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Abstract. We examined the efficacy and toxicity of a divided
schedule of cisplatin and vinorelbine with concurrent radio-
therapy followed by surgery in patients with locally advanced
non-small cell lung cancer (NSCLC). Patients with clinical
stage IIIA or IIIB NSCLC were eligible if they had a per-
formance status of O or 1, were 75 years or younger, and had
adequate organ function. Patients were treated with cisplatin
(40 mg/m?) and vinorelbine (20 mg/m?) on days 1 and 8 every
3 weeks. Thoracic radiotherapy (2 Gy per fraction; total dose,
40 Gy) was given concurrently. Surgical resection was per-
formed after induction therapy had been completed. If disease
was considered clinically inoperable after induction therapy,
patients received 2 additional cycles of the chemotherapy
and 20 Gy of additional radiotherapy. Twenty-three patients
(20 men and 3 women; median age, 63 years; age range,
45-72 years) were enrolled. The overall response rate was
78.3%. Although grade 3-4 toxicities included neutropenia
in 95.7% of patients and anemia in 39.1%, no grade 3-4
radiation pneumonitis or esophagitis occurred. Thirteen patients
(56.5%) underwent thoracotomy and complete resection.
There were no treatment-related deaths. The median survival
time was 36 months (range, 4-78 months), the 2-year survival
rate was 74%, and the median time to disease progression
was 15 months (range, 2-59 months). This trimodality therapy
is effective and well tolerated and is an acceptable thera-
peutic option for patients with locally advanced NSCLC.
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Introduction

Approximately 35% of patients with non-small cell lung
cancer (NSCLC) have locally advanced disease at the time of
diagnosis (1). Although surgery is an effective treatment for
localized NSCLC, the 5-year survival for patients with clinical
stage III disease is less than 15% (2). Thoracic radio-therapy
is also used to treat localized NSCLC, but outcomes remain
poor, with median survival times (MSTs) of 9-13 months and
5-year survival rates of 5-9% (3). Thus, several combined-
treatment modalities have been used in an attempt to decrease
the high rates of local recurrence and distant metastasis.

For patients with a low tumor burden, considered resectable
at diagnosis, the aim of induction therapy is to optimize
distant disease control by administering chemotherapy at the
time of the lowest micrometastatic burden. Several small,
randomized trials have shown that survival is longer with
induction chemotherapy followed by surgery than with surgery
alone (4,5). In addition, a recent meta-analysis has shown a
significant survival benefit of 6% at 5 years for induction
chemotherapy followed by surgery over surgery alone (6).
On the other hand, Depierre et al found no significant
survival benefit for induction chemotherapy and surgery over
surgery alone, although they did find a significant survival
benefit for the subset of patients with stage IB or II disease (7).

On the other hands, for patients with more extensive
metastasis to mediastinal lymph nodes or local invasion,
chemotherapy may not be a sufficient induction treatment.
Thus, some phase II studies have examined induction chemo-
radiotherapy followed by surgery for patients with stage IITA
or IIIB NSCLC. These studies have shown promising results
for patients with locally advanced NSCLC (8-12). However,
the Intergroup 0139 trial has found that median progression-
free survival was significantly longer with chemoradiotherapy
followed by surgery than with chemoradiotherapy alone for
patients with pathologically proven N2 stage IIIA but that
overall survival did not differ (13). Thus, induction chemo-
therapy or chemoradiotherapy followed by surgery is
controversial in patients with locally advanced NSCLC.
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The combination of cisplatin and vinorelbine has become
a new standard regimen for metastatic NSCLC (14). In
addition, preclinical studies have shown that both cisplatin
and vinorelbine act as radiation enhancers. Cisplatin enhances
the cytotoxic effects of radiation against tumor cells both
in vitro and in vivo (15). Recent studies have shown that
vinorelbine enhances the antitumor effects of radiation in vitro
in a cell-cycle-dependent manner, with maximal effects when
the cells are in the G2/M phase (16).

To date, no phase II trial of a divided schedule of cisplatin
and vinorelbine with concurrent radiotherapy followed by
surgery in patients with locally advanced NSCLC has been
published. Therefore, we performed a phase II study of the
combination of a divided schedule of cisplatin and vinorelbine
with concurrent radiotherapy followed by surgery in patients
with locally advanced NSCLC. The primary end-point of this
study was the response rate. The secondary end-points were
to investigate survival and toxicity.

