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Summary

Purpose: To evaluate the efficacy of gamma knife ra-
diosurgery (GKRS) for the treatment of brain metastases 
from non small cell lung cancer (NSCLC) and find out the 
prognostic factors for overall survival.

Methods: Between February 1997 and August 2003 
100 patients underwent treatment for 184 brain metastases 
from NSCLC, either for recurrence (n=49) or with a new di-
agnosis (n=51). Median age was 55 years and 77 patients 
were male. Seventy-eight of the patients received whole brain 
radiotherapy (WBRT) prior to or after GKRS and 26 patients 
had surgical removal of the metastasis. Imaging and clinical 
status were monitored every 3 months following treatment. 
Kaplan-Meier survival curves, Cox proportional hazards re-
gression for risk factor analysis were used.

Results: The median follow up after the procedure was 
8 months and after the diagnosis 11 months. The median 
overall survival for all patients was 9 months from the date 
of GKRS and 14 months from the diagnosis of brain metasta-
sis. Local tumor control was achieved in 95% of the lesions. 
In multivariate analysis, adenocarcinoma histology, Karnof-
sky performance status (KPS) score ≥ 80, 1-3 metastases and 
tumor diameter <2 cm were related to longer survival. Addi-
tion of WBRT did not have any effect on overall survival.

Conclusion: Gamma knife surgery appears to be effec-
tive in treating patients with brain metastases from NSCLC, 
either alone or with WBRT in selected groups of patients.
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Introduction

Brain metastasis is the most common intracranial 
tumor and NSCLC is the leading cause of brain metas-
tasis. Treatment options for brain metastases include 
symptomatic treatment with corticosteroids and WBRT 
which lead to median survival of 3-6 months [1-3]. The 
addition of surgical resection of solitary brain metas-
tases or stereotactic radiosurgery (SRS) has been sug-
gested to improve the overall survival in selected pa-
tients [4-6]. In a randomized trial (RTOG 95-08) where 
64% of the patients had NSCLC, patients with single 
brain metastasis who received WBRT+SRS had longer 
survival compared to WBRT alone [7].

Metastatic tumors of the brain are round-shaped 
enhanced lesions that can be easily identified on com-
puterized tomography (CT) or magnetic resonance im-

aging (MRI). This character makes them amenable to 
SRS with high precision, providing good local control. 
In this study, we aimed to assess the efficacy of GKRS 
for the treatment of patients with brain metastases from 
NSCLC in various settings and identify the prognostic 
factors related to improved patient survival.

Methods

Patient population

We retrospectively reviewed the records of 100 
consecutive NSCLC patients with brain metastases who 
received GKRS at our hospital between February 1997 
and August 2003. All patients signed informed consent 
prior to the procedure. Patients with KPS score ≥70, 1-4 
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temporal lobe (n=11), occipital lobe (n=9), cerebellum 
(n=17), thalamus (n=3), and brainstem (n=3).

Radiosurgery technique

Leksell model G stereotactic head frame (Elekta 
Instruments, Atlanta, GA) was applied to the patient’s 
head under local anesthesia along with mild sedation 
when necessary. Three-millimeter thick gadolinium-
enhanced axial MR slices were obtained with a 1.5 te-
sla magnet. Imaging data was transferred to the work-
station by ethernet. Leksell Gamma Plan software (ver-
sion 5.30) was used for treatment planning. All radio-
surgery procedures were performed by model B Lek-
sell Gamma Knife unit (Elekta Instruments, Atlanta, 
GA). Peripheral isodose line was conformed to the con-
trast-enhancing lesion. One to 19 isocenters (median 1 
isocenter) were used for each lesion. Largest tumor di-
ameter ranged between 4 and 40 mm (median 19). The 
median peripheral dose was 16 Gy (range 10-25), and 
the median maximal dose was 32 Gy (range 16-50). 
Dose selection was based on tumor volume, location, 
prior radiotherapy and predicted dose-response rela-
tionship for brain necrosis, as reported previously [8]. 
Eighty-nine patients underwent one radiosurgery pro-
cedure and 11 underwent 2 procedures (8 patients after 
new brain metastases and 3 after local progression).

