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=Abstract=

Purpose : This study was tried to evaluate the potential benefits of concur-
rent chemoradiation therapy (low dose daily cisplatin combined with split
course radiation therapy) compared with conventional radiation therapy alone
in stage Ill non-small cell lung cancer. The end points of analyses were
response rate, overall survival, survival without locoregional failure, survival
without distant metastasis, prognostic factors affecting survival and treat-
ment related toxicities.

Materials and Methods : Between April 1992 and March 1994, 32 patients
who had stage Ill non-small cell lung cancer were treated with concurrent
chemoradiation therapy. Radiation therapy for 2 weeks (300 cGy given 10
times up to 3000 cGy) followed by a 3 weeks rest period and then radiation
therapy for 2 more weeks (250 cGy given 10 times up to 2500 cGy) was
combined with 6mg/M? of cisplatin. Follow-up period ranged from 13 months
to 48 months with median of 24 months. Historical control group consisted
of 32 patients who had stage Ill non-small cell lung cancer were received
conventionally fractionated (daily 170-200 cGy) radiation therapy alone. Tot-
al radiation dose ranged from 5580 cGy to 7000 cGy with median of 5940.
cGy. Follow-up period ranged from 36 months to 105 months with median of
62 months.

Results : Complete reponse rate was higher in chemoradiation therapy
(CRT) group than radiation therapy (RT) group (18.8% vs. 6.3%). CRT
group showed lower in-field failure rate compared with RT group(25% vs.
47%). The overall survival rate had no significant differences in between
CRT group and RT group (17.5% vs. 9.4% at 2 years). The survival without
locoregional failure (16.5% vs. 5.3% at 2 years) and survival without distant -
metastasis (17% vs. 4.6% at 2 years ) also had no significant differences.
In subgroup analyses for patients with good performance status (Karnofsky
performance scale 80), CRT group showed significantly higher overall
survival rate compared with RT group (62.5% vs. 15.6% at 2 years). The
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prognostic factors affecting survival rate were performance status and
pathologic subtype (squamous cell cancer vs. nonsquamous cell cancer) in
CRT group. In RT alone group, performance status and stage (llla vs Ilib)
were identified as a prognostic factors. RTOG/EORTC grade 2-3 nausea and
vomiting(22% vs 6%) and bone marrow toxicities (25% vs. 15.6%) were
significantly higher in CRT group compared with RT alone group. The inc-
idence of RTOG/EORTC grade 3-4 pulmonary toxicity had no significant
differences in between CRT group and RT group (16% vs. 6%). The
incidence of WHO grade 3-4 pulmonary fibrosis also had no significant
differences in both group (38% vs. 25%). In analyses: for relationship of
field size and pulmonary toxicity, the patients who treated with field size
beyond 200cm® had significantly higher rates of pulmonary toxicities.

Conclusion : The CRT group showed significantly higher local control rate
than RT group. There were no significant differences of survival rate in
between two groups. The subgroup of patients who had good performance
status showed higher overall survival rate in CRT group than RT group. in
spite of higher incidence of acute toxicities with concurrent chemoradiation
therapy, the survival gain in subgroup of patients with good performance
status were encouraging. CRT group showed higher rate of early death with-
in 1 year, higher 2 year survival rate compared with RT group. Therefore, to
evaluate the accurate effect on survival of concurrent chemoradiation ther-

apy, systematic follow-up for long term survivors are needed.
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INTRODUCTION

The prognosis of patients presenting with locally
advanced stage !l non-small cell lung carcinoma
(NSCLC) remains poor. Two main factors for ‘this
failure are the abscence of effective chemothe-
rapeutic regimens to treat the subclinical distant
metastases and high local failure rate even after
high dose radiation therapy. '

