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= Abstract =

From March 1983 through January 1990, two hundred. sixty six patients with non-
small cell lung cancer were treated with external radiation therapy at the Depart-
ment of Therapeutic Radiology, Kangnam St. Mary's Hospital, Catholic University
Medical Colfege. ,

A retrospective analysis was performed on eligible 116 patients who had been
treated with radiation dose over 40 Gy and had been able to be foliowed up. There
were 104 men and 12 women. The age ranged from 33 years to 80 years ( medi-
an ;53 years). Median foliow up period was 18.8 months ranging from 2 months to
78 months.

According to AJC staging system, there were 18(15.5%) patients in stage II, 79
(68.1%) patients in stage Il and 19(16.4%) patients in stage V. The pathologic clas-
sification showed 72(62.8%) squamous cell carcinomas, 16{13.8%) adenocarcinomas,
7(6%) large cell carcinomas, 5(4%) undifferentiated carcinomas, and 16(13.8%) un-
known histology.

In Karnofsky performance status, six (65.2%) patients were in range below 50, 12
{10.4%) patients between 50 and 60, 46(39.6%) patients between 60 and 70, 51(44.0
%) patients between 70 and 80 and only one (0.8%) patient was in the range over 80.

Sixty (51.7%) patients were treated with radiation therapy (RT) alone. Thirty three
{28.4%) patients were treated in combination RT and chemotherapy, twenty three
(19.8%) patients were treated with surgery followed by postoperative adjuvant RT,
and of 23 patients above, five (4.3%) patients, were treated with postoperative RT
and chemotherapy. Overall response according to follow-up chest X-ray and chest
CT scans was noted in 92.5% at post RT 3 months. We observed that overall survi-
val rates at 1 year were 38.9% in stage I, 27.8% in stage I, and 11.5% in stage IV,
and 2 year overall survival rates were 11.1% in stage II, 20.8% in stage Il and 10.5
% in stage IV, respectively. We evaluated the performance status, radiation dose,
age, type of histology, and the combination of chemotherapy and/or surgery to see
the influence on the results following radiation therapy as prognostic factors. Of
these factors, only performance status and response after radiation therapy showed
statistical significance (P<0.05).
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INTRODUCTION

Non-small cell flung cancer (NSCLC) is a disease
of steadily increasing incidence with no signifi-
cant improvement in survival during the past few
decades”. Because of the difficulty in making an
early diagnosis and propensity of the tumor to
develop lymphatic and hematogenous metasta-
sis, most patients are treated at a relatively
advanced biologic state, regardless of the clinical
stage”. Despite of the continuous efforts for im-
proving the effect of chemotherapy, radiation
therapy (RT) and surgery, the results are still not
satisfiable. In non-small cell lung cancer patients,
only 20 to 30% of them are candidates for surgi-
cal resection known as the most probable way
of obtaining cure. However, after completion of
surgical staging. fewer than 20% of the patients
fall into this category?®.

For patients with unresectable lung cancer
subjected to high dose RT, the cure rates are of
the order of b to 10% at 5 years across the
country®. Radiation therapy serves a great role
in palliation of distressing symptoms caused by
the intrathoracic tumor or its distant manifesta-
tion in patients with unresectable lung cancer or
in medically inoperable patients. And it is also
carried out as an adjuvant therapy to surgery in
a subset of patients with resectable lung cancer®.

The purpose of this study is to analyze the
results of radiation therapy of non-small cell lung
cancer on eligible 116 patients.

METHODS AND METERIALS

From March 1983 through January 1980, total
266 patients with non-small cell lung cancer
were treated at the Department of Therapeutic
Radiology in Kangnam St. Mary’s Hospital, Catho-
lic University Medical Coliege. Of two hundred
sixty six patients with non-small cell lung cancer
treated with radiation therapy, only 116 (43.6%)
patients were able to be treated with over 40
Gy and analyzed in this study. We excluded the

Table 1. C.U.M.C tumor registry; 266 non-small
cell lung cancer patients(1983-1990).

No. of patients

143 (53.8%)
116 (43.6%)
27 (10.2%)

Radiation dose>40 Gy
Follow up
Lost to follow up

Follow up period 2-78 months
Median 18.8 months

123 patients who underwent below 40 Gy radia-
tion dose and 27 patients who underwent over
40 Gy radiation dose but who were lost (Table 1).

Non-small celt lung cancer was diagnosed by
sputum cytology. lymph node(L/N) biopsy, bron-
choscopic biopsy or CT guided needle aspiration
biopsy and/or pleural biopsy. The initial evalua-
tion included meticulous physical examination,
chest radiograph, bronchoscopy and chest CT
scan. Some selected patients underwent the
brain CT and/or radionuclide scans for bone and
liver.

