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vival from LGK PFX treatment was 3 months for patients 
with malignant metastatic melanoma; those with other 
primary lesions had a median survival of 9 months (p = 
0.001, log-rank test).

Morbidity and Clinical Outcome
Information regarding clinical status was obtained in 

all patients. The median clinical follow-up was 4 months 
after radiosurgery (mean 6.6 months, range 0.25–24 
months). Overall, 46 patients (75.4%) had either no change 
or an improvement in their symptoms after undergoing 
LGK PFX treatment for 10 or more brain metastases. Of 
the 32 patients presenting with neurological symptoms, 
39% experienced an improvement in symptoms, 27% 
were stable, and 33% experienced a neurological decline. 
On subsequent follow-up examinations, 82% remained 
neurologically stable, with clinical freedom from pro-
gression in 91% at 6 months and in 70% at 12 months. 
Initial clinical response to LGK PFX treatment was a sig-
nificant predictor of long-term neurological status (p < 
0.001), as was a presentation KPS score ≥ 90 (p = 0.002).

Adverse radiation effects on MR images—seen as 
changes in long-repetition-time MRI sequences—were 
noted in 6 patients (10%) at the time of radiosurgery. 
Imaging evidence of new adverse radiation effects were 
found during follow-up in 9 patients (18%), only 1 of 
whom had congruent symptomatology. The total number 
of metastases, total target volume, volume of brain tis-
sue receiving 12 Gy, and a patient history of some form 
of cranial radiation treatment did not significantly pre-
dict the occurrence of postradiosurgical injury. The only 
factor that potentially predisposed patients to adverse ra-
diation effects was prior WBRT (p = 0.02, log-rank test). 
The 1 patient who did experience symptomatic postradio-
surgery sequelae presented with 10 metastatic foci in the 
frontal and temporal lobes as the result of breast cancer. 
The mean radiation dose that she received to the periph-
ery of her lesions was equivalent to the sample median 
(16 Gy); she incurred only slightly more than the median 
12-Gy tissue volume (21 cm3 vs the sample median of 
16.9 cm3).

After radiosurgery, 8 patients (13%) acquired a new-
onset neurological deficit, a phenomenon that was associ-
ated with disease progression in 75% of the patients. The 
incidence of new neurocognitive dysfunction after LGK 
PFX surgery was 8% (5 patients); the key predictor of this 
was a KPS score of 80 or less at the time of treatment (p 
= 0.05).

Twenty patients (41% of those with imaging follow-
up) underwent at least 1 additional radiosurgery proce-
dure for the management of either local disease progres-
sion or new brain metastases. Four patients (8%) had 
WBRT after LGK PFX surgery as a result of the develop-
ment of new miliary metastatic brain lesions.

Discussion
The efficacy of SRS in patients with an extensive in-

tracranial disease burden (10 or more metastases) has not 
been fully established. Previous randomized controlled 
trials on the safety and efficacy of radiosurgery versus 
other forms of treatment for brain metastases have lim-
ited inclusion to patients with solitary or few metastatic 
foci.1,2,13 In RTOG 9508, Andrews et al.1 showed that 
among patients with good KPS scores, small tumor vol-
umes, and few metastatic foci (1–3 solid tumors), there 
were significantly improved survival and local control 
rates for those treated with WBRT plus SRS versus those 
treated with WBRT alone. In our randomized controlled 
trial in patients with 2–4 brain metastases that were 2.5 
cm or smaller, local disease control was significantly im-
proved with WBRT plus SRS versus SRS alone, and there 
was a trend toward improved survival in the WBRT plus 
SRS group.13 The randomized, controlled multiinstitu-
tional trial by Aoyama et al.2 compared SRS alone ver-
sus WBRT plus SRS. In patients with good KPS scores, 
small tumor volumes, and 1–4 solid brain metastases, 
there was no significant difference in median survival 
between the 2 treatment groups. Within these intent-to-
treat analyses, the patients receiving WBRT alone often 
underwent subsequent radiosurgery. However, the chanc-
es for recurrence at a distant site anywhere in the brain 
was significantly higher in the SRS-alone arm of the trial. 

Fig. 5.  Kaplan-Meier plot showing overall survival after radiosurgery 
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Fig. 6.  Kaplan-Meier plot showing freedom from local tumor pro-
gression after radiosurgery.
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With close follow-up and salvage SRS, distant recurrence 
may not have a meaningful impact on outcomes.14 Taken 
together, the abundance of evidence confirms the efficacy 
of SRS for the treatment of select patients with a limited 
metastatic brain tumor burden.

