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Objective : This study was performed to assess the efficacy of GKS in patients with ten or more brain metastases.

Methods : From Aug 2002 to Dec 2007, twenty-six patients (13 men and 13 women) with ten or more cerebral metastatic lesions underwent
GKS. The mean age was 55 years (32-80). All patients had Karnofsky performance status {KPS) score of 70 or better. According to recursive
partitioning analysis (RPA} classification, 3 patients belonged to class | and 23 to class Il. The location of primary tumor was lung (21), breast (3)
and unknown {2). The mean number of the lesions per patient was 16.6 (10-37). The mean cumulated volume was 10.9 cc (1.0-42.2). The median
marginal dose was 15 Gy (9-23). Overall survival and the prognostic factors for the survival were retrospectively analyzed by using Kaplan Meier
method and univariate analysis.

Results : Overall median survival from GKS was 34 weeks (8-199). Local control was possible for 79.5% of the lesions and control of all the
lesions was possible in at least 14 patients (53.8%) until 6 months after GKS. New lesians appeared in 7 (26.9%) patients during the same
period. At the last follow-up, 18 patients died; 6 {33.3%} from systemic causes, 10 (55.6%) from neurological causes, and 2 (11.1%]) from
unknown causes. Synchranous onset in non-small cell lung cancer (p=0.007), high KPS score (>80, p=0.029), and controlled primary disease

(p=0.020) were favorable prognostic factors in univariate analysis.

Conclusion : In carefully selected patients, GKS may be a treatment option for ten or more brain metastases.
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INTRODUCTION

Brain metastasis is the most common neurologic com-
plication of cancer that occurs in 30% of cancer patients'?.
The incidence of brain metastasis is increasing with im-
proving systemic care of cancer patients and longer survival.
In general, the prognosis in this population is poor; the
median survival time is only a month without treatment, 1
to 2 months with medical treatment for relief of increased
intracranial pressure*'**?, and 4 to 6 months after whole
brain radiotherapy (WBRT)***. Stereotactic radiosurgery
has been employed in patients with brain metastasis either
alone or in combination with WBRT. Recently reported
results of a prospective randomized trial demonstrated ben-

* Recelved : July 16,2008 « Accepted : November 24, 2008

+ Address for reprints : Jung-l Lee, MD.
Department of Neurosurgery, Samsung Medical Center, Sungkyunkwan
University School of Medlicine, 50 Irwon-dong, Gangnam-gu, Seoul
135-710, Korea
Tel : +82-2-3410-3494, Fax : +82-2-3410-0048
E-mail : jlee@skku.edu

eficial effects of stereotactic radiosurgery added to WBRT
on survival or quality of life in patients with one to three
metastatic lesions”. Also, it was reported that stereotactic
radiosurgery alone in the patients with 1-4 lesions was com-
parable to stereotactic radiosurgery combined with WBRT
in survival®. Though there is no level one evidence, benefit
of gamma knife radiosurgery (GKS) in the patients with 4
or more lesions was suggested in retrospective analysis
data®?, Recursive partitioning analysis (RPA) class'® or the
total volume of intracranial lesions” were suggested as more
important prognostic factors than the number of lesions.
There are even less number of reports that suggest benefit
of GKS in the patients with ten or more cerebral lesions'>'®
and radiosurgery is not commonly recommended to the
patients with such large number of lesions in usual clinical
practice. However, there are patients who have favorable
prognostic factors, among most of the clinical parameters,
other than the great number of brain lesions. In this report,
we retrospectively analyzed the outcome after GKS for ten
or more brain metastases.
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MATERIALS AND METHODS

Patient population

Twenty-six patients underwent GKS for a total of 410
lesions from Aug 2002 to Dec 2007 in our institute. All
patients harbored ten or more brain metastases at the time
of initial GKS (mean 16.6, range 10-37). The mean pa-
tient’s age was 55 years (range 32-80 years). There were 13
men and 13 women. The mean KPS score in this series was
77 (range 70-90). According to RPA classification”, there
were three patients of class I and twenty-three of class 11
(class T : KPS >70, age <65, no extracranial metastasis,
controlled primary tumor; class III : KPS <70; class I :
others). The primary sites of origin for the brain metastases
are shown in Table 1; non-small cell lung cancer (NSCLC)
represented the most common sources of brain metastases
in this series. The mode of onset was synchronous (i.e.