As the radiotherapy dose applied is determined
by normal tissue tolerance, there is a need for
selective potentiators of radiation damage in the
tumor cells. In vitro data have shown a variable

degree of tumor cell radiosensitization by cisplatin

including some supra-additive response”. This has
been confirmed in some animal studies"?. These
observations led four groups of investigators to
conduct randomized studies in which radiation and

concurrent cisplatin were compared to radiation
alone in locally advanced NSCLC*®. The highest
therapeutic gain has been observed when cisplatin
is given daily during fractionated irradiation®”. Ra-
diotherpy and Lung Cancer Cooperative Groups of
European Organization for Research and Treatm-
ent of Cancer (EORTC) study suggested the ther-
apeutic gain existed in this approachs’. Our study
was tried to evaluate the potential benefits of co-
ncurrent chemoradiation therapy using low dose
daily cisplatin combined with split course radiation
therapy compared with conventional radiation ther-
apy alone in stage Il non-small cell lung cancer.

MATERIALS AND METHODS

Between April 1992 and March 1994, 32 patie-
nts who had stage Il non-small cell lung cancer
were treated with concurrent chemoradiation ther-



— J. Korean Soc Ther Radiol Oncol: Vol. 15, No. 1, March, 1997 — 29

apy. Eligible patients had to fulfill the following
criteria : histopathological confirmation of non-smail
cell lung cancer with stage lil disease, performa-
nce status accdrding to Karnofsky scale 60, Zubr-

Table 1. Patients Characteristics

Chemoradiation RT alone

Characteristics group group
Number of patients 32 32
Age Range 41-77 46-79
Median 61 32
Sex (M/F) 24/8 30/2
Pathology
Sgamous cell 22 23
Adenocarcinoma 5 6
Large cell 2 1
Adeno-sgamous - 1
Poorly differentiated 3 1
Stage ( llla / b ) 12/20 3/19
Performance status
KPS 60 10 7
70 14 17
80 6 8
2 -
ECOG 0 2 -
1 6 6
2 24 25
3 - 1
Weight loss (+/—) 32/9 26/6

Table 2. Response Rate

Response Rate (%) Chemoradiation RT alone

group group

“Complete response 6(18.8%) 2( 6.3%)
Partial response 15(46.9%) 17(53.1%)
Stable disease 11(34.4%) 11(34.3%)
Disease progression o 0%) 2( 7.3%)
Total 32(100%) 32(100%)

“Chi-squre test : p = 0.03

0d-ECOG scale 2, age less than 80 years and no
evidence of renal problem. Radiation therapy was
administered for 2 weeks in a dose of 300 cGy
given 10 times up to 3000 cGy followed by a rest
period of 3 weeks. The dose was delivered with
two opposing anterior-posterior fields. Radiation therapy
was again administered for 2 more weeks in a dose
of 250 cGy given 10 times up to 2500 cGy with two
oblique fields to spare spinal cord. Initial fields included
the primary tumor and regional lymphatics. For the
second part of treatment, original primary lesion and
involved nodal region were encompassed. Radiation
therapy was preceded daily by chemotherapy with
intravenous cisplatin in a dose of 6mg/M2. Follow-up
period ranged from 13 months to 48 months with
median of 24 months.

Historical control group consisted of 32 patients who
had stage Il non-small cell lung cancer received
conventionally fractionated radiation therapy alone.
Fraction size ranged from 170 to 200 cGy with median
of 180 cGy. Total radiation dose ranged from 5580
cGy to 7000 cGy with median of 5940 cGy. Follow-up
period ranged from 36 months to 105 months with
median of 62 months. Table 1 showed patients
characteristics by treatment arm. Comparisons of
patient characteristics from each arm suggest that
patients groups are relatively similar.

The end points of analyses were response rate,
overall survival, survival without locoregional failure,
survival without distant metastasis, prognostic
factors affecting survival and treatment related
acute toxicity and pulmonary toxicity.

