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Abstract. The efficacy and safety of stereotactic radiosur-
gery (SRS) in comparison with whole brain radiotherapy 
(WBRT) for brain metastases (BMs) remains unclear. 
The present study retrospectively reviewed 44 patients 
who received SRS or WBRT as an initial treatment for 
10‑20 BMs from non‑small cell lung cancer between 
2009 and 2016. Of the patients, 24 (54.5%) were treated 
with SRS and 20 (45.5%) were treated with WBRT. Overall 
survival (OS), time to intracranial progression (TTIP), 
neurological survival (NS), and prognostic factors were 
examined. OS did not significantly differ between the 
two groups: 7.3 months in the SRS group vs. 7.2 months 
in the WBRT group (P=0.502). Median TTIP was signifi-
cantly shorter in the SRS group than in the WBRT group 
(7.1 vs. 19.1 months, P=0.009). In contrast, there were 
no significant differences in NS between the two groups 
(14.5 months in the SRS group vs. 12.9 months in the WBRT 
group, P=0.346). Univariate and multivariate analysis 
revealed that the type of initial treatment for BMs (WBRT 
or SRS) was not a significant prognostic factor (hazard 
ratio=0.80, 95% confidence interval: 0.42‑1.52, P=0.502). 
However, histology, performance status, subsequent molec-
ular targeted drugs, subsequent chemotherapy and salvage 
treatment were independent prognostic factors. There were 
no significant differences in OS and NS between treat-
ment with SRS and treatment with WBRT in patients with 

10‑20 BMs, although TTIP was improved with WBRT. As 
an upfront treatment for 10‑20 BMs, SRS may delay WBRT 
and the adverse events associated with WBRT.

Introduction

Up to 40% of the patients diagnosed with non‑small cell 
lung cancer (NSCLC) develop brain metastases (BMs) over 
the course of their disease (1,2). Patients with untreated BMs 
have an extremely poor prognosis, with a median survival 
of 1‑2 months (3), although survival can be improved to a 
median of 4‑6 months with the introduction of whole brain 
radiotherapy (WBRT) (4). WBRT has long been recognized as 
the standard treatment for patients with multiple BMs.

Recently, owing to concern regarding the side effects and 
neurological dysfunction associated with WBRT, increasing 
numbers of studies examining the effectiveness of stereo-
tactic radiosurgery (SRS) in patients with a low number of 
BMs have been performed. A multi‑institutional retrospec-
tive study demonstrated that patients with fewer than four 
BMs from NSCLC treated with SRS as the initial therapy 
experienced longer survival than those treated with WBRT, 
even after propensity score adjustment (5). In addition, a 
prospective observational study showed that overall survival 
(OS) following initial treatment with SRS alone was similar 
for patients with 5‑10 BMs and patients with 2‑4 BMs (6). 
SRS has been regarded as a reasonable treatment alternative 
for patients with as many as 10 BMs. Additionally, some 
retrospective studies have shown that SRS is as safe and 
effective for 10 or more lesions as it is for a smaller number 
of lesions (7‑11).

However, these previous studies included various types 
of primary tumors, in addition to NSCLC, and none directly 
compared survival outcomes for SRS and WBRT as initial 
radiological treatments for BMs. Therefore, we conducted this 
retrospective study to compare the survival benefit and preven-
tion of neurological death for SRS and WBRT in patients with 
advanced NSCLC with 10‑20 BMs.
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Materials and methods

