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= Abstract =

Purpose : Metastatic cancer to the brain is a major problem for the patients with
bronchogenic carcinoma, and most of these patients have a limited survival expec-
tancy. To increase tumor control and/ or to decrease late morbidity with possible
shortening in over-all treatment period, multiple daily fraction technique for brain
metastasis was performed. The author reperesented the results of accelerated frac-
tionation radiotherapy in patients with brain metastases from non-small cell lung
cancer.

Materlals and Methods : Twenty-six patients with brain metastases from non-small
cell lung cancer between 1991 and 1993 received brain radiotherapy with a total
dose of 48 Gy, at 2 Gy per fraction, twice a day with a interfractional period of 6
hours, and delivered 5 days a week. The whole brain was treated to 40 Gy and boost
dose escalated to 8 Gy for single metastatic lesion by reduced field. Twenty-four of
the 26 patients completed the radiotherapy. Radiotherapy was interupted in two pa-
tients suggesting progressive intracerebral diseases.

Results : This radiotherapy regimen appears to be comparable to the conventional
scheme in relief from symptoms. Three of the 24 patients experienced nausea and
or vomiting during the course of treatment because of acute irradiation toxicity. The
author observed no excessive toxicity with escalating dose of irradiation. An incre-
ment in median survival, although not statistically significant(p>0.05), was noted
with escalating doses(48 Gy) of accelerated fractionation(7 months) compared to
conventional treatment(4.5 months). Median survival also increased in patients with
brain solitary metastasis(9 months) compared to multiple extrathoracic sites(4
months), and in patients with good performance status(9 months versus 3.5
months), they were statistically significant (p<0.01).

Conclusion : The increment in survival in patients with good prognostic factors
such as controlled primary lesion, metastasis in brain only, and good perfomance sta-
tus appeared encouraging. Based on these results, a multi-institutional prospective
randomized trial should be initiated to compare the twice-a-day and once-a-day
radiotherapy schemes on patients with brain metastasis with careful consideration
for the patients’ quality of life.

Key Words : Non-small cell lung carcinoma, Brain metastasis, Accelerated fraction-
ation.
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INTRODUCTION

Metatases to the brain are seen frequently in
25% to 35% of all cancer patients”. Lung carci-
noma is the most frequent primary site, account-
ing for 50% or more of all brain metastases in
most series®. It has been suggested that the inci-
dence of brain metatases in patients with lung
cancer may be increasing. Reasons for the appar-
ent increase include the higher incidence of lung
cancer, improved detection by more sensitive CT
or MR imaging, the more successful control of
the primary sites, and the optimal use of chemo-
therapy regimen. The anti-cancer drugs may de-
crease metastases outside the CNS but fails to
decrease brain metastases. Rarely, resbonses are
observed with cytotoxic chemotherapy?.

The diagnosis and management of patients with
brain metastases have slowly evolved over the
past four decades by improved brain imaging and
knowledge of optimal dose fractionation sched-
ules. If the metastasis is solitary and is in a favor-
able location, such as the anterior frontal region,
surgical excision usually is advisable with long
term survivors in some series as high as 25%9.

However, radiation therapy represents the
mainstay of therapy for patients with brain me-
tastases. In any case, irradiation is usually
advisable to retard growth and relieve symp-
toms, with continued use of corticosteroids to
control edema. Whole brain irradiation is the
most effective means for treating the patient
with brain metastases with symptom relief oc-
curring in 70 to 90% of patients®. Order et al®
demonstrated the superiority of radiation over
surgery for most patients, in particular those
with primary sites originating in the lung. Howev-
er, approximately 50% of patients with brain me-
tastases will eventually die due to progression of
their CNS disease during their life time. Escalation
of irradiation dose in patients with brain metasta-
sis has not resulted in a corresponding improve-
ment in survival®. As result, clinical research to
date with regard to brain metastases has con-

centrated mainly on modifying dose schedules
with the goal of optimizing palliation in short time
intervals with rapid-high dose fractionation
schemes.