Follow-up

Patients were followed with physical and neu-
rological examination and contrast-enhanced MRI at 
2 months after GKRS and 3 monthly thereafter. The 
median follow-up after radiosurgery was 8 months 
(range 1-64), and the median follow-up after diagnosis 
of brain metastasis was 11 months (range 2-64). Ra-
diologic response of brain metastases after GKRS was 
evaluated using the McDonald criteria. Complete re-
sponse was defined as complete disappearance of the 
lesion which was defined as the product of 2 diameters 
of the lesion in the axial T1 weighted image; partial re-
sponse as ≥50% reduction in tumor size; stable disease 
as < 50% reduction or ≤ 25% increase; and progressive 
disease as >25% increase in tumor size.

Survival time in months was calculated from the 
date of first GKRS procedure and from the date of first 
diagnosis of brain metastases. Local brain control was 
defined as any response (complete or partial) or stable 
size of the metastatic lesion after GKRS. Local and 
brain progression-free survival rates were calculated 
from the date of GKRS to progression of the metastat-
ic lesion after GKRS or any progression in the brain, 
respectively.

metastases and the largest tumor <4 cm were eligible for 
GKRS. If new metastatic lesions were seen on contrast-
enhanced planning MRI they were also covered by extra 
shots due to its technical feasibility.

There were 77 male and 23 female and the me-
dian age was 55 years (range 32-82). The percentage 
of patients aged ≤ 60 years was 70%. The median KPS 
score was 90 (range 70-100). Pathologic subtypes 
were adenocarcinoma (n=35), squamous cell carci-
noma (n=16), large cell carcinoma (n=1) and unclassi-
fied NSCLC (n=48). Fifty-one patients presented with 
newly diagnosed brain metastases, whereas 49 patients 
presented with recurrent or progressive brain disease. 
Primary lung disease was controlled in 53% of the pa-
tients. Extracranial distant metastasis was present in 
15% of the patients. Overall 51(51%) patients had ac-
tive extracranial disease during GKRS. Primary treat-
ment for lung cancer before GKRS consisted of tho-
racic surgery in 34 patients, thoracic irradiation in 28 
patients and systemic chemotherapy in 55 patients, ei-
ther alone or in combination.

Indications for GKRS were: 1) after WBRT for 
recurrence (n=31); 2) combined with WBRT as a boost 
(n=19); 3) GKRS alone for new diagnosis (n=24); 4) 
combined with brain surgery for residual metastases 
(n=3); 5) after brain surgery for recurrence (n=3); 6) 
after brain surgery and WBRT for recurrence (n=15); 
and 7) combined with brain surgery and WBRT for new 
diagnosis (n=5). Conclusively, GKRS was performed 
for recurrence in 49 patients (groups 1, 5 and 6), and 
for newly diagnosed brain metastases in 51 patients 
(groups 2, 3, 4 and 7).

Brain metastases were detected by gadolinium-
enhanced MRI scans in all patients. A brain metasta-
sis diagnosed within 2 months of primary NSCLC was 
classified as synchronous while a metastasis identified 
>2 months from primary diagnosis was considered me-
tachronous. Median times from diagnosis of primary 
lung carcinoma to brain metastasis and to GKRS proce-
dure were 4 months (range 0-45) and 8 months (range 
0-72), respectively.

One hundred patients harbored 184 metastatic 
tumors in the brain (median=1, mean=1.84). Sixty pa-
tients had single metastasis, 14 had 2 metastases, 14 
had 3 metastases, 8 had 4 metastases, 2 had 5 metasta-
ses and 2 patients had 6 metastases. Tumors were locat-
ed supratentorially in 70 patients, infratentorially in 14 
and at both locations in 16 patients. Tumor localizations 
within the brain were as follows: 61 in the frontal lobe; 
37 in the parietal lobe; 18 in the temporal lobe; 26 in the 
occipital lobe; 31 in the cerebellum; 6 in the thalamus; 
and 5 in the brainstem. The largest tumor localization 
comprised the frontal lobe (n=29), parietal lobe (n=28), 
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nous metastases from the onset of brain metastasis (me-
dian survival 25 vs. 9 months, p<0.0001). However, 
median survival for both groups was 9 months when 
the survival was calculated from the date of GKRS.