According to AJC (American Joint Committee
on Cancer) staging classification, there were 18
(15.5%) patients in stage II, 79 (68.1%) patients
in stage I and 19 (16.3%) patients in stage V.
One hundred four (89.6%) patients were males
and 12 (10.4%) patients were females. The age
ranged from 33 years to 80 years (median age
53 years).

Six (5.2%) patients were in range of scores
below 50, 12 (10.3%) patients between 50 and
60. 46 (39.6%) patients between 60 and 70, 51
(44.0%) patients between 70 and 80, and only
one patients (0.9%) patients over 80 in
Karnofsky performance status (KPS).

There were 72 (62.8%) squamous cell carcino-
mas, 16 (13.8%) adenocarcinomas, 7 (6%) large
cell carcinomas, 5 (4%) undifferentiated carcino-
mas and 16 cases (13.8%) of unknown histology
(Table 2).

The patients treated with curative intent were
given radiation doses ranging from 5000
cGy to 8020 cGy during the period of 5-8
weeks. Radiation field for curative aim encom-
passed the primary tumor, mediastinum, both hila



Table 2. Patients characteristics

Primary Postop.
RT(%) RT(%)
Age(years) -40 4( 4.3) 1( 4.3)
41-50 12(12.9) 6(26.1)
51-60 38(40.9) 8(34.8)
61-70 30(32.3) 8(34.8)
71- 9( 9.6)
Sex male 83(89.2) 21(91.3)
female 10(10.8) 2( 8.7)
Pathology sq. cell ca 61(65.5) 11(47.8)
adenoca 6( 6.5) 10(43.5)
large cell ca 5( 5.4) 2( 8.7)
Undifferentiated  5( 5.4) ~
unknown 16(17.2) ~
KPS -50 6( 6.5) ~
50-60 10(10.8) 2( 8.7)
60-70 35(37.5)  11(47.8)
70-80 41(44.1) 10(43.5)
80— 1 1.1) ~
Stage | 8( 8.6) 10(43.5)
I 698(73.1)  11(47.8)
v 17(18.3) 2(.8.7)
Chemotx. Yes 60(64.5) 18(78.3)
No 33(35.5) 5(21.7)
RT dose 4000-5000 19(20.4) 11(47.8)
(cGy) 50006000 66(71.0) 11(47.8)
6000- 8( 8.6) 1 4.4)

RT ; radiation therapy, Chemotx ; chemotherapy
KPS ; Karnofsky performance status.

and both supraclavicular lymph node areas.
When the spinal cord dose was given 40-45 Gy
with a daily 180 cGy fraction, we changed irradi-
ation ports including posterior 2 oblique or bilat-
eral ports using the shrinking field technique. We
used body contour or CT images to calculate
isodose distribution on planning computer
(Therac 2000, NEC). Radiation therapy fields
were reshaped during the course of treatment
after follow up serial chest X-ray to minimize the
radiation damage to normal lung. Radiation thera-
py was done by a 6 MV linear accelerator using
SAD technigue.

Sixty (51.7%) patients were treated with radi-
ation therapy (RT) alone and 33 (28.4%) patients
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with chemotherapy before or after RT. Postop-
erative adjuvant RT was performed in 23 (19.8
%) patients. Five of the postoperatively irradiat-
ed patients (4.3%) were treated with combina-
tion chemotherapy.

Tumor response was evaluated by serial chest
radiographs and chest CT scans at post RT 3
months. A complete response (CR) was defined
as a complete disappearance of all clinical and ra-
diographic evidence of disease by follow-up
chest X-ray or CT scan. Moderate response
(MR) was defined as a reduction over 70% in
mass size and partial response (PR) was defined
as a reduction over 50-70% in mass size . All
other patients were classified as non-responders
(NR). Follow up periods ranged from 2 months to
78 months (median 18.8 months) counting from
the end of RT. Statistically, oneway ANOVA and
Mann-whitney test were used for analyze prog-
nostic factors effecting on survival and post ra-
diation response, and Kaplan-Meier method was
used for the acturial survival analysis.

The acturial survival and therapeutic response
were evaluated depending on the age, stage,
performance status, histology, radiation dose,
use of chemotherapy and postoperative RT. We
also analyzed the radiation treatment related
complications.

