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Abstract Aims: The aims of this study were to assess the
efficacy and toxicity of concurrent chemoradiotherapy
with divided schedule of cisplatin and vinorelbine in
patients with locally advanced non-small-cell lung can-
cer (NSCLC). Methods: Patients with previously un-
treated, unresectable, and stage IIIA or IIIB NSCLC
were eligible if they had a performance status of 0 or 1,
were 75 years or younger, and had adequate organ
function. Twenty-six patients (24 men and 2 women;
median age, 66 years; age range, 42-75 years) were en-
rolled. Both cisplatin (40 mg/m?) and vinorelbine
(20 mg/m?) were given on days 1 and 8 every 3 weeks.
Beginning on day 2 of chemotherapy, thoracic radio-
therapy was given for approximately 6 weeks (2 Gy per
fraction; total dose, 60 Gy). Results: Five of the 26 pa-
tients achieved a complete response, and 16 achieved a
partial response for an overall response rate of 80.8%
(95% confidence interval, 60.6-93.4%). The median
survival time was 23 months (range, 4-43 months).
Overall survival rates at 1 and 2 years were 80 and 56%,
respectively. Hematologic toxicities included grade 3—4
neutropenia in 84.6% of patients, grade 3—4 thrombo-
cytopenia in 3.8%, and grade 3-4 anemia in 61.5%. Two
patients (7.7%) had grade 3 radiation esophagitis that
resolved completely without dilation. Grade 3—4 radia-
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tion pneumonitis occurred in two patients (7.7%) and
was treated with corticosteroids. Both patients had a
good partial resolution of symptoms and radiographic
abnormalities. There were no treatment-related deaths.
The actual delivered dose intensities for both cisplatin
and vinorelbine were 79.5%. Radiotherapy was com-
pleted in 96% of patients. Conclusion: Concurrent
chemoradiotherapy with cisplatin and vinorelbine
administered on a divided schedule is effective and well
tolerated in patients with locally advanced NSCLC.

Keywords Locally advanced non-small-cell lung
cancer - Cisplatin - Vinorelbine - Concurrent thoracic
radiotherapy

Introduction

Approximately one in three patients with non-small-cell
lung cancer (NSCLC) have locally advanced stage III
disease at the time of diagnosis. Thoracic radiotherapy
has been the mainstay of treatment for patients with
localized NSCLC, but outcomes remain poor, with
median survival times (MSTs) of 9-13 months and
S-year survival rates of 5-9% [17]. In patients with
locally advanced NSCLC, chemoradiotherapy achieves
both higher response rates and survival rates than does
radiotherapy, with reported MSTs of 13—-14 months and
S-year survival rates of 15-20% [6, 20]. Meta-analyses of
randomized trials have shown that the addition of che-
motherapy to radiotherapy improves survival, although
the absolute survival advantage is modest [16, 18].
Moreover, Furuse et al. have reported that concurrent
radiotherapy, when administered with cisplatin and
vindesine, with or without mitomycin, results in signifi-
cantly greater response rate and longer MST than does
sequential radiotherapy but is also associated with more
severe acute toxicity [9]. However, these trials were de-
signed and performed before the availability of newer
chemotherapeutic agents, such as vinorelbine, gemcita-
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bine, docetaxel, and paclitaxel, with greater activity
against NSCLC [7].

Vinorelbine is a semisynthetic vinca alkaloid that
binds to tubulin and is a potent inhibitor of mitotic
microtubule polymerization. Vinorelbine blocks the
progression of cells at the G2/M stage of the cell cycle
and produces apoptosis in NSCLC cell lines [10]. In
preclinical studies vinorelbine has shown a high level of
activity against experimental tumors than have other
vinca alkaloids [2]. In a phase II trial, vinorelbine
achieved a 29% overall objective response rate with an
MST of 33 weeks [4]. In addition, synergy has been
observed between vinorelbine and cisplatin. The com-
bination of cisplatin and vinorelbine has proven to be
one of new standard regimens for metastatic NSCLC,
with objective responses ranging from 25 to 44% and
MSTs of 8.0-9.5 months [11, 14, 21]. In a large ran-
domized study, cisplatin and vinorelbine showed a clear
survival advantage over cisplatin and vindesine [14].
Therefore, incorporation of vinorelbine rather than
vindesine in concurrent chemoradiotherapy is an
important strategy for the treatment of locally advanced
NSCLC.

