
Abstract. Background: Combined radiochemotherapy is the
gold standard for patients with locally advanced non-small cell
lung cancer (LA-NSCLC). In the present study, the feasibility
of hypofractionated accelerated radiotherapy with
cytoprotection (HypoARC) in combination with vinorelbine
and liposomal doxorubicin was evaluated. Patients and
Methods: Fourteen patients (pts) with LA-NSCLC (PS 0-2)
were recruited. Patients received 15 fractions for 3.5 Gy within
four consecutive weeks (1 week split after the 10th fraction),
supported with subcutaneously administered amifostine (500-
1000 mg/day). Pegylated liposomal doxorubicin was
administered at a standard dose of 20 mg/m2 every two weeks,
for 3 consecutive cycles. Vinorelbine was administered at 3
dose levels: a) 20 mg/m2 every week (5 pts), b) 25 mg/m2 thrice
every two weeks (5 pts) and c) 30 mg/m2 thrice every two weeks
(4 pts). Results: Grade 3 neutropenia enforcing chemotherapy
delays was noted in 2/5 and 2/4 patients in the groups b and c
respectively. Fatigue was a common but not dose-defining
feature. Radiation grade 2 esophagitis was noted in 6/14
patients. No case of severe radiation pneumonitis was noted.
Partial response was documented in 9/14 patients, minimal
response in 3/14 and stable disease in 2/14. The median local
progression-free survival was 12 months and the median
overall survival was 8 months. Conclusion: It is concluded that
the administration of 25 mg/m2 of vinorelbine thrice a week
together with liposomal doxorubicin and thoracic radiotherapy

is feasible for patients with LA-NSCLC, providing high
response rates. Further studies are required to better assess
benefits in terms of local and distant control of the disease.

Combined radiotherapy (RT) and chemotherapy (CT) is
considered the standard therapeutic approach for patients
with locally advanced non-small cell lung cancer (LA-
NSCLC) (1-3). Beyond platinum radiochemotherapy, various
other regimens with novel drugs have been explored,
providing information on the feasibility and efficacy profiles.
Vinorelbine is a microtubule targeting agent with an

established role in the treatment of metastatic NSCLC (4).
Recent evidence has emerged suggesting oral administration
is well tolerated and as efficient as the intravenous form of
the drug (5). Unlike in breast and ovarian cancer, the role
of liposomal doxorubicin in lung cancer has not been
thoroughly examined. A small number of studies suggest
activity of the drug, alone or in combination with other
agents, in patients with NSCLC (6, 7). Taking advantage of
the unique abilities of pegylated liposomes to accumulate in
the tumor environment, we were able to demonstrate an
excellent tolerance profile and high response rates following
concurrent administration of liposomal doxorubicin with
radiotherapy in NSCLC (8-10).
Hypofractionated accelerated RT with cytoprotection

(HypoARC) is a radiotherapy regimen proposed by our
group; it has shown encouraging results in terms of toxicity
and efficacy in various solid tumors (11). This regimen
combines the benefits anticipated from accelerating the
overall treatment time and the usage of large radiotherapy
fractions that are presumably more effective in hypoxic
tumors or tumors with low ·/‚-ratio (11). To compensate
for the high early and late toxicity expected, amifostine is
used before each radiotherapy fraction. An algorithm for
the individualization of amifostine dose is used to obtain the
maximum tolerable dose of amifostine for our patients (12).
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In this study, we tested the feasibility of HypoARC in
combination with oral vinorelbine and liposomal
doxorubicin in LA-NSCLC and assessed the response and
survival rates of these patients.

Patients and Methods

Fourteen patients (pts) with LA-NSCLC were recruited in a
protocol combining oral vinorelbine, liposomal doxorubicin and
HypoARC. Patients were assigned a WHO performance status
(PS) score of 0-2 in order to be eligible for participation in this
study of radical RT-CT. Nine out of 14 patients had a disease that
was refractory or resistant to previous platinum- and/or taxane-
based chemotherapy. Patient characteristics are presented in Table
I. For patients still alive, the follow-up ranges from 18-24 months
(median 22 months). An additional cohort of 6 patients with stage
IIIb NSCLC treated with radiotherapy alone (same regimen) was
also recruited to assess eventual differences in response rates. An
informed consent was obtained from all the patients who
participated in the study and the chemo-HypoARC regimen to
study lung tolerance and toxicity was approved by the Ethics
Committee of the University Hospital of Alexandroupolis, Greece.
Radiotherapy was delivered using a 3D-conformal technique