RESULTS

A clinical analysis of 93 primary irradiated pa-
tients showed 7 (7.6%) CR, 39 (42.4%) MR, 40
(43.5%) PR and 7 (7.6%) NR, respectively (Table
3). The overall response rate was 92.5% at post

Table 3. Clinical responses following primary
irradiated 93 non small cell lung can-
cer patients

Response No. of pts(%)
Complete response(CR) 7( 7.6)
Moderate response(MR) 39(42.4)
Partial response(PR) 40(43.5)
No response(NR) 7( 7.6)
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Table 4. Factors affecting the response follow-
ing primary irradiated NSCL.C* patients

Table 5. Factors affecting survival following
primary irradiated NSCLC™ patients

Stage p>0.0%
Histology p>0.05
Radiation dose p<0.05
Chemotherapy p>0.05

*NSCLC ; Non-small cell lung cancer
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Fig. 1. Overall survival rate by stage

RT 3 months.

As more radiation dose was given, better radi-
ation response of NSCLC was obtained in this
result (P<0.05). But other factors such as stage,
histologic type and the use of chemotherapy did
not influence the response rate following radia-
tion therapy (P>0.05) (Table 4.).

The overall survival rates after primary RT at 1
-year and 2-year were 38.9% and 11.1% in
stage II, 27.8% and 20.8% in stage I, and 11.5
% and 10.5% in stage WV, respectively. The survi-
val curves by the stage were shown in Fig-1,
but had no significant difference at the long term
end results. However, in the postoperatively irra-
diated patients in whom accurate pathologic
staging were performed, 2 year survival rates
were 50.0% in stage II and 32.7% in stage II.
Median survival times were 27 months in stage
II and 13 months in stage M (P<0.05) (Table 6.
& Fig 2.) . The better survival rates were ob-

stage p>0.0%
KPS p<0.05
response p<0.05
radiation dose p>0.05
weight loss p>0.05
chemotherapy p>0.0%

*NSCLC ; Non-small cell lung cancer,
KPS ; Karnofsky performance status.

Table 6. Survival rate of 23 postoperatively
irradiated patients

No. of pts median survival 2yr survival
oTP (months) rate(%)
stage II 10 270 500
I 11 16.5 32,7
v 2 6.0 0.0

e stage II (n =10}
w ww — stage III (n =13)

p< 0.05

1 2 3 4 5
Fig. 2. Overall survival rate by stage in postop-
erative irradiated patients

YEBIS

tained in patients with good performance status
(Fig-3), and the responders by RT showed bet-
ter survival time with statistical significance (P<
0.06) (Fig 4). Of the other prognostic factors
such as age, stage, radiation dose, weight loss,
symptom duration and combined treatment mo-
dalities, only performance status and response
following RT were statistically significant (p<O.
05) (Table 5.).
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Radiation induced complications were transient
esophagitis in 65 (66%) cases , mild to moderate
degree of pneumonitis in 26 (22.4%) cases and
dry or wet desquamated dermatitis in 27 (23.3
%) cases (Table 7.). Radiation induced esophagi-
tis appeared in fifty five (84.6%) of 65 patients
in the range of 1000 cGy to 3000 cGy with sore
throat or odynophagia (Table 8.). In the dose of
3000 cGy to 5000 cGy, dry or wet desquamated
dermatitis was seen in 23 (85%) patients (table
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Table 7. Radiation induced copmplication in
eligible 116 patients

No. of patients Incidence

Transient esophagitis 65 56.0%

Mild or moderate 26 22.4%
pneumonitis

Dry or wet desguamation 27 23.3%

Bronchoesophageal 1 0.09%
fistula

Table 8. Radiation esophagitis in 116 patients
according to radiation dose and time
of appearance

G RT alone RT+CTx Total
Y (N=87)  (N=38) (N=116)
1000-2000 20 7 27
2000-3000 19 9 28
3000-4000 3 4 7
4000- 1 2 3
Total 43(56.1%) 22(57.9%) 65

CTx ; chemotherapy, RT ; radiation therapy

Table 9. Radiation dermatitis in 116 patients
according to radiation dose and time
of appearance

oG RT alone RT+CTx Total
v (N=78)  (N=38) (N=116)
2000-3000 1 0 1
3000-4000 8 2 10
4000-5000 9 4 13
5000-6000 1 2 3
Total 19(24.4%) 8(21.1%) 27

RT ; radiation therapy, CTx ; chemotherapy

9). In 18 (68.6%) of 26 patients, radiation
pneumonitis were developed between 1 and 3
months after radiation therapy (table 10.).