Table 3. Pattern of Locoregional Failure

Pattern of failure Chemoradiation group RT alone group p-value
“In field failure 8(25.0%) 15(47.0%)

In & out field failure 2( 6.3%) 5(15.6%)

Tout field failure 7(21.9%) 3( 9.4%)
&' 10(31.3%) 20(62.6%) 0.04
Total 17(53.4%) 23(72.0%) >0.05

*& s actual locoregional failure rate including in field failure component
Qut field failure : lung to lung metastasis or malignant pleural effusion
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Table 4. Pattern of Distant Metastasis

. . Chemoradiation  RT alone
Site of metastasis group group
* Bone 9 7
Brain 4 4
Retroperitoneal LN - 3
Liver 1 1
Soft tissue 1 -
Adrenal - 1
more than 2 sites 4 3
Total 12/32(375%) 13/32 (40.6%)
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Fig 2. Survival without locoregional failure.

Statistica methods

The chi-square tests were used to analyze
thedifferences of response rate, locoregional failure
rate, distant metastsis rate and toxicity rate in
between CRT broup and RT group. Survival was
calculated accerding to method of Kaplan and
Meier. To identify the prognostic factors, univariate
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Fig 4. Survival rate in patient with KPS=80.

analyses using log rank test and multivariate
analyses using Cox's regression model for
concomitant variables were performed.

RESULTS

The major response rate including complete
and partial response rate were similar in between
CRT group and RT group (65.7% vs. 59.4%). But
complete response rate was significantly higher in
CRT group than RT group (18.8% vs. 6.3%)
(Table 2). The actual locoregional failure rates including
in-field failure component were siginficantly higher in BT
group than CRT group (p=0.04) (Table 3)." There was no
significant differences in the rate of distant metastasis
between two groups (37.5% vs. 40.6%). Bone and brain
were common sites of metastasis{Table 4).

Fig. 1, 2 and 3 shows overall survival rate,
survival without locoregional failure and survival
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Table 5. Prognostic Factors in Chemoradiation Therapy Group

Prognostic factors

Univariate analysis”

Multivariate analysis

Performance status KPS (60~70 vs 80-90)
ECOG QO vs 1vs 2

Patholoic subtype (Sgamous vs non-sgamous)

Stage (lila vs Hib)

Weight loss {positive vs negative)

0.0014 0.025
0.001 0.015
0.0013 0.0079
>0.05 >0.05
0.005 >0.05

*:Log rank test T Cox regression model

Table 6. Prognostic Factors in Radiation
Therapy Alone Group

Univariate Muttivariate

Prognostic factors analysis” analysis
Performance status

KPS (80-70 vs 80-90) 0.001 0.0028
ECOG (1 vs 2 vs 3) 0.046 >0.05
Stage (illa vs 1lib) 0.003 0.0086
Pathologic subtype .

(Squamous vs non-sgamous) 0.035 >0.05
Weight loss

{positive vs negative) >005 >005

":Log rank test .
1 Cox regression model

without distant metastasis, respectively. The global
comparison of overall survival rate had no signi-
ficant differences in between CRT group and RT
group. Whereas CRT group showed higher rate of
early death within 1 year, but showed higher long-
term survival rate more than 2 years compared
with RT group. The 1 year survival rate of CRT
group and RT group was 37.5% and 53.3%,
respectively. The 2 year survival rate was 17%
and 9.4%, respectively. The median survival of
CRT group and RT group was 12 months and 13
months respectively. The survival without locor-
egional failure(16.5% vs. 5.3% at 2 years) and
survival without distant metastasis (19.1% vs. 4.6%
at 2 years) also had no significant differences
between two groups. In subgroup analyses for
patients with good performance status (Karnofsky
performance scale®®, CRT group showed signific-
antly higher overali survival rate compared with RT
group (62.5% vs. 15.6% at 2 years)(Fig. 4).

