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Prognostic Factors in Patients with Brain Metastases
from Non-Small Cell Lung Carcinoma

Seong Eon Hong, M.D.

Department of Therapeutic Radiology, Kyung Hee University College of Medicine, Seou!, Korea

A retrospective study of 53 patients suffering from non-small cell carcinoma of lung with brain
metastases is presented. They were treated in the Department of Therapeutic Radiology of Kyung
Hee University Hospital from 1983 to 1990. There were 37 male and 16 female patients. The age
range was 39 to 85 years (median=59). The most common histologic cell type of tumor was
adenocarcinoma (50.9%), followed by squamous cell carcinoma and large cell carcinoma. All
patients were treated with whole-brain photon irradiation (WBI) using lateral opposing fields.

The overall median survival time was 5 months. Age, sex, histologic type, and initial perfor-
mance status were not prognostically important. The most important prognostic factors were the
response to radiotherapy and the presence of brain metastases alone. Increasing the dose of
radiotherapy to the main bulk of tumor may improve the symptom-free survival or overall survival
in patients who present with brain metastases as the sole site of extrathoracic disease.
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INTRODUCTION

Brain metastasis is a major problem for bron-
chogenic carcinoma, its incidence varys from 18%
to 57%'~*. Large cell carcinoma and adenocar-
cinoma among non-small cell lung carcinomas
spread to the brain as frequently as small cell
carcinoma. Regardiess of the primary tumor site,
patients frequently develop severe neurologic
dysfunction and may ultimately die of a direct
consequence of metastatic cerebral deposits
despite adequate control of the primary cancer
site®®. Due to the short median survival following
diagnosis, patients with brain metastases have
routinely been treated with palliative intent. Pallia-
tive therapy consists of corticosteroids and cranial
irradiation. While palliative therapy can often allevi-
ate the neurologic deficit, the overall results are
variable. The median survival of patients following
such palliative therapy is 3~6 months, with a few
patients (20%) living beyond a year®.

The value of whole brain irradiation has been
well established for relief of specific symptoms and
improvement of neurologic function with minimum
morbidity and has become the preferred mode of
treatment for brain metastases®™~. QOrder et al®
demonstrated the superiority of radiation over
surgery for most patients, in particular those with
primary sites originating in the lung. They evaluated
the functional improvement accomplished by radi-
ation and showed that a higher palliative index was

achieved by radiotherapy of brain metastases. This
suggest that supplemental irradiation to a smalt
volume containing gross disease might be needed
in patients with a longer survival probability. How-
ever, survival benefit from such palliative treatment
has proved to be relatively limited, with median
values following treatment ranging between 3~6
monthg®7#~11,

The aim of this study was to identify the prog-
nostic factors that may influence the survival in
patients with brain metastases of non-small cell
lung cancer. A number of factors may influence the
degree and duration of response to irradiation.
These factors include: Extent of metastases, status
of the primary site, neurological status, general
functional status and whether corticosteroids are
used. Difficulties for evaluation of these factors
arise not only from the varying site and extension of
brain metastases but also from differences in natu-
ral history and aggressiveness of the primary
tumor. In addition, the clinical course may depend
on the general condition of the patient, treatment
modality, and presence or absence of other distant
metastass.

MATERIALS AND METHODS

1. Selection of Patients

A retrospective study of 53 patients suffering
from carcinoma of the lung with brain metastases
has been undertaken. They were treated from 1983
to 1990 at the Department of Therapeutic Radiol-



198

ogy, Kyung Hee University Hospital. There were 37
male and 16 female patients with median age of 59
years (Range, 33~85).

Fifty-three of these patients had histological or
cytological confirmation of the primary tumor. The
percentage distribution by histology was: 50.9%
(27/53) adenocarcinoma, 39.7%(21/53)squamous
cell carcinoma, and 9.4% (5/53) large cell anapla-
stic cell carcinoma. All of the 53 patients were
performed CT scan of brain with single lesion of 21
patients (39.6%) and muitiple foci of 32 (60.4%)
cases.

