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Radiotherapy in Medically Inoperable Early Stage
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Purpose : For early stage non-small-cell lung cancer, surgical resection is the treatment of choice. But when
the patierts are not able to tolerate it because of medical problem and when refuse surgery, radiation thera-
py is considered an acceptable aternative. We report on the treatment results and the effect of achieving
local control of primary tumors on survival end poirts, and analyze factors that may influence survival and
local control.

Materials and Method : We reviewed the medical records of 32 patients with medically inoperable non- small
cell lung cancer treated at our institution from June, 1987 through June, 1997. All patients had a pathologic
diagnosis of non-small cell lung cancer and were not candidate for surgical resection because of either
patients refusal (4), old age (2), lung problem (1), chest wall invasion (3) and heart problems (3). In 8
patierts, there were more than 2 problems. The median age of the patients was 68 years (ranging from 60
to 86 years). Histologic cell type included squamous (24), adenocarcinoma (6) and unclassified squamous cell
(. The clinical stages of the patients were T1in 5, T2 in 25, T3 in 2 patients. Intial tumor size was < 3.0
cm in 11, between 30 cm and 50 cm in 13 and more than 50 cm in 8 patients. All patients had taken
chest x-rays, chest CT, abdomen USG and bone scan. Radiotherapy was delivered using 6 MV or 10 MV
linear accelerators. The doses of primary tumor were the ranging from 540 Gy to 688 Gy (median; 612
Gy). The duration of treatment was from 37 days through 64 days (median; 485 days) and there was no
treatment interruption except 1 patient due to poor general status. In 12 patients, concomitant boost technique
was used. There were no necadwant or adjuvart treatments such as surgery or chemotherapy. The period
of follow-up was ranging from 2 months through 93 months (median; 23 months). Survival was measured
from the date radiation therapy was initiated.

Results : The overall survival rate was 44.6% at 2 years and 245% at 5 years, with the median survival
time of 23 months. Of the 25 deaths, 7 patients died of intercurrert illness, and cause- specific survival rate
was 610% at 2 years and 335% at 5 years. The disease-free survival rate was 389% at 2 years and 28.3
% at 5 years. The local-relapse-free survival rate was 35.1%, 28.1%, respectively. On univariate analysis, tu-
mor size was significart variable of overall survival (p=0.0015, 95% C.I.; 14814-52815), disease-free survival
(p=0.0022, 95% C.I; 14707-5.7780) and local- relapse-free survival (p=0.0048, 95% C.l.; 12910- 4.1197). T
stage was significant variable of overall survival (p=0.0395, 95% C.I; 11084-659112) and had borderline
significance on disease-free survival (p=0.0649, 95% C.I.; 0.8888-50.7123) and local- relapse-free survival (p=
00582, 5% C.I; 0.9342-52.7755). On multivariate analysis, tumor size had borderline significance on overall
survival (p=0.6919, 955 C.I; 0.9610-5.1277) and localrelapse-free survival (p=00585, 95% C.I; 0.9720-
4.9657). Tumor size was also significant variable of disease-free survival (p=0.0317, 95% C.I.; 11028- 8.4969).
Conclusion : Radical radiotherapy is an effective treatment for small (T1 or < 3 cm) tumors and can be
offered as alternative to surgery in elderly or infirmed patients. But when the size of tumor is larger than 5
cm, there were few long-term survivors treated with radiotherapy alone. The use of hyperfractionated
radiotherapy, endobronchial boost, radisensitizer and conformal or IMRT should be consider to improve the
local cortrol rate and disease- specfific survival rate.
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INTRODUCTION

As gengdly known, surgery is the trestment of choice
for ealy stage non-smal cdl lung cancer.!

However, each year a few patients with technicaly oper-
able non-small cel lung cancer will be referred to a radia
tion thegy depatment ether because of medicd reasons
auch as poar pulmonary function, severe cardiovascular
disease and old age or because the patient refuses surgery.
So the retrogective study was undertaken to determine the
results of radicd radiation therapy, the pattern of falure, and
the implications of treatment technique in dinicd stage

(T21-3, NO-1) non-gmal cdl lung cancer.

MATERIALS AND METHODS

Between June, 1987 and June, 1997, 78 ealy stage lung
cance patients were referred to the Seoul Nationd Univer-
sty, Depatment of Therapeutic Radiology for radiation ther-
gy. These chats wee reviewed to identify patients with
AXCC (American Joint Committee on Cancer) stage”
non-amdl lung cancer treated with radiation thergoy done. Of
the 78 charts reviewed, 3 paients was fulfilled the criteria.
Of these 32 pdients, 2 patients had refused surgery and 0
patients were felt to be medically inoperable (Teble J).

