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Purpose: To determine themaximum tolerated dose in concurrent three-dimensional conformal radiotherapy (3D-
CRT) with chemotherapy for unresectable Stage III non–small-cell lung cancer (NSCLC).
Patients and Methods: Eligible patients with unresectable Stage III NSCLC, age $20 years, performance status
0–1, percent of volume of normal lung receiving 20 GYor more (V20) #30% received three to four cycles of cis-
platin (80 mg/m2 Day 1) and vinorelbine (20 mg/m2 Days 1 and 8) repeated every 4 weeks. The doses of
3D-CRT were 66 Gy, 72 Gy, and 78 Gy at dose levels 1 to 3, respectively.
Results: Of the 17, 16, and 24 patients assessed for eligibility, 13 (76%), 12 (75%), and 6 (25%)were enrolled at dose
levels 1 to 3, respectively. The main reasons for exclusion were V20 >30% (n = 10) and overdose to the esophagus
(n = 8) and brachial plexus (n = 2). There were 26 men and 5 women, with a median age of 60 years (range, 41–75).
The full planned dose of radiotherapy could be administered to all the patients. Grade 3–4 neutropenia and febrile
neutropenia were noted in 24 (77%) and 5 (16%) of the 31 patients, respectively. Grade 4 infection, Grade 3 esoph-
agitis, and Grade 3 pulmonary toxicity were noted in 1 patient, 2 patients, and 1 patient, respectively. The dose-
limiting toxicity was noted in 17% of the patients at each dose level. The median survival and 3-year and
4-year survival rates were 41.9 months, 72.3%, and 49.2%, respectively.
Conclusions: 72 Gy was the maximum dose that could be achieved in most patients, given the predetermined nor-
mal tissue constraints. � 2012 Elsevier Inc.
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INTRODUCTION

Approximately one third of patients with non–small-cell
lung cancer (NSCLC) present with locally advanced Stage
III disease at the initial diagnosis (1). Of this category, Stage
IIIA disease with bulky N2 and Stage IIIB disease without
pleural effusion are characterized by a large primary lesion
and/or involvement of the mediastinal or supraclavicular
lymph nodes. In addition, the majority of these patients
have occult systemic micrometastases. Concurrent thoracic
radiotherapy and chemotherapy has been the standard care

for these patients with unresectable disease (2, 3). A
platinum doublet with a third-generation anticancer agent
combined with thoracic radiotherapy was reported to yield
a median overall survival time (OS) of more than 2 years
and long-term survivors (4–6), but the effect of platinum-
based chemotherapy has reached a plateau.

The failure pattern in patients with Stage III NSCLC treated
by concurrent chemoradiotherapy was roughly local recur-
rence alone in one third of the patients, both local and distant
recurrence in another third of patients, and distant metastasis
without local failure in the remaining third of patients (2, 5).
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Thus, improvement of local control and suppression of distant
metastasis are essential for prolongation of patient survival.

The conventional total dose of thoracic radiotherapy in
patients with inoperable NSCLC has been 60 Gy adminis-
tered in 30 fractions. This dose was established in 1987 by
randomized Radiation Therapy Oncology Group trials that
demonstrated better 3-year survival with a radiation dose
of 60 Gy than with lower doses (7). In these trials, two-
dimensional treatment planning was used, wherein the tu-
mor volume was defined on kilovoltage radiographs (7).
Thereafter, the standard initial target volume included the
primary tumor, metastatic lymph nodes, and adjacent unin-
volved ipsilateral hilar and mediastinal regions (elective
nodal irradiation: ENI). Except for selected patients, exces-
sive toxicity hampered an increase of the total dose to over
60 Gy in patients with locally advanced NSCLC.

It is, however, time now to reconsider the optimal dose
of thoracic radiotherapy using new techniques in patients
with locally advanced NSCLC, for the following reasons.
First, positron emission tomography (PET) provides more
accurate diagnosis of mediastinal lymph node metastases
(8) and more accurate quantification of the tumor volumes,
especially when atelectasis is present (9). Second, three-
dimensional conformal radiation therapy (3D-CRT) en-
ables radiation oncologists to delineate the tumor and
adjacent normal tissue more sharply and to choose beam
angles to maximize tumor coverage with minimum irradi-
ation of normal tissues (10). Third, omission of the ENI re-
sulted in improvement of radiation-associated toxicity
without worsening the local control rate of the tumor
(11, 12). Thus, by use of these new techniques, the
optimal dose of thoracic radiation could exceed the
conventional 60 Gy.

