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Twenty five patients with unresectable non-small cell carcinoma of the lung have been treated
with hyperfractionated radiotherapy with concomitant boost technique since September, 1989.
Those patients with history of previous surgery or chemotherapy, pleural effusion or significant
weight loss (greater than 10% of body weight) were excluded from the study. Initially, 27 Gy were
delivered in 15 fractions in 3 weeks to the large field. Thereafter, large field received 1.8 Gy and
cone down boost field received 1.4 Gy with twice a day fractinations up to 49.4 Gy.

After 49.4 Gy, only boost field was treated twice a day with 1.8 and 1.4 Gy. Total tumor doses
were 62.2 Gy for 12 patients and 65.4 Gy for remaining 13 patients. Follow up period was ranged
from 6 to 24 month. Actuarial survival rates at 6, 12, and 18 month were 88%, 62%, and 38%,
respectively. Corresponding disease free survival rates were 88%, 41%, and 21%, respectively.

Actuarial cumulative local failure rates at 9, 12 and 15 month were 36%, 43%, and 59%,
respectively. No significant increase of acute or late complications including radiation
pneumonitis was noted with maximum follow up of 24 month. Although the longer follow up is
needed, it is worthwhile to try the prospective randomized study to evaluate the efficacy of
hyperfractionated radiotherapy with concomitant boost technigue for unresectable non-small cell
lung cancers in view of excellent tolerance of this treatment. In the future, further increase of total
radiation dose might be necessary to improve local control for non-small cell lung cancer.
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INTRODUCTION

Despite mass screening and earlier detection,
lung cancer remains a highly lethal tumor. The
majority of patients with this cancer are diagnosed
when the disease is relatively advanced, either
because of metastatic disease to regional nodes or
because of distant metastases. The highest cure
rate in non-smal cell lung cancer have been
achieved by surgery in early stages of disease®.
However, a substantial proportion of patients with
non-small cell tung cancer who present with local-
ized intrathoracic disease are clinically inoperable.
A wide diversity of opinion exists as to whether life
is prolonged by radiation therapy in this category
of patients.

Roswit et al® reported the results of a random-
ized study designed to answer this question. A total
of 246 patients were randomized to no treatment
(placebo) and 308 patients to radiation therapy (40
~50 Gy). This study showed a small but statistically
significant influence of radiation therapy on survival
(18% vs 14% at one year). Katz and Alberts® have

summarized the results of several series reported
in the literature over the past 25 years.

It is evident that the survival of definitely irradiat-
ed inoperable patients during this period has not
shown any improvement, the 5 year survival rang-
ing from 3 to 10%. In all of these reported series,
doses in the range of 40 to 50 Gy have been em-
ployed. No survival advantage was demonstrated
by continuous vs split course irradiation. Radiation
Therapy Oncology Group study? showed improved
local control rate with increased radiation dose.

Although significant proportion of unresectable
non-small cell carcinoma patients develop distant
metastases during their course of disease before
they die, intrathoracic failure remains as a impor-
tant cause of death for this group of patients. To
gain a probability of 50% or more permanent
control of non-small cell lung cancers requires
higher doses than are presently given by external
irradiation, and these doses would exceed the
accepted tolerance levels of intrathoracic normal
tissures. Therefore, we initiated hyperfractionated
radiotherapy program with concomitant boost
technique for unresectable non-small cell car-
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cinoma of the lung in our institution since Septem-
ber, 1989.

It has been well documented that hyper-
fractionated radiation therapy has been used to
treat the patients with various tumors such as
locally advanced head and neck cancers, bladder
tumors and inflammatory breast cancers trying to
improve local control rates without increase of
treatment related toxicities. We analyzed records of
25 patients who entered hyperfractionated radia-
tion program to evaluate survival rate, local control
rate and tolerance of this treatment.

MATERIALS AND METHODS

Between September, 1989 and April, 1991, total
of twenty five patients with unresectable non-small
cell carcinoma of the lung entered hyperfractionat-
ed radiation program with concomitant boost tech-
nique. All of the patients had histologically proven
non-small cell carcinoma. They were diagnosed by
sputum cytology, bronchoscopy or fine needle
aspiration biopsy. Sixteen patients had squamous
cell carcinoma. Four and 5 patients had adenocar-
cinoma and undifferentiated large cell carcinoma,
respectively.

