neutropenia 73 85 52.8 65 53.5
Thrombocytopenia 1 3 0 40 0
Anemia 7 14 16.6 5 4.7
Febrile neutropenia 7 9 NA 10 0
Treatment-related death (%) 0.8 2 0 NA 0
Local recurrence (%) NA 12 NA NA 7
Distant recurrence (%) NA 25 NA NA 37.2
(Refs.) 19 20 22 23
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regimen and biweekly gemcitabine treatment schedule. A 
biweekly schedule of chemotherapy has been performed in 
the treatment of NSCLC since it maintains dose intensity 
with a better toxicity profile [21].

To date, two studies have reported the combination of 
gemcitabine and carboplatin in patients with completely 
resected NSCLC as adjuvant chemotherapy [22, 23]. Ura-
moto et al. and the CJLSG 0503 reported a 69 and 85% 
chemotherapy completion rate, respectively, similar to 
the completion rates in our study. Uramoto et al. observed 
greatest toxicity as neutropenia (80.6%), and grade 3/4 neu-
tropenia was observed in 52.8% of patients, while throm-
bocytopenia was observed in only 25%, and no grade 3/4 
thrombocytopenia was observed [22]. In the CJLSG 0503 
trial, grade 3/4 neutropenia and thrombocytopenia were 
observed in 65 and 40% of patients, respectively [23]. In 
our study, the grade 3/4 neutropenia rate was 53.5%, and 
no grade 3/4 thrombocytopenia was observed. Such differ-
ences in these toxicity profiles might be due to therapeutic 
schedule differences, intervals, and the dose of carboplatin.

Disease recurrence after adjuvant chemotherapy is a seri-
ous problem, and contributes to shorter survival after surgi-
cal resection. Uramoto et al. reported that the most frequent 
distant recurrence was hematogenous metastasis; the rate of 
local and distant recurrence in both regimens of biweekly 
carboplatin plus gemcitabine and carboplatin plus pacli-
taxel was 8.0 and 25.3%, respectively [22]. In the ANITA 
study, local and distant recurrence rates were lower in the 
chemotherapy group than in the observation group (local 
relapse, 12 vs 18%, distant relapse, 25 vs 28%; Table 4). 
Pulmonary metastasis was the most common site of relapse 
(chemotherapy, 22% vs control, 28%) [20]. Bone metastasis 
was lower in the chemotherapy group than in the observa-
tion group (4 vs 11%), whereas brain metastasis was more 
frequent in the chemotherapy group than in the observation 
group (13 vs 10%); brain metastasis alone was 9, and 8% in 
the chemotherapy group and observation group, respectively 
[20]. While our relapse rate and recurrence sites were similar 
to the ANITA study, our regimen may suppress the occur-
rence of brain metastases, and multiple distant metastases, 
compared with other regimens.

In our study, median DFS was 78.6 months (95% CI 
39.5–NA), and median OS was not reached (95% CI 
83.7–NA). Median DFS and OS did not statistically dif-
fer by pathological stage (p = 0.138, 0.472, respectively). 
On the contrary, in the JBR-10 study, median DFS was not 
reached in the adjuvant chemotherapy group at the time of 
follow-up, ranging from 1.5 to 9.3 years (median, 5.1 years), 
and 46.7 months in the surgery-alone group; median OS 
was 94 months in the adjuvant chemotherapy group and 
73 months in the surgery-alone group [19]. In the ANITA 
study, median DFS was 36.3 months in the adjuvant chemo-
therapy group and 20.7 months in the surgery-alone group; 

median OS was 65.7 months in the adjuvant chemotherapy 
group and 43.7 months in the surgery-alone group [20]. 
Median DFS and OS in our study were comparable with 
previous cisplatin-based studies (Table 4). Because of less 
toxicity and the suppression of brain metastases and multiple 
distant metastases, the patients could keep good PS, and 
receive subsequent treatment, which contributed to longer 
OS. It may be difficult to discuss the survival benefit of our 
regimen, because of the short follow-up period and small 
sample size. Nevertheless, we believe that our regimen is 
less toxic and suppresses CNS and multiple distant metasta-
ses so that patients with lung cancer after complete resection 
can receive adjuvant chemotherapy without deterioration of 
PS.

In conclusion, biweekly administration of gemcitabine 
and carboplatin is effective for disease control and is well 
tolerated by patients with completely resected NSCLC as 
adjuvant chemotherapy. Further study should include a rand-
omized, phase III study to evaluate the practical significance 
of the biweekly gemcitabine and carboplatin combination 
regimen as adjuvant chemotherapy.
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