Patient population. The present study included all patients 
with 10‑20 BMs from NSCLC who were treated with 
either SRS or WBRT as the initial treatment for brain 
lesions at Komaki City Hospital (Komaki, Japan) between 
January 2009 and December 2016. All data were retro-
spectively obtained from electronic medical records. All 
patients were diagnosed with BMs by gadolinium enhanced 
T1‑weighed magnetic resonance imaging (MRI). Patients 
were included in this study if they had: i) pathologically 
proven NSCLC; ii) 10‑20 BMs treated with SRS or WBRT; 
iii) a life expectancy of more than 2 months according to the 
attending physicians or neurologists; iv) no history of prior 
treatment with either SRS or WBRT or surgery for BMs; 
v) lesions with a maximum diameter of 4 cm or less per 
metastasis; and vi) no apparent leptomeningeal disease. The 
life expectancy was mainly predicted by diagnosis‑specific 
graded prognostic assessment (DS‑GPA) score as well as 
Eastern Cooperative Oncology Group Performance Status 
(ECOG‑PS) or Karnofsky Performance Status (KPS) (12) As 
patients DS‑GPA and Lung‑molGPA scores of 0‑1 showed, 
respectively, median OS of 3.0 and 6.9 months, some patients 
were included even with low performance status (12,13). Due 
to the lack of relevant data, pulmonologists or neurosurgeons 
help patients make informed decisions to select their treatment 
modality depending on the patients' preference. For patients 
with relatively larger lesion (≥10 cm3) who are not candidate 
for surgery, the two‑session SRS would be offered as an 
option (14). For patients with the desire for home care, SRS 
would also be an option because SRS is a one‑day treatment 
while WBRT takes over 2 weeks. Follow‑up MRI to detect 
brain lesions or enhanced computed tomography (CT) scan-
ning for systemic lesions was performed every 3‑4 months or 
when clinically indicated after SRS or WBRT. Study approval 
was obtained from the Institutional Review Board of Komaki 
City Hospital (no. 171013).

SRS and WBRT techniques and treatment. SRS was performed 
using Gamma Knife model C or Perfexion (Elekta AB, 
Stockholm, Sweden). Gamma Knife surgery was performed 
with the aid of the Leksell Model G stereotactic frame 
(Elekta AB). After administration of a mild sedative and local 
anesthesia, the stereotactic frame was applied. Patient treat-
ment was planned with GammaPlan software (Elekta AB). 
Thin‑slice axial spoiled gradient echo images with gadolinium 
enhancement were used for tumor delineation. Most BMs 
were treated at a tumor margin dose of 18‑20 Gy with an 
isodose line of 50‑95%, depending on tumor volume; treat-
ment occurred in a single session when the tumor volume 
was less than 10 cm3. Some lesions were treated at a reduced 
margin dose of 12‑16 Gy when the tumors were relatively 
large (≥10 cm3) or proximal to critical structures, such as the 
brainstem or the optic apparatus. In one patient, two lesions 
were treated with two‑session Gamma Knife surgery within 
two‑week interval (15), during which a margin dose of 13 Gy 
per session was delivered because of the multiple large BMs. 
All the other patients received a single session SRS as one‑day 
treatment. We administered WBRT with 30 Gy in 10 frac-
tions over 2 weeks using a linear accelerator. Providing that 

WBRT had been refused by the patient, SRS was applied for 
multiple BM when the patients' systemic condition was such 
that SRS intervention would be tolerable and fully informed 
consent for treatment had been obtained. In cases in which 
the intracranial tumor burden increased as a result of tumor 
growth or new metastases, repeat SRS or subsequent WBRT 
was recommended.

Statistical analysis. Study outcomes were comparison of OS, 
time to intracranial progression (TTIP), and neurological 
survival (NS) between patients treated with SRS and those 
treated with WBRT, and identification of the prognostic 
factors that contributed to OS. OS was defined as the time 
from the date of diagnosis of BMs to death from any cause. 
TTIP was defined as the time from the date of diagnosis of 
BMs to detection of any recurrence in the brain; detection of 
carcinomatous meningitis, which was verified by examination 
of cerebrospinal fluid; or the date of the last follow‑up imaging. 
NS was defined as the time from the date of diagnosis of BMs 
to neurological death. In NS analysis, only deaths from neuro-
logical causes were used as endpoints, and patients who died 
from non‑neurological causes were censored. Neurological 
death was defined as death from any form of progression 
of neurologic dysfunction caused by intracranial disease, 
including intracranial recurrence or carcinomatous menin-
gitis, and other illnesses with severe neurologic dysfunction, as 
described by Patchell et al (16). We also conducted subgroup 
analysis for epidermal growth factor receptor/anaplastic 
lymphoma kinase (EGFR/ALK) mutation‑positive patients, 
comparing OS between the two treatment modalities.

