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Purpose: Stereotactic radiosurgery (SRS) has been introduced for small-sized single and oligo-metastases in the brain. The aim of 
this study is to assess treatment outcome, efficacy, and prognostic variables associated with survival and intracranial recurrence.
Materials and Methods: This study retrospectively reviewed 123 targets in 64 patients with non-small cell lung cancer (NSCLC) 
treated with SRS between January 2006 and December 2012. Treatment responses were evaluated using magnetic resonance 
imaging. Overall survival (OS) and intracranial progression-free survival (IPFS) were determined.
Results: The median follow-up was 13.9 months. The median OS and IPFS were 14.1 and 8.9 months, respectively. Fifty-seven 
patients died during the follow-up period. The 5-year local control rate was achieved in 85% of 108 evaluated targets. The 1- 
and 2-year OS rates were 55% and 28%, respectively. On univariate analysis, primary disease control (p < 0.001), the Eastern 
Cooperative Oncology Group (ECOG) performance status (0–1 vs. 2; p = 0.002), recursive partitioning analysis class (1 vs. 2; p = 0.001), 
and age (<65 vs. ≥65 years; p = 0.036) were significant predictive factors for OS. Primary disease control (p = 0.041) and ECOG 
status (p = 0.017) were the significant prognostic factors for IPFS. Four patients experienced radiation necrosis.
Conclusion: SRS is a safe and effective local treatment for brain metastases in patients with NSCLC. Uncontrolled primary lung 
disease and ECOG status were significant predictors of OS and intracranial failure. SRS might be a tailored treatment option along 
with careful follow-up of the intracranial and primary lung disease status.
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Introduction

Brain metastases are currently both common in clinical 

oncology and a critical problem, since they negatively affect 
patients’ quality of life (QOL) as well as survival. In particular, 
30% of patients with non-small cell lung cancer (NSCLC) will 
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develop brain metastases [1,2]. However, improved systemic 
treatment modalities have led to prolonged disease courses in 
large numbers of patients and subsequently to an increased 
incidence of brain metastases.

For the last several decades, whole brain radiation therapy 
(WBRT) and surgery have been the main treatment options 
for brain metastases from NSCLC. Surgery is preferred in the 
case of the metastatic lesions that are single, located near the 
skull, relatively large in size, and inducing urgent neurologic 
sign [1-3]. With the exception of these surgical candidates, the 
treatment of choice for most patients, not only for multiple 
brain metastases, but also for single or oligo-metastases 
(generally, two to four metastases) in the brain, has been WBRT 
[3]. However, the risks of long-term neurotoxicity as well as 
multiple short-term adverse effects are controversial aspects 
of WBRT [4]. The long-term toxicity of the treatment could 
become a serious clinical problem as patients with NSCLC have 
increased survival periods.

In response to these clinical concerns, stereotactic radio-
surgery (SRS) has recently emerged as an alternative treatment 
modality for selected patients with single metastases and 
oligo-metastases [5-7]. Generally, SRS has been used in 
conjunction with WBRT. However, some published articles have 
suggested that although WBRT can control micrometastases, 
it might not be necessary or effective in all patients [8,9]. 
Several studies have shown that SRS is very effective in tumor 
control, and it can prevent neurological defects, and permit a 
good QOL in lung cancer patients [10-13]. SRS is accepted as a 
standard treatment modality for single metastases and oligo-
metastases. In addition, there are studies underway on the 
possibility of omitting WBRT after SRS [14].

Both local control and distant intracranial failure can be 
significant in relation to patients’ long-term prognosis as well 
as their functional status and QOL. Therefore, the decision of 
which up-front radiotherapy (RT) technique to select would be 
particularly important. To allow the performance of tailored 
RT, more pooled data regarding clinical outcomes and toxicity, 
as well as the assessment of clinical prognostic variables, is 
required to more effectively characterize which patients are at 
a relatively high or low risk for intracranial recurrence.