The prognostic factors affecting survival rate
were performance status and pathologic subtype
in CRT group(Table 5). In RT group, performance

Table 7. Acute Toxicities according to RTOG/
EORTC Grading Scale 2-3

L Chemoradiation  RT alone
Acute toxicitie Group Group
*Nausea & Vomiting  7/32(220%) 2/32( 6.3%)
Esophagitis 17 /32(53.0%) 12/32(40.6%)
BM toxicities 8/32(156%)  4/32( 9.4%)

Chi-squre test : “:p = 004, T:p = 002

status and stage (llla vs. llib) were identified as a
prognostic factors by multivariate analyses(Table 6).
Acute toxicities were analyzed according to
RTOG/EORTC grading scale®(Table 7). Grade 2-3
nausea and vomiting requiring ondansetrone and
fluid therapy were noted in 22% of CRT group
and 6% of RT group(p=0.042). Grade 2-3 radiation
esophagitis were noted in 53% of CRT group and
41% of RT group(p>0.05). Grade 2-3 bone
marrow toxicities were noted in 25% of CRT
group and 15.6% of RT group(p=0.02). Pulmonary
toxicities were analyzed according to RTOG/ EO-
RTC grading scale®(Table 8) and WHO grading
scale” (Table 9), respectively. The incidence of
RTOG/ EORTC grade 3-4 pulmonary toxicity had
no significant differences in between CRT group
and RT group(16% vs. 6%). The incidence of
WHO grade 3-4 pulmonary fibrosis also had no
significant differences in both group (38% vs...
25%). In analyses for relationship of field size and
pulmonary toxicity, the patients who were treated
with field size beyond 200cm’ had significantly
higher rates of pulmonary toxicities(Table 10).

DISCUSSIONS

Approximately 80% of all lung cancers are clas-



32 ~—In Ah Kim, et al.:Concurrent Chemoradiation Therapy in Stage III Non-small Cell Lung Cancer —

sified as non-small cell lung cancer. While puim-
onary resection provides cure for many patients
with early stage disease, only about 25% of patie-
nts are surgical candidates. Approximately 35-40%
of NSCLC patients have no obvious evidence of
distant metastases, but have locally advanced
disease (Stage M) which is either unresectable or
marginally resectable. Thoracic radiation provides
paliation for many of these patients but the me-
dian survival for patients treated with radiation alo-
ne is 9-12 months, and 2 year survival rate is
approximately 15-20%". These disappointing survi-
val results for thoracic radiation alone has ted to
testing the neoadjuvant concept in locally advan-

Table 8. Pulmonary Toxicities according to
RTOG/EORTC Grading Scale

Grade Cherg%all%ation RT alone Group
1 12 13
2 5 . 4
3 4 2
4 1 0
2-4° 10/32(31%) 6/32(19%)
347 5/32(16%) 2/32( 6%)
Total 22 | 23(69%) 19/ 32(59%)

*& TChi-squre test: P >0.05

*RTOG/EORTC Grading Scale

Grade 1 : asymptomatic or mild symptoms (dry cou-
gh)/ slight radiographic appearances

Grade 2 : moderate symptomatic fibrosis or
peumonitis (severe cough), low grade
fever/patch radiographic appearances

Grade 3 : severe symtomatic fibrosis or pnumonitis/
dense radiographic changes

Grade 4 : severe respiratory insufficiency/
continuous O assisted ventilation

Grade 5 : death directly related to radiation effect

ced NSCLC patients. At least five randomized
trials have tested chemotherapy followed by tho-
racic radiation versus thoracic radiation alone'®™"*.
In two of these trials patients treated with comb-
ined modality treatment survived significantly long-
er'® "™ and in one study there was a significant
reduction in the rate of distant failure'”. In the two
positive neoadjuvant trials the survival gains have
been modest with 2 year survival rates being 7
and 13% higher for patients receiving combined
modality  therapy'™'.  Therefore,  alternative
approachs are needed. At least four groups of
investigators have conduct randomized studies in
which curative thoracic radiation given simultane-
ously with cisplatin was compared to radiation
alone®®. In the EORTC trial patients who received
daily cisplatin' survived significantly longer than
patients who received radiation therapy alone or
radiation and weekly cisplatin. The 2 year survival

Table 9. Pulmonary Toxicities accoding to
WHO Grading Scale

Chemoradiation
Grade Group RT alone Group
1 3 5
2 7 6
3 4 5
4 8 3
3-4 12/ 32(38%) 8/ 32(25%)
Total 22 | 23(69%) 19/ 32(59%)