Patients and methods

Eligibility criteria. The criteria for study entry were: 1)
histologically or cytologically confirmed NSCLC:; ii) clinical
stage IITA or IIIB disease; iii) patient age of 20-75 years; iv)
Eastern Cooperative Oncology Group performance status of
0 or 1; v) measurable lesion; vi) life expectancy of =3 months;
vii) adequate bone marrow function (leukocyte count of
>4000/u1, neutrophil count of =2000/u1, platelet count of
>100000/pu1, and hemoglobin level of =9.0 g/dl), renal
function (serum creatinine level <1.5 mg/dl and creatinine
clearance level of =60 ml/min), and hepatic function (total
serum bilirubin level less than the upper limit of the normal
range, levels of alanine aminotransferase and asparatate amino-
transferase less than or equal to twice the upper limits of the
normal ranges), and PaO, of =70 mm Hg. Patients had to
have a forced expiratory volume in 1 sec >1.0 1. Clinical
stage IIIB patients with supraclaviclar lymph node swelling,
contralateral hilar lymph node swelling, pleural effusion or
pericardial effusion were excluded. In addition, patients were
excluded if they had active infections, severe heart disease,
interstitial pneumonia, peripheral neuropathy or an active
second malignancy. Written informed consent was obtained
from all patients.

Treatment protocol. Induction therapy consisted of 2 cycles
of cisplatin and vinorelbine with concurrent thoracic radio-
therapy. Both cisplatin (40 mg/m?) and vinorelbine (20 mg/m?)
were administered on days 1 and 8. This chemotherapy
regimen was repeated every 3 weeks. Thoracic radiotherapy
with a total dose of 40 Gy was delivered in 20 fractions
starting on day 2. Surgical resection was performed from 3
to 6 weeks after induction therapy had been completed. If
patients were considered to have clinically inoperable disease
after induction therapy, they received 2 additional cycles of
the same chemotherapy regimen and 20 Gy of additional
radiotherapy.

Chemotherapy was discontinued if the treatment outcome
was progressive disease or if intolerable toxicity developed at
any time. Full doses of cisplatin and vinorelbine were given
if the white blood cell (WBC) count was >2000/ul or if the
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platelet count was >75 000/l on day 8 of treatment. If the
WBC count was <3000/u1 or if the platelet count was <100000/
ul on day 22, the second course of chemotherapy was
withheld until the count recovered. Cisplatin was perma-
nently discontinued at any time when the serum creatinine
level was >2.0 mg/dl. If the serum creatinine level was 1.5-
2.0 mg/dl, cisplatin was withheld for 2 weeks. Prophylactic
antiemetic medications were administered to all patients. If
the WBC or neutrophil count decreased to more than grade 4
after chemotherapy, granulocyte colony stimulating factor
(G-CSF) was administered until the neutrophil count returned
to >1000/u1. 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. Chemotherapy was discon-
tinued for grade 3 or higher non-hematologic toxicity, except
for alopecia, nausea/vomiting, fever and esophagitis. Radio-
therapy was suspended for grade 3-4 esophagitis, fever
>38°C, grade 4 neutropenia or thrombocytopenia <20000/u1
and was resumed when these toxicities had decreased to
grade <2. Radiotherapy was discontinued for grade 3-4
radiation pneumonitis.

Radiotherapy was administered to the original volume
that had been determined with the size and location of the
primary tumor and the draining lymphatic 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 was
detected with physical or radiographic examination in the
supraclavicular fossa, this area was not irradiated. The
planned initial radiation field was not to exceed 50% of one
lung. 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.

For the surgical procedure, lobectomy was preferred;
however, bilobectomy or pneumonectomy was performed
in cases of primary tumor invasion or regional lymph node
metastasis. When necessary, adjacent structures were resected.
Unilateral mediastinal lymph node dissection was performed
with all pulmonary resections.

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
computed tomography (CT), bronchoscopy, magnetic
resonance imaging or CT of the brain, electrocardiography,
and radionucleotide bone scans. Mediastinoscopy was not
included in the staging or restaging work-up. Metastatic lymph
nodes were defined as mediastinal lymph nodes >10 mm
along the short axis on CT scan. After induction therapy had
been completed, restaging was performed with the same
means used for entry into this study.