This retrospective study was performed to review our clinical 
data on SRS delivered to NSCLC patients with brain metastases 
using the CyberKnife system (Accuray Inc., Sunnyvale, CA, USA) 
and to evaluate its efficacy as well as the prognostic variables 
associated with survival and intracranial recurrence.

Materials and Methods

1. Patients
Out institution performs brain SRS for the patients with 
the Eastern Cooperative Oncology Group (ECOG) 0, 1, and 
2 and limited numbers of brain lesion less than 5. Between 
April 2006 and December 2012, a total of 123 targets brain 
metastases in 64 NSCLC patients were treated with SRS at 
Seoul St. Mary’s Hospital. Among the 64 patients, 12 patients 
had previously received WBRT and were treated with SRS as 
salvage treatment for recurrent intracranial metastases. The 

Table 1. Patients’ characteristics (n = 64)

Characteristic No. (%)

Sex
   Male
   Female
Pathologic type
   Adenocarcinoma
   Squamous cell carcinoma
   Large cell carcinoma
   Poorly differentiated carcinoma
Age (yr)
   <50 
   50–64 
   ≥65 
ECOG performance statusa)

   0
   1
   2
RPA classa)

   1
   2
Previous WBRT
   No 
   Yes (SRS for recurrent lesion)
Primary disease controlb)

   Yes
   No
Other systemic metastases
   Yes
   No
No. of brain lesions
   Single
   Oligo-metastases (2–4)
   Multiple metastases (5)

 
35 (54.7)
29 (45.3)

 
52 (81.3)
6 (9.4)
4 (6.2)
2 (3.1)
 

10 (15.6)
29 (45.3)
25 (39.1)

 
14 (21.9)
36 (56.2)
14 (21.9)

 
15 (23.4)
49 (76.6)

 
52 (81.3)
12 (18.7)

 
26 (40.6)
38 (59.4)

 
37 (57.8)
27 (42.2)

 
26 (40.6)
37 (57.8)
1 (1.6)

ECOG, Eastern Cooperative Oncology Group; RPA, recursive parti-
tioning analysis; WBRT, whole brain radiation therapy; SRS, stereo-
tactic radiosurgery.
a)Patients with ECOG status 3 and 4 and RPA class 3 were excluded 
in treatment. b)Disease control status of primary lung lesion.
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details of the patients’ characteristics were summarized in 
Table 1. One patient received treatment with SRS to 5 targets. 
The patient initially planned to receive SRS on 3 targets but 
additional two lesions were founded in planning contrast-
enhanced magnetic resonance imaging (MRI) and we decide 
to enforce SRS treatment as initially planned. Outlines of 
the targets were demonstrated in Table 2. This study was 
approved by the Institutional Review Board of our institution 
for retrospective clinical research using the medical records of 
these 64 patients.

2. Treatment planning, delivery, dose, and fractionation
All patients were immobilized with a tight thermoplastic 
stereotactic head mask in the supine position and underwent 
contrast-enhanced MRI and contrast-enhanced computed 
tomography (CT) with a slice thickness of 1 mm throughout 
the entire brain. The two sets of patient images were fused 
using the commercial software package CoreFusion (Seoul C&J 
Inc., Seoul, Korea).

The gross tumor volume (GTV) was determined as the 
evident, contrast-enhancing, gross disease on both images. 
We mainly delineated the GTV on the basis of CT images and 
incorporated additional information from fused MRI scans. 
We did not expand the GTV to form a clinical target volume 
or planning target volume from the GTV. Treatment planning 
was performed with the ‘On Target’ treatment planning system 
(Accuray Inc.). The GTV encompassed by a median 80% isodose 

line (range, 70% to 92%). Patients were treated with 6 MV 
photon beams using CyberKnife (Accuray Inc.). Our prescription 
guidelines for SRS were described in Table 2.

3. Follow-up 
Follow-up was performed with clinical interviews, neurologic 
examinations, and MRI. The first follow-up MRI was routinely 
performed 1 to 3 months after SRS. Thereafter, follow-ups 
were performed every 3 to 6 months or sooner, if indicated. 
Response evaluations were based on the World Health 
Organization criteria.