Table 1. Demographic and clinical characteristics in 26 patients with
10 or more metastatic brain lesions

Variable Value or
number of patients

Mean age (yrs) 55 (32-80)
Sex (M F) 13:13
Primary Tumor

NSCLC 21

Breast cancer

Unknown
Mode of onset

Synchronous 17

Metachronous
KPS score

70 14

80 7

90 5
No. of lesions 16.6 (10-37)
Mean cumulated volume (cc) 109 (1.0-19.8)
Median prescription dose (Gy) 15 (9-23)
Treatment

GKS for progressive lesions after WBRT 13

GKS + Upfront WBRT

GKS and WBRT later for progressive lesions

GKS alone 6
Chemotherapy

22 cycles 16

< 2 cycles 10
Primary disease control

Yes 12

No 14
Bdracranial metastasis

Presence 17

Absence 9

NSCLC : non—small cell lung cancer, KPS : Kamofsky performance status, GKS :
gamma knife radiosurgery, WBRT : whole brain radiotherapy
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diagnosis of brain lesion not later than 2 months from
diagnosis of primary tumor) in 17 patients and meta-
chronous in 9.

Radiosurgical treatment

All patients underwent application of a Leksell stereo-
tactic frame G (Elekta Instrument AB, Stockholm, Sweden)
after infiltration of local anesthetics. MR imaging for radio-
surgery planning was performed. Tz-weighted axial images
were obtained with a 1.5- to 2-mm slice thickness and no
gap, and a double dose of contrast agent was administered
followed by the acquisition of three-dimensional SPGR
images with 1- to 1.5-mm slice thickness. Leksell Gamma
Plan versions 5.32 and 5.34 (Elekta Instruments AB) were
used to create the radiosurgery plans. Radiosurgery was
performed with Leksell Gamma Khife type B or C (Elekta
Instruments AB). A total of 42 GKS procedures were per-
formed in 26 patients including 9 patients who were treated
more than once for local or remote recurrent lesions. The
number of lesions treated at the initial GKS session was
410 and the mean number of lesions per patients was 16.6
(range 10-37). The mean cumulated volume at initial GKS
was 10.9 cc (range 1.0-19.8 cc). The marginal dose covering
the tumor varied between 9 Gy and 23 Gy (median 15 Gy),
which was prescribed from 33 to 88% isodose line (median
50%).

Additional treatment before and after GKS

GKS for the progressive lesions after WBRT was per-
formed in 13 patients (65.0%). GKS with upfront WBRT
(simultaneously conducted within 1 month of interval) was
performed in 5 patients (19.2%). The other 8 patients
(30.8%) were treated with GKS alone as an initial mana-
gement and 2 among them were given additional WBRT
later for progressive lesions. Therefore, 6 patients were
finally treated with GKS alone.

Nine patients (34.6%) received GKS more than once and
systemic chemotherapy was continued in eight patients

(30.8%) after initial GKS.

Follow-up evaluation

Patients were examined clinically at 1 and 3 months post-
treatment and then every 3 months thereafter. Neurolo-
gical status was evaluated, and all complications were
recorded. MRI scan was obtained every 3 months follow-
ing radiosurgery.

Statistical analysis
With statistical software program (SPSS, version 15.0,
SPSS Inc., Chicago, IL), the Kaplan-Meier method was
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used to calculate overall survival rates. The prognostic factors
for survival were analyzed for significance by using univariate
analysis with log-rank tests. It was considered significant
when p-value was less than 0.05.