Acute toxicities were assessed and graded according to
the National Cancer Institute Common Toxicity Criteria
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Total no. of patients 23 Response rate 18 (78.3%)
Complete response 0
Sex (M/F) 2073 Partial response 18
Mean age (range), years 63 (45-72) Stable disease 4
Performance status (0/1) 5/18 Progressive disease 1
Histologic type Resected 13 (56.5%)
Adenocarcinoma 12 Lobectomy 7
Squamous 11 Bi-lobectomy 2
Stage (IIIA/IIIB) 18/5 P‘;‘.‘“E‘me“omy ‘1‘
T3NIMO 4 o t ;
T2N2MO 1 et
T3N2MO 3
T4NOMO 1
T4N1MO 1
T4N2MO 3 Doses of both cisplatin and vinorelbine were not reduced

version 2.0, and late toxicity associated with thoracic radio-
therapy, occurring >90 days after the start of radiotherapy,
was graded according to Radiation Therapy Oncology Group
late-toxicity criteria. Tumor response was classified according
to Response Evaluation Criteria in Solid Tumors criteria. All
patients who had received at least 1 cycle of chemotherapy
were assessable for response, toxicity and survival.

Statistical considerations. The trial was designed as a phase
IT study, with response rate as the primary end-point.
According to the Simons minimax design, our study, with a
sample size of 23, had 90% power to accept the hypothesis
that the true response rate was >80% and 5% significance to
reject the hypothesis that the true response rate was <50%.
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

Patients characteristics. From February 2002 through
November 2008, 23 patients were enrolled, and all patients
could be assessed for survival, response and toxicity (Table I).
The patients were 20 men and 3 women with a median age of
63 years (range, 45-72 years). Eighteen patients had stage
IITA disease and 5 patients had stage IIIB disease.

Induction chemoradiotherapy. Of the 23 patients, 18 (78.3%)
achieved a partial response, 4 (17.4%) had stable disease, and
1 (4.3%) had progressive disease, for an overall response rate
of 78.3% (95% confidence interval, 56.3-92.5%; Table II).
Three (13.0%) patients achieved almost pathologically
complete response. Disease stage was decreased to stage I in
8 patients and to stage II in 1 patient. The downstaging rate
was 39.1% for all patients and 64.3% for patients undergoing
resection.

in any of the patients who received both 2 courses of chemo-
therapy and thoracic radiotherapy of 40 Gy. However, doses
of both agents were reduced in 2 patients who received 4
courses of chemotherapy and thoracic radiotherapy of 60 Gy,
because of grade 4 neutropenia lasting 3 days in 1 patient and
neutro-penic fever during grade 4 neutropenia in 1 patient.
During the 62 courses of chemotherapy, doses of cisplatin and
vinorelbine were skipped once (1.6%) on day 8, because of
bacterial pneumonia. Chemotherapy was delayed in 14 courses
(23.0%), usually because of neutropenia. All patients were
able to complete radiotherapy by the modification of
schedule according to the protocol. Radiotherapy had to be
suspended in 4 patients (17.3%), because of neutropenia in 3
patients and neutropenic fever in 1 patient.

Toxicity of induction chemoradiotherapy. A total of 62 courses
of chemotherapy were given. Table III lists the maximum
toxicities occurring during induction chemoradiotherapy. The
most frequent toxicity was myelosuppression. Of the 23
patients, 22 (95.7%) had grade 3-4 neutropenia. G-CSF was
given during 45.2% of the courses (28 of 62 courses; median
duration of administration, 4 days; range, 1-9 days). No
patients had grade 3 or 4 thrombocytopenia or hemorrhage.
Grade 3-4 anemia occurred in 39.1% of patients (9 of 23
patients), but none had severe complications related to anemia.
Although 19 patients (82.6%) had grade 1 or 2 radiation
esophagitis, no patients had grade 3 radiation esophagitis.
One patient (4.3%) had grade 2 radiation pneumonitis, but no
patients had grade 3-4 radiation pneumonitis. Grade 3 febrile
neutropenia occurred in 34.8% of patients (8 of 23 patients),
but all patients recovered rapidly after receiving antibiotics.

Surgery. Of the 23 patients, 13 (56.5%) underwent thoraco-
tomy. The initial disease stage in these 13 patients was stage
IITA disease in 11 patients and stage IIIB in 2 patients. The
remaining 10 patients did not undergo surgery because of
multiple bulky mediastinal lymph node metastases in 3
patients, invasion to important organs in 4 patients, the
impossibility of pneumonectomy because of pulmonary or
cardiac dysfunction in 2 patients, and progressive disease
with multiple bone metastases in 1 patient. Radical resection
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Table III. Toxicity.
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National Cancer Institute-Common Toxicity Criteria grade