Survival time was calculated from the date of diagnosis of 
brain metastases until death or the last follow-up in patients 
treated with SRS as initial treatment of brain metastases. In 
cases of salvage SRS, survival time was calculated from the 
date of the MRI on which recurrent brain metastases for SRS 
treatment was diagnosed. The cause of death was classified as 
lung cancer-related extracranial systemic progression which 
included primary lung disease progression, intracranial disease 
progression, other noncancerous conditions, and unknown 
causes.

The development of neurological defects was defined by a 
change in neurological status, including decreased strength, 
degraded ambulatory function, development of aphasia, 
altered vision or other sensation, or altered mental status. This 
assessment was based on a clinical interview with a clinician. 
We did not employ a written clinical questionnaire to evaluate 
neurocognitive function.

4. Statistics
All statistical analyses were performed using IBM SPSS 
ver. 22 (IBM, Armonk, NY, USA). The Kaplan–Meier method 
was employed to determine the actuarial survival rate or 
local recurrence rate at the SRS sites and the intracranial 
progression rate elsewhere in the brain. Prognostic factors for 
overall survival (OS) and intracranial progression-free survival 
(IPFS) were examined with the log-rank test. Multivariate 
prognostic factors were assessed with Cox regression analysis. 
A p-value of <0.05 (two-sided test) was considered significant.

Results

1. Treatment outcomes
The median follow-up duration was 13.9 months (range, 0.7 
to 88.3 months) for the entire patient group. Response was 
evaluated in 108 of 123 targets 1 to 3 months after SRS. The 
other 15 targets from 9 patients were not evaluated because 

Table 2. Stereotactic radiosurgery targets’ distributions and dose 
schedule (n = 123)

Factor Value Dose (cGy) / fractiona)

Size (cm)
   ≤1
   >1 and ≤2 
   >2 and ≤3
Location
   Cerebrum
   Cerebellum
   Brainstem
Volume (mL)
   >0 and ≤1
   >1 and ≤2
   >2 and ≤3
   >3 and ≤4
   >4

1.0 (0.2–2.9)
57 (46.3)
55 (44.7)
11 (9.0)

 
95 (77.2)
26 (21.1)
2 (1.7)

0.855 (0.094–11.794)
69 (56.1)
21 (17.1)
15 (12.2)
6 (4.9)

12 (9.7)

 
2,400 / 1

2,000–2,200 / 1
2,100–3,000 / 3–5b)

 
-
-
-
-
-
-
-
-
-

Values are presented as median (range) or number (%).
a)Prescription isodose line: median 80% (range, 70% to 92%). b)Pa-
tients with previous whole brain radiation therapy have followed 
this fractionated schedule regardless of target size.
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of early toxic death caused by other systemic treatment prior 
to follow-up imaging or systemic disease progression. We 
therefore included these 9 patients in the survival analysis 
because the cause of death was proven as systemic disease 
progression.

On the initial follow-up MRI, 43 targets (39.8%) showed a 
complete response, and another 40 targets (37.0%) showed a 
partial response. Thus, tumor response was achieved in 76.8% 
of the treated targets. Twenty-five targets (23.2%) showed 
stable disease. None of the targets showed progression.

At the time of analysis, 57 patients (89.1%) were dead. 
The cause of death was classified into four categories: lung 
cancer-related systemic progression in 39 patients, intracranial 
progression in 8 patients, other noncancerous conditions in 3 
patients, and unknown causes in 7 patients. The median OS for 
all patients was 14.1 months. The 1- and 2-year OS rates were 
55% and 28%, respectively (Fig. 1A). 

We assessed both local tumor recurrences in 108 evaluated 
treated sites and new brain metastases at other sites to 
determine IPFS in 64 patients. The median IPFS was 8.9 
months (Fig. 1B). Local tumor recurrence was developed in 
10 sites of 7 patients. The actuarial 5-year local control rate 
was 85% (Fig. 2). Among those 7 patients, one patient with 
single brain metastases and 6 patients with multiple brain 
metastases experienced local recurrence. Regarding the initial 
treatment responses of those 10 targets, 4 targets showed a 
complete response, 3 targets showed a partial response, and 
the other 3 targets demonstrated stable disease. However, new 
brain metastases at other sites occurred in 34 patients (53.1%); 
among them, 27 were in the group of initial SRS patients.

