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Abstract
Background: Concurrent chemoradiotherapy (CCRT) is effective in patients with unresectable stage III locally advanced non-small-cell lung cancer (NSCLC).
Weekly carboplatin and paclitaxel is a common CCRT regimen, but with variable results. Phase I of this study evaluated the recommended paclitaxel dosage. Phase
II assessed response rates, progression-free survival, overall survival and adverse events.
Materials and Methods: A high, monthly single dose of carboplatin instead of a weekly divided dose was administered, and the dose intensity was increased. In the
phase I study, patients with stage III NSCLC were treated with two cycles of four weeks of 40–70 mg/m2 intravenous paclitaxel on days 1, 8 and 15 with carboplatin
(area under the concentration curve (AUC 5) on day 1, and concurrent radiation therapy of 60 Gy in 30 fractions (2 Gy per fraction, 5 fractions per week). The phase
I study results determined the phase II paclitaxel dose. The phase II primary endpoint was the CCRT response rate and secondary endpoints were progression-free
survival, overall survival and safety.
Results: Phase I enrolled 12 patients. Because of dose-limiting toxicities at 50 mg/m2, the recommended paclitaxel dose was 40 mg/m2. Phase II enrolled 19 patients
with a median age of 66 (range 54–74) years, 17 were men, 11 had adenocarcinoma, 7 had squamous cell carcinoma and one had adenosquamous carcinoma. The
response rate was 91.7%, progression-free survival was 11.7 months, and overall survival was 22.5 months. The incidence of grade 3 and 4 neutropaenia was 33% that
of grade 2 or higher radiation pneumonitis was 15%.
Conclusion: Concurrent chemoradiation therapy with monthly carboplatin (AUC 5) and weekly paclitaxel (40 mg/m2) might be effective and feasible for locally
advanced NSCLC.

Introduction
Lung cancer is the leading cause of cancer-related death worldwide
[1], and non-small cell lung cancer (NSCLC) accounts for 85% of all
lung cancer cases [2]. Approximately 30% of patients with NSCLC
present with locally advanced cancer [3]. Surgery is recommended for
treatment stage III locally advanced NSCLC, but there are few resection
candidates. In most unresectable cases, the standard treatment is
combined thoracic radiotherapy (TRT) and chemotherapy [4–7].
Some randomised phase III studies of the timing of chemotherapy
and radiotherapy reported that concurrent chemoradiation therapy
(CCRT) significantly extended survival compared with sequential
chemoradiation [8, 9].
National Comprehensive Cancer Network (NCCN) Guidelines
recommend platinum-doublet chemotherapy during CCRT. Weekly
paclitaxel and carboplatin is a frequently used regimen, but does not
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always have favourable outcomes compared with other regimens [10].
Because carboplatin reportedly has a dose–intensity relation [11], we,
the Kansai Clinical Oncology Group (KCOG), hypothesised that a
regimen with weekly low-dosage paclitaxel and monthly full dosage
carboplatin would have enhanced anti-tumour effects. We conducted a
phase I study to determine the recommended dosage of paclitaxel, and
a phase II study to assess the efficacy and toxicity of this CCRT.
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Material and methods
Eligibility
Patients with histologically or cytologically confirmed and
unresectable stage III NSCLC were eligible for inclusion. Unresectable
stage IIIA disease was defined by the presence of multiple or bulky N2
mediastinal lymph nodes on computed tomography (CT) or positron
emission tomography (FDG-PET). Eligible patients also had no prior
history of chemotherapy or TRT, were Eastern Cooperative Oncology
Group (ECOG) performance status 0 or 1, ≥ 20 and < 75 years of age, had
leucocytes ≥ 4,000/mm3, neutrophils ≥ 2,000/mm3, platelets ≥ 100,000/
mm3, haemoglobin ≥ 9.0 g/dL, serum creatinine ≤ 1.5 mg/dl, AST and
ALT ≤ twice the upper limit of normal, partial pressure of arterial oxygen
> 70 mmHg and no abnormalities on echocardiographic evaluation.
Patients with pulmonary fibrosis requiring oxygen therapy,
myocardial infarction within the previous 6 months, liver cirrhosis,
active haemorrhage of the digestive tract, a mental disorder requiring
treatment, poorly controlled diabetes mellitus, paralytic ileus active
infection, a history of radiation in the fields treated in this study,
allergy to components of polyoxyethylene preparations, peripheral
neuropathy, or pregnancy were excluded. Patients judged by a
physician to be unable to participate were also excluded. The study
protocol was approved by the ethics committee of the Tazuke Kofukai
Medical Research Institute, Kitano Hospital and all other participating
institutions. The study was conducted following the ethical guidelines
of the Declaration of Helsinki. All patients gave written informed
consent before enrolment. The period of registration and follow-up was
from April 2005 to May 2011. This study was registered with the UMIN
Clinical Trials Registry, receipt no. R000030549, ID. UMIN000026606.