RESULTS

Overall survival and tumor control

Overall median survival from first GKS was 34 weeks (8-
199 weeks) (Fig. 1). At the last follow-up 18 (69.2%) had
died from the disease. The causes of death were systemic in 6
patients (33.3%), neurological in 10 (55.6%), and unknown
in 2 (11.1%). The earliest death from systemic cause was
observed in a 48 year-old female patient who underwent
GKS for 10 lesions (total volume of 5.89 cc) and died from
respiratory failure due to progression of lung lesion and
pleural effusion at 13 weeks after initial GKS. Meanwhile,
the earliest death from neurologic cause was in a 46 year-
old female patient treated with GKS

for 18 lesions (total volume of 3.87 cc)  more brain metastases

radiosurgery, 9 patients with a total of 147 lesions died (3
patients from systemic causes, 4 from neurological causes,
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Fig. 1. Kaplan-Meier survival curves for the patients with ten or more
brain metastases after gamma knife radiosurgery.

Table 2. Univariate analysis for prognostic factors influencing survival of the patients with ten or

who died from aggravation of brain
edema and seizure at 11 weeks after

GKS.

Until 3 months after initial GKS,
one patient died from systemic cause,
one from neurological cause, and one
from unknown cause. Follow up MR
imaging at 3 months after treatment
was available for 367 lesions of 23 pati-
ents. 63.7 % of the metastases decrea-
sed in size, 23.2% were stable and
13.1% increased in size resulting in a
local tumor control rate of 86.9% at 3
months (Table 2). Until 6 months after

) . Medlian
Variable No. of patients sunvival (wiks)
Age (<60 vs. 260) 18vs. 8 41 vs. 31
Sex {male vs. female) 13vs. 13 48vs. 30
Total tumor volume (<10 vs. =210 cc) 13vs. 13 35vs. 33
No. of lesions {<16 vs. 216} 14vs. 12 35vs. 24
Mode of onset* 15vs. 6 46vs. 18

(synchronous vs. metachronous)

KPS score (280 vs. 70) 12vs. 14 51vs. 215 0.029
Prescription dose (=16 vs. <16 Gy) 13vs. 13 34 vs. 31 0403
Upfront WBRT (yes vs. no)** 5vs. 8 80vs. 33 0916
CTx{=2 vs. <2 cycles) 16vs. 10 54 vs. 23 0.003
Primary disease control (yes vs. no} 12vs. 14 54vs. 24 0.020
Exiracranial metastasis (yes vs. no) 17vs. 9 34 vs. 39 0.487

*analyzed in NSCLC patients, **analyzed in newly diagnosed patients
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Fig. 2. Kaplan-Meier survival curves for the patients with ten or more brain metastases after gamma knife radiosurgery stratified by (A) Karnofsky
performance status score, (B) mode of onset in NSCLC, and (C) the primary disease control.
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and 2 from unknown causes). There-
fore, 263 lesions of 17 patients were
available for analysis and local control
till 6 month after GKS was possible for
209 lesions (79.5%). The control of all
treated lesions was possible in at least
14 patients (53.8%) until 6 months
after GKS. New metastatic tumors
appeared in 7 (26.9%) among 26 pati-
ents until 6 months. In summary, the
local tumor control rate at 3 and 6
months after radiosurgery were 86.9%
and 79.4%, respectively and rate of
freedom from development of new
lesion was (73.1%) at 6 months.

There was no serious acute toxicity related to GKS, how-
ever, overt radiation necrosis as a late complication was
observed in a patient (Fig. 3). The patient was diagnosed as
adenocarcinoma of the lung and was treated for 19 met-
astatic lesions of synchronous onset. GKS was performed
with 15 Gy of 50% isodose line for a total volume of 8.77
cc. He did not receive WBRT before and after GKS. He
complained aggravation of headache and follow up brain
MRI at 7 months revealed improved or stable lesions except
one lesion located in left temporal lobe showing increase in
size and enhancement. MR spectroscopy and perfusion
MRI finding was compatible with radiation necrosis and the
lesion was not treated furthermore. Brain MRI at 38 months
showed decrease in size and disappearance of enhancement.
Therefore, the lesion was thought to be radiation necrosis
and he died from respiratory failure due to progression of
the lung lesion at 44 months after GKS.