Two patients were considered ineligible for
evaluation of the effects of radiotherapy. Brain
metastases were presented at diagnosis in 35
patients, and developed subsequently in an addi-
tional 18. Clinical characteristics of all patients are
listed in Table 1.

Table 1. Characteristics of Patients with Brain Metastases

Characteristics No.
Number of patients irradiated 55
Excluded patients* 2
Evaluated patients 53
Sex

Male 37

Female 16
Age

Median 59 yr

Range 33—-85 yr

" Histology

Adenocarcinoma 27

Squamous-cell 21

Large-cell 5
Time of diagnosis

Synchronous 35

Metachronous 18
Metastatic lesion of brain

Single 21

Multiple 32
Extent of extrathoracic disease

Sole extrathoracic site 28

Multiple extrathoracic site 25
Radiation dose

less 30 Gy 14

3040 Gy 29

over 40 Gy 10

* 2 irradiated after surgical resection

2. Treatment

Systemic corticosteroids were administered to
all patients receiving therapeutic cranial irradiation.
Radiation dose and fractionation schedules were
variable (180~200cGy/20~25 fractions to 300
cGy/10~14 ractions) depending upon the patient's
performace and disease status. All patients were
treated with whole-brain irradiation using bilateral
opposing fields by Co-60 gamma rays. The dose
was prescribed at the central plane. Complete
response to brain irradiation was defined as dis-
appearance of signs and symptoms of brain metas-
tases and/or normalization of previously abnormal
brain CT scans. Partial response represented
improvement of signs and symptoms of brain
metastases and/or brain CT scan evidence of 50%
reduction in size of tumor. Al other patients were
considered non-responders, except that no
attempt was made to assess response in patients
dying within 4 weeks of the beginning of radiother-
apy. This latter group was designated as having
early death.

3. Follow-up Studies

Detailed examinations of the patients were
performed at the completion of irradiation and
every month for the first six months after treatment,
and every two or three months thereafter. Each
patient was required to have an interval history,
physical examination with assessment of perfor-
mace status, chest films, neurological assessment
to detect any evidence of intracranial metastasis,
and CT scans 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-
ferences between subgroups were analyzed statis-
tically by means of the log-rank test. Factors
evaluated for prognostic significance included the
time onset of the brain metastases after initial
diagnosis of lung cancer (synchronous versus
metachronous), histological cell types, extent of
extrathoraicic disease, response to irradiation and
number of metastatic brain lesion.

RESULTS
1. Response Rate

Response rates to irradiation according to time
of presentation of brain metastases are given in



199

Table 2. Response to Cranial Irradiation

Time of brain Complete

No. of patients

Partial Early

No. response (%)

metastases response (%) response (%) death (%)
Synchronous 35 13 {37.1) 11 (31.4) 6 (17.1) 5(14.3)
Metachronous 18 6 (33.3) 4 (22.2) 4 (22.2) 4 (22.2)
All patients 53 19 (35.8) 15 (28.3) 10 (18.9) 9(17.0}
1 -y
cof | -
1 =53
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Fig. 1. Period of survival by response to craial irradiation. Non-respon-
der was associated with significant poor survival (p<0.001).

Table 2. Thirty-four patients (64.1%) achieved an
objective response to radiation, including 35.9%
with a complete response, with response rates 68.
6% and 55.5% in patients treated for synchronous
brain metastases and metachronous metastases,
respectively (Table 2). Of the 36 patients available
for follow-up with CT scans, the objective response
rate to dexamethasone and radiotherapy was 77.
8% (28/36). The reamining 8 patients (22.2%) had
no response to dexamethasone and radiotherapy,
although neurologic symptoms improved in many
of these patients.

2. Survival

The median survival of all 53 patients was 5
months, including 7 months for the 34 patients who
showed an objective response to radiotherapy and
2 months for the 19 patients who showed no
response to treatment (Fig. 1). These differences
are highly statistically significant (p<0.001). The
median survival of the 28 patients with brain metas-
tases only was 6 months and 3 months for the 25
patients with brain and other visceral sites of

muitiple metastases (Table 3).