based on CT-imaging, using a 6-18 MV LINAC. A new planning
was performed 7 days after the 10th fraction to better define
treatment volumes, which were expected to have changed due to
tumor shrinkage. Each fraction was given through 3-6 fields.
Patients received 15 fractions of 3.5 Gy within four consecutive
weeks (1 week split after the 10th fraction), which corresponds to a
radiobiological equivalent of 65.6 Gy (·/‚ ratio for lung parenchyma
=4). Given the more than 2-week abbreviation of the overall
treatment time, the biological dose to the tumor is estimated to be
higher than 70 Gy [details on radiobiological calculation procedure
applied in reference (13)]. The gross tumor volume (GTV) was

defined as the tumor volume apparent by CT imaging as well as
endobronchial extension as shown by bronchoscopy. All lymph
nodes larger than 1 cm in CT scans were included in the GTV, as
well as the initially involved lymph nodes. The clinical target volume
(CTV) was defined as GTV plus a 0.5 cm margin within pulmonary
parenchyma, plus the whole nodal station of lymph nodes
considered as pathological. The planning treatment volume (PTV)
consisted of a 1 cm margin to the respective CTVs. Dose
homogeneity criteria within PTVs had to be within 95-107% of the
prescribed dose. Mean dose for the healthy lung did not exceed 20
Gy. Subcutaneous amifostine was administered before each
radiotherapy fraction, the dose being adjusted according to the
individual tolerance (500-1000 mg/day) (12).
Pegylated liposomal doxorubicin (Caelyx®)was administered at a

standard dose of 20 mg/m2 every two weeks (as an 1-hour infusion,
diluted in 500 ml dextrose solution), for 3 consecutive cycles (8).
Vinorelbine (Navelbine®) was administered at 3 dose levels: a) 20
mg/m2 every week (5 pts), b) 25 mg/m2 thrice every two weeks (5 pts)
and c) 30 mg/m2 thrice every two weeks (4 pts). Erythropoetin was
administered from the beginning of therapy for patients with Hb
levels <11.5gr %. Granulocyte stimulating factor was not delivered
until higher than grade 1 hematological toxicity appeared.
After therapy, patients entered a follow-up protocol including

physical examination, standard blood/serum tests and thoracic/
abdominal CT scan once every 2 months for the first six months
and 3-monthly thereafter.

Results

Nine out of 14 patients accomplished therapy as scheduled.
For 5 patients radiochemotherapy was postponed mainly
due to hematological toxicity. Six out of 14 patients
tolerated well 1000 mg, 4/14 750 mg and 2/14 500 mg of
amifostine before each radiotherapy fraction. Two out of 14
patients did not tolerate the dose of 500 mg (intolerable
amifostine-induced fatigue and emesis) and cytoprotection
was not given.
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Table I. Characteristics of patients treated with radiochemotherapy.

Total no. of patients 14
Male:female 14:0

Age, years
Median 66
Range 46-78

WHO PS
Median 1
Range 0-2

Tumor type
Squamous cell 9
Adenocarcinoma 2
Undifferentiated 3

TNM stage
IIIb 11
IV(*) 3

Prior treatment
Chemotherapy naϊve 5
Pretreated 9

(*) Limited metastatic disease with locally advanced tumor.

Table II. Hematological and non-hematological toxicity and
radiochemotherapy.

Grade

Toxicity 0 1 2 3/4
n n n n

Fatigue 0 10 4 0
Fever 12 2 0 0
Esophagitis 0 8 6 0
Radiation pneumonitis 10 4 0 0
Pleural effusion 14 0 0 0
Neurosensory deficits 14 0 0 0
Neutropenia 7 0 3 4
Lymphopenia 11 2 1 0
Anemia 9 3 2 0
Thrombopenia 10 2 0 2



Toxicities were estimated using the Common Toxicity
Criteria (CTC) (14) and are reported in Tables II and III.
Grade 3 neutropenia enforcing treatment delays was noted
in 2/5 and 2/4 patients of those receiving vinorelbine doses
of 25 mg/m2 and 30 mg/m2, respectively. Fatigue grade 1-2
was a common, but not dose limiting feature in most
patients. Radiation-induced grade 2 esophagitis was noted
in 6/14 (42.8%) patients. No case of severe radiation-
induced pneumonitis was noted within a median of 22
months of follow-up.
In the 14 patients treated with radiochemotherapy, a

partial response was documented in 9/14 patients, minimal
response (response as a reduction of the tumor volume
from 30% to less than 50%) in 3/14 and stable disease in
2/14. Out of 6 patients treated with radiotherapy alone, 4
showed a partial response (PR) and 2/6 progressive disease.
Overall, in the whole cohort of 20 patients, partial response
was documented by CT imaging in 13/20 (65%) patients, a
minimal response in 3/20 (15%) and stable or progressive
disease in 4/20 (20%).
The mean follow-up time for patients alive ranges from

18-24 months (median 22). The median local progression-
free survival was 12 months and the median overall survival
8 months. For 14 patients treated with radiochemotherapy,
the 1- and 2-year local progression-free interval was
38±16% and 19±10%. The 2-year overall survival
probability was 28±12%. Kaplan-Meier curves for local
relapse free and overall survival are shown in Figure 1.