Two dose escalation studies in patients with locally ad-
vanced NSCLC showed that the total dose of thoracic radio-
therapy could be increased up to 90 Gy in concurrent
chemoradiotherapy using the 3D-CRT technique combined
with weekly carboplatin and paclitaxel chemotherapy (13,
14). In these trials, chemoradiotherapy was administered
after induction chemotherapy. However, it remained
unclear whether these doses could be delivered safely to
the majority of patients with locally advanced NSCLC,
because it is not known how many patients were screened
for the trials and how many of them were actually
registered, and because some of the registered patients
were excluded from the chemoradiotherapy phase after
induction chemotherapy. The total number of patients
evaluated in the two trials was also limited. Furthermore,
chemotherapy other than weekly carboplatin and paclitaxel
has not been evaluated in the setting of combined
chemotherapy with high-dose thoracic radiotherapy, to our
knowledge. The objectives of the current study were (1) to
evaluate the toxicity of concurrent high-dose 3D-CRTwith-
out ENI with cisplatin and vinorelbine for unresectable
Stage III NSCLC, (2) to determine the maximum tolerated
dose (MTD) of thoracic radiotherapy, and (3) to observe
the antitumor effects of this regimen.

PATIENTS AND METHODS

Study design
This study was designed as a Phase I study at the National Cancer

Center Hospital. The protocol and consent form were approved by
the Institutional Review Board of the National Cancer Center on
July 28, 2005. We planned to treat 12 patients at a dose level and
follow them up at least 6 months, and then escalate to the next level
if 67% of the patients did not experience dose-limiting toxicity
(DLT). We followed widely accepted normal tissue dose con-
straints. Patients with percent volume of the normal lung receiving
20 Gy or more (V20) of greater than 30% were excluded and treated
outside the study. Other dosimetric constraints were applied at the
discretion of the treating radiation oncologist. Maximum doses ex-
ceeding 50 Gy to the spinal cord, 66 Gy to the esophagus, or 66 Gy
to the brachial plexus were generally excluded.

Patient selection
Previously untreated patients with locally advanced NSCLC

without effusion were screened for entry into this study. The eligi-
bility criteria were (1) histologically or cytologically proven
NSCLC, (2) unresectable Stage IIIA or IIIB disease confirmed by
both computed tomography (CT) and PET, (3) no previous treat-
ment, (4) measurable disease, (5) V20 #30%, (6) age $20 years,
(7) Eastern Cooperative Oncology Group performance status (PS)
of 0 or 1, and (8) adequate bone marrow function (white blood
cell [WBC] count$4.0� 109/L, hemoglobin$9.5 g/dL, and plate-
let count$100� 109/L), liver function (total bilirubin#1.5 mg/dL
and transaminase #80 IU/L), renal function (serum creatinine
#1.5 mg/dL), and pulmonary function (PaO2 $70 Torr under
room air). Patients were excluded if (1) they had malignant pleural
or pericardial effusion or (2) they had a concomitant serious illness
such as uncontrolled angina pectoris, myocardial infarction in the
previous 3months, heart failure, uncontrolled diabetes mellitus, un-
controlled hypertension, interstitial pneumonitis or lung fibrosis
identified by a chest x-ray, infection, or other diseases contraindi-
cating chemotherapy or radiotherapy, or (3) they were pregnant
or breast feeding. All patients gave their written informed consent.

Pretreatment evaluation
The pretreatment assessment included a complete blood cell

count and differential count, routine chemistry determinations, cre-
atinine clearance, blood gas analysis, electrocardiogram, lung func-
tion testing, chest x-rays, chest CT scan, brain CT scan or magnetic
resonance imaging, abdominal CT, and PET.

Treatment schedule
Chemotherapy consisted of cisplatin 80 mg/m2 on Day 1 and vi-

norelbine 20 mg/m2 on Days 1 and 8, repeated every 4 weeks for
three to four cycles. Cisplatin was administered by intravenous in-
fusion for 60 minutes with 2,500 to 3,000 mL of intravenous fluid
for hydration and prophylactic antiemetic therapy consisting of
a 5-hydroxytriptamine-3 antagonist on Day 1 and a corticosteroid
on Days 1 to 5. Vinorelbine, diluted in 50 mL of normal saline,
was administered intravenously.
Radiation therapy started on Day 1 of the first cycle of chemo-

therapy and was delivered with megavoltage equipment (6–10
MV) once daily for 5 days a week. The total dose was 66 Gy in
33 fractions at level 1, 72 Gy in 36 fractions at level 2, and 78
Gy in 39 fractions at level 3. All patients underwent a 3D treatment
planning CT 3 to 7 days before the start of the treatment, and the
eligibility was finally confirmed based on evaluation using the
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