Preclinical studies have shown that both cisplatin and
vinorelbine act as radiation enhancers. Cisplatin en-
hances the cytotoxic effects of radiation against tumor
cells both in vitro and in vivo [5]. In addition, recent
studies have shown that vinorelbine enhances the anti-
tumor effects of radiation in vitro in a cell-cycle-depen-
dent manner, with maximal effects when the cells are in
the G2/M phase [8].

Masters et al. have recommended a regimen in
which 80 mg/m? cisplatin is given once and 15 mg/m?
vinorelbine is given on days 1 and 8 every 3 weeks with
concurrent radiotherapy [15]. The dose-limiting toxici-
ties of this regimen were acute myelosuppression and
cumulative esophagitis. When vinorelbine was admin-
istered in combination with cisplatin and radiotherapy
in this regimen, its dose was significantly lower than in
trials without concurrent radiotherapy [11, 14, 21].
Therefore, to reduce toxicity we administered cisplatin
on a divided schedule on days 1 and 8. Although no
phase I data were available for the divided schedule of
cisplatin and vinorelbine with concurrent radiotherapy,
we increased the vinorelbine dose from 15 to 20 mg/m?
based on a previous report that by dividing adminis-
tration the toxicity of cisplatin could be reduced [22].
To counteract neutropenia and facilitate the adminis-
tration of radiation according to schedule, we routinely
used granulocyte colony-stimulating factor (G-CSF) in
patients with grade 4 neutropenia following the guide-
lines of the Japanese Ministry of Health, Labor and
Welfare.

We performed a phase II study of the combination of
40 mg/m? cisplatin and 20 mg/m?® vinorelbine with
concurrent radiotherapy in previously untreated patients
with stage IIIA or IIIB NSCLC. The primary endpoint
of this study was to determine the response rate. The

secondary endpoints of this study were to investigate
survival and toxicity.

Patients and methods
Eligibility criteria

Patients with histologically or cytologically proven un-
resectable stage IITA or IIIB NSCLC who had not
previously received chemotherapy or radiotherapy were
eligible for this study. Other eligibility criteria were: (1)
age 20-75 years; (2) Eastern Cooperative Oncology
Group performance status of 0 or 1; (3) a tumor within
an estimated irradiation field no larger than half the
hemithorax; (4) a measurable lesion; (5) life expectancy
of 3 months or more; and (6) adequate bone marrow
function [white blood cell (WBC) count of 4,000/ul or
more and 12,000/ul or less, neutrophil count of 2,000/ul
or more, platelet count of 100,000/l or more, and
hemoglobin level of 9.0 g/dl or more], renal function
(serum creatinine levels less than 1.5 mg/dl and creati-
nine clearance level 60 ml/min or more) and hepatic
function (total serum bilirubin level within the upper
limit of the normal range, levels of aspartate amino-
transferase and alanine aminotransferase less than or
equal to twice the upper limits of the normal ranges),
and PaO, of 70 mmHg or more. Patients with malignant
pleural effusion, pericardial effusion, or pleural dissem-
ination were excluded. Patients were also excluded if
they had active infections, severe heart disease, intersti-
tial pneumonia, peripheral neuropathy, or active second
malignancy. Written informed consent was obtained
from all patients.