2. Prognostic factors for OS
We performed a univariate analysis to identify predictive 
factors for OS (n = 64). On univariate analysis, whether or 
not the primary disease was controlled (31.5 months vs. 9.7 
months; p < 0.001), ECOG performance status (0–1 vs. 2; 16.4 
months vs. 4.9 months; p = 0.002), recursive partitioning 
analysis (RPA) class (1 vs. 2; 42.2 months vs. 11.2 months; p 
= 0.001), and age (<65 years vs. ≥65 years; 17.2 months vs. 
7.3 months; p = 0.036) were significant predictive factors for 
OS. Table 3 presented the results of the univariate analysis. 
The other factors failed to achieve statistical significance. In 
the multivariate analysis, we excluded RPA class because this 
parameter encompasses other prognostic factors (age, ECOG 
performance status, and disease control of the primary lung 
lesion). Our results showed that primary disease control status 
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Fig. 1. Kaplan-Meier overall survival (A) and intracranial progression-free survival (B) curves (n = 64).

Fig. 2. Local control of evaluated stereotactic radiosurgery target 
(n = 108), 5-year local control rate was 85%.
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(p < 0.001; hazard ratio [HR], 4.814; 95% confidence interval 
[CI], 10.413–2.226), ECOG performance status (p = 0.010; HR, 
2.559; 95% CI, 5.254–1.246), and status of other systemic 
metastases (p = 0.006; HR, 2.419; 95% CI, 2.352–0.588) 
were significant prognostic factors for OS. The results are 
summarized in Table 4. 

3. Prognostic factors for IPFS
We also performed a univariate analysis to identify predictive 
factors for intracranial tumor recurrences, including local 
recurrences and new intracranial metastases (n = 64). Primary 
disease control (31.6 months vs. 14.4 months; p = 0.041) and 
ECOG performance status (0–1 vs. 2; 25.8 months vs. 7.0 
months; p = 0.017) were statistically significant prognostic 
factors. Neither the number of sites of metastases nor a 

Table 3. Results of univariate analysis of OS and IPFS

Factor No. Median OS (mo) p-value Median IPFS (mo) p-value

Primary disease control
   Yes
   No
ECOG status
   0, 1
   2
RPA class
   1
   2
Age (yr)
   <65 
   ≥65 
No. of brain lesions
   1
   ≥2
Other systemic metastases
   No
   Yes
Prior WBRT
   Yes
   No
Pathologic type
   Adenocarcinoma
   Others

 
25
39
 
52
12
 
13
51
 
39
25
 
26
38
 
27
37
 
12
52
 
52
12

 
31.5
 9.7

 
16.4
 4.9

 
42.2
11.2

 
17.2
 7.3

 
11.8
15.8

 
18.3
11.2

 
11.1
13.6

 
15.7
 5.2

<0.001
 
 

0.002
 
 

0.001
 
 

0.036
 
 

0.690
 
 

0.053
 
 

0.462
 
 

0.114
 
 

 
31.6
14.4

 
25.8
 7.0

 
30.1
18.2

 
25.6
15.6

 
19.3
22.9

 
24.3
15.4

 
11.8
21.8

 
19.4
29.4

0.041
 
 

0.017
 
 

0.554
 
 

0.166
 
 

0.540
 
 

0.788
 
 

0.743
 
 

0.876
 
 

OS, overall survival; IPFS, intracranial progression-free survival; ECOG, Eastern Cooperative Oncology Group; RPA, recursive partitioning 
analysis; WBRT, whole brain radiation therapy.