Biological observations and clinical experience
with multiple daily fractions of irradiation have
been encouraging for disease control in a variety
of clinical situations®. Since approximately 50%
of patients with CNS metastases eventually
relaspe in the CNS, the RTOG conducted proto-
cols in testing one form of multiple daily fraction-
ated radiation therapy in patients with CNS
metatases”. The purpose of this trial was to test
the toxicity and efficay of accelerated fractiona-
tion in brain metastases. Theoretically, accelerat-
ed treatment would enhance tumor damage by
preventing tumor growth during irradiation and
cause no increase in late CNS radiation injury.
Analysis of previously conducted trials by the
RTOG™ on patients with CNS metastases has
identified a subset of patients with a relatively
good prognosis. This group of patients had a me-
dian survival of greater than 200 days and con-
stitutes approximately 11% of the patient popu-
lation who present with brain metastases. This
group of patients is characterized by a
Karnofsky status of 70-100, an absent or con-
trolled primary tumor, age<60 years and meta-
static spread only to the brain'®. To detect a
possible benefit to therapy as well as more ac-
curately detect CNS injury, patients with these
characteristic were selected for this trial.

The aim of this study was to identify the prog-
nostic factors that may influence survival in pa-
tients with biain metastses of non-small lung can-
cer. A number of factors may predict the degree
of response to irradiation, or its duration. These
factors include : age, extent of metastases, num-
ber of brain lesion, status of the primary site, and
Karnofsky performance status.

MATERIALS AND METHODS
1. Selection of patients

A retrospective study of 24 patients who



were treated from 1991 to 1993 as brain metas-

tases from bronchogenic carcinomas has been
undertaken. There were 15 male and 9 female
patients with median age of 56 years(range =28~
72). They were confirmed as non-small cell lung
carcinoma histologically or cytologically. The
most common histologic subtype was aden-
ocarcinoma(58%). All of the 24 patients were
performed CT or MR scan of brain with single le-
sion of 9 patients(37.5%) and multiple foci of 15
cases(62.5%). Multiple extrathoracic lesions in-
cluding brain metastasis were noted in ten pa-
tients(42%) of total 24 cases.

2. Treatment

The whole brain was treated to a total dose of
40 Gy in 20 fractions and boost dose escalated
to additional 8 Gy for single metastatic lesion by
reduced field. Accelerated radiotherapy with a
total dose of 48 Gy, at 2 Gy per fraction, twice a
day with a interfractional period of 6 hours, and
delivered 5 days a week, A response was de-
fined as any definite improvement in neurologic
examination and/or CT/MR scan. Complete
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response to brain irradiation was defined as dis-
appearance of signs and symptoms of brain me-
tastases and normalization of previously abnor-
mal brain CT or MR scans.

3. Follw-up studies

Detailed examinations of the patients were
performed at the completion of irradiation every
month for the first six months after treatment.
Thereafter each patient was required to have an
interval history, physical examination with as-
sessment of perfomance status, chest films, neu-
rological assessment to detect any evidence of
intracranial metastasis or recurrence, and CT
scan as indicated.

4. Statistical analysis

Survival was determined from the initiation of
brain radiotherapy. Survival data were calculated
using the Kaplan-Meier product limit method. Dif-
ference between subgroups were analyzed sta-
tistically by means of the log-rank test. Factors
evaluated for prognostic significance included
the age of patients, extent of the extr-

Table 1. Characteristics of patients with brain metastasis

Characteristics

Conventional(N=53)
(1984-1990)

Accelerated(N=24)
(1991-1993)

Age

Median 59yr 56yr

Range 33-8byr 28-72yr
Sex

Male 37 15

Female 16 9
Extent of disease

Brain only 28 14

Muitiple extrathoracic 25 10
Number of brain lesion

Single 21 9

Multiple 32 15
Primary site

Controlled 17 10

Uncoltrolled 36 14
Performance status

80-100 38 17

less than 70 15 7
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athoracic disease, number of metastatic brain le-
sion, status of the primary lesion, Karnofsky per-
formance status, and response to radiation.

RESULTS
1. Patient characteristics

All patients wo had a CT or MR scan of brain
were found to have single or muitple metastatic
lesions. Twenty-four of the 26 patients complet-
ed the radiotherapy. Raiotherapy was interup-
ted in two patients suggesting progressive intra-
cerebral disease : one developed hemiplegia, and
the other drowsy mental state. These two pa-
tients were considered ineligible for evaluation of
the effects of radiotherapy. Clinical characteris-
tics of all patients are listed(Table 1).