Toxicity 1 2 3 4 3or4 (%)
Leukopenia 0 1 11 11 95.7
Neutropenia 0 1 13 9 95.7
Thrombocytopenia 15 0 0 0 0
Anemia 6 6 7 2 39.1
Nausea 11 4 0 0 0
Vomiting 1 1 0 0 0
Diarrhea 3 0 0 0 0
Infection 0 1 8 0 348
Esophagitis 15 4 0 0 0
Pneumonitis 0 1 0 0 0
Constipation 10 3 0 0 0
Elevation of serum creatinine 2 1 0 0 0
Elevation of transaminase 6 1 0 0 0
Neurologic peripheral 2 0 0 0 0
Survival Survival
1 "
N 81
;| 61
4 ey
.21 1 I_A
| o
04 T T T T T T T
T T T T T T T T 0 10 20 30 40 50 60
0 10 20 30 40 50 60 70 80
months months

Figure 1. Overall survival time. The median survival time from the start of
this regimen was 36 months (range, 4-78 months). Overall survival rates at 2
and 3 years were 74 and 50%, respectively.

was possible in all patients who underwent thoracotomy and
included lobectomy in 7 patients, bilobectomy in 2 patients,
and pneumonectomy in 4 patients (Table II). Postoperative
morbidity rate was 46.2%, including 2 patients with bacterial
pneumonia, 1 with liver injury, 2 with hemorrhage from the
area of surgery, and 1 with frequent aspiration due to impaired
elimination of sputum. There were no treatment-related deaths.

Survival and recurrence. Survival was analyzed when the
median follow-up time of all evaluable patients was 21 months.
At the time of analysis, 12 patients (52.2%) were alive and 2
patients (8.7%) had been lost to follow-up. One patient died
of bacterial sepsis during second-line chemotherapy for
disease recurrence. One patient died of bacterial pneumonia
without disease recurrence 52 months after surgery. One

Figure 2. Progression-free survival time. The median time to progression
was 15 months (range, 2-59 months).

patient died of colon cancer without disease recurrence 27
months after surgery. The MST from the start of this regimen
was 36 months (range, 4-78 months; Fig. 1). Overall survival
rates at 2 and 3 years were 74 and 50%, respectively. The
MST was not reached in resected patients, whereas it was 25
months in patients who did not undergo surgery (p=0.003).
The median time to progression was 15 months (range, 2-59
months; Fig. 2). The median time to progression was 21
months in resected patients, whereas it was 7 months in
patients who did not undergo surgery (p=0.04).

Of the 23 patients, 14 (60.9%) had recurrent disease. Of
the 13 patients undergoing thoracotomy, 6 (46.2%) had
recurrent disease. The sites of recurrence were distant in 5
patients and local in 1 patient, who had recurrence in
mediastinal lymph nodes that had not been irradiated. Of the
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had grade 3 to 4 radiation pneumonitis or esophagitis. In
patients who were to receive surgery, radiotherapy was stopped

patients, distant in 2 patients, and both local and distant in 2
patients. The rate of recurrence was slightly but not
significantly higher in patients not undergoing thoracotomy
than in patients undergoing thoracotomy (p=0.10). The sites
of distant metastasis (some patients had recurrent disease at
more than 1 site) were the lungs in 4 patients, the brain in 2
patients, bone in 2 patients, the liver in 1 patient, and the
adrenal gland in 1 patient.

Discussion

Although surgery is an effective treatment for localized
NSCLC, the 5-year survival for patients with clinical stage
III disease is less than 15% (2). Several combined treatment
modalities have been used in an attempt to decrease the high
rates of local recurrence and distant metastasis (17). Some
phase II studies of induction chemoradiotherapy followed by
surgery have obtained promising results for patients with
locally advanced NSCLC (8-12). However, there is no
evidence that induction chemoradiotherapy followed by
surgery is superior to chemoradiotherapy or surgery alone. In
addition, a standard induction chemoradiotherapy regimen,
including radiation dose and schedule, choice of chemo-
therapeutic agents, and sequence of chemotherapy and
radiotherapy, has not been determined. Thus, research is
needed to develop induction chemoradiotherapy regimens
that are less toxic and more effective.

In the present study, the response rate to induction
chemoradiotherapy was 78.3%;, the rate of complete resection
was 58.5%, the MST was 36 months, and the survival rate at
2 years was 74%. These results compare favorably with those
of previous trials of trimodality therapy in patients with
locally advanced NSCLC, although comparing these results
with those of other studies is difficult because of the inclusion
of patients with different prognostic factors (8-12). In all of
these studies, the response rates to induction chemoradio-
therapy have ranged from 59 to 81%, the complete surgical
resection rates have ranged from 45 to 81%, MSTs have
ranged from 13 to 25 months, and survival rates at 2 years
have ranged from 26 to 66% (8-12). Additionally, previous
studies have reported that downstaging is correlated with
rates of survival and distant recurrence (12,18). In previous
studies, the rate of downstaging has ranged from 12 to 33%
(12,13). In the present study, the rate of downstaging was
39.1% among all patients and 64.3% among patients under-
going thoracotomy.