Those patients with history of previous surgery
or chemotherapy, malighant pleural effusion or
significant weight loss (greater than 10% of body
weight) were excluded from the study. Patients
were evaluated by careful physical examination
including supraclavicular fossae, chest X-ray
(CXR), Computed Tomography (CT) of the chest
and upper abdomen and whole body Tc99m bone
scan. CT of the brain was not performed routinely.
All of the patients were staged by TNM staging
system recommended by American Joint Commit-
tee on Cancer®.

Distribution of the patients according to TNM
stages is shown in table 1. Age of the patients in the
study was ranged from 42 to 77 years. Male to
female ratio was 22:3. Presenting symptoms were
chest discomfort, shortness of breath, cough, spu-
tum prudction, chest pain and hemoptysis in
decreasing order. All of the patients in the study
were treated with Linear Accelerator producing 10
MeV photons. Initially, 27 Gy were delivered in 15
fragtions in 3 weeks to encompass primary site and
regional lymphatic echelons. 1.5 cm margins were
given around the primary site. Contralateral hilum
and supraclavicular fossae were not routinely in-
cluded in the field.

Thereafter, initial large field received 1.8 Gy in

the morning and 1.4 Gy was delivered to the cone
down boost field in the afternoon as a second daily
treatment up to total tumor dose of 49.4 Gy includ-
ing initial 27 Gy. Minimum of 4 hour interval was
given between two daily treatments. Cone down
boost field encompassed primary site, ipsilateral
hilum and ipsilateral mediastinum to take off the
spinal cord.

Total dose to the spinal cord through the large
field was 39.6 Gy in 22 fractions. After 49.4 Gy, only
boost field was treated twice a day with 1.8 and 1.4
Gy for morning and afternoon treatement. In twelve
patients in the study, total tumor dose was 62.2 Gy
in 5 weeks and 2 days. Since these patients tolerat-
ed the treatment well, we delivered one more day of
treatment (1.8+1.4 Gy) for remaning 13 patients,
Thus total of 65.4 Gy was delivered in 5 weeks and
3 days for these 13 patients.

All but one patients completed program without
complaining of acute treatment related toxicities.
One patient who developed significant generalized
weakness had to stop the treatment at 52.6 Gy.
Minimum follow up was 6 month. Survival time was
calculated from the first day of the radiation ther-
apy. Patients were followed in one month after
completion of the treatement. CXR was routinely
performed to evaluate the disease status. CT of the
chest were done for only 17 patients. Thereafter
patients were seen in our department or. by their
referring physicians in 2 or 3 month, unless they
develop symptoms suggestive of local recurrence,
distant metastases or treatment related complica-
tions.

Because all of the patients in the study did not
have CT scan, local control was evaluated by CXR.
Radiation pneumonitis was considered for patients
with radiological change and significant symptoms
such as dry cough or mild fever not related with
local recurrence.

RESULTS

At the beginning of the study, we initiated hyper-
fractionated program with 1.8 and 1.6 Gy twice a
day treatment instead of 1.8 and 1.4 Gy in concomi-
tant boost schedule. Two patients were treated with
1.8 and 1.6 Gy twice a day boost. However these 2
patients complained of general weakness and
moderate to severe radiation esophagitis during
their treatment and both of them were not able to
complete treatment. Thus, 1.8 and 1.6 Gy twice a
day schedule were thought to be intolerable and we
modified the treatment schedule to 1.8 and 1.4 Gy.