2. Response rate

This radiotherapy regimen appears to be com-
parable to the conventional scheme in relief from
symptoms. Three of the 24 patients experienced
nausea and/or vomiting during the course of
treatment because of acute irradiation toxicity.
The author observed no excessive toxicity with
escalating dose of irradiation. There were he-
adache and motor weakness in about half pa-
tients of brain metastases. Response rate to irra-
diation according to clinical symptoms from brain
metastases are given in(Table 2). Symptomatic
relief was achieved in 77% of patients including
43% with a complete response. Of the 16 pa-
tients available for follow-up with CT or MR

scans, the objective response rate to dexameth-
asone and radiotherapy was 75%(12/16). The
remaining 4 patients(26%) had no response to
dexamethasone and radiotherapy, although neu-
rologic symptoms improved in many of these pa-
tients.

3. Survival

An increment in median survival, although not
statistically significant(p>0.05), was noted with
escalating doses(48 Gy) of accelerated fraction-
ation(7 months) compared to 30 Gy of conven-
tional treatment{(4.5 months) shown in(Fig. 1).
The median survival of the 14 patients with brain
metastasis alone was 9 months versus 4 months
for the 10 patients with brain and other extr-
athoracic sites. This is highly statistically signifi-
cant difference(p<0.01) shown in(Fig. 2). The
median survival of the 17 patients with good
performance status was 9 months versus 3.5
months for the 7 patients with poor performance
status. The half-year survival(76.4% versus 28.7
%) was statistically significant difference(p<0.
01). The number of brain metastases(single ver-
sus multiple), sex. status of primary site(con-
trolled or not), were not contributed in improving
survival, and there were not statistically signifi-
cant shown in(Table 3).

DISCUSSION

Metastatic brain tumors are a clinically serious
problem and a frequent cause of death. It is

Table 2. Clinical presentation and relief of specific symptoms(N=24)

Symptom Incidence(%) Complete response(%) Overall response(%)
Motor weakness 12/24(50) 4/12(33) 10/12(83)
Headache 11/24(46) 6/11(55) 9/11(82)
Mental change 6/24(25) 2/ 6(33) 5/ 6(83)
Cerebellar dysfunction 5/24(21) 2/ 5(40) 4/ 5(80)
Cranial nerve palsy 4/24(17) 2/ 4(50) 3/ 4(75)
Convuisions 3/24(13) 2/ 3(67) 2/ 3(67)
Sensory loss 2/24( 8) 1/ 2(50) 1/ 2(50)
Total 19/44(43) 34/44(77)
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Table 3. Median and a half-year survivals following accelerated radiation therapy in patients

with brain metastases(N=24)

Median survival{mo.) Half-year survival(%) P-value
Accelerated 7 58.3
Conventional 45 32.1 p>0.05
Age<60 7.5 69.2
Age<60 5 455 p=n.s."
Controlled primary 7.5 63.2
Uncontrolled primary 5 45 .4 p=n.s.
Brain metastasis 9 78.6
Brain+extrathoracic 4 30.0 p<0.01
Solitary metastases 7.5 60.0
Multiple metastases 7 55.6 p=n.s.
Performance status=80-100 9 76.4
Performance status=less 70 3.5 28.7 p<0.01

* n.s.: no significance
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Fig. 1. Survival difference between patients

treated with accelerated fractionation
and conventional radiotherapy sche-
mes.

known that the incidence of brain metastases
may increase as the population in general lives
longer and as other therapies become more suc-
cessful in controlling disease outside the central
nervous system. Tumors of the lung, breast, and
digestive tract are responsible for over 80% of
cerebral metastases'”’. An initial manifestion as a
brain metastasis is common for lung cancer but
rare for other cancers. Lung cancer is the most
common primary source of brain metastases,
representing more than 50% of cases'”. In au-
thors’s cases it was occupied about two-third of
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Fig. 2. Survival difference between patients with
brain metastasis only and patients with
multiple extra-thoracic metastases.