Treatment protocol

Therapy consisted of cisplatin and vinorelbine with
concurrent thoracic radiation therapy. Both cisplatin
and vinorelbine were administered on days 1 and 8.
Vinorelbine, 20 mg/m?, was diluted in 20 ml of normal
saline and given as an intravenous infusion over 6 min.
Cisplatin, 40 mg/m? was then diluted in 500 ml of
normal saline and given immediately as an intravenous
drip infusion over 60 min. Prophylactic antiemetic
therapy with ondansetron and dexamethasone was
routinely given before cisplatin in all patients. This
chemotherapy regimen was repeated every 3 weeks for a
total of two to four cycles. Chemotherapy was discon-
tinued if the treatment outcome was progressive disease
or if intolerable toxicity developed at any time.
Cisplatin and vinorelbine were not given on day 8 of
treatment if the WBC count was less than 2,000/pl or if
the platelet count was less than 75,000/ul. Full doses of
cisplatin and vinorelbine were then given on day 15 of
treatment. If the WBC count was less than 3,000/ul or if
the platelet count was less than 100,000/ul on day 22, the



next chemotherapy administration was withheld until
the count recovered. Cisplatin was permanently dis-
continued at any time when the serum creatinine level
was greater than 2.0 mg/dl. If the serum creatinine level
was 1.5-2.0 mg/dl, cisplatin administration was with-
held for 2 weeks. If the WBC or neutrophil count
decreased to grade 4 after chemotherapy, G-CSF was
administered until the count returned to the normal
range. The doses of both cisplatin and vinorelbine were
reduced by 25% for grade 4 leukopenia or neutropenia
lasting 3 days or longer, neutropenic fever during grade
4 neutropenia, or grade 4 thrombocytopenia. Chemo-
therapy was discontinued for grade 3 or higher nonhe-
matologoic toxicity, except for alopecia, nausea/
vomiting, fever, and esophagitis. Radiotherapy was
suspended for grade 3—4 esophagitis, fever higher than
38°C, during administration of G-CSF, or thrombocy-
topenia less than 20,000/pl and was resumed when those
toxicities had decreased to grade 2 or less. Radiotherapy
was discontinued for grade 3—4 radiation pneumonitis.

Radiotherapy was administered from day 2 of the
first course of chemotherapy. According to Japanese
guideline, radiotherapy consisted of standard chest
irradiation in single daily fractions of 2 Gy for 6 weeks,
for a total dose of approximately 60 Gy. The planned
initial radiation field was not to exceed 50% of one lung.
The initial dose (until 40 Gy) was administered to the
original volume that was determined by the size and
location of the primary tumor and the draining lym-
phatic vessels and included a 2 cm margin around the
pretreatment primary tumor and the ipsilateral hilum.
The entire width of the mediastinum was included, with
a 2 cm margin around the radiographically visible area
of involvement. The inferior margin extended 3 cm
below the carina or 2 cm below the radiographically
visible tumor mass. When no tumor in the area was
detected with a physical or radiographic examination,
the supraclavicular fossa was not irradiated. Subse-
quently, an additional 20 Gy dose was administered to
the boost volume, including the entire primary tumor
and clinically involved regional hilar and mediastinal
lymph nodes, as determined with computed tomography
(CT). The original volume was treated with an anterior—
posterior parallel-opposed pair of portals, and the boost
volume was treated with the same pair or with a pair of
oblique fields if the cumulative radiation dose to the
spinal cord exceeded 40 Gy. We did not plan any
recalculation and additional radiation dose, when radi-
ation doses were delayed.

Toxicity and evaluation of response

Pretreatment evaluation included a baseline history and
physical examination, complete blood cell count with
differential and routine chemistry profiles, urinalysis,
chest radiography, chest and abdominal CT, magnetic
resonance imaging or CT of the brain, and radionucle-
otide bone scan. Mediastinoscopy was not included in
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the staging workup. Metastatic lymph nodes were
defined as mediastinal lymph nodes larger than 10 mm
along the short axis on CT scan. Complete blood counts
with differential and routine chemistry profiles were
determined at least twice a week during chemotherapy.
Chest radiography was performed once per week dur-
ing chemotherapy. Electrocardiograms were obtained
before and after chemotherapy.

Acute toxicities were assessed and graded according
to the National Cancer Institute Common Toxicity
Criteria version 2.0, and late toxicity associated with
thoracic radiotherapy, occurring more than 90 days
after the start of radiotherapy, was graded according to
Radiation Therapy Oncology Group (RTOG) late-tox-
icity criteria. Tumor response was classified according to
World Health Organization criteria. All patients who
received at least two cycles of chemotherapy were
assessable for response, and all patients who received at
least one cycle of chemotherapy were assessable for
toxicity and survival.