These two patients were excluded from the study.
As shown in Fig. 1, actuarial survival rates were
88% (22/25), 62% (13/21) and 38% (5/13) at 6, 12
and 18 month, respectively. Corresponding disease
free survival rates were 88% (22/25), 41% (9/22)
and 21% (4/19), respectively. Local control rate at
18 month was 80% (15/25) with total of 10 local
recurrences in 2 years. Cumulative local failure
rates at 9, 12 and 15 month were 36% (8/22), 43%
{9/21) and 59% (10/17), respectively as shown in
Fig. 2. These cumulative local failure rates are
actuarial rate calculated with actual survivors.
Eight patients developed distant metastases
during their course of disease and one patient
developed contralateral supraclavicular recur-
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rence for which palliative radiotherapy was given
since that was not included in original field. Radia-
tion pneumonitis was noted in 5 patients and none
of those patients had continuous medically intrac-

Table 1. Distribution of Patients According to TNM Stag-

ing Systemn
Stage Number of patients
T3N2MO 9
T4NOMO 3
T4N1MO 2
T4N2MO 10
T4N3MO 1
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table cough. All pneumonitis was developed
between 2 and 6 month after the completion of
radiotherapy. Except for symptomatic radiation
preumonitis, no other late complications related
with soft tissue or bone damage were noted with
maximun follow up of 24 month.

DISCUSSION

Perez® et al reported the results of the Radiation
Therapy Oncology Group randomized study in 378
patients with medically inoperable or unresectable
non-small cell carcinoma of the lung, treated by
definitive radiation therapy. This study was
designed to test the effect of four treatment regi-
mens on tumor control and survival. The doses
tested were: 40 Gy split course (20 Gy in one week,
followed by two week rest and additional 20 Gy in
one week). and 40, 50, and 50 Gy continuous con-
ventional treatment.

The ‘intrathoracic failure rate was lower in the
patients with lesions smaller than 6 cm receiving 50
to 60 Gy as compared with those receiving 40 Gy
(30% for 60 Gy; 41% for 50 Gy; and 52% for the 40
Gy groups). Survival was not correlated with tumor
size, however. Also final report of a randomized
trial conducted by the VA Lung Cancer Study
Group® was published by Petrovich et al. In it 343
patients with unresectable or inoperable lung can-
cers were randomized to a short course of 42 Gy in
3 weeks and to an intermediate course of 50 Gy in
five weeks. No significant difference in median
survival, response, local control, and complications
could be demonstrated. These studies suggest that
the higher the total irradiation, the better the tumor
response, local control and survival.

Based on results of these studies, we initiated
hyperfractionated radiotherapy with concomitant
boost technique to deliver the higher total dose of
irradiation in relatively short treatment time.
Compared with 80 Gy in 6 weeks in conventionafl
radiation regimen, we delivered 65.4 Gy in 5 weeks
and 3 days. One could expect increased acute or
late complications with higher doses in shorter
treatment time.

However, the patients in our study did not show
any increased toxicities except for more severe
radiation esophagitis than conventional radiation.
More importantly, unexpected increase of late
complications was not noted thus far. Suh and
Rhee” reported the incidence of occurrence of
radiation peumonitis for patients treated with irradi-
ation. Seventeen out of 40 patients developed

radiological changes and 9 out of those 17 patients
showed clinical features of radiation pneumonitis.
This result (9/40) is comparable to that of our study
(5/25).

Recently published RTOG study® showed that
69.6 Gy hyperfractionated results were significantly
better than results with standard fractionation in
comparable patients from earlier RTOG trials (58%
and 20% versus 30% and 7% survival rates at 1 and
3 year). Thus, they are undergoing a prospective
randomized Phase Il comparison of 60 Gy stan-
dard fractionation versus hyperfractionation with
69.6 Gy. This result may indicate the need to
increase the total dose to improve the survival for
non-small cell carcinoma of the lung. Our
institution® did report 23.5% of two year survival
rate for non-small cell lung cancer patients treated
with conventional irradiation.

In this hyperfractionated radiation regimen, we
obtained 38% of 18 month actuarial survival rate.
Because of small number of patients in the study,
comparison of treatment results between two regi-
mens might be inappropriate. Therefore, accumu-
lation of more number of patients in the future and
long term follow up would make it possible to
compare each treatment.

CONCLUSION

In conclusion, Hyperfractinated radiation ther-
apy with concomitant boost technique for locally
advanced unresectable non-smal! cell carcinoma
of the lung has been tolerated well without increase
of significant acute and late complications.
Although the longer folow up is needed, it is worth-
while to try randomized study to evaluate the effi-
cacy of hyperfractionated radiotherapy in view of
acceptable toxicity. Also further increase of total
tumor dose might be necessary to improve local
control as well as survival with good tolerance.
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