A previous study has reported that induction chemoradio-
therapy is associated with a significantly higher incidence of
major postoperative complications than is induction chemo-
therapy alone (19). Surgical mortality rates after induction
chemoradiotherapy have ranged from 4 to 11% (8-12,20). In
the present study, there were no treatment-related deaths.
One possible reason for the absence of treatment-related deaths
is that only 1 patient underwent right sided pneumonectomy.
Pneumonectomy is a major risk factor for mortality, especially
for patients with right-sided tumors (21). The Intergroup
0139 trial reported the 26% operative mortality rate in patients
undergoing pneumonectomy (13). In addition, no patients

at 40 Gy, according to the recommendation of International
Association for the Study of Lung Cancer consensus report
that the dose of 45 Gy of radiotherapy not be exceeded at
conventional fractions before surgery (10). This approach
could explain the low rate of non-hematologic toxicities and
the absence of treatment-related deaths.

Until now, the potential role of a surgical resection
following chemotherapy with or without radiotherapy has
been controversial in patients with locally advanced NSCLC.
Meerbeeck et al have reported that surgical resection does
not improve overall or progression-free survival compared
with radiotherapy in patients with pathologically proven
stage IITA-N2 disease that has responded to induction chemo-
therapy (20). Thus, Meerbeeck et al have suggested that
chemotherapy followed by radiotherapy should be considered
the preferred treatment for patients with pathologically
proven stage IITA-N2 (20). However, there remain high rates
of both locoregional and systemic failures in chemoradio-
therapy in patients with stage III NSCLC. It is hypothesized
that by resecting the residual disease after chemoradio-
therapy, a proportion of these patients might be rendered
disease-free. Therefore, the addition of surgical resection to
chemoradiotherapy is a potential option for improving local
control.

Recently, cisplatin-based adjuvant chemotherapy has
been standard therapy in patients with stage II or III NSCLC
(22,23). A pooled analysis of large adjuvant trials of cisplatin-
based chemotherapy for NSCLC has shown that adjuvant
chemotherapy significantly improves survival (5.4% absolute
benefit at 5 years) over surgery alone in patients with stage II
or III NSCLC (22). The optimal sequence of chemotherapy
with respect to surgery (induction or adjuvant) has yet to be
determined in patients with stage III NSCLC. Compared to
adjuvant chemotherapy, induction therapy is often better
tolerated, resulting in a higher rate of treatment compliance.
Additionally, induction therapy may eliminate potential micro-
metastatic disease at the earliest possible time. On the other
hands, potential drawbacks of induction therapy are delayed
surgical resection and less accurate staging. We believe that
rather than induction therapy and adjuvant therapy being
competing therapies, they might be complementary therapies
that could be used for different subgroups of patients. Induction
therapy might be best used when tumors need downstaging
preoperatively. Further large prospective study is needed to
determine optimal approach for stage III NSCLC.

Our study had at least one limitation. Staging was not as
accurate as it might have been, because mediastinoscopy was
not included in the staging or restaging work-up. In the
present study, metastatic lymph nodes were defined as
mediastinal lymph nodes larger than 10 mm along the short
axis on CT scan. However, in the diagnosis of mediastinal
lymph node metastasis with CT scan, with a sensitivity of
40-75% and a specificity of 40-66%, is inferior to medi-
astinoscopy, with a sensitivity of 80% to 90% and a specificity
of 100%, or to positron-emission tomography, with a sensi-
tivity of 90% and a specificity of 86% (24-26). Additionally,
the exact stage of T3 or T4 tumors is difficult to determine
with a CT scan. The sensitivity and specificity of CT scan for
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distinguishing T3 or T4 tumors from TO or T2 tumors is 63
and 84%, respectively (27).

In conclusion, the present phase II study is the first to

examine the combination of a divided schedule of cisplatin
and vinorelbine with concurrent radiotherapy followed by
surgery for locally advanced NSCLC. Although survival data
are preliminary because of the short follow-up time, the
overall response rate was 78.3% with MST of 36 months and
a survival rate at 2 years of 74%. Furthermore, neither severe
toxicity during induction chemoradiotherapy nor severe
operative morbidity or mortality occurred. Therefore, this
trimodality therapy could be an effective treatment and an
acceptable option for patients with stage III NSCLC when
tumors need downstaging preoperatively.
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