Study design
Treatment included initial concurrent chemoradiotherapy
and subsequent consolidation chemotherapy. The phase I study
was conducted to determine the recommended paclitaxel dosage.
Chemotherapy began with paclitaxel at the designated dosage on
days 1, 8, 15, 29, 36 and 43, and carboplatin (AUC 5 mg/mL/min)
on days 1 and 29. The initial paclitaxel dose was 40 mg/m2 i.e. dose
escalation level 1(Figure 1). On day 1 of chemotherapy, TRT was
begun at a dosage of 2 Gy/fraction given five times weekly for 6 weeks
(total 60 Gy). We evaluated the response to this therapy at 40 Gy and
considered the indication of curative surgery. If three patients did not

have dose-limiting toxicity (DLT), then the subsequent three patients
were administered paclitaxel at the next dosage escalation level. If
DLT occurred in one patient, then three patients were added. If DLT
occurred in two patients at the same dose escalation level, then that
dose was the maximum tolerated dose (MTD) and the level below
the MTD was the recommended dosage. If MTD did not occur until
dose escalation level four, then the recommended dosage was 70 mg/
m2. For consolidation chemotherapy, paclitaxel was fixed at 60 mg/m2
on days 1, 8 and 15, and carboplatin (AUC 5 mg/mL/min) on day 1.
Consolidation chemotherapy was repeated every 4 weeks, for two or
more courses (Figure 1). Treatment after consolidation chemotherapy
was not defined.
In the phase II study, paclitaxel was administered at the
recommended dosage determined in the phase I study during
concurrent chemoradiotherapy. Consolidation chemotherapy was
conducted in the same way as in the phase I study. If DLT occurred,
then paclitaxel was decreased by 10 mg/m2 in the next course in both
phase I and II studies. At the start of the next course, chemotherapy was
postponed unless leucocytes ≥ 3,000/mm3, neutrophils ≥ 1,500/mm3,
platelets ≥ 100,000/mm3, haemoglobin ≥ 9.0 g/dL, serum creatinine ≤
1.5 mg/dl, AST and ALT ≤ twice upper limit of normal, ECOG PS was
0 or 1, and non-haematologic toxicity was ≤ grade 2.

Radiation therapy
All patients were treated with a linear accelerator photon beam
of 4 MVX or more. The primary tumour and involved nodal disease
received 60 Gy in 2-Gy fractions over 6 weeks. Radiation doses were
specified at the centre of the target volume. Planning target volume
1 (PTV1) was calculated considering the clinical target volume and
error in the reproducibility of respiratory movement. Planning target
volume 2 (PTV2) was calculated in anticipation of subclinical extension
(a margin of about 0.5 cm) in gross target volume. The initial 40 Gy
was delivered to planning target volume 1 (PTV1). The final 20 Gy
was delivered to a reduced volume defined as planning target volume
2 (PTV2). PTV1 included the primary tumour, ipsilateral hilum and
mediastinal nodal areas from the superior border of the aortic arch to
2–3 cm below the bifurcation of the trachea. The contralateral hilum
was not included in PTV1. The index of the permitted maximum dose
to normal tissue was planned so that the volume of the normal lung
that irradiated the spinal cord was 44 Gy or less, and less than 30% that
the lung was irradiated with more than 20 Gy. TRT was interrupted in
patients with grade 4 haematologic toxicity, grade 3 to 4 oesophagitis

Figure 1. Design of study phase I.
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or dermatitis, pyrexia of 38°C or more, grade 2–4 pneumonitis, or an
arterial oxygen partial pressure of less than 60 mmHg.

Efficacy and toxicity evaluation
All eligible patients were evaluated for treatment response and
toxicity. Complete blood counts (CBCs) and blood chemistry studies
were repeated weekly during treatment. Chest X-rays, thoracic
computed tomography (CT) and tumour markers were evaluated
monthly during treatment. After treatment, imaging studies including
fludeoxyglucose positron emission tomography (FDG–PET) and
brain magnetic resonance imaging (MRI) were done if recurrence
was suspected. Treatment response was evaluated by the Response
Evaluation Criteria in Solid Tumours (RECIST) and response rates
(RRs) were expressed as percentages of patients with complete response
(CR) and partial response (PR). Disease control was reported as CR, PR
and percentage of patients with stable disease (SD). Overall survival
(OS) was the time from registration until death from any cause.
Progression-free survival (PFS) was the time between registration and
disease progression, death, or last known follow-up.