We used t‑tests or Mann‑Whitney U tests for continuous 
variables, and Chi‑square tests or Fisher's exact tests for 
categorical variables to detect differences between the groups. 
Estimated survival was calculated using the Kaplan‑Meier 
method, with 95% confidence intervals (CIs); comparisons 
between the groups were performed using log‑rank tests. To 
detect the independent prognostic factors for survival, Cox 
proportional hazards modeling was performed for all patients. 
The following parameters at the time of diagnosis of BMs 
were included in univariate and multivariate analysis: sex, age, 
smoking status, ECOG performance status score (PS), initial 
clinical stage of lung cancer, EGFR/ALK mutation status, 
symptoms from the brain lesions (yes or no), extracranial 
metastases (yes or no), maximal diameter of the brain lesions, 
chemotherapy or EGFR/ALK‑tyrosine kinase inhibitor (TKI) 
administration prior to brain radiotherapy (yes or no), chemo-
therapy or EGFR/ALK‑TKI administration subsequent to 
brain radiotherapy (yes or no), DS‑GPA class for NSCLC (12), 
Lung‑molGPA score (13), and salvage treatment for recur-
rence of BMs such as SRS or WBRT (yes or no). All analyses 
were performed using the Statistical Package for the Social 
Sciences (SPSS v.21; SPSS, Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

Patient characteristics. The patient characteristics are summa-
rized in Table I. We identified 44 patients for the survival 
analysis. Twenty‑four patients (55%) were treated with SRS 
and 20 patients (45%) were treated with WBRT. The median 
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follow‑up periods were 29 weeks (range: 7‑233 weeks) in the 
SRS group and 28 weeks (range: 3‑164 weeks) in the WBRT 
group. No significant differences were observed between the 
two groups in terms of patient characteristics, including age, 
sex, histology, smoking status. EGFR/ALK status, clinical 
stage, PS, systemic treatment, symptoms from BMs, DS‑GPA 
score, Lung‑molGPA score, or subsequent systemic treat-

ment. However, patients treated with SRS had fewer lesions 
(median 11 vs. 15, P=0.008) and greater lesion diameters 
(median 17 vs. 12.5 mm, P=0.069) than patients treated with 
WBRT. Patients with fewer and larger lesions tended to receive 
SRS while patients with more and smaller lesions to receive 
WBRT. With regard to salvage treatment for BMs, five of 
10 patients in the SRS group received repeat SRS, one patient 
received WBRT, and the remaining four patients received both. 
In contrast, one patient in the WBRT group received SRS.

Response to WBRT and SRS. Local control was achieved at 
6 and 12 months in 100 and 90%, respectively, of both the 
SRS and WBRT groups (P=0.764). Distant brain failure was 
seen at 6 and 12 months in 29.9 and 69.9%, respectively, of the 
SRS group vs. 0 and 10.0%, respectively, of the WBRT group 
(P=0.005).

Survival data in WBRT and SRS groups. The overall group 
survival rates were 84.1, 59.1 and 27.3% at 3 and 6 months, 
and 1 year, respectively, after WBRT or SRS treatment. Fig. 1 
shows the survival curves in the SRS and WBRT groups. The 
median survival time was 7.3 months (95% CI: 2.8‑11.8) in the 
SRS group and 7.2 months (95% CI: 1.1‑13.3) in the WBRT 
group. There was no statistically significant difference in OS 
between the two groups (P=0.502). In contrast, TTIP was 
significantly longer in the WBRT group. Median TTIP was 
7.1 months (95% CI: 5.7‑8.5) in the SRS group and 19.1 months 
(95% CI: 5.9‑32.3) in the WBRT group (P=0.009; Fig. 2). 
Fig. 3 shows the time to death from neurological causes for the 

Table I. Patient characteristics (n=44).