Whole-brain radiation therapy has been a mainstay 
of the noninvasive treatment of brain metastases. In con-
trast to WBRT, SRS typically does not require the use 
of fractionation schedules (for example, 30 Gy in 10–12 
daily fractions). Moreover, WBRT is practically limited 
to 1 or possibly 2 regimens, whereas SRS can be re-
peated multiple times.25 In the current study, including 
the 2 individuals who underwent staged procedures, all 
patients received radiation in less than 3 hours and were 
discharged from the hospital the same day. Intuitively, 
for patients with limited life expectancies, the shorter the 
time required to receive and recover from treatment, the 
better. Moreover, SRS has not been shown to directly lead 
to a significant decline in learning and memory, as oc-
curs with WBRT.5 Further, SRS has been shown to have 
fewer reported side effects, and more patients and their 
families believe that it is more effective than WBRT.12 In 
combination with data demonstrating the safety and ef-
ficacy of SRS, concerns over cognitive and quality-of-life 
difficulties with WBRT have led many investigators to 
either delay WBRT or exclude it completely from treat-
ment algorithms.

Prior to the current study, there has been a paucity of 
data on the use of SRS in the treatment of 10 or more brain 
metastases. Yamamoto et al.25 calculated the cumulative 
whole-brain radiation exposure during the treatment of 
patients with 10 or more radiosurgical targets. The me-
dian cumulative whole-brain radiation dose was 4.71 Gy, 
a dose not above the brain’s threshold for necrosis and 
therefore safe. Serizawa et al.22 retrospectively compared 
the efficacy of GKS and WBRT for the treatment of up to 
10 brain metastases from non–small cell lung cancer in 
96 patients. Sixty-five of these patients (67.7%) had 3 or 
more brain metastases, and the mean number of lesions 
treated with SRS, including those treated over the course 
of the follow-up, was 10.3. The tumor control rate was 
94.8% 1 year after therapy. Both the estimated overall 

survival and estimated intervals free from neurological 
death were significantly higher in the GKS group (mean 
survival time 377 days vs 199 days). Univariate analy-
sis revealed that systemic control, treatment method, and 
pathological composition were prognostic for survival, 
whereas multivariate analyses confirmed that systemic 
control and treatment method as well as KPS score were 
positively prognostic. In a report in which we evaluated 
radiosurgery for patients with 4 or more metastases, the 
median overall survival, according to the RTOG RPA 
classification system, was 18 (Class I), 9 (Class II), and 3 
(Class III) months,3 which proved longer than the histori-
cal results for WBRT (7, 4, and 2 months, respectively).7 
Multivariate analysis identified treatment volume, patient 
age, RPA classification, and tumor margin dose as signifi-
cant prognostic factors. Treatment volume was the only 
statistically significant variable associated with local tu-
mor control. Interestingly, the number of metastases was 
not a significant determinant of either survival or local 
control.3 We believe that the cumulative volume of the tu-
mors, and not necessarily their specific number, is prob-
ably more important when studying survival. This belief 
is supported by our present analysis, which demonstrated 
higher treatment volumes as a negative predictor of sur-
vival in patients who died as a result of their intracranial 
pathology.

In a study of 26 patients with 10 or more brain me-
tastases each, Kim et al.10 observed an overall median 
survival of 34 weeks following GKS. Tumor control was 
86.9% and 79.5% at 3 and 6 months, respectively, follow-
ing treatment. On univariate analysis, a synchronous time 
of discovering brain metastases, a higher KPS score, and 
controlled primary disease were positive prognostic fac-
tors. The use of up-front WBRT, tumor volume, number 
of metastases, and tumor margin dose had no significant 
effect on survival. Serizawa et al.21 reported on GKS in 
patients with 1–10 brain metastases who had not under-
gone prophylactic WBRT. Two hundred fifteen of the 778 
cases reviewed involved patients harboring 5–10 brain 
metastases. The mean survival for these patients was 7 
months. Significant indicators of a poor prognosis on 
multivariate analysis included active systemic disease, a 
KPS score < 70, and male sex.

Our reported survival (4 months median) is somewhat 
shorter than that cited in the above studies, but we did in-
clude patients with higher numbers of tumors and thus in-
creased total tumor volumes. This shorter survival may be 
attributable to several features of our patient cohort. First, 
our study contained a high proportion of patients whose 
primary cancer was melanoma (31.2%), and this cancer is 
associated with reduced survival given the relatively lim-
ited treatment options for extracranial disease. Over 78% 
of our cohort had active disease at the time of treatment, 
and in nearly two-thirds of the patients this disease had 
disseminated to more than 2 visceral sites. Almost one-
third of the patients demonstrated focal neurological defi-
cits, and almost one-quarter had a KPS score < 90. Many 
of these features of our population were borne out in uni-
variate and multivariate analyses, which confirmed that 
longer survival was associated with controlled systemic 
disease, nonmelanomatous primary cancer, and a KPS 