;Chi—squre test: P >0.05

WHO Grading Scale

Grade 1:faint shadowing without distortion of anatomy

Grade 2:moderate shadowing without distortion of
anatomy

Grade 3:faint shadowing with distortion of anatomy

Grade 4:moderate to dense shadowing with distortion
of anatomy

Table 10. Pulmonary Toxicities according to Treatment Volume

Grade= 2 Chemoradiation

WHO Grade =3

RT volume(cm2)

RTOG/ECOG RT alone Chemoradiation RT alone
=200 5/ 13(38.5%) 5/20(25%) 7/13(53.8%) 5/20(25%
< 200 5/19(26.3%) 1/12(8.3%) 5/ 19(26.3%) 3/12(25%)
Total 10/32 6/32 12/32 8/32

"Chi-squre test : P=0.046
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for patients receiving daily cisplatin was 26% com-
pared to 13% for patients receiving radiation
therapy alone. There was no difference in distant
failure rate for any of three arms in EORTC study.
However, the rate of local failure was significantly
lower in patients who received daily cisplatin
compared to patients who received radiation alone
or weekly cisplatin combined with radiation. There-
fore, EORTC investigators concluded that the
survival advantage was secondary to more
effective treatment of locoregional disease®. In co-
ntrast, Trovo et al observed no significant diffe-
rence in median survival or 2 year survival rate
with patients treated with radiation therapy alone
versus those treated with daily cisplatin®. Bonomi
explained the contradictory results observed in
these two trial: The dose of radiation therapy in
ltalian trial was only 45Gy in 15 fractions com-
pared to 54Gy in 20 fractions and the total dose
of cisplatin was 30% higher in EORTC trial®.
Komaki pointed out the patient population of
Italian trial was unfavorable. Half of patients had
KPS score less than 80 and up 1o 10% weight
lloss was permitted. These may obscured possible
differences between arms in this trial’®. In our
study, locoregional failure rate including in-field
failure compnent was significantly lower in CRT
group than RT group. There was no significant
survivial advantage in CRT group compared to RT
group. But significant survival gain was achieved
with combination- of cisplatin in subgroup of
patients with good performance status(2KPS 80).
Whereas CRT group. showed higher rate of early
death within 1year, but showed higher long-term
survival rate more than 2 years compared with RT
group in our data. These results might be related
fo toxicities from concurrent chemoradiation the-
rapy especially in patients with poor performance
status. It was uncertain that the cause of early
death in CRT group was directly related to toxi-
cities of treatment rather than locoregional faiture
or distant metastasis. There were two major
differences in between EORTC trial and our study:
First, our study was consist of patients with stage
Ill disease only. But EORTC study was consist of

the patients with all stage of nonmetastatic inop-
erable NSCLC including stage | and |I diseases.
The poorer outcome in our data might result from
poorer prognostic population of patients compared
with EORTC trial. Second, historical control group
of our study received continuous radiation therapy
with conventional fraction size in contrast to split
course radiation therapy with large fraction size in
EORTC study. Bonomi pointed out that surprising
rasult in which radiation was given on split course
schedule of EORTC trial produced a survival adv-
antage. Because general trials of radiation therapy
have shown that continuous radiation therapy is
superior to split course radiation therapy in NSC-
LCY. In our data, negative survival advantage mi-
ght be explained by the potential that suboptimal
radiation schedule of CRT group nullified possible
survival gain from concurrent cisplatin compared
with RT group. The Southwest Oncology Group
(SWOG) reported an similar pilot study of conc-
urrent daily low dose cisplatin (5mg/m? plus con-
tinuous course RT to 61Gy in 6.5 weeks in 58
assessable stage Illa and lllb patients. This study
differed from the EORTC study in that the chest
RT was administered continuously instead of split
course, and the cisplatin dose was 5mg/m?/day
instead of 6mg/m?/day. However, if one adds up
the ftotal cisplatin dose administered during the
course of chest RT in both studies, a higher total
dose was delivered in the SWOG trial(165mg vs.
120mg). This outpatient regimen was well tolerated
(no severe hematologic toxicities) and produced an
excellent median survival > 13 months™.