Table 4. Multivariate analysis of overall survival and intracranial progression free survival

Variable
OS IPFS

p-value HR 95% CI p-value HR 95% CI

Primary disease control (yes vs. no)
ECOG status (0,1 vs. 2)
Other systemic metastases (no vs. yes)
Age (yr) (<65 vs. ≥65)
Pathologic type (adenocarcinoma vs. others)
Previous WBRT (yes vs. no)
No. of brain lesion (1 vs. ≥2)

<0.001
0.010
0.006
0.070
0.678
0.466
0.108

4.814
2.559
2.419
1.804
1.177
0.747
0.575

10.413–2.226
5.254–1.246
4.567–1.281
3.416–0.953
2.536–0.536
1.635–0.342
1.129–0.293

0.033
0.038
0.646
0.326
0.730
0.765
0.454

2.235
2.314
1.117
1.422
0.853
0.874
0.755

4.677–1.068
5.107–1.049
2.352–0.588
2.868–0.705
2.101–0.347
2.118–0.360
1.574–0.362

OS, overall survival; IPFS, intracranial progression-free survival; HR, hazard ratio; CI, confidential interval; ECOG, Eastern Cooperative 
Oncology Group; WBRT, whole brain radiation therapy.
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history of WBRT correlated with IPFS. Table 3 presented the 
results of the univariate analysis. On multivariate analysis, 
primary disease control (p = 0.033; HR, 2.235; 95% CI, 4.677–
1.068) and ECOG performance status (p = 0.038; HR, 2.314; 
95% CI, 5.107–1.049) were statistically significant prognostic 
factors for IPFS. The results were summarized in Table 4.

4. Treatment-induced toxicity
There were no cases of neurocognitive dysfunction in the 
initial-SRS treated patients during the follow-up period. Four 
patients presented with radiation necrosis that was diagnosed 
using perfusion/diffusion MRI and/or brain CT; only one of 
these patients underwent surgical resection and received a 
confirmed pathologic diagnosis of radiation necrosis. None 
of these 4 patients experienced permanent deterioration of 
neurologic function. The details of the radiation necrosis cases 
were summarized in Table 5.

Discussion and Conclusion

In the current study, we investigated patients with brain 
metastases from NSCLC. Although this study was limited by its 
nature as a single institutional retrospective study with a short 
follow-up period, we found that patients who underwent SRS 
demonstrated excellent local control and survival compared 
with traditional WBRT. According to an analysis of randomized 
clinical trials by the Radiation Therapy Oncology Group (RTOG), 
the median survival time of patients with brain metastases 
after WBRT was 4 to 6 months [13]. In the current study, the 
median survival of all patients was 14.1 months; moreover, 
only 8 patients died due to intracranial lesions. When SRS was 
used as a salvage approach, patients (n = 12; median OS, 11.1 
months) showed a trend toward longer survival compared with 
the reported survival rates of lung cancer patients with brain 
disease progression [15,16]. However, it is difficult to determine 
whether the improved treatment results can be attributed 
solely to the advantages of SRS, so that we didn’t perform 
direct comparison study between SRS group and WBRT group.

According to our results, univariate and multivariate 
analyses showed that primary disease control is a statistically 
significant predictor of OS and IPFS. Similar to the findings 
of our study, primary disease control was found to be the 
most important factor for clinical outcome in several previous 
studies, showing a strong correlation with OS as well as with 
intracranial progression [10,17,18]. Kress et al. [19] also found 
that primary lung disease control was the most powerful 
prognostic factor in a study comparing SRS to other treatment Ta
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modalities in the control of brain disease. Patients with NSCLC 
live longer than predicted because of advance in systemic 
chemotherapy. During their prolonged survival, uncontrolled 
systemic disease continuously increases the risk of other 
intracranial failures. These findings are very important for 
predicting long-term outcomes and tailoring plans for patient 
surveillance. Prospective studies are needed to optimize patient 
selection for up-front SRS, and to refine follow-up schedules 
with the goal of minimizing the impact of intracranial failure 
on patients’ QOL.

Our study also demonstrated that ECOG performance 
status is a statistically significant predictor of both OS and 
IPFS. The RTOG provides an RPA classification method that 
includes the Karnofsky performance status (KPS) score, age, 
status of extracranial metastases, and primary disease control. 
This RPA classification was derived from and validated by the 
results of several clinical trials [20-22]. In our study, the RPA 
classification showed a statistically significant correlation with 
OS and was adequate in predicting the prognosis of NSCLC 
patients treated with SRS.