 SRS group WBRT group
Characteristics (n=24) (n=20) P‑value

Median age, years (range)   67.6 (46‑80)   67.5 (49‑84) 0.519
Sex (male/female) 17/7 10/10 0.158
Histology (Ad/Sq/others) 23/1/0 17/1/2 0.278
Smoking status (current/former/never) 7/11/6 4/8/8 0.542
EGFR/ALK mutation status (positive/negative/unknown) 13/9/2 11/4/5 0.219
Clinical stage at diagnosis (I‑II/III/IV) 1/6/17 3/1/16 0.118
ECOG‑PS (0/1/2/3/4) 7/12/1/3/1 3/9/3/3/2 0.554
Prior TKI (yes/no) 4/20 5/15 0.710
Prior chemotherapy (yes/no) 7/17 8/12 0.450
Symptoms from BMs (yes/no) 7/17 8/12 0.450
Number of BMs, median (range)      11 (10‑19)      15 (10‑20) 0.008
Maximum diameter of BMs median, mm (range) 17.0 (8‑40) 13.5 (5‑32) 0.069
Extracranial metastases (present/absent) 24/0 17/3 0.086
DS‑GPA score (0‑1.0/1.5‑2.0/2.5‑) 17/7/0 14/6/0 0.952
Lung‑molGPA score (0‑1.0/1.5‑2.0/2.5‑) 8/9/7 6/9/5 0.879
Subsequent chemotherapy (yes/no) 14/10 12/8 0.911
Subsequent TKI (yes/no) 11/13 10/10 0.783
Salvage treatment (yes/no) 10/14 1/19 0.005

SRS, stereotactic radiosurgery; WBRT, whole brain radiotherapy; Ad, adenocarcinoma; EGFR, epidermal growth factor receptor; ALK, ana-
plastic lymphoma kinase; ECOG‑PS, Eastern Cooperative Oncology Group Performance Status; TKI, tyrosine kinase inhibitor; BMs, brain 
metastases; DS‑GPA, diagnosis‑specific graded prognostic assessment.

Figure 1. OS according to treatment modality. OS, overall survival; SRS, 
safety of stereotactic radiosurgery; WBRT, whole brain radiotherapy; CI, 
confidence interval; HR, hazard ratio.
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two treatment modalities. There was no significant difference 
between the two groups: 14.5 months (95% CI: 5.2‑23.8) in the 
SRS group and 12.9 months (95% CI: 0.0‑28.2) in the WBRT 
group (P=0.346). In the subgroup analysis for EGFR/ALK 
mutation‑positive patients, OS did not differ significantly 
between the two treatment modalities (Fig. 4).

Prognostic factors for survival in univariate and multivariate 
analyses. The prognostic factors for survival in univariate 
and multivariate analyses are shown in Table II. Multivariate 
analysis confirmed that non‑adenocarcinomatous histology 
[hazard ratio (HR)=7.39; 95% CI, 1.88‑28.99; P=0.004], 
lower PS (HR=1.38; 95% CI, 1.01‑1.90; P=0.045), subsequent 
EGFR/ALK‑TKI administration (HR=0.21; 95% CI, 0.09‑0.47; 
P<0.001), subsequent chemotherapy (HR=0.36; 95% CI, 
0.15‑0.83; P=0.017) and salvage treatment (HR=0.33; 95% CI, 
0.12‑0.91; P=0.032) were independent prognostic factors, but 
there were no significant differences between the SRS group 
and WBRT group with respect to these factors.

Adverse events. Based on Common Terminology Criteria for 
Adverse Events (CTCAE) v4.0, the rate of radiation‑induced 
leukoencephalopathy on follow‑up MRI were as follows: 
grade 1/2/3/4/ not evaluated = 14/4/1/0/5 in the SRS group 
and 5/3/4/8 in the WBRT group, respectively. Radiation 
induced changes in the SRS group were relatively lower than in 
the WBRT group. The other radiation‑induced adverse events 
such as neuropathy, seizure, symptomatic radiation necrosis, 
cerebral hemorrhage were not detected in any patients included 
in our analysis.

Discussion

In this single‑center retrospective study, we compared SRS and 
WBRT as the initial treatment for patients with 10‑20 BMs from 
NSCLC. We found that there were no significant differences 
in OS between the treatment groups, although TTIP and the 
local control rate were significantly better in the WBRT group.

Conventionally, WBRT has been considered the standard 
treatment for multiple BMs. However, there have been 
numerous reports of survival time comparable to that of WBRT 
in patients treated with SRS for 5‑10 BMs, with similar side 
effects, and the adoption of SRS has therefore been gradually 
increasing (6,17‑19). Recently, some retrospective studies 
have evaluated the use of SRS for 10 or more BMs (7‑11). The 
findings of those studies have suggested that treatment with 
SRS for 10 or more lesions is not inferior to that in patients 
with smaller numbers of BMs in terms of safety and efficacy. 
However, the studies included various primary sites besides 
NSCLC, and none directly compared SRS with WBRT with 
respect to survival. Therefore, the present study focused on 
initial radiological treatment for more than 10 BMs from 
NSCLC and compared the two treatment options.