This difference is highly statistically significant
(p<0.05), showed in Fig. 2. The actuarial survival
for the three groups of patients with different his-
tologic subtypes were also compared (Fig. 3} and
there was no significant difference in overall sur-
vival (p>0.5). Similarly, performace status at the
time of presentation was noted not prognostically
important. Median survival of 21 patients with single
brain lesion and of 32 patients with multiple brain
metatses were 6 months and 4 months, respre-
ctively, but there was not statistically significant
difference (Fig. 4).

DISCUSSION

Carcinoma of the lung is the most common
source of brain metastases (60%), while the breast
is second most common (17%)'?. More than 70%
of patients improved in the performance status with
whole brain irradiation, regardless of the fractiona-
tion scheme. Those receiving the large fraction
sizes and shorter courses demonstrated more
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Table 3. Survival from Initiation of Brain Irradiation

Synchronous brain metastases

Metachronous brain metastases

No. patients Survival Mo. No. patients Survival Mo.

All patients 35 6 (1-25)* 18 3(1-16)
Response to treatment

Responders 22 7 {(1-25) 12 7 (1-20)

Non-responders 13 2{1-~ 8) 6 1{1— 3)
Brain lesion

Single 15 7 (1-25) 6 4 (1-20)

Multiple 20 5 (1—-16) 12 2 (1-10)
Extent of metastases

Brain only 23 7 (1—25) 5 4 {1-16)

Multiple sites 12 4 (1-20) 13 2(1-14)

* Median survival (range of survival).

SURVIVING PROPORTION

multiple site(n=25)

0 2 4 6 8

12 14 16 18 20 22 24 26

MONTHS AFTER TREATMENT
Fig. 2. Period of suvival by extent of the extrathoracic disease. The
patients with multiple extrathoracic diseases were associated
with poor prognosis (p<0.05).

prompt improvement. The development of brain
metastases in non-small cell lung carcinoma her-
alds short-term survival. Hence, the treatment has
been palliative in nature, usually consisting of
whole brain radiation combined with corticosteroid
administration'®. The median survival with such
forms of therapy have ranged between 4 to 6
months®714),

The detection of multiple metastatic deposits
plays a critical role in the choice of therapy
because most authors restrict surgery to single
metasasis. Multiple deposits are present in 53% of
patients, although autopsy studies suggest that

smaller (<3 mm) metastases are undetected, and
the frequency of multiple tumors is higher'?. Brain
metastases may present in three temporal patterns
precocious (occult primary), synchronous (simul-
taneous primary), and metachronous (antecedent
primary). Most patients (81%) present in a meta-
chronous manner; the median interval from diagno-
sis of primary tumor to the discovery of cerebral
metastasis in a recent series was 17 months. The
mode of presentation is influenced by the primary
tumor; lung, melanoma, and renal tumors tend to
have short intervals from the time of initial diagno-
sis to evolution of a brain metastasis, whereas
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Fig. 3. Period of survival by histologic cell types. The difference
between the survival curves was not statistically significant

(p>0.5).
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Fig. 4. Period of survival by the number of brain metastatic lesions.
The difference was not statistically significant (p>0.5)

breast, colon, and sarcomas have long intervals®®,
Neurologic performance at the time of brain metas-
tasis is correlated with the prognosis and favorable
group tends to undergo surgery'®.

The author undertook the present analysis to
identify the prognostic factors that may influence
the outcome of therapy and survival. Knowledge of
these potential prognostic factors may be useful in
identifying patients who may respond well to treat-
ment and in stratifying patients for future clinical
trials.