The diagnostic work-up and staging procedures performed
ae ummarized in Table 2. Only 1 patient waes given media
ginoscopy. All patients were teken CT scan. In dl patients,
the pathologic confirmation was done. The mgority of
patients were confirmed to squamous cell carcinoma (24 in
32) and adenocacinoma (6 in 32). In five patients, the
specimen was not adequate to ecificdly subcategorize the

Table 1 Causes of Inoperabilty

Cause No. of patients %
Heart disease 3 94
Lung problem (poor PFT', COPD', IPF) 21 656
Other systemic disease 7 220
Poor performance datus 1 31
Old age (78 yr, & yr) 2 6.3
Patients refusal 4 125
Cheg wall invason 2 6.3

“Combined problem in 8 patients, " Poor pulmonary function
¥ Chronic obgtructive pulmonary disease, ° Interdtitial pulmo-
nary fibrosis

non-amdl cell carcinoma. The Table 3 identifies the charac-
terigtics of the patient population in terms of sex, age,
higology, cause of inoperability, performance <aus and
extent of tumor (T stage and N Stage).

All patients were treated with megavoltage radiothergpy
using a linear accderator with a maximum energy of 6 10

Table 2. Patiert Workuyp and Staging Procedures

Procedure No. of patients %
Higory and physica examination 32 100
Chest PA 32 100
Bronchoscopy 30 A
Sutum cytology 32 100
Needle biopsy 16 50
Mediagtinoscopy 1 3
Ches CT 32 100
Bone scan/ skeletal survey 32 100
Brain CT 1 3

Table 3. Pdtiert Cheradteristics

Characterigtic No. of patients %
Age 60 86 yrs (median:68)
Sex

male 31 %9

femae 1 31
T stage

T1 5 156

T2 25 .81

T3 2 6.3
N sage

NO 3 %9

N1 1 31
AJCC dage

1A 5 156

1B 23 79

1A 0 00

11B 4 25
Performance datus (ECOG)

1 2 638

2 9 281

3 1 31
Tumor location

RUL/ RML/ RLL 558 156/ 156/ 25

LUL/LLL 11/ 3 3A4/94
Tumor Sze

<3 cm n A4

3 5an 13 406

>5 cm 8 20
Histology

squamous cdl carcinoma 24 70

adenocarcinoma 6 188

non-spedfied’ 2 6.2
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MV. None of the patients in this series received chemothera
py. The mediaginum was initidly included in 27 patients
(84%), but was generdly exduded during the cone down
portion of the treatment. In two patients, the primary tumor
olny was irradiated. The mediagind dose wes ranged from
06 Gy to 558 Gy (median:450 Gy) and the dose of
primary tumor was ranged from 540 Gy to 688 Gy (me
dian : 612 Gy) with a fraction sze of 18 Gy. The mgority
of patients (31 in 32) were treated with a continuous course
and 1 patients was trested with plit course due to poor
general gatus.

The patients were followed a regular intervals and follow-
up was completed on mog patients until death. Five patients
were lost to follow-up. Survival was determined from the
date of initiation of radiation thergpy. Patients who died of
unknown reasons were conddered to have died of lung
cancer in this dudy. Loca falure was defined as dinicd,
pahologicd o radiologica evidence of intrathoracic tumor
progresson within the irradiated port.

A ddidicd andyss was pefomed using SPSS for dl
andyss. All survival rates were edimated using Kaplan-
Meye method and the prognogtic significance was evaluated
usng Cox regresson model.

RESULTS

The overall aurival for the 32 patients was 44.6% a 2
years and 245% at 5 years. The locd relgpse free survivd
was 35.1% a 2 yeas and 281% a 5 yeas. The cause
ecific survivd was 611% a 2 yeas and 335% a 5

years (Fig. 1.
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When the patients anadlyzed as function of tumor sze, the
patients whose tumor Szes were less than 3 cm have a
gonificantly higher 5-year diseasefree survival (56.8%9 then
the patients with tumor sSize between 3 an and 5 cm
(3.19%). The patients whose tumor Szes were larger than 5
am did not survive for 5 years (Teble 4).