Figure 2. TTIP according to treatment modality. TTIP, time to intracranial 
progression; SRS, safety of stereotactic radiosurgery; WBRT, whole brain 
radiotherapy; CI, confidence interval; HR, hazard ratio.

Figure 3. NS according to treatment modality. NS, neurological survival; 
SRS, safety of stereotactic radiosurgery; WBRT, whole brain radiotherapy; 
CI, confidence interval; HR, hazard ratio.

Figure 4. OS among the patients with EGFR or ALK mutations according 
to treatment modality. OS, overall survival; EGFR, epidermal growth factor 
receptor; ALK, anaplastic lymphoma kinase; SRS, safety of stereotactic 
radiosurgery; WBRT, whole brain radiotherapy; CI, confidence interval.
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SRS generally has advantages when compared with WBRT 
in terms of safety, such as the late development of cognitive 
dysfunction and alopecia, which could affect patients' quality 
of life (20‑25). Yamamoto et al reported the safety and feasi-
bility of SRS for ten or more BMs when compared to the 
patients with less lesions (11) In addition SRS can be applied 
repeatedly for BMs and can be performed in a shorter time, 
resulting in a reduced burden on patients. In fact, 10 patients 
in the SRS group in the present study required re‑irradiation 
for recurrent BMs; five of these underwent SRS alone without 
WBRT, while the remainder needed WBRT. Thus, if patients 
would be tolerable for the adverse events of SRS such as 
stereotactic frame application for immobilization, SRS for 
10 or more BMs may delay the administration of WBRT and 
the adverse events associated with this treatment modality.

Patients treated with WBRT compared to SRS in the 
present study showed superior intracranial control and TTIP, 
but these outcomes did not lead to either fewer neurological 
deaths or OS prolongation. While the risk of intracranial 
recurrence in the SRS group was higher than WBRT group, 
the adverse events such as leukoencephalopathy were fewer 
in the SRS group. Besides severe neuropathy, seizure, symp-
tomatic radiation necrosis, cerebral hemorrhage were not 
observed in either group. These results were similar to the 
findings of previous prospective studies conducted for fewer 

than 10 BMs (21,22,26,27). On the basis of those findings, 
upfront SRS is a good option for patients with 10 or more BMs 
from NSCLC to shorten the duration of the treatment and 
avoid the long‑term adverse events from WBRT if patients are 
appropriate for local anesthesia and mild sedation.

With respect to EGFR and ALK mutational status, patients 
with those mutations accounted for half of the patients in this 
study. No statistical difference in survival was seen between the 
WBRT group and the SRS group with regard to patients with 
these mutations. In general, EGFR and ALK‑TKIs are effec-
tive treatment for BMs, leading to better prognosis for patients 
with such driver mutations. As reported by Mangnuson et al, 
upfront SRS followed by TKI administration is a reasonable 
treatment to avoid late adverse events derived from WBRT, 
especially for patients with these mutations (28).

The present study has several limitations. First, this 
was a retrospective study with small sample size and 
lacked evaluation of neurocognitive functions and detailed 
complications. In a retrospective cohort study that compared 
2‑9 BMs with 10 or more BMs treated with SRS, neurological 
deterioration and SRS‑related complications did not differ 
between the groups (11). In addition, another prospective 
observational study showed that patients with 5‑10 BMs did 
not experience more neurocognitive deterioration or post‑SRS 
complications compared to those with 2‑4 BMs, whereas 

Table II. Univariate and multivariate analyses of covariates associated with overall survival.

 Univariate analysis Multivariate analysis
 ------------------------------------------------------------------ -----------------------------------------------------------------
Variables HR 95% CI P‑value HR 95% CI P‑value