The representative case with the largest number of the
lesions (37) and another one with the longest survival are
shown in (Fig. 4).

Prognostic factors for survival

Patient’s age, sex, mode of onset (synchronous vs. meta-
chronous in NSCLC), KPS score (2> 80 vs. 70), cumulated
tumor volume (<10 vs. > 10cc), number of lesions (<16
vs. 2> 16), prescribed dose to the tumor margin (> 16 vs.
<16 Gy), whole brain radiotherapy (upfront GKS plus
WBRT vs. GKS alone in newly diagnosed patients), che-
motherapy after GKS (22 vs. <2 cycles), the presence of
extracranial metastasis, and the control of primary disease
were included in univariate analysis. The results are sum-
marized in Table 2. The synchronous onset in NSCLC
(7=0.007), KPS score >80 (p=0.029), and chemotherapy
after GKS (»=0.003) were related to longer survival (Fig, 2).
The median survival for NSCLC patents of synchronous
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Fig. 3. Serial magnetic resonance image {MRI) scans show the development of radiation necrosis
and resolution. A : 66 year-old male patient was treated gamma knife radiosurgery (GKS) for 19
lesions with (radiation necrosis) marginal dose of 15 Gy at 50% isodose. B : Brain MRI at 7 months
after GKS reveals increase in size of rim-enhancing lesion on left temporal lobe. C : The lesion was
not treated furthermore and brain MRI at 38 months after initial GKS shows decrease in size and
no enhancement of this lesion.
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Fig. 4. A and B : Initial brain magnetic resonance image (MRI) scans
from the 53 year-old male patient who had the largest number of
lesions (37) among the patients included in this study. He underwent
gamma knife radiosurgery (GKS) and survived 18 weeks after initial
GKS and die from unknown origin. C and D : Brain MRI scans from the
55 year-old female patient who is surviving 199 weeks after initial GKS
for 10 lesions. MRI at initial GKS (C) shows multiple lesions and then
she underwent GKS 2 times more. Brain lesions are still stable at 199
weeks after GKS (D).

onset was 46 weeks; whereas it was 18 weeks for those of
metachronous onset. The median survival for patients with
KPS score >80 was 51 weeks; whereas it was 21.5 weeks
for those with 70. In the patients with chemotherapy after
GKS, the patients who received 2 or more cycle of chem-
otherapy survived longer than those who did not. Cont-
rolled primary disease at the time of radiosurgery improved
survival (p=0.020; 54 weeks vs. 24 weeks), bur the absence of
extracranial metastases (p=0.487) did not reach statistical
significance. Upfront WBRT in newly diagnosed brain
metastases, cumulated tumor volume, number of lesions,
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and the prescribed dose to the tumor margin were analyzed
and none of them had an impact on survival.