Statistical considerations

The trial was designed as a phase II study, with response
rate as the primary endpoint. According to the Simons
minimax design, our study, with a sample size of 26,
had 80% power to accept the hypothesis that the true
response rate was greater than 75% and had 5%
significance to reject the hypothesis that the true
response rate was less than 50%.

Duration of response was measured from the docu-
mentation of response to the date of disease progression.
Time to progression was defined as the period from the
start of this treatment to the date of disease progression
or death. Survival time was measured from the start of
the present treatment until death or last follow-up. The
Kaplan—Meier method was used to calculate survival
curves.

Results
Patient characteristics

From August 2001 through January 2005, 26 patients
were enrolled and all patients were eligible (Table 1).
Toxicity, response, and survival could be assessed in all
the 26 eligible patients. Among the patients were 24
men and 2 women with a median age of 66 years
(range, 42-75 years). Eleven patients had stage IITA
disease, and 15 patients had stage IIIB disease.

Treatment response and survival
Five (19.2%) of the 26 patients achieved a complete

response, 16 (61.5%) achieved a partial response, 2
(7.6%) had no change, and 3 (11.5%) had progressive
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Table 1 Patient characteristics and response rates

Total no. of patients 26
Sex (M/F) 24/2
Mean age (range), years 66 (40-75)
Performance status (0/1) 5/21
Histologic type

Adenocarcinoma 16
Squamous 9
Unclassified 1
Stage (IIIA/IIIB) 11/15
Response rates

Complete response

Partial response 16
No change 2
Progressive disease 3

disease, for an overall response rate of 80.8% (95%
confidence interval, 60.6-93.4%; Table 1). Survival
analysis was performed when the median follow-up time
of all assessable patients was 14.0 months. At the time of
analysis, 13 patients (50%) were alive and none had been
lost to follow-up. One patient died of bacterial pneumo-
nia without disease recurrence 18 months after the com-
pletion of treatment. The median duration of response
for all responders was 12 months (range, 3-42 months).
The median time to progression was 11 months (range,
2-42 months). The MST from the start of this regimen
was 23 months (range, 4-43 months; Fig. 1). Over-
all survival rates at 1 and 2 years were 80 and 56%,
respectively.

Toxicity

A total of 87 courses of chemotherapy were given. The
median number of courses given per patient was 4
(range, 2—4). The most frequent toxicity was myelosup-
pression. Table 2 lists the maximum hematological
toxicities experienced during treatment. All 26 patients
(100%) had grade 3—4 leukopenia, and 22 of 26 patients
(84.6%) had grade 3—4 neutropenia. G-CSF was given

during 66.7% of courses (58 of 87 courses; median
duration of administration, 5 days; range, 2-9 days).
Only one patient had grade 3 thrombocytopenia, and no
patients had grade 4 thrombocytopenia. No patients had
hemorrhage or required prophylactic platelet transfu-
sion during any course of treatment. Grade 3-4 anemia
occurred in 61.5% (1626 patients) of patients during all
courses of treatment. Seven patients received transfu-
sions of erythrocytes, but none had severe complications
related to anemia.

Table 2 shows the most severe nonhematologic
toxicities experienced during treatment. Although 19
patients (73.1%) had grade 1 or 2 radiation esophagitis,
only 2 patients (7.7%) had grade 3 radiation esophagitis
that resolved completely without requiring dilation. No
patients had grade 4 radiation esophagitis. Grade 34
radiation pneumonitis requiring treatment with corti-
costeroids developed in 7.7% of patients (2 of 26
patients). Two patients who received corticosteroids had
a good partial resolution of symptoms and radiographic
abnormalities. Nausea and vomiting of grade 3 or worse
did not occur in any course despite the administration of
cisplatin. Although grade 3 febrile neutropenia occurred
in 26.9% of patients (7 of 26 patients), all patients
recovered rapidly after receiving antibiotics. One patient
had grade 3 gastric ulcers during the second cycle of
chemotherapy but recovered after treatment with a
proton pump inhibitor. There were no treatment-related
deaths.