The fifteen patients out of 32 were faled after attempt of
curative radiothergpy. The mgor pattern of failure was locd
recurrence. Locd recurrences as the firg and only dte of
falure were documented in eleven patients. Thus, loca
failure aone represented 73% of the totd failure. In this
retrogective review it was not possible to accurately dtate
whether the local failures were actudly within or outside the
treatment port, snce most of the origind films were not
retrievéble. It was gopaent from the reports and progress
notes, however, that the mgority of recurrence was within
the irradiated area. Digant failure done represented 20% of
the totd failure. Both local and distant failures were docu-
mented in 1 (799 patient.

There was no remakable acute or late complication docu-
mented. There was only 1 trestment break required and all
patients completed their planned course of radiothergpy. The

Table 4. Suvival by Tunor Size

Tumor 5726 O (9 DFR (% LRFR' (%
(cm) 2yr 5yr  2yr  5yr 2yr 5yr
<3 78.8 %0 680 56.8 682 56.8
35 385 154 231 231 231 231
>5 125 00 00 00 125 00
“overall survival rate, ' diseasefree survival rate, *local

relapsefree surviva rate
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Fg. 1. Survivals of medically inoperable NSCLC patients treated with radiotherapy alone.
A) Overdl survival, B) Diseasefree surviva, C) Local relapse- free surviva

- 250 -



Bo Kyoung Kim-Chan |l Park : Radiotherapy in Medically Inoperable Early Stage Non- small Cell Lung Cancer

one patient required trestment bresk because of poor genera
condition during radiotherapy. He had poor peformance
daus (ECOG 3) initidly before radiaion thergpy. Lae
complications were difficult to analyze owing to the limited
aurvival and the chronic pulmonary conditions of this patient
population.

The size of tumor was the only dgnificant prognostic
factor of local control and survivals. On univariate anayss,
the sze of tumor was the dgnificant prognostic factor in
overdl survival (=0.0015), dissasefree aurviva (=0.0022),
locd relgpsefree surviva (p=0.0048). T sage was the signi-
ficant prognostic factor in overal survivd (=0.0395) and
had borderline dgnificance in diseasefree survivd (p=
0.0649), locd relapsefree aurviva (=0.0582). On multivari-
ate analyss, the tumor size was the only Sonificant disease-
free aurvivd (=0.0317) and had borderline significance in
ovedl survivd (=00619) and locd relgpsefree surviva
(=0.0585). The factors such as the presence or absence of
mediastind RT, od age (<70 yeas o 70 yeas<),
peformance daus (ECOG 1 or 2 3), higology, radiation
dose of tumor (<60 Gy or 60 Gy<) and T stage were not
sonificantly influenced the trestment results (Teble 5).

In one N1 disease patient, he was disease free over 24
months, and after 24 months, locd recurrence and distant
metadtasis were devel oped.

DISCUSSION

In 1960, Hilton” reported a 225% 5 year overal survival
in a progective study of 38 paients trested with radio-

Table 5. Prognostic Factors (Univariatel Mutivariate Aralysis)

Variable oS DFS LRFS

Age 03516/ 0.7464 02294/ 0.7740 0.1777/ 04712
(70 yrvs>7yr)

BID vs QD 09382/ 09547 06972/ 08476 08176/ 06161

Performance 05980/ 05683 0.7/63/ 08476 0.53%/ 06077
(ECOG 1 vs ECOG 2 3

Histotlogy 01349/ 02291 0.1047/ 0.3458 0.1806/ 0.7893
(quamous vs others)

Tumor dose 0.748/ 03181 0.7548/ 01780 05332/ 0.1635
(<60 Gy vs 60 Gy<)

Mediastind RT 02380/ 0.7341 0.2685/ 06159 0.2499/ 05415
(induded vs nat)

Tumor size 00015/ 00619 0.0022/ 00317 0.0048/ 0.0585

T dstage' 00395/ 00649 0.0649/ 04443 00582/ 02619

‘'<s3cmvs3 5anvs5om<, "T1 vs T2-3

thergpy aone. This result was not dgnificantly less than the
5 year survival achieved with surgery, which at that time
was goproximady 30% for ealy stage non-small cdl lung
cancer? Since the operative mortdity for elderly patients
was agpproximately 7 4% radiation therapy looked like
a posshle dternative for ealy stage pdients.

In 1963, Morrison” published the results of his randomiz-
ed sudy comparing surgery and radica radiation therapy for
ealy stage lung cancer. He reported a 4-yexr surviva rde
of 7% for the group received radiothergpy and 23% for
those who underwent surgery.