The value of whole brain irradiation using con-
ventional fractionation in patients with brain metas-
tases in impriving the performance status is well
proven®7812~141718 The survival of this group of
patients is however short, especially when the
primary is in the lung and a significant proportion of
survival time is occupied by the treatment. There
are reports that there is no time-dose response
effect and rapid fractionated WBI may be as effec-
tive as conventional treatment®®. Borgelt et al'”
suggested that ambulatory patients with brain as
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the only site of metastases may benefit from higher
dose of cranial irradiation. Order et al® reported
that with increased duration of survival, the propor-
tion of patients with controlled CNS symptoms
decreases. Sham et al'® reported that a large
proportion of patients (80.4%) had progression of
neurological symptoms before death. It is suggest-
ed that some patients may benefit from a boost
irradiation to the gross brain tumor, thus proiong-
ing the symptom-free or overall survival. Prospec-
tive studies by Kurtz et al*? did not demonstrated
any difference between 30 Gy in 2 weeks (short
course) and 50 Gy in 4 weeks (long course), with
respect to palliation of symptoms, improvement
rate, median time to progression, or median sur-
vival. In Chatani's trial?", the median survival time
for patients receiving the short course and the long
course were 4 months and 3 months, respectively.
The 6 month survival was 42% after the short
course and 14% after the long course (p<0.05).
Histology, general performance status, neurologic
function, and prior brain surgery were studied for
the prognostic factors, but performance status and
prior brain surgery showed a significant influence
on the half-year survival rate (p<0.05), in the
single-factor analysis. Robin et al*® reported that
the most important factors were response to ther-
apy (corticosteroids, radiotherapy, and chemo-
therapy) and the presence of brain metastases
alone. Diener-West et al*® reported that favorable
prognostic characteristics were KPS 70~100, an
absent or controlled primary tumor, age<60 years
and metastases limited to the brain, and the
patients with the highest predicted probability of
surviving 200 days or more (52%) possessed all
four favorable characteristics.

This study indicates that the response to radia-
tion therapy and the absence of any metastatic
deposits outside the brain are the most important
two prognostic factors in patients with lung car-
cinoma and brain metastasis. The author found that
age, sex, histologic cell type, and initial perfor-
mance status were not prognosticaly important in
patients with NSCLC and brain metastases. Knowl-
edge of these potential prognostic factors may be
useful in identifying patients who may respond well
to treatment and in stratifying patients who enter
future clinical trials.

Surgical resection has been employed in the
management of brain metastases®!%19~2224~27 and
its superiority over conventional WBI has not been
demostrated. However the patients with no exira-
cranial disease and single brain metastases treated

with surgical resection and radiation, showed
encouraging results and, more specifically, in those
patients with a primary lung non-small cell
carcinoma®?¢~29_Direct comparision between sur-
gical results and historic results of conventional
radiation is difficult due to variable factors
involved, such as patients selection, individual insti-
tutional policy, and technique over varied time
periods. Mandell et al'¥ reported that, with surgical
resection and radiation, the overall subjective and
objective responses were 80% and 87%, respec-
tively, and with radiation therapy alone, 83% and
72%, respectively. But their survival analysis
showed a significant advantage of surgical resec-
tion and radiation over radiotherapy alone with
median survival of 16 months versus 4 months (p<
0.0001). They recommanded the absolute and rela-
tive indication for surgery including a solitary lesion
with minimal neurologic impairment, limited extra-
CNS disease, a long interval from the diangosis of
a primary cancer to brain metastasis, and preco-
cious presentation or occult disease. But only small
proportion of patients with brain metastasis may
benefit from surgical approach.

In previously irradiated patients with- progres-
sive CNS disease, retreatment with further radiation
therapy is reported to be beneficial. Kurup. et al*®
expressed the opinion that patients who initially
responsed well had a better chance of responding
to a second course of radiation therapy. In order to
improve the quality of life, re-irradiation of brain
metastases may be of value in selected patients*®.
Shehata et al*®, in a series of 35 patients, reported
the improvement in neurological function and dura-
tion of survival with re-irradiation. Kurup and
associates®® reported improved quality of survival
in 56 patients re-treated with two or more courses
of irradiation. It was a 75% response rate to the
second course of irradiation and 43% to the third
course. However, Hazuka®® reported that median
survival following retreatment was only 8 weeks,
that is similar to the median survival reported in
patients treated with steroid alone.

The present study suggests that it may be
appropriate to treat the gross tumor with radiation
doses of more than 40 Gy in patients with brain
metastasesas as the sole site of distant metastatic
disease, and timely and effective therapy for cere-
bral metastases can restore function or prevent the
neurologic complications of cancer. Future diag-
nostic and therapeutic advances will hopefully offer
more effective means of prevenitng and treating
the neurologic complications of metastatic dis-
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