Local tumor control

Radiologic response was evaluated in 94 patients. 
MRI could not be performed in 6 patients because of 
systemic progression before brain evaluation. Local 
tumor control was achieved in 161 (95%) of 170 le-
sions and 87 (93%) of 94 evaluable patients. Response 
of individual tumors were complete in 26 (15.3%) and 
partial in 97 (57.1%). Stable disease was observed in 
38 (22.3%) tumors and progressive disease in only 9 
(5.3%) tumors. Local progression-free survival at 1 
year was 78% (Figure 2). Median brain progression-
free survival was 12 months (95% CI 6-18).

Prognostic factors for survival

Patient- and treatment-related prognostic factors 
for overall survival are shown on Table 1.

Patients with supratentorially and infratentori-
ally located tumors had similar survival rates (median 
10 months), however patients with tumors in both lo-
cations had inferior survival rates (median 4 months). 
Although this difference was statistically significant 
(p=0.005), localization of metastases in both sides of 
the tentorium correlated with the number of metastases. 
For this reason tentorial localization was not included 
in the multivariate analysis as a prognostic factor.

Statistical methods

Survival curves were plotted using the Kaplan-
Meier method. Factors affecting survival (histologic 
subtype, gender, age, KPS, largest tumor diameter, re-
cursive partitioning analysis [RPA] score, the status of 
the primary tumor, presence of extracranial systemic 
disease, number of metastases, WBRT) were assessed 
with the log-rank test for univariate analysis and the 
Cox proportional hazards model for multivariate analy-
sis. Statistical significance was put at p <0.05.

Results

At the time of analysis 24 of 100 (24%) patients 
were still alive and 76 had died. The median overall 
survival for all patients was 9 months (95% CI 7-11) 
from the date of GKRS and 14 months (95% CI 11-
17) from the diagnosis of brain metastasis (Figure 1). 
The 6-, 12- and 18-month actuarial overall survival 
rates were calculated as 61.8±4.9%, 34.5±5.2% and 
17.2±4.4%, respectively.

The median overall survival from the date of GKRS 
for 49 patients treated for recurrent brain disease was 
8 months vs. 10 months for 51 patients with new diag-
nosis (p=0.292). However, the median overall survival 
from the diagnosis of brain metastasis was better for re-
current patients compared to patients with new diagno-
sis (16 vs. 11 months, p=0.0232).

Patients with metachronous brain metastases had 
a longer survival compared to the ones with synchro-

Months

Figure 1. Overall survival rate of all patients from radiosurgery 
(RS) and diagnosis of brain metastasis (BM).

Months

Figure 2. Local and brain progression-free survival (PFS) rates in 
94 patients evaluated for response.
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Multivariate analysis revealed adenocarcinoma 
histology (p=0.005, RR=0.46), less number of brain 
metastases (1 vs. 2-3, p=0.0094; 1 vs. 4-6, p=0.0042; 
2-3 vs. 4-6, p=0.4046; RR=1.32), diameter of largest 
metastasis < 2 cm (p=0.045, RR=0.60) and KPS score 
>80 (p=0.008, RR=0.47) as the best prognostic factors 
for overall survival (Figures 3-5). RPA class and ab-
sence of extracranial systemic disease were found to be 
significant for prolonged survival in univariate analysis 
only (Figure 6).