Perhaps discouraged by these reaults, investigators did not
readdress this question until the 1980s"* * In 1985, Coo-
per'® compared the trestment results of the opereble lung
cancer paients over the age of 70 treated with radiation
thergpy to surgicaly resected. He reported improved surviva
in the resected group (45 % vs. 10 % a 3 years). However,
uch comparisons between surgery and radiation thergpy for
dage lung canca should be reviewed with some caution.
In Cooper's review of patients receiving radiothergpy, only
53% of the irradiated patients received tumor dose 40 Gy
and 25% received radiation dose less than 30 Gy. Certanly
these are inadeguate tumoricidd doses. In additiondly surgi-
cdly trested patients are dways a more favoreble group of
patients because if they ae pathologicaly up-staged, they
fal out of the review. Conversdy, some clinically staged
patients ae mos cetanly understaged resulting in poorer
surviva for the dlinicaly staged group.”

In the late 1980s, Haffty’’ and later Zhang™ reported
encouraging 5-year survival rates of 21% and 32% for
patients trested with definitive irradiation. Sander's results™
were more conservative, having 11% 5-year qurvivd rate.

In 1993, Kaskowitz”® published the results of his retro-
spective studies of clinical stage non-smdl cdl lung cancer
treated with definite radiation thergpy alone. 3-year acturid
cause-gpecific aurvivd rate and diseasefree wurvival were
3B%. 3yer acturid freedom from loca reapse rate was
51%.

Qur resllts ae smilar to Zhang's report,”” but the
patient's population is not Smilar with respect to both age
(with @ mean age of 57 years and 70 years) and hedth
datus. But, in general, vaiations in the age and hedth
datus of the study populations may explain the different
aurvivd rates found in the severd gudies. Hilton's popula
tion was young, with mean age of 57 yeas, and in good
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hedth? Age was sgnificantly rdated to overal survival in
many sudies including Kaskowitz's repart. In that series™
with those under 70 years showing 3 and 5-year <urvival
rates of 31% and 14%, versus, 10% and 0% for those pa
tients over 70. But we found no Sgnificant difference in
urvival between those under 70 and over 70 yeas.

Locd control rates were discouraging in both our and
previous studies. 47% of the patients in our study had loca
falures a last follow-up. Kaskowitz's study™® noted local
falure rate of over 60% and Sendler's™ noted 58% overdl
locd failure. Local falure rates of surgicaly treated stage
paients rady exceed 10 15% In conddeing radiation
thergpy as an dterndive to surgery, one must consider the
fact thet loca failures will directly impact on surviva. To
achieve improved locd control rates with radiothergpy done,
improved loca control is mandatory.

Increasing primary tumor doses is one possible way to
improve local control. RTOG trids™ have shown that the
locd control rate is dose-dependent. A cdear advantage to
doses of 60 Gy over doses of 50 Gy and 40 Gy was found,
with intrathoracic infield failure rate of 27% 38%, and 48%,
respectivdy.” Sherman” found a 50% falure rate for doses
of less than 50 Gy and 5% failure rate for doses of 60 Gy
or more. These advantages seemed to trandade into increased
aurvival. In his sudy of patients treated with radiation
therapy aone, Zhang” found that patients who received
69 70 Gy had a 5yea surviva rate of 36% with only
four loca failures, while those who received 55 61 Gy had
a 271% 5-year survivd with eight local falures. In Kaskowitz
series,™ higher radiation doses in patients less than 70 years
gopeared to reult in a higher proportion of survivors.
Inadequate margins (<15 cm) and/or doses less than 65 Gy
aso resulted in increased local failures. But in our series,
there was no definite benefit of tumor dose inoresse. Poss-
bly, it may be that the mgority of the patients irradiated
less than 60 Gy were irradiated 594 Gy except 2 pdients
out of 11 Snce locd falure was the primary failure
associated with death for this group of patients, efforts to
improve local control are certainly indicated.

In an effort to improve local control, new thergpautic stra-
tegies to improve locd outcome through the use of altered
fractionation, 3-D conforma radiotherapy, brachythergpy, and
radiation-sengitizing chemotherapeutic agent. In 3-D confor-
mal thegpy, 3-D planning and ddivery were done for treat-
ment of bronchogenic carcinoma. Tumor delinegtion is im-
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19, 20,

proved with 3-D planning.”* * Using 3-D data and planning,
we have ben ale to increase the dose to the primary tu-
mor without excessve dose to normd tissues. The incidence
of complications is obvioudy not only due to dose done but
ds to the volume trested. In patients with compromised
pulmonary function, tolerance to thorecic irradiation remains
rlatively unknown. Martd® have been ele to cordate
dose and volume with the incidence of radiaion pneumo-
nitis, however, she did not report on its redadionship to
underlying lung function. Overdl, pulmonary function tests
peformed within 2 years of rediation thergpy, have shown
mixed restrictive and obgructive lung disease and those may
be able to make predictions of what patients with underlying
lung disease with impaired diffuson capacity. However, qu-
antating the amount of damage induced by radiation by dose
and volume and corrdding this with underlying lung disesse
may be able to tolerate is totaly unknown.