Statistical methods
The primary end point of the phase I study was the recommended
dosage of paclitaxel during concurrent chemoradiotherapy. The
primary endpoint of the phase II study was the treatment response
rate; secondary endpoints were PFS, OS and safety. Evaluation of the
feasibility of curative surgery was conducted following a cumulative 40
Gy radiation dose. Surgical cases were excluded from the evaluation
of treatment effectiveness and toxicity. Patients who received the
recommended phase I study dosage were included in the assessment
of effectiveness. The response to concurrent chemoradiotherapy for
unresectable locally advanced lung cancer has been estimated at 71%–
78.6% [12–14]. When the lower limit of the expected response rate was
71%, 36 cases were required. Considering dropouts, the planned study
registration was 40 patients in the phase II study. Cumulative OS and
PFS were estimated by the Kaplan–Meier method. Statistical analysis
was conducted with StatMate IV (ATMS Co. Ltd., Tokyo, Japan).

Results
Phase I study
A total of 12 patients, nine men and three women were included in
the phase I study. The patient characteristics are shown in Table 1. The
median age was 64 (43–74) years, three patients were stage IIIA, nine
were stage IIIB, six patients were diagnosed with adenocarcinoma and
the others with squamous cell carcinoma. DLT occurred at paclitaxel
dose of 50 mg/m2, which was designated as the MTD. DLT occurred
in two patients. One had grade 4 neutropaenia, the other had to skip
chemotherapy two or more times to receive the planned administration
dosage. Therefore, the recommended concurrent chemotherapy
paclitaxel dosage was 40 mg/m2.

Phase II study
Recruitment was stopped at 5 years from the start of the study
even though the planned enrolment had not been reached. A total
of 19 patients were registered in the phase II study. The patient
characteristics are shown in Table 1. Seventeen men and two women
were included, the median age was 66 (54–74) years, 9 patients were
stage IIIA; 10 were stage IIIB, 11 were diagnosed with adenocarcinoma,
seven with squamous cell carcinoma and one with adenosquamous cell
carcinoma. Three patients were excluded because they were ultimately
treated with surgery. The RR of the phase II study was 93.8% [95%
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confidence interval (CI), 82–100%]. The disease control rate was 100%.
If the eight patients administered the recommended dosage of paclitaxel
in the phase I study were included in this analysis, then the response
rate would be 91.8% (95% CI, 80.9–100%) and the disease control rate
would be 100% (Table 2). The secondary endpoints, OS and median
PFS, are shown in Fig. 2. Median survival time (MST) was 24.0 months;
PFS was 14.8 months. When the eight patients in the phase I study were
included, MST was 22.5 months and PFS 11.7 months. The three-year
survival rate was 33.0%.
Grade 3 or more severe toxicities included neutropaenia, leucopenia,
thrombocytopenia, radiation pneumonitis, infection and peripheral
neuropathy (Table 3). A treatment-related death of a 70-year-old man
who was hospitalised with methicillin-resistant Staphylococcus aureus
(MRSA) pneumonia on day 1 in the third course of chemotherapy was
reported. The patient did not respond to antibiotics and eventually
died. Nineteen of 27 patients (70%) completed the study. Delay of
starting treatment or skipping treatment administration occurred in
12 patients.

Discussion
The study demonstrated a good treatment response to and
satisfactory tolerability of quad-weekly carboplatin (AUC 5) and
weekly paclitaxel (40 mg/m2) combined with concurrent TRT of 60 Gy
followed by quad-weekly carboplatin (AUC 5) and weekly paclitaxel (60
mg/m2) in patients with NSCLC. In the phase I study, the appropriate
dosage of paclitaxel was 40 mg/m2. In the phase II study, RR was 93.8%;
PFS was 11.7 months, and OS was 24 months. The most common grade
3 or more severe adverse event was neutropaenia, which was observed
in 33.0% of patients.
Paclitaxel and carboplatin-including CCRT regimens for NSCLC
used in previous studies are shown in Table 4. Decreasing doses of
Table 1. Patient Characteristics
Characteristic

Phase I (N = 12)
No.
%

Phase II (N = 19)
No.
%

Sex
Female
Male

3
9

Age, years
Female
Male

64
43-74

Stage
IIIA
IIIB

3
9

25
75

9
10

47
53

6
6

50
50

11
7
1

58
37
5

Histology
Adenocarcinoma
Squamous cell ca.
Other

25
75

2
17

11
89

66
54-74

Table 2. Response rate (RR) and disease control rate (DCR)
RR (95%CI, %)

DCR (%)

Phase II

93.8 (82.0-100)

100

Phase I + Phase II

91.8 (80.9-100)

100

Grade 3 (%)

Grade 4 or higher (%)

Neutropaenia

8 (30)

1 (4)

Leucopaenia

5 (19)