Discussion

Brain metastasis from NSCLC lung cancer is the 
most frequent form of intracranial metastatic disease 

Table 1. Patient and treatment characteristics assessed for prognostic significance on overall survival

Characteristics	 Patients, n	 Median OS	 p-value	 p-value
		  (months)	 (univariate)	 (multivariate)

Histologic subtype				    0.005
Adenocarcinoma	 35	 13	 Adeno vs. others = 0.0378
Squamous cell carcinoma	 16	 10	 Squamous vs. others = 0.5142
Unclassified NSCLC	 49	 7	 NSCLC vs. others = 0.109

Sex				    0.665
Male	 77	 9	 0.6263
Female	 23	 8

Age (years)				    0.511
≤60	 70	 8	 0.7676
>60	 30	 9

KPS				    0.008
≤80	 35	 5	 0.0081
>80	 65	 11

RPA				    0.451
1	 44	 12	 0.0178
2	 56	 7

Primary tumor				    0.756
Controlled	 53	 12	 0.0049
Uncontrolled	 47	 6

Other systemic metastasis				    0.321
Absent	 85	 10	 0.0485
Present	 15	 6

Primary or systemic disease				    0.289
Controlled	 49	 12	 0.0009
Uncontrolled	 51	 6

Number of metastases				    0.01
1	 60	 12	 1 vs. 2-3 = 0.0094
2-3	 28	 7	 1 vs. 4-6 = 0.0042
4-6	 12	 5	 2-3 vs. 4-6 = 0.4046

Largest tumor diameter (cm)				    0.045
<2	 54	 10	 0.05
≥2	 46	 7

Any WBRT*				    0.874
No	 22	 8	 0.757
Yes	 78	 9

OS: overall survival, NSCLC: non-small cell lung cancer, KPS: Karnofsky performance status, RPA: recursive partitioning analysis, WBRT: whole 
brain radiotherapy.
*Including patients who received WBRT after gamma knife radiosurgery for brain recurrence

Months

KPS>80, median 11 mos
KPS≤80, median 5 mos

p=0.008

Figure 3. Overall survival rates for all patients according to their 
Karnofsky performance status (KPS) scale.
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[9]. The incidence of brain metastasis from lung cancer 
at the time of diagnosis ranges between 10-18%, and 2 
years post-diagnosis this rate increases to 50% [10].

Historically, the results of conventional treat-
ments consisting of WBRT and corticosteroids have 
usually been disappointing, with a median survival of 
2-7 months according to different series in the literature 
[9,11-14]. The addition of surgery to WBRT in a select-
ed group of patients with favorable prognostic features 
increased the overall survival to 9-19 months [15-17].

SRS is an acceptable, non-invasive technique al-
ternative to surgery for achieving local control of brain 
metastases in selected patients [18]. This treatment can 
be delivered via different treatment machines including 
gamma knife and Linac-based systems. Nonetheless, 
when used alone or in combination with WBRT it ap-
pears to prolong survival [19,20].

NSCLC metastases are usually small, well-en-
hanced lesions and radiosurgery can provide local tu-
mor and symptom control in these patients with low 
morbidity. This can be achieved in different groups of 
patients such as those with < 4 metastases, patients who 
have undergone WBRT and have persistent or new le-
sion on MRI scan, with progression after resection or 
new lesions afterwards.

In previous studies, a median survival time be-
tween 6-11 months was reported in patients treated 
with gamma knife surgery for brain metastases for all 
histological subtypes [21-23]. In retrospective series 
of radiosurgery for lung primaries (including small 
cell histology in some of them) median survival times 
ranged between 7-14 months [24-28]. In our series the 
median survival was 9 months from the date of GKRS 
and 14 months from the brain metastases diagnosis. Al-
though it is difficult to compare these results with pre-
vious ones given the retrospective nature of all studies 
and different inclusion criteria of the patients, our re-
sults were consistent with the literature.