Discussion

Combined treatment with RT and platinum or second-
generation chemotherapy drugs has become the treatment of
choice for patients with locally advanced NSCLC and a good
performance status (2). Vinorelbine (Navelbine®) has
demonstrated high response rates in metastatic NSCLC
patients with acceptable toxicities (4). Experimental studies
show important radiosensitizing properties of the drug that
may be attributed to a cell-synchronization to the G2/M-
phase of the cell cycle, which is the most radiosensitive one
(15). Pegylated liposomal doxorubicin (Caelyx®) is highly
accumulated in the tumor environment as previously shown

with SPECT imaging following administration of radiolabelled
Caelyx (8). Presumably due to this selective accumulation in
tumoral tissues, the combination of this toxic drug with
radiation is feasible and high response rates have been
reported in patients with NSCLC by our group (8-10).
Previous studies with intravenous or oral vinorelbine at

doses of 10-50 mg/m2 (summarized in Table IV), depending
on the route of administration, have shown comparable
toxicity and response rate profiles to those described in our
study (16-29). Vinorelbine was fairly well tolerated, with the
main toxicities being esophagitis and pneumonitis, while
response rates varied from 15-73% (partial responses)
depending on the study protocol.
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Table III. Important toxicities at different oral navelbine dose levels.

Dose level Esophagitis Neutropenia Lymphopenia Fatigue
Grade 2 Grade 3-4 Grade 2 Grade 2

20 mg/m2 weekly 1/5 0/5 0/5 1/5
25 mg/m2 thrice q2w 2/5 2/5 0/5 1/5
30 mg/m2 thrice q2w 3/4 2/4 1/4 2/4

Figure 1. Local relapse free (a) and overall (b) survival curves for 14
patiens undergoing HypoARC with liposomal doxorubicin and navelbine.



The aim of the present study was to evaluate the
tolerance and efficacy of an optimal dose of oral
vinorelbine combined with a standard dose of liposomal
doxorubicin (20 mg/m2) and accelerated hypofractionated
radiotherapy. This may be a quite convenient option for
patients with locally advanced NSCLC due to: i) the easy
oral administration of navelbine, ii) the once every two
weeks simple administration of liposomal doxorubicin
(one hour infusion), and iii) the overall short radiotherapy
schedule that is accomplished after 15 visits to the
radiotherapy department (instead of 30-35 for
conventional schemes). A high radiobiological equivalent
of more than 70 Gy is delivered together with
cytoprotection with amifostine to reduce the incidence
of severe early and late sequelae. Using a dose
individualization protocol (12), we were able to
subcutaneously administer a flat dose of 750-1000 mg of
amifostine in the majority of our patients, which is higher,
and eventually more effective (30), than the routinely
used dose of 300-500 mg.
Overall, our regimen showed an acceptable tolerance

profile when the dose of vinorelbine did not exceed 25 mg/m2

thrice every two weeks. The overall low incidence of severe
radiation esophagitis, a common undesirable effect of novel
drug- based radiochemotherapy, should be attributed to the
conformal radiotherapy techniques as well as the high dose
of amifostine administered before each radiotherapy fraction.
The 65% partial response rate obtained is inferior to the
>80% complete/partial response rate obtained in our
previous studies using liposomal doxorubicin alone or in

combination with docetaxel (8, 9). The local progression-free
interval, however, was encouraging with 28% of patients
being free of local disease at 2 years. It is also stressed that
the majority of patients recruited in the study had disease
resistant or recurrent following previous chemotherapy,
which certainly creates an unfavorable profile of patients
recruited in the study.
Briefly, the maximum tolerated dose of oral vinorelbine

in combination with radiotherapy is 25 mg/m2 thrice every
two weeks. Hematological toxicity was the most important
dose-limiting toxicity. The administration of a highly
accelerated, hypofractionated RT regimen concurrently
with vinorelbine and liposomal doxorubicine was feasible,
with acceptable toxicities when supported by an
individualized high dose of amifostine. Although the
efficacy of the regimen appears inferior to our previous
experience with radiochemotherapy in NSCLC, further
evaluation in phase II trials recruiting chemotherapy-naïve
patients with good PS may provide a better efficacy profile
for the drug.
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