1 (4)

Thrombocytopaenia

1 (4)

0

Infection

3 (11)

1 (4)

Peripheral neuropathy

2 (7)

0

Oesophagitis

0

0

Radiation pneumonitis

4 (15)

0
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Figure 2. Progression-free and overall survival in study phase II. MST was 24.0 months; PFS was 14.8 months.
Table 4. Previous studies that used paclitaxel CCRT regimens
Treatment schedule

RR (%)

MST (months)

3-yr survival (%)

RTOG 9801
Phase Ⅲ

①PC→PwCw+HfxRT+AMO

N.A

① 17.3

① 28

WJTOG0105
Phase Ⅲ

①

①

①

①

Luhua et al.
Randomized PhaseⅡ
KCOG T-0401
Phase I/Ⅱ

②

PC→PwCw+HfxRT

MVP+XRT
② CPT-11+CBPw+XRT
③ PwCw+XRT
①
②

PE
PwCw

PwC+XRT

66.4
② 56.5
③ 63.0
①
②

63.7
81.3

91.7

carboplatin were administered weekly to augment radiosensitisation
and to reduce adverse effects. WJTOG0105 was a phase III trial of
concurrent chemoradiotherapy conducted in Japan to compare thirdand second-generation chemotherapy. No differences in median
and 5-year-survival were seen in second- and third-generation
chemotherapy arms, but a weekly paclitaxel and carboplatin regimen
was proposed as standard CCRT because of its favourable toxicity
profile in all three study arms. Previous reports show an RR of 63%
to that regimen. The protocol used in this study resulted in a much
better RR and better 3-year survival than reported in previous studies.
These results might be explained by differences in the dosage and
administration schedule of carboplatin followed in this study, which
involved a higher quad-weekly single dose (AUC = 5 on day 1). In
previous studies, the carboplatin dose was divided weekly (AUC = 2
on days 1, 8 and 15). Duncan et al. have reported that the therapeutic
response to carboplatin increased linearly up to doses of AUC 5–7 [11].
The CCRT response might thus be associated with the single carboplatin
dose administered at each chemotherapy session. In this and most
previous studies, divided low-dose administration of paclitaxel was
used to enhance radiosensitisation and reduce the toxicities associated
with CCRT [15–17]. Because DLT occurred with 50 mg/m2 paclitaxel
in phase I of this study, the recommended dosage was set at 40 mg/m2,
which was the same as used in WJTOG0105 and other studies.
In this study, most adverse effects were acceptable despite the
single high carboplatin dose administered on days 1 and 29. Grade
3–4 haematological toxicity occurred in 37% of patients, which was
a similar or lower frequency than previously reported [18–20]. Other
studies such as WJTOG0105 found similar haematological toxicity in
the concurrent phase, but increased haematological toxicity during
consolidation therapy. Haematological toxicity did not increase during
the consolidation phase of this study, which indicates that the regimen
has acceptable safety compared with previous reports. Although recent
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②

17.9

20.5
② 19.8
③ 22.0
① 20.2
② 13.5

22.5

②

28

35
24
③ 26
②
①
②

33.1
13

33

reports have described 8.2%–36% of grade 3–4 esophagitis [18-20],
no incidence was found of grade 3–4 radiation esophagitisreported
in this study. In previous studies, the incidence of grade 2 or higher
radiation pneumonitis was 4.1%–10% and was often fatal. In this study,
the incidence of grade 2 or worse radiation pneumonitis was15%,
with no associated fatalities. Advances in radiotherapy such as fourdimensional CT and respiratory-gated radiotherapy can be expected
to decrease the occurrence of radiation oesophagitis or radiation
pneumonitis in future studies. Because 70% of the patients in this study
completed consolidation chemotherapy, the tolerability of this regimen
appears acceptable.
This study was limited by the small sample size. The planned
enrolment in the phase II study was 40 patients, but reached less than
half that number. The evaluation included the phase I study patients to
increase the sample size. Consequently, eight patients given paclitaxel
40 mg/m2 were included. However, the RR (93.8% in the phase II study
and 91.8% in the phase I/II study), was not affected. The same result
was seen for MST, which was 24.0 months in the phase I study and 22.5
months in the phase I/II study. Because there are many phase II studies
of similar size, the subject size of the phase II study apparently poses
no problem [21,22].
In conclusion, CCRT with monthly carboplatin (AUC 5) and
weekly paclitaxel (40 mg/m2) was an effective and tolerable regimen
for these NSCLC patients. Increased dose-intensity may explain the
effectiveness benefit of not dividing the carboplatin dose, but there
were too few subjects to make a confident conclusion. A phase III study
to compare this protocol with weekly carboplatin and weekly paclitaxel
and TRT is warranted.
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