Fig. 7.  Kaplan-Meier plot showing freedom from distant brain metas-
tases after radiosurgery.
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score ≥ 90. Importantly, the median survival of the pa-
tients presented herein is at least in line with the historical 
results for WBRT (2–7 months),4,6,11,15,16,19,20,26 especially 
considering that a substantial proportion of the patients in 
those cited studies harbored only solitary lesions.7

The local tumor control rate of 95.1% and the overall 
rate of freedom from local tumor progression of 81.2% 
compare favorably with previously reported results among 
this patient population.10 Our actuarial rate of freedom 
from local progression of 90.5% at 6 months is high but 
perhaps is attributable to positive prognostic factors such 
as smaller cumulative tumor volumes and a slightly higher 
median prescription dose. In addition, individual tumors 
tended to be smaller in this patient population given that 
large numbers of larger tumors would have caused a poor 
neurological condition not suitable for radiosurgery. The 
overall rate of freedom from progression of 43% and the 
actuarial rate of freedom from local progression of 64.6% 
at 3 months, 58.5% at 6 months, and 22.4% at 12 months 
are lower than those in a previously reported cohort10 as 
well as those in the Serizawa et al. study;21 however, this 
observation may belie the influence of melanomatous dis-
ease and overall number of metastases on distant tumor 
control, as was demonstrated in our analysis.

In the present study, LGK PFX surgery was well tol-
erated among patients given that symptomatic adverse 
radiation effects developed in only 1 patient. While pre-
vious cranial radiation—in the form of either WBRT or 
SRS—did not predict the development of neurocognitive 
dysfunction after PFX treatment, the recent report by 
Chang and colleagues5 does underscore the fact that our 
sample size may not have been large enough to establish 
previous radiation therapy as a predictive factor.

Our study has several important limitations. First, as 
a retrospective series, it is subject to selection bias. It is 
not unreasonable to suggest that we observed certain out-
comes because of the specific makeup of our study popu-
lation. However, a number of the findings we report have 
been observed repeatedly: negative prognostic factors of 
increased tumor volume, melanomatous disease, poor 
KPS score, lower RPA class, and uncontrolled systemic 
disease. Moreover, our cohort reflects a patient population 
that is similar to those documented in large randomized 
trials comparing WBRT and SRS that have been used by 
many as the basis for evidence-based clinical practice 
(Table 3). For example, 77% of our patients had a KPS 
score of 90–100, a number similar to those reported in 
RTOG 95081 and by Aoyama et al.2 (approximately 60%). 
Our RPA class breakdown is similar to that in these 2 
studies (RPA Class II of 75% vs 73%1 and 86%2). We did 
have a larger proportion of patients with active systemic 
disease, but 24%–40% of such patients were present in 
the 2 randomized trials cited. Forty-eight percent of our 
patients possessed asymptomatic brain metastases, right 
between 37% and 64% for the randomized patients. The 
heterogeneity of our population (that is, several different 
tumor histologies, including small cell lung cancer) could 
have introduced confounding factors that altered our ob-
servations; however, this heterogeneity is present in the 
randomized trials. In the present retrospective study, 94% 
of the patients had 1 of 4 tumor histologies, which in-

cluded small cell lung cancer (8%). In the RTOG 9508, 
6 major tumor histologies were present, and between 6% 
and 9% of the patients in the 2 randomized cohorts har-
bored small cell lung cancer. Although Aoyama et al.2 did 
not include patients with small cell lung cancer, patients 
with 4 major tumor types were included, with some being 
radiation sensitive (for example, breast) and others radia-
tion resistant (for example, kidney). Thus, although our 
study is limited in its methodology and requires valida-
tion in a prospective randomized fashion, the findings we 
report are in line with the literature, and the population 
is consistent with that randomized in our most cited pro-
spective clinical trials.

Conclusions
Our findings support a role for the use of SRS in 

treating select patients with extensive intracranial meta-
static disease. Gamma Knife surgery, because of its mini-
mal invasiveness and single-fraction approach, may be of 
particular value in this population given its limited life 
expectancies.
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TABLE 3: Baseline patient characteristics in current study 
as compared with large randomized clinical trials involving 
radiosurgery

% of Cohort

Baseline Characteristic
Present 
Study

Andrews et 
al., 2004

Aoyama et 
al., 2006

KPS score 
  90–100 77 60 59
  ≤80 23 40 41
RPA class
  I 13 27 14
  II 75 73 86
  III 12   0   0
systemic disease 
  active 78 24 40
  stable/controlled 22 76 60
asymptomatic neurological status 48 37 64
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