The number of brain lesions is also an important point 
in brain SRS. Previously, WBRT was considered for brain 
metastases, regardless of the number of sites. Recently, SRS 
was initially adopted to increase local control in cases with 
a few metastases. Kondziolka et al. [23] reported that the 
combination of WBRT and SRS improved local control without 
treatment side effects. RTOG 9508 [13,24] was a phase III 
multi-institute randomized study that compared WBRT with 
WBRT plus SRS boost. The study determined that patients with 
one surgically unresectable metastases benefited from an SRS 
boost and that patients with 2 to 3 metastases can consider 
SRS boost as a treatment option. After the RTOG 9508 report, 
SRS became a treatment option for oligo-metastases in the 
brain.

Meanwhile, Sperduto et al. [24] found, in a secondary analysis 
of RTOG 9508, that patients with poor graded prognostic 
assessment (GPA) scores receive no clinical benefit from SRS. 
The GPA score is composed of age, KPS score, presence of 
extracranial metastases, and number of brain metastases, 
and poorer the prognostic factors, lower are the scores. 
Patients with GPA scores of 3.5 and 4.0 show a survival 
benefit with SRS, while SRS does not significantly affect 
survival in patients with GPA scores from 0.0 to 3.0. This result 
emphasizes that the patient’s status including the presence of 
systemic metastases, performance status and number of brain 
metastases should be judiciously considered before performing 
SRS.

Some studies have investigated the possibility of omitting 
WBRT after SRS in suitable patient groups, and the debates 
are ongoing. To avoid the acute and chronic morbidity of 
WBRT, this modality may be reserved as a salvage treatment 
in cases of intracranial relapse. Aoyama et al. [25] failed to 
find survival differences in patients with 1–4 metastases who 
were treated with SRS alone or SRS plus WBRT. Similarly, 
the European Organization for Research and Treatment of 
Cancer (EORTC) 22952-26001 trial [14,26] also found that the 
addition of WBRT to SRS did not affect survival, although it 
did increase the risk of delayed radiation necrosis. In addition, 
a randomized study of 58 patients conducted by Chang et al. 
[27] was stopped due to a high probability (96%) of decreased 
learning and memory function in the WBRT plus SRS group.

In fact, the probability of new brain metastases at other 
sites was higher in patients treated with SRS alone. However, 
the lack of a survival benefit and the controversy regarding 
WBRT-induced neurocognitive dysfunction might become 
logical evidence for the omission of WBRT when SRS is 
administered to patients with single metastases or oligo-
metastases (2–4 lesions). WBRT may be omitted in patients 
with a good performance status with otherwise stable 
systemic disease and a limited number of brain metastases 
if serial MRI is performed during follow-up. In the current 
study, 53.1% of patients developed new brain metastases in 
the initial SRS treated patients those who did not receive prior 
WBRT. However, their median survival duration of 13.6 months 
was not inferior compared to the traditional outcome of WBRT.

Furthermore, the development of novel chemotherapeutic 
agents for lung cancer has resulted in improvements in 
survival. Targeted agents in particular, such as epidermal 
growth factor receptor tyrosine kinase inhibitors (EGFR TKIs), 
compared to other cytotoxic chemotherapy agents, show 
superior pharmacokinetics in penetrating through the blood-
brain barrier. Despite the fact that few prospective data are 
available on the efficacy of EGFR TKIs in this setting, several 
authors have recently reported a growing number of cases 
showing partial or complete responses in brains treated with 
these agents. Park et al. [28] treated NSCLC patients with 
brain metastases and EGFR exon 19 or 21 mutations using 
EGFR TKIs. Out of 28 patients, 23 patients showed a partial 
response with EGFR TKIs only. If these drugs can adequately 
affect tumor cells in the brain, it would reduce the incidence 
of other intracranial recurrences. Unfortunately, we have no 
date on some of our patients have regarding chemotherapy 
or mutation studies for additional evaluation. Further studies 
will be needed to determine whether EGFR TKIs can replace 
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or permit the omission of WBRT in selected NSCLC patients 
harboring EGFR mutations.