In our study, the overwhelming pattern of falure was
within the primary site and the incluson of mediastinum in
irediation field did not influenced trestment results. The
value of treating regional lymph nodes is certainly subject to
oeculation. The rationale for tregting the local tumor volume
done gpears judified when the patient's outcome is not
negativdy impacted if the regiona nodes are not included.
Until the local disease is contrdlled, the vaue of treating
regiona lymph nodes will remain dbscured. In patients who
have compromised pulmonary function, it would seem rea
sonable to reduce the ports to concentrate high doses to the
locd aea, o locd aea and fird echeon lymph nodes
gread done. Chen et ad* reported single tumor cel or
gmall clusters of tumor cdls (occult micrometagtasis) not
vishle on routine histologic evduation in 63% of patients
whose lymph nodes initidly appeared to be negative on
hemtoxylin-stained dides. Theses micrometastases were de-
tected by sendtive immunohistochemicd techniques and
specific monoclond antibodies. The lymph nodes tha con-
tained occult tumor cells were located nearest to the tumor,
primarily in the peribronchial and hilar locations. Reducing
the target aea to include the primay and firg echdon
lymph nodes may alow us to increase the radigion dose
delivered to the target while gill maintaining or reducing the
dose to surrounding critical structures.® Thus, sophiscated
3D planning and trestment ddivery may rexult in improved
local control and survival. The evidence appears to support
the use of gndler target volume to deliver higher doses
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12, 23)

without compromise of the regional outcome.

The issuue of golit-course versus continuous-course radia
tion has also been examined for stage non-small cell
lung cancer with mixed results and has been generdly been
discouraged when tregting with curaive intent.™™ % *? Split-
course radiothergpy is a reasonable dternative for dderly
pdients or patients living at far digances in whom a pro-
tracted course of trestment is impracticd. It is more cost-
effective.””

Brachythergpy alone or in combination with externa-beam
irradiation provides an aternative method of ddivering radia
tion in stage , medicaly inoperable dissase.® Hilaris
and collegues’™ *® reported the results of 55 patients with
medicaly inoperable stage non-amal cel lung cancer.
In 44 patients out of 55, they underwent biopsy only and
the remaining underwent subtotal resection. I was im-
planted in 45 paients and “Ra and Ir, in 4 and 9,
repectivey. After qurgery, 24 patients recaved additiona
external-beam irradiation (median dose; 40 Gy) An actuaid
5year ovedl arvivd of 32% was observed, with an im-
pressive loca control with irradiation done a 5years of
65%. Fleischman and associates” reported sSmilar results in
gndl prospective study of 14 medicdly ingperable lung can-
cer patients. With a minimum follow-up of 1 year, the local
control rate of 71%. Tredanid and associates’™ reported the
reults of 29 patients with endolumina locdized tumor
treated definitivdly with 192Ir afterloading sources. Complete
macroscopic regresson was seen in 21 of 25 evaluable
paients, with higologically complete reponses in 18 of 25
paients.

Improvements in locd tumor control may be achieved by
increasing the totd radiothergpy dose and reducing the
overdl treatment time. Hyperfractionated treatment schedules
have the potential to alow increases in the totd radicthergpy
dose while mantaning accepteble levels of late normal
tissue toxicity. The use of concurrent boost technigue can
donificantly reduce overal trestment time”

In concluson, currently surgical resection remans the
preferred treatment for early-stage non-smdl cell lung cancer.
But in patients medicaly inoperable or refuse surgery, radi-
cd radiothergpy is an effective treatment for smal (T1 or
<3 cm) tumors. Because the mgor pattern of failure is local
progresson and locd failure rate is high, new thergpeutic
drategies to improve the locad control rate should be cons-
dered for larger tumors, through the use of hyperfractionated

treatment, endobronchid “boost” irradiation, 3D-CRT, IMRT
and sensitizing chemothergpeutic agents.
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