The prognostic factors affecting the survival of 
patients with brain metastases after conventional ra-
diotherapy and radiosurgery have been explored thor-
oughly previously and these factors were found to be 
histological subtype, number of metastases, presence 
of active systemic disease, age, presence of neurologi-
cal symptoms, KPS score and status of the primary 
disease in different series [24-27,29-36]. In our study 
population, patients with adenocarcinoma lived longer 
compared to other subtypes (median overall survival 13 
vs. 8 months; p=0.005); in accordance with the results 
of Sheehan et al. [24]. In their series of 273 patients 
median survival of patients with adenocarcinoma was 
10 months, whereas in patients with all other histologi-
cal subtypes the survival was 7 months and adenocar-
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Figure 5. Overall survival rates of adenocarcinoma patients com-
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the 12-month brain tumor recurrence rate was lower 
[38]. Another phase III randomized trial from EORTC 
trying to find the value of adding WBRT to either sur-
gery or radiosurgery in oligometastases has just fin-
ished patient accrual and researchers are finalizing the 
results.

In conclusion, gamma knife surgery appears to be 
effective in treating patients with brain metastases from 
NSCLC. The primary aim should be intracranial tumor 
control as we know that brain metastases are the most 
important clinical factor in these groups of patients 
in historical studies for prolonging overall survival. 
Moreover, it can be delivered with low morbidity and 
almost no mortality when compared with craniotomy. 
Therefore, we recommend radiosurgery for brain me-
tastases from NSCLC, either alone or with WBRT in 
carefully selected groups of patients.

References

Cairncross JG, Kim JH, Posner JB. Radiation therapy for 1.	
brain metastases. Ann Neurol 1980; 7: 529-541.
Deeley TJ, Edwards JM. Radiotherapy on the management 2.	
of cerebral secondaries from bronchial carcinoma. Lancet 
1968; 1: 1209-1213.
Montana GS, Meacham WF, Caldwell WL. Brain irradia-3.	
tion for metastatic disease of lung origin. Cancer 1972; 29: 
1477-1480.
Patchell RA, Tibbs PA, Walsh JW et al. A randomized trial of 4.	
surgery in the treatment of single metastases to the brain. New 
Engl J Med 1990; 322: 494-500.
Vecht CJ, Haaxma-Reiche H, Noordijk EM et al. Treatment of 5.	
single brain metastasis: radiotherapy alone or combined with 
neurosurgery. Ann Neurol 1993; 33: 583-590.
Pirzkall A, Debus J, Lohr F et al. Radiosurgery alone or in 6.	
combination with whole brain radiotherapy for brain metas-
tases. J Clin Oncol 1998; 16: 3563-3569.
Andrews DW, Scott CB, Sperduto PW et al. Whole brain ra-7.	
diation therapy with or without stereotactic radiosurgery boost 
for patients with one to three brain metastases: phase III re-
sults of the RTOG 9508 randomised trial. Lancet 2004; 363: 
1665-1672.
Flickinger JC, Lunsford LD, Kondziolka D. Dose prescrip-8.	
tion and dose-volume effects in radiosurgery. Neurosurg Clin 
N Am 1992; 3: 51-59.
Sano K. Intracranial metastatic tumors: an overview. In: 9.	
Paoletti P, Takakura K, Walker MD et al (Eds): Neuro-Oncol-
ogy. Dordrecht: Kluwer, 1991, pp 309-319.
Ceresoli GL, Reni M, Chiesa G et al. Brain metastases in local-10.	
ly advanced nonsmall cell lung carcinoma after multimodality 
treatment: risk factors analysis. Cancer 2002; 95: 605-612.
Arbit E, Wronski M. The treatment of brain metastases. Neu-11.	
rosurg Q 1995; 5: 1-17.
Arnold SM, Patchell RA. Diagnosis and management of 12.	
brain metastases. Hematol Oncol Clin North Am 2001; 15: 
1085-1107.
Posner JB. Management of brain metastases. Rev Neurol 13.	
1992; 148: 477-487.

cinoma histology was an independent prognostic fac-
tor for better survival. Adenocarcinoma histology was 
also found to be a major prognostic factor in a study by 
Gerosa et al. [27].