At first, we expected that chemotherapy
might increase the radiation related complications
and it also might start earlier than those of radia-
tion alone group, but there showed no differenc-
es between the two groups (Table 8,9,10) in this
study. Bronchoesophageal fistula was seen in
one patient (Table 7.). And there were no fatal
complications during or after RT.
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Table 10. Radiation pneumonitis in 116 pa-
tients according to to sradiation
dose and time of appearance

Gy RT alone RT+CTx Total

(N=78) (N=38) (N=116)

3000-4000 1 0 1
4000-5000 0 0 0
5000-6000 1 1 2
6000-7000 1 1 2
postRT 1 month 4 2 6
2 month 3 1 4

3 months 5 3 8

4 months 2 0 2

b months 0 1 1

Total 17(21.8%) 9(23.7%) 26

RT ; radiation therapy. CTx ; chemotherapy

DISCUSSION

Non-small cell lung cancer (NSCLC), whenever
resectable, should be treated surgically®. But
only one third of all patients with lung cancer are
eligible for a definitive resection® and after com-
plete surgical staging, fewer than 20% of pa-
tients can be cured with surgery alone. There-
fore radiation therapy is carried out as an
adjuvant to surgery in patients with resectable
NSCLC and it has been primary choice for loca-
lized unresectable disease or treatment modality
with palliative aim for distressing symptoms
which were localized or even the metastatic dis-
ease.

In definitive radiation therapy, most clinical
results available today have been obtained with
doses raging from 4000 cGy to 6500 cGy. It is
known that the most important determinant of
local controf in NSCLC is the total dose of irradia-
tion”. Medical college of Wiscosin reported the
local control rate over 70% with radiation dose
above 5800 cGy®. Also, Perez reported greater
CR and PR rates for the patients receiving 5000-
6000 cGy than for lower dose”. According to
the RTOG study®, they showed that a regimen
using 400 cGy/fraction, 5 times a week followed

by two weeks intermission and then another 400
cGy/fraction, 5 times a week total of 4000 cGy
in 10 fraction in 4 weeks was clearly inferior to
continuous regimens of 5000 to 6000 cGy in 25
to 30 fractions during 5 to 6 weeks using a con-
ventional fractionation. Furthermore, the compli-
cations of the split course irradiation were equiv-
alent to those with 6000 cGy in 6 weeks. A re-
view of several experiences with hypofraction-
ation that is 1 to 3 fractions per week, showed a
simitar reduction in tumor control®. Therefore, it
can be concluded that the safest and most ef-
fective approach to definitive irradiation of pa-
tients with NSCLC is a continuous regimen with
5 fractions per week to a total dose of at least
6000 cGy”. For unresectable and non-dissemi-
nated NSCLC, a randomized trial® clearly demon-
strated that 5000-6000 cGy was superior to
4000 cGy in terms of induction of tumor regres-
sion : 4000 cGy 55%. 5000 cGy 72%, and 6000
cGy 76%. Although increased radiation dose had
beneficial effects on response and local control,
no survival advantage was demonstrated®. Choi
and Doucette found that five year survival fol-
lowing irradiation for localized, unresectable
NSCLC did vary with radiation dose. Actuarial 5
year survival rate was 7.5% with the dose
greater or equal to 5000 cGy, whereas there
was no 5 year survivors from patients receiving
less than 5000 cGy'®. So we intended to analyze
our data of 116 patients who received more
than 40 Gy irradiation dose. Radiation Therapy
Oncology Group (RTOG) demonstrated that pa-
tients achieving a complete response had a sig-
nificant longer median survival than the poor
responders, i.e. 14.5 months vs 6 months'”. In
RTOG protocol 7301, survival at 3 year was 23
% for complete responders, 10% for the partial
responders, and 5% for patients with stable dis-
ease. In RTOG protocol 7302, complete respon-
ders had a survival of approximately 20% at 3
year, compared with 4% for partial responders
and there were no survivors at 3 year in patients
with tumor progression. Our results are also cor-
responded with above data. In general, overall 5



year survival rate of patients with NSCLC were
20-40% in stage I and 8-10% in stage M'».
Seoul National University Hospital (SNUH) study
(1984) showed that 2 vyear survival rates in
stage II and I were 37% and 21%, respectively
¥ In our results, the poorer survival rate of
stage II comparing with that of stage Il may be
explained by following reasons. The first, the ma-
jority of our patients with stage II were medical-
ly inoperable cases due to senile, poor pulmonary
or cardiac status and other intercurrent disease.
The second, at the beginning of our department,
the diagnostic modalities were too variable to
determine the accurate stages, especially lymph
node staging. Shields reported that after surgical
staging. there was a change of staging in over 35
% of all cases, especially in lymph node status'.
Our postoperative RT resluts showed better sur-
vival rates in stage 11 than that stage I, of
which was similar to other reports.