Dose intensity

Doses of both cisplatin and vinorelbine were reduced in
four patients, because of grade 4 neutropenia lasting
3 days in two patients and neutropenic fever during
grade 4 neutropenia in two patients. During the 87
courses of chemotherapy, seven (8%) doses of vinorel-
bine or cisplatin were skipped on day 8, usually because
of neutropenia. However, three of the seven skipped
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Table 2 Toxicity

Toxicity National Cancer Institute—Common Toxicity Criteria grade
1 2 3 4 3 or4 (%)
Leukopenia 0 0 16 10 100
Neutropenia 0 4 7 15 84.6
Thrombocytopenia 11 3 1 0 3.8
Anemia 1 9 13 3 61.5
Nausea 12 3 0 0 0
Vomiting 2 1 0 0 0
Diarrhea 5 3 1 0 3.8
Infection 0 3 7 0 26.9
Esophagitis 15 4 2 0 7.7
Pneumonitis 1 2 1 1 7.7
Gastric ulcer 0 0 1 0 3.8
Elevation of serum creatinine 3 1 0 0 0
Elevation of transaminase 0 3 0 0 0
Neurologic peripheral 2 0 0 0 0

doses could be administered on day 15. Chemotherapy
was delayed in 19 courses (21.8%), because of neutro-
penia in 16 courses, infection in 2 courses, and gastric
ulcer in 1 course. The actual delivered dose intensities
for both vinorelbine and cisplatin were 79.5%.

Twenty-five patients (96%) could complete radiation
therapy according to dose and schedule modification of
the protocol. The median total radiation dose was
60 Gy. Only one patient could not complete radia-
tion therapy, because grade 4 radiation pneumonitis
occurred after the second course of chemotherapy and
30 Gy of radiation had been given. Eighteen (69.2%)
patients required a rest from radiation (median, 5 days;
range, 2-16 days) because of grade 4 neutropenia in
12 patients, neutropenic fever in 4, and infection in
2 patients.

Discussion

The standard chemoradiotherapy regimen, including
radiation dose and schedule, choice of chemotherapeutic
agents, and sequence of chemotherapy and radiotherapy
has not been determined. Thus, research is needed to
develop chemoradiotherapy regimens that are less toxic
and more effective. Furuse et al. have evaluated che-
moradiotherapy with cisplatin and vindesine (with or
without mitomycin) and have found that the MST with
concurrent radiotherapy (16.5 months) was longer than
with sequential radiotherapy (13.3 months, P=0.04) and
that the 5-year survival rate was nearly doubled (16 vs.
9%) [9]. Similar results have been obtained in a RTOG
trial [3]: both the MST and 4-year survival rate were
higher in the concurrent arm than in the sequential arm.
In addition, a randomized study of cisplatin and vino-
relbine found higher rates of response and overall survival
with concurrent chemoradiotherapy than with sequential
chemoradiotherapy [13]. However, in these trials, rates of
acute toxicities, such as myelosuppression and esopha-
gitis, were higher in the concurrent arm. These trials
suggest that concurrent chemoradiotherapy results in
better survival than does sequential chemoradiotherapy.

Several phase I or II studies have been conducted
with vinorelbine, paclitaxel, docetaxel, or gemcitabine
combined with a platinum agent and radiation to
examine optimal doses and drug toxicity in patients with
locally advanced NSCLC [1, 12, 13, 19, 23, 25, 26].
Results of some of these studies suggest that concurrent
radiotherapy results in better response rates and longer
survival times than do earlier combination chemother-
apy regimens. In these studies, overall response rates
have ranged from 64 to 84%, MSTs have ranged from
16.5 to 30.4 months, and 2-year survival rates have
ranged from 38 to 61% [1, 12, 13, 19, 23, 24, 26]. Vokes
et al. have reported on a randomized phase II study of
two cycles of induction chemotherapy—cisplatin and
gemcitabine, cisplatin and vinorelbine, and cisplatin and
paclitaxel—followed by two additional cycles of the
same drugs with concurrent radiotherapy in patients
with locally advanced NSCLC. Three new agents, when
combined with cisplatin and radiotherapy, had similar
activity, with response rates of 67-74% and MSTs of
14.8-18.3 months [25]. In the present study, the overall
response rate was 80.8% with an MST of 23 months,
and 1- and 2-year survival rates of 80 and 56%, although
survival data are preliminary because of very short fol-
low-up time.