The number of brain metastases was another 
prognostic factor for overall survival in the multivari-
ate analysis in our study population. The median over-
all survival of patients with 1 metastasis, 2-3 metas-
tases and 4-6 metastases were 12, 7 and 5 months, re-
spectively. This finding is consistent with the study by 
Gerosa et al. [27] where a solitary lesion was stated as a 
major prognostic factor for overall survival when com-
pared with multiple lesions. Among other studies ex-
ploring the number of metastases as a prognostic factor, 
none could prove this [21,24,30,37]. This might be due 
to the retrospective nature of the studies and different 
inclusion criteria of the gamma knife procedure.

Small metastases (< 2 cm) are often round-
shaped, well-circumscribed lesions that enhance dif-
fusely on MRI scan. This makes these lesions a good 
candidate for radiosurgery with a high accuracy for 
tumor control. In our series the overall survival of pa-
tients having metastases < 2 cm had a median overall 
survival of 10 months which was found as independent 
prognostic factor. In a study by Kim et al. [21], intracra-
nial tumors < 2 cm were included as “favorable group” 
in their patient population.

In our study group the median overall survival 
from the diagnosis of brain metastasis was better for 
recurrent patients when compared to patients with new 
diagnosis (16 vs. 11 months; p < 0.0001. It is difficult 
to draw a precise conclusion from this result because 
this is probably due to selection of patients with bet-
ter prognosis who have lived long enough to relapse 
in the brain.

Most patients in the current series (78%) also re-
ceived WBRT which remains widely as standard treat-
ment for brain metastases, either prior to or following 
radiosurgery. When WBRT was analyzed, we were not 
able to show it as a prognostic factor. There are con-
flicting results in the literature regarding the influence 
of WBRT when added to radiosurgery. Jawahar et al. 
[25], Sheehan et al. [24] and Gerosa et al. [27] found 
no effect of previous WBRT on survival, whereas in 
the study by Kong et al. [37] it remained significant. 
Yet, these results should be evaluated with caution as 
none of these studies were prospectively randomized 
to assess the importance of WBRT and may potentially 
contain selection bias for the radiosurgery-alone group. 
One phase III randomized trial from Japan evaluating 
the effect of WBRT when added to SRS for brain me-
tastases showed no improvement in overall survival, 
with a median survival of 7.5 vs. 8 months, although 



280

Gerosa M, Nicolato A, Foroni R et al. Analysis of long-term 27.	
outcomes and prognostic factors in patients with non-small 
cell lung cancer brain metastases treated by gamma knife ra-
diosurgery. J Neurosurg 2005; 102 (Suppl): 75-80.
Hoffman R, Sneed PK, McDermott MW et al. Radiosurgery 28.	
for brain metastases from primary lung carcinoma. Cancer J 
2001; 7: 105-107.
Noel G, Medioni J, Valery CA et al. Three irradiation treat-29.	
ment options including radiosurgery for brain metastases from 
primary lung cancer. Lung Cancer 2003; 41: 333-343.
Jawahar A, Willis BK, Smith DR et al. Gamma knife radio-30.	
surgery for brain metastases: do patients benefit from adju-
vant external-beam radiotherapy? An 18-months comparative 
analysis. Stereotact Funct Neurosurg 2002; 79: 262-271.
Sanghavi SN, Miranpuri SS, Chappell R et al. Radiosurgery 31.	
for patients with brain metastases: a multi-institutional anal-
ysis, stratified by the RTOG recursive-partitioning-analysis 
method. Int J Radiat Oncol Biol Phys 2001; 51: 426-434.
Simonova G, Liscak R, Novotny J Jr et al. Solitary brain me-32.	
tastases treated with the Leksell gamma knife prognostic fac-
tors for patients. Radiother Oncol 2000; 57: 207-213.
Petrovich Z, Yu C, Giannotta SL et al. Survival and pattern of 33.	
failure in brain metastases treated with stereotactic gamma 
knife radiosurgery. J Neurosurg 2002; 97: 499-506.
Serizawa T, Ono J, Iichi T et al. Gamma knife radiosurgery 34.	
for metastatic brain tumors from lung cancer: a comparison 
between small cell and non-small cell carcinoma. J Neurosurg 
2002; 97: 484-488.
Zabel A, Milker-Zabel S, Thilmann C et al. Treatment of 35.	
brain metastases in patients with non-small cell lung cancer 
(NSCLC) by stereotactic linac-based radiosurgery: prognos-
tic factors. Lung Cancer 2002; 37: 87-94.
Flannery TW, Suntharalingam M, Kwok Y et al. Gamma knife 36.	
stereotactic radiosurgery for synchronous versus metachro-
nous solitary brain metastases from non-small cell lung can-
cer. Lung Cancer 2003; 42: 327-333.
Kong DS, Lee JI, Nam DH et al. Prognosis of non-small cell 37.	
lung cancer with synchronous brain metastases treated with 
gamma knife surgery. J Korean Med Sci 2006; 21: 527-532.
Aoyama H, Shirato H, Tago M et al. Stereotactic radiosurgery 38.	
plus whole-brain radiation therapy vs. stereotactic radiosur-
gery alone for treatment of brain metastases: a randomized 
controlled trial. JAMA 2006; 295: 2483-2491.