DISCUSSION

Several study results demonstrated benefit of radiosurgery
in patients with one to three metastatic lesions®®*'?. A
prospective randomized trial of WBRT plus radiosurgery
compared with WBRT alone'” showed statistically signi-
ficant prolongation of survival for the following patients :
those with solitary brain metastasis, RPA class I, age
younger than 50 years, and patients with NSCLC. In the
other patients with one to three metastatic lesions, the
patients in the stereotactic surgery group were more likely
to have a stable or improved KPS score than those who
were allocated to WBRT alone (43% and 27% at 6 mon-
ths, respectively)”. In another randomized trial, it was
reported that radiosurgery alone was not statistically differ-
ent from radiosurgery combined with WBRT in freedom
from progression (71% and 79% at 1 year, respectively)
and median survival (11.3 and 11.1 months, respecti-
vely)'®. Therefore, there is a general consensus that ster-
eotactic radiosurgery is helpful in patients with good KPS
scotes and a relatively small number of metastatic lesions,
and omission of WBRT in this patients group became a
more important issue. However, it is still unknown how
many lesions can be reasonably treated with GKS. Several
authors reported that radiosurgery prolonged survival in
patients with ten or more brain metastases'>'**”. According
to Satoshi, et al.'¥, metastasis-related neurological symptoms
improved or were stabilized after GKS in 92% of patients
with ten or more lesions. Because of the limited expected
survival time, it was strongly recommended that the inpa-
tient period be shortened and that the patient’s quality of life
be maintained. In a recent study for 10 or more brain metas-
tases from NSCLC"™, neurological survival and qualitative
survival of the GKS group were longer than those of the
WBRT group. Significant poor prognostic factors were
systematically uncontrolled patients, WBRT group, and
poor initial KPS score. In conclusion, it was suggested that
WBRT was probably unnecessary for patients with as many
as 10 multiple cerebral metastases from NSCLC".

The two most important issues in radiosurgery of nume-
rous brain lesions are safety and efficacy. Yamamoto, et
al.™”, reported that the cumulative doses for whole brain
with numerous radiosurgical targets were not considered to
exceed the threshold level of normal brain necrosis. In our
series, there was no incidence of serious acute toxicity
related to GKS. We identified overt late toxicity, the
radiation necrosis, in only one patient who survived 186

weeks. Because most of the patients died within a year due
to progression of discase, late toxicity might be masked and
missed to be recognized. Therefore, the safety issue is not
clearly resolved, however, at the same time it seems that
potential risk from radiation injury is not a factor preclud-
ing application of GKS in this population with short
expectancy of survival. The more crucial question should be
whether radiosurgery in this population with numerous
lesions truly improve survival or quality of life. Survival of
the patents in our series is not poor as presumed according
to traditional concept of multiple metastatic lesions. In a
report of 4 or more lesions treated with WBRT alone, the
median survival of RPA class II was only 3.6 months'.
Though survival benefit with GKS cannot be clearly
defined because our study is not a randomized trial, the
median survival of 34 weeks in our series is a promising
result. Meanwhile our results show relatively higher rate of
death from neurological causes compared with data from
radiosurgery for oligo-metastatic lesions. It is not an unpre-
dictable result. Higher percentage of the patients would
have probability of local progression because probability of
failure to local control in at least one among numerous
lesions may be very high. Also, predisposing condition that
might already result in numerous brain metastases is likely
to work after GKS and the patients initially presenting with
numerous metastases may be more vulnerable to remote
recurrence after treatment. Anyway, the relatively higher
rate of neurological death suggests that overall benefit of
GKS for numerous lesions is not exactly similar to that for
small number of lesions. Though GKS improves local con-
trol, still more effective measures to control brain lesions are
necessary to improve survival further. Concerning the quality
of life, we cannot get an answer from this study because
quality of life was not surveyed systematically and there are
not comparable data from supportive care only or WBRT
either. It is necessary that these issues can only be clarified
through randomized controlled study in the future.

In our study, the significant factors influencing survival
were mode of onset (synchronous) in NSCLC, KPS score
(>80}, controlled primary disease, and systemic chemothe-
rapy after GKS. Better KPS score and control of primary
disease are well known favorable prognostic factors. How-
ever, mode of onset was not proven as a significant prognostic
factor in the most of the literatures. It is speculated that the
better prognosis of patients with synchronous brain metas-
tases may reflect recent advance of systemic trearment and
supportive care. The patients with synchronous brain meta-
stases may have more available treatment modalities such as
palliative chemotherapy for extracranial lesions than those
with metachronous brain metastases that frequently exha-
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