At recent, to improve the rates of local cotrol
and survival in locally advanced NSCLS patients,
there were many trials using combined mordality
of chemotherapy and radiation therapy, and radi-
ation therapy with various fractionation sched-
ules.

There was significant reducing of the incidence
of distant metastasis in patients with locally
advanced NSCLC when combined mordality of
VCPC (vindesine, cyclophosphamide, cisplatinum
and lomustine) and thoracic radiotherapy was
used. But there was no significant difference in
overall survival rate compared with radiotherapy
alone'. And also, EORTC (European Organization
for Research and Treatment of Cancer) reported
that significant increasing of 2 year survival rate
(26%) were seen in the patients treated with
concurrent daily cisplatin and thoracic radiother-
apy in comparison with radiotherapy alone (13
%)16)'

Using various fractionation scheduled radio-
therapy, hyperfractionation radiotherapy made
the disease progression free survival at 9 months
be 33 % in patients with locally advanced
NSCLC when total dose of 69.6 Gy was given'”.
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And continuous hyperfrationated accelerated
radiotherapy (CHART) showed better results
than conventional radiotherapy. Complete re-
sponse, as observed radiographically, was a-
chieved by 42 %, this can be compared with 15
% of the previous conventional radiotherapy se-
ries. At 1 year, the survival rate was 64%
compaired with a previous 44% and at 2 years,
34% compaired with a previous 12%'.

As well known prognostic factors, disease ex-
tent, performance status and weight loss were
reported from many institutions®. Stanley et al
described a variety of factors which affected
the response to irradiation and survival of pa-
tients ; i) patients characteristics such as initial
performance status and weight loss in the six
months prior to diagnosis. ii) tumor characteris-
tics such as the clinical stage, size of the lesion
and histologic type. iii) technical parameters rel-
ative to the delivery of irradiation such as the
tumor dose and the volume treated®. In our
data, all the above parameters showed no statis-
tical significance exept the performance status
and post irradiation-responses.

Radiation pneumonitis is the clinical syndrome
that occurs in upto about 10% of patients and
consists of an acute transient phase usually
occuring 6 to 12 weeks after radiation therapy®.
This usually results in a clinical remission except
the severe cases which are progressed into radi-
ation fibrosis radiographically over the next 6 to
12 months. The contributing factors are conco-
mmitant chemotherapy, repeated courses of radi-
ation therapy and steroid withdrawal®. The anti-
tumor agents such as bleomycin, BCNU and
busulfan have pulmonary toxicity®. These a-
gents are known to be related with the acute or
late pneumonitis, fibrosis and pneumopathy. We
observed in 22.4% of all patients mild to moder-
ate degree of radiation pneumonitis to be remis-
sive by symptomatic conservative management.
Radiation esophagitis, usually self limited and
rarely severe, is a well recognized problem in pa-
tients receiving substantial radiation therapy to
the mediastinum. Mediastinal radiation therapy to
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dose over 2000 cGy commonly accompany mild
dysphagia and radiographic evidence of impaired
motility, but rarely necessitate treatment break
or hospitalization or produce demonstrable ulcer-
ation or stricture formation””. We gave the
antiacid drugs from the starting day of RT to pre-
vent or modify there prevalent dysfunctions. Of
the chemotherapeutic agents, adriamycin has not
been reported to cause esophagitis by itself?,
but adriamycin and supervoltage irradiation po-
tentiate each other’s toxicity to myocardium and
skin*# Peter et al confirmed the observation of
adriamycin enhanced radiation esophagitis in
childhood, and extended the minimal radiation
dose range to 500 cGy, below the level at which
even mild dysphagia has been reported®. This
finding shows that the interaction of chemo-ther-
apeutic agents and radiation therapy affects not
only the severity of the reaction but also the
threshold for its development. But in our result,
we could not observe these findings. It was per-
haps the reason why we did not analyze the in-
cidence and severity of radiation esophagitis by
the chemotherapeutic agents and sequence of
chemotherapy and radiation therapy. We ob-
served one case of bronchoesophageal fistula.
This patient had extrinsic mid-esophageal com-
pression by the cancer mass of the left lung.
That fistula was developed between left main
stem bronchus and esophagus at the level of the
fourth thoracic vertebral body. Radiation induced
skin reactions include erythema, dry or wet der-
matitis, epilation, achromia, fibrosis, atrophy and
telangiectasia. A skin dose of 3000 to 4000 cGy
in 3 weeks using photon with a half value layer
of 1mm Cu delivered to the cervical skin, will
usually produce a brisk acute reaction followed
by moderate late changes®™.
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