The principal disadvantage of concurrent chemora-
diotherapy is heightened normal-tissue toxicity, espe-
cially hematologic, esophageal, and pulmonary
toxicities. The most frequent toxicity in the present study
was myelosuppression. In our trial, grade 3—4 hemato-
logic toxicities included neutropenia in 84.6% of
patients, thrombocytopenia in 3.8%, and anemia in
61.5%. In recent combined-modality trials with new
chemotherapeutic agents, rates of grade 3—4 neutrope-
nia, thrombocytopenia, and anemia have ranged from
12 to 77%, 0 to 56%, and 0 to 32%, respectively [1, 12,
13, 19, 23-26]. Although the rate of grade 3-4 neutro-
penia was slightly higher in our study than in other re-
cent trials, no patients had severe infections due to
neutropenia. The rate of grade 3—4 anemia was also
higher than in other recent trials, but no patients had
severe complications related to anemia.
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Severe esophagitis has been reported in many trials.
The rate of grade 3-4 esophagitis in recent trials has
ranged from 0 to 52% [1, 12, 13, 19, 23-26]. In our
study, only two patients (7.7%) had grade 3 radiation
esophagitis and no patients had grade 4 esophagitis.
Furthermore, the rate of pulmonary toxicity compare
favorably with those in most recently published com-
bined-modality trials with new chemotherapeutic
agents in patients with locally advanced NSCLC.
Grade 3—4 radiation pneumonitis occurred in 7.7% of
patients in the present study. Rates of grade 3-4 radi-
ation pneumonitis were 0 to 24% in recent trials [1, 12,
13, 19, 23-26].

Some clinical trials are now assessing combinations of
vinorelbine and cisplatin with concurrent radiotherapy
for patients with locally advanced NSCLC. For phase I1
studies Masters et al. have recommended 80 mg/m>
cisplatin given once and 15 mg/m? vinorelbine given on
days 1 and 8 every 3 weeks [15]. Sekine et al. have rec-
ommended 80 mg/m? cisplatin given once with 20 mg/
m? vinorelbine given on days 1 and 8 every 4 weeks [23].
Zatloukal et al. have recommended 80 mg/m? cisplatin
given once with 12.5 mg/m? vinorelbine given on days 1,
8, and 15 every 4 weeks [26]. The doses of vinorelbine in
these trials were significantly lower than those in earlier
studies in which vinorelbine was administered with cis-
platin without concurrent radiotherapy [11, 14]. There-
fore, we attempted to increase the dose intensities of
vinorelbine and cisplatin by dividing the dose of cis-
platin on days 1 and 8. The planned dose intensities in
the present study, in which both 40 mg/m? of cisplatin
and 20 mg/m? of vinorelbine were given on days 1 and 8
every 3 weeks, were 1.3 times higher than those in pre-
vious studies. However, the actual delivered dose
intensities for both vinorelbine and cisplatin were
79.5%.

In conclusion, we found that the combination of a
divided schedule of cisplatin and vinorelbine with
concurrent radiotherapy is effective and feasible. Al-
though survival data are preliminary because of very
short follow-up time, the overall response rate was
80.8% with an MST of 23 months. Furthermore, grade
3-4 radiation esophagitis and pneumonitis both oc-
curred in only 7.7% of patients. Therefore, the com-
bination of a divided schedule of cisplatin and
vinorelbine with concurrent radiotherapy could be an
acceptable option for patients with locally advanced
NSCLC. In the future, the search for even more active
regimens including new cytotoxic and target-specific
agents should be continued.
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