Coia LR. The role of radiation therapy in the treatment of 14.	
brain metastases. Int J Radiat Oncol Biol Phys 1992; 23: 
229-238.
Schackert G, Steinmetz A, Meier U et al. Surgical manage-15.	
ment of single and multiple brain metastases: results of a ret-
rospective study. Onkologie 2001; 24: 246-255.
Smalley SR, Laws ER, O’Tallon JR et al. Resection for soli-16.	
tary brain metastases. J Neurosurg 1992; 77: 531-540.
Van De Bent MJ. The diagnosis and management of brain me-17.	
tastases. Curr Opin Neurol 2001; 14: 717-723.
Sneed PK, Lamborn KR, Forstner JM et al. Radiosurgery for 18.	
brain metastases: is whole brain radiotherapy necessary? Int 
J Radiat Oncol Biol Phys 1999; 43: 549-558.
Li B, Yu J, Suntharalingam M et al. Comparison of three treat-19.	
ment options for single brain metastasis from lung cancer. Int 
J Cancer 2000; 90: 37-45.
Kondziolka D, Patel A, Lunsford LD et al. Stereotactic radio-20.	
surgery plus whole radiotherapy versus radiotherapy alone 
for patients with multiple brain metastases. Int J Radiat Oncol 
Biol Phys 1999; 45: 427-434.
Kim YS, Kondziolka D, Flickinger JC et al. Stereotactic ra-21.	
diosurgery for patients with nonsmall cell lung carcinoma 
metastatic to the brain. Cancer 1997; 80: 2075-2083.
Kihlstrom L, Karlsson B, Lindquist C. Gamma Knife sur-22.	
gery for cerebral metastases. Implications for survival based 
on 16 years experience. Stereotact Funct Neurosurg 1993; 61 
(Suppl 1): 45-50.
Kim DG, Chung HT, Gwak HS et al. Gamma knife radiosur-23.	
gery for brain metastases: prognostic factors for survival and 
local control. J Neurosurg 93 2000; (Suppl 3): 23-29.
Sheehan JP, Sun MH, Kondziolka D et al. Radiosurgery for 24.	
non-small cell lung carcinoma metastatic to the brain: long-
term outcomes and prognostic factors influencing patient 
survival time and local tumor control. J Neurosurg 2002; 97: 
1276-1281.
Jawahar A, Matthew RE, Minagar A et al. Gamma knife sur-25.	
gery in the management of brain metastases from lung carci-
noma: a retrospective analysis of survival, local tumor con-
trol, and freedom from new brain metastasis. J Neurosurg 
2004; 100: 842-847.
Pan HC, Sheehan J, Stroila M et al. Gamma knife surgery for 26.	
brain metastases from lung cancer. J Neurosurg 2005; 102 
(Suppl): 128-133.