Our study only included patients with NSCLC. There are 
few similar studies focusing specifically on NSCLC brain 
metastases. Kim et al. [29] investigated the treatment of 77 
NSCLC patients with brain metastases using linear accelerator 
based SRS. Seventy-one patients also underwent WBRT. The 
authors reported that the overall median survival was 10 
months and the extent of systemic disease was a significant 
factor affecting survival. Those findings were similar to our 
results. Sheehan et al. [30] investigated Gamma Knife surgery 
(GKS) for the treatment of brain metastases in NSCLC patients. 
The median survival of 273 patients was 15 months from 
the diagnosis of brain metastases, which was similar to our 
data. In this study, GKS resulted in a crude local control rate 
of 84%, and a higher KPS score, female sex, adenocarcinoma, 
and a long time interval from diagnosis of lung cancer to 
metastases to the brain were significant prognostic factors; 
active systemic disease was a poor prognostic factor, similar to 
the results of our study.

The side effects of SRS are usually limited but can occasionally 
be serious. There are few radiation-related acute side effects of 
SRS. The treatment may cause mild fatigue and occasionally, 
temporary loss of a patch of hair. The risk of symptomatic 
radiation injury is usually below 5%, depending on factors such 
as the treatment volume, radiation dose, pathology, interval 
since prior SRS, dose distribution conformity, and previous 
radiation history [18,31]. In a prior study conducted by our 
institute [32], a history of diabetes mellitus, hypertension, 
cerebral infarction and chemotherapy history were also found 
to increase the risk of brain necrosis. Radiation injury must 
be differentiated from tumor recurrence, which presents 
with similar MRI findings. Such findings are focally increased 
enhancements, accompanied by perilesional edema. The 
efficacies of various modalities such as MRI spectrography, 
perfusion/diffusion MRI/CT, or positron emission tomography 
with fluorodeoxyglucose or methionine have been reported. 
However, it is sometimes difficult to distinguish between 
tumor recurrence and radiation injury, due to the occurrence 
of mixed lesions that contain both tumor recurrences and 
radiation injuries.

In our study, 4 patients were diagnosed with radiation 
necrosis. The diagnosis was based on imaging in 3 patients, 
and one patient underwent surgical resection, with the 
findings pathologically proven as necrosis. We obtained 
enhanced perfusion MRI/CT images of suspicious lesions, 
and the imaging findings suggested that the lesions might 

be radiation necrosis rather than tumor recurrence. The 
details of the 4 radiation necrosis cases are summarized in 
Table 5. Fortunately, no patients died or experienced chronic 
irreversible neurocognitive dysfunction in response to SRS, and 
the adverse treatment effects were controlled by oral steroids 
and surgical resection.

We acknowledge that this study has several limitations; 
particularly the inclusion of patients who had a previous 
WBRT and the patient with 5 treatment targets in the brain. 
Additionally, there was poor pathological information regarding 
the mutation status of EGFR and anaplastic lymphoma kinase, 
as mutation studies were adopted in routine clinical practice 
after 2010. Targeted agents for these mutations lead to 
tremendous benefits in disease control, OS, and intracranial 
disease control.

Despite limitations mentioned above, these retrospective 
data demonstrated that SRS could be a safe and effective 
option for front-line treatment and for salvage treatment after 
WBRT for single metastases and oligo-metastases of the brain 
from NSCLC. Disease control of the primary lung lesion, ECOG 
performance status, age, and other systemic (extracranial) 
metastases were correlated with OS. Primary disease control 
and ECOG performance status were significant predictors of 
IPFS. These results signify that uncontrolled primary disease 
continuously increases the risk of other intracranial failures. 
Therefore, SRS combined with or without WBRT might be a 
tailored treatment option along with careful follow-up of 
intracranial and systemic disease status.
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