total 77 cases with metastatic brain tumors, and
the most common subtype of histology was
adenocarcinoma. However, in a significant per-
centage of cases the primary tumor site is un-
known at the time of diagnosis. The best diag-
nostic test for the symptomatic brain metastases
of the lung carcinomas is either MRl or CT scan
with contrast enhancement. Cerebral metastases
are solitary in about 40-50% of patients on CT
scan'®. The incidence of single brain lesion was
39.8% of total 77 patients with brain metastases
from lung cancer in present cases. Compared
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with CT scans, MRI appears to have a better
ability to distinguish hemorrhage from tumor'.

The treatment of patients with lung carcnoma
and brain metastases consists of radiotherapy to
control the local metastatic deposit, and of corti-
costeroid to reduce the surrounding edema and
relieve symptoms in most patients'. Lack of im-
provement or exacerbation of symptoms during
a trial of steroids can be due to intratumor hem-
orrhage with intracerebral hematoma. The
average survival of patients with cerebral metas-
tases is around 1 month without therapeutic in-
tervention. Estimates of median overall survival
of 3 to 5 months with radiotherapy to the whole
brain have not changed in 10 years®. At least
half of patients with brain metastases will die
due to eventual failure in the brain. About 40%
of patients die not because of brain metastases
but because of the systemic disease'”'®.

Whole brain irradiation has been proven the
most effective means for treating the patient
with brain metastases with symptom relief in 70
-90% of patients'. In author’s case over half of
patients with headache, convuision, cranial nerve
palsy, and sensory loss show a complete
response to treatment, but it was not perma-
nent. Radiation therapy is indicated depending on
whether the metastases are sinlge or multiple
and on whether the primary tumor is advancing
or stable. It is very difficult in patients of lung
cancer with metastases to evaluate the effect
of therapy on survival. Because patients receiv-
ing brain irradiation often have extensive disease
elsewhere, median survival is only 4 to 6
months. Some subsets of patients with good
performance status, controlled primaries, and sol-
itary brain lesions have median survivals of
around 12 months®#2% |In RTOG 79-16, the
median survival of the entire group was 4.2
months'®. If one had all four favorable prognostic
factors(good KPS, absent primary, age less than
60, and no metastatic disease) then the median
survival was 7.4 months: One can further define
an extremely favorable subgroup with solitary
metastases and a controlled primary tumor re-

ceiving 70.4Gy who had a median survival of 9.7
months?”.

There is a subset of good-prognosis patients
treated with a high-dose accelerated fractiona-
tion regimen who may have derived a surivival
benefit. To increase late morbidity and/or in-
crease tumor control with possible reduction in
over-all treatment time, altered fractionation
techniques employing multiple daily fractions are
under investigation. Accelerated fractionation
schedules have a reduced time-2 or 3 fractions
per day-while the number of fractions, the frac-
tion size and the total dose can be left un-
changed. In an early study of Biti et al®, 2Gy per
fraction three times a day to a total dose of 30-
36Gy in one week's time has been employed
with excellent response rates. With this regimen
85% of patients had symptomatic improvement
and greater than 45% of patients had improve-
ment for more than 6 months following treat-
ment and with no significant late complications
observed. RTOG protocol 85-28 tested in a
dose-escalation study 1.6 Gy twice daily to toal
doses of 48, 64.4, 64 and 70.4 Gy®. Patients
with at least three favorable characteristics (high
Karnofsky performance status, absence or con-
trolied primary, age <60, or metastases limited to
brain)were eligible. Results from that Phase I/1I
study indicate inferiority of the 48Gy arm com-
pared to the higher dose arms. An accelerated
split course regimen of whole brain radiation has
been evaluated by Franchin et al® which used 3
daily fractions of 160 cGy each for 5 days a
week repeated after a 2 week break to a total
dose of 48 Gy. The response rate was only 42.5
% and toxicity was tolerate. The author has un-
dertaken a retrospective study comparing stan-
dard high-dose fractionation of 30Gy in 10 frac-
tions over 2 weeks to accelerated hyper-
fractionation to 48Gy at 2Gy ber fraction twice
daily. The median survival was increased from 4.
5 months to 7 months, and an half-year survival
was 32.1% and 58.3%. respectively. It was not
statistically different(p>0.05).