Treatment (SRS/WBRT) 0.80 0.42‑1.52 0.502   
Age 1.00 0.97‑1.04 0.900   
Sex (male/female) 1.21 0.62‑2.37 0.580   
Histology (non‑Ad/Ad) 6.38   2.11‑19.35 0.001 7.39   1.88‑28.99   0.004
EGFR/ALK mutation status (positive/negative/unknown) 0.34 0.18‑0.67 0.002   
Clinical stage (IV/I‑III) 1.43 0.67‑3.06 0.358   
Prior TKI (yes/no) 0.88 0.40‑1.95 0.754   
Prior chemotherapy (yes/no) 1.39 0.71‑2.75 0.340   
Smoking status (current/former/never) 1.21 0.58‑2.50 0.613   
Symptoms from BMs (yes/no) 1.17 0.59‑2.32 0.660   
Number of BMs 0.98 0.89‑1.08 0.618   
Maximal diameter 1.04 1.00‑1.08 0.055   
ECOG‑PS 1.48 1.12‑1.97 0.006 1.38 1.01‑1.90   0.045
Extracranial metastases (present/absent) 0.89 0.21‑3.75 0.878   
DS‑GPA score 0.62 0.28‑1.40 0.248   
Lung‑molGPA score 0.53 0.34‑0.83 0.005 1.11 0.61‑2.03   0.728
Subsequent TKI (yes/no) 0.37 0.19‑0.71 0.003 0.21 0.09‑0.47 <0.001
Subsequent chemotherapy (yes/no) 0.48 0.24‑0.95 0.035 0.36 0.15‑0.83   0.017
CNS‑PD (yes/no) 0.59 0.30‑1.15 0.123   
Salvage treatment for BMs (yes/no) 0.46 0.22‑0.99 0.046 0.33 0.12‑0.91   0.032

HR, hazard ratio; CI, confidence interval; SRS, stereotactic radiosurgery; WBRT, whole brain radiotherapy; Ad, adenocarcinoma; EGFR, epi-
dermal growth factor receptor; ALK, anaplastic lymphoma kinase; TKI, tyrosine kinase inhibitor; BMs, brain metastases; ECOG‑PS, Eastern 
Cooperative Oncology Group Performance Status; DS‑GPA, diagnosis‑specific graded prognostic assessment; CNS‑PD, central nervous 
system progression disease.
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the addition of WBRT generally resulted in worse effects on 
neurocognitive function (21,22). These findings suggest that, 
even in patients with 10 or more BMs, SRS may be safer and 
may better maintain neurocognitive function than WBRT. In 
fact, in the SRS group there were fewer leukoencephalopathy 
and may be fewer adverse events related to WBRT described 
in other studies. We could not show the detailed adverse 
events data because this was a retrospective study and many 
of patients were outpatients. Second, this study did not include 
details on control of primary tumor which could affect the 
prognosis (29), because there were some patients without any 
radiologic findings for primary lesions outside central nervous 
system at the time of progression of BMs. Third, there were 
differences in patient backgrounds between the two groups, 
such as the number of BMs, diameter of BMs, PS, histology, 
and systemic therapy. In fact, PS, histology, EGFR/ALK-TKI 
administration or chemotherapy after diagnosis of BMs, and 
salvage treatment can influence OS (30‑32). Therefore, we 
conducted a multivariate analysis that included those factors 
to adjust for bias with respect to patient characteristics. 
Additionally, the absence of the evaluation of the volume of 
BMs is also a limitation. Fourth, we do not have the data of 
which sum of the volumes of BMs is smaller or bigger between 
the two modalities because this study was a retrospective 
study based on the electronic clinical records, which did not 
include the information about the volume of BMs. We also do 
not have the data or evidence if the high dose provided by SRS 
alone would bring more benefit than WBRT alone especially 
in patients with multiple BMs. Fifth, the assignment of patients 
to treatment was based solely on the judgment of physicians. 
Thus, there is a possibility that some bias not included in the 
analysis was present. In general, patients with multiple small 
metastases would generally be selected for WBRT, whereas 
those with fewer and larger (≥10 cm3) lesions would be offered 
SRS in our institution. Patients with long‑term prognosis might 
be treated with SRS repeatedly to prevent complications from 
WBRT. Further study evaluating neurocognitive function, 
detailed complications, control of the primary tumor, and the 
actual tumor volume or planning tumor volume are warranted.

In conclusion, we compared SRS to WBRT as the initial 
treatment for 10‑20 BMs from NSCLC. The present study 
demonstrated that there were no significant differences in OS 
and NS between treatment with SRS and WBRT for BMs. 
Therefore, SRS may be a useful alternative treatment for 
10‑20  BMs from NSCLC. Further prospective randomized 
studies that evaluate neurocognitive functions and complica-
tions are needed.
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