The RTOG has randomized 452 patients with
good performance status and less than 5% weight
loss in stage Il NSCLC, a three arm randomized
phase I study. Combined treatment given by
vinblastin and cisplatin repeated for two cycles
followed by radiation therapy, 63Gy in 6.5 weeks
with concurrent cisplatin. The median survival was
13.8 months and 2 year survival was 32%. The
other two arms were radiation therapy alone giving
60Gy in 6 weeks versus 69.6Gy hyperfractionated
radiation therapy with fraction size of 1.2Gy. The
survival difference between standard RT and
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hyperfractionated RT was not significant. Com-
bined treatment compared with radiotherapy alone
showed a significantly better 2 year survival rate'”.

There has been increased acute toxicity by
combined treatment in regard to hematologic
toxicities and esophagitis especially if the chem-
otherapy and radiotherapy are given concurrently.
The result of RTOG 91-06 study showed that one
third of patients developed grade 3-4 esophagitis
compared with 8% of patients who developed

grade 3-4 esophagitis by radiotherapy alone'®. In

our study, nausea, vomiting and hematologic’

toxicities were definitely increased in CRT group
compared with RT alone group. But there was no
significant differences in regard to esophagitis. This
might be explained by that CRT group received
split course schedule in contrast to continuous
schdule in RT alone group.

The term radiation pneumonitis is used to refer
to the symptomatic syndrome as opposed to the
radiographic diagnosis. In order to weigh the risks
and benefits of combined modality therapy, it is
useful to quantitate the severity of radiation peu-
monitis. The failure of most published series to
use uniform criteria for defining radiation peumo-
nitis precludes precise estimation of the incidence
and severity of radiation peumonitis'®. Using well
defined criteria using RTOG/EORTC grading scale
and data gathered. from prospective randomized
trials using conventional fractionation in a total of
6000cGy for the treatment of inoperable lung
cancer, the incidence of grade 3-4 radiation
peumonitis is approximately 10%. Grade 4-5 peu-
monitis is much less common, occuring in appro-
ximately 1% of patients'®®. In our series, the
incidence of grade 3-4 pneumonitis according to
RTOG/EORTC grading scale were comparable to
this data in both group. Whether or not peumonitis
occurs, some degree of fibrosis usually does. The
incidence of grade 3-4 pulmonary fibrosis accor-
ding to WHO grading scale were comparable to
EORTC data®. Whether the late end point is
peumonitis or fibrosis, many reports have su-
ggested that small differences in the dose per
fraction can dramatically alter lung tolerance® ™,

Because larger dose per fraction was used in
CRT group, we had a clinical impression that the
higher incidence of pulmonary toxicities were
existed in CRT group compared with RT group
that was treated with conventional fraction size. In
actual analysis, these differences between two
groups did not reach to statistical significances.

In spite of higher incidence of acute toxicities
with concurrent chemoradiation therapy, the survi-
val gain in subgroup of patients with good perf-
ormance status were encouraging. CRT group
showed higher rate of early death within 1 year,
higher 2 vyear survival rate compared with RT
group. Therefore, to evaluate the accurate effect
on survival of concurrent chemoradiation therapy,
systematic follow-up for long term survivors are
needed. At present, the resuits of clinical trials
support two cycles of induction chemotherapy
consisting of cisplatin and vinca alkaloid followed
by thoracic irradiation showing a modest survival
advantage over radiation therapy alone. The wee-
kly concurrent cisplatin and thoracic irradiation has
not improved survival rates, although there was a
significant improvement in local control and sur-
vival giving daily cisplatin concurrent with radioth-
erapy. Instead of split course radiotherapy with
large fraction size, continuous radiotherapy or hyp-
erfractionated radiotherapy combined with cisplatin
has to be tested to achieve better local control
and survival.
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