The major purpose of this paper was to com-



pare the resuft of accelerated hyperfractionation
and conventional high fraction radiotherapy of
brain metastasis in non-small cell lung cancer pa-
tients. Within the limits of this study, the author
was unable to detect excessive toxicity with es-
calating dose of irradiation. The author limited
the field size in those patients of single lesion re-
ceiving 48Gy because of possible excessive tox-
icity. Three of the 24 patients experienced nau-
sea and/or vomiting during the course of treat-
ment because of acute irradiation toxicity.

A solitary metastasis localized to an accessible
region, with controlled systemic disease, has to
be resected before radiotherapy. Surgical treat-
ment can be very effective at quickly relieving
the symptom in more than 80% of patients or
provide a tissue diagnosis in others®, Survival in
different series averages about 7 months for sur-
gically treated patients ranges from 2 to 20
months®®, Survival results are influenced by re-
mission duration, neurologic status at time of sur-
gery, and presence of metastses at other sites.
Surgery should be followed by whole brain irra-
diation to prevent the development of other
brain metastases. It was demonstrated that com-
bined treatment provided significantly improved
survival over surgery alone. In one retrospective
study® comparing patients treated with surgical
resection of a solitary brain metastasis versus
surgery plus adjuvant whole brain irradiation, the
subseqguent brain relapse rate was only 21% in
the adjuvant irradiated group versus 85% in the
surgery alone group. The median survival in-
crease from 6 to 12 months in patients who re-
ceive postoperative irradiation to the skull with
doses equivalent to 4000cGy in 20 fractions®.
Recently, Patchell et al¥’ conducted a randomized
study of surgery plus radiotherpay versus
radiotherapy only in treatment of single metasta-
ses to the brain. They demonstrated that the
median survival after combined surgery and
whole brain irradiation is significantly longer(40
weeks) than after irradiation of brain alone(1%
weeks). Noordik et al®® reported that selection
for treatment of solitary brain metastasis should
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be bases on extracranial tumor activity status, as
well as on age: Patient under 60 years without
extracranial tumor activity should have surgery
and radiotherapy, because prognosis is better
than with radiotherapy alone.

Patients with small solitary brain metastases
that are inoperable are candidate for treatment
by stereotaxic radiosurgery, in which a large sin-
gle ablative dose is given to a small volume en-
compassing the gross disease. The large dose
per fraction may be more effective than conven-
tional radiation therapy in more resistant tumors,
such as renal cell carcinomas, sarcoma, and mela-
noma. It appears that control rates of greater
than eighty percent can be obtaind with minimal
risk of serious complications®. Flickinger et al*®
reported a review of 116 patients with solitary
brain metastases who underwent gamma knife
stereotactic radiosurgery. Median survival was
11 months after radiosurgery and 20 months
after diagnosis. Follow-up documented local
tumor control in 99 patients(85%), tumor recur-
rence in 17 patients(156%). Because patients
often develop systemic or other intracranial me-
tastases, survival advantage of stereotactic radi-
osurgery has not been demonstrated. For recur-
rent brain metastases, studies are in progress
concerning brachytherapy with 1-125, employed
as a supplementary boost after external
radiotherapy, in cases of a sinige brain metastasis
with a stable primary tumor®”.

The present results indicate that the two most
important prognostic factors in patients with
lung carcinoma and brain metastases are per-
formance status and the absence of any meta-
static deposits outside of the brain. The author
found that age, sex, number of brain lesion, and
status of primary site were not prognostically
important in patients with non-small cell lung car-
cinoma and brain metastses. [t is clear that the
reversibility of the neurologic impairment, as
measured by response, is the most important de-
terminant in survival. Knowledge of these poten-
tial prognostic factors may be useful in identify-
ing patients who may respond well to treatment
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and in stratifying patients who enter future clini-

cal

trials. Future diagnostic and therapeutic

advance will hopely offer a greater fraction of
these patients increasingly effective means of
preventing the neurologic complication of meta-
static disease.

10.
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