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sion13). The aim of treating symptomatic BM from SCLC is to 
improve the survival and quality of life in these patients. How-
ever, treatment modalities for BM of SCLC have not been es-
tablished. After the diagnosis of SCLC with BMs, the median 
survival is 4.5 months, despite treatment with high-dose cranial 
irradiation11). In this retrospective study, we evaluated the effec-
tiveness of gamma knife radiosurgery (GKRS) for the treatment 
of SCLC metastasis to the brain.

MATERIALS AND METHODS

From 2000 to 2010, 50 patients underwent GKRS for meta-
static brain lesions originating from SCLC, and their medical 
records and imaging data were retrospectively analyzed. GKRS 
was performed as an initial treatment for newly diagnosed le-
sions in 12 patients with no previous treatment (primary GKRS 
group) and 11 patients with previous PCI (PCI group). In addi-
tion, GKRS was performed as a salvage treatment for progres-

INTRODUCTION

Small cell lung carcinoma (SCLC) is characterized by rapid 
growth and metastasis, and brain metastases (BM) are frequent 
in SCLC. The overall incidence of this type of BM is greater 
than 50% over two years12). Therefore, the standard treatment 
for SCLC remains appropriate systemic chemotherapy followed 
by prophylactic cranial irradiation (PCI) for prevention of brain 
metastasis because SCLC is typically radiosensitive5,11). The prog-
nosis of patients with BM is generally poor. Nearly one-half of 
those who develop BM die of central nervous system progres-
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of tumors treated with GKRS was four (range 1-15) per patient, 
and a total of 202 lesions were treated with GKRS. The mean 
target volume was 12.9 cm3 (range 0.3-62.6). The median mar-
ginal dose was 17.4 Gy (range 9-27) and the median marginal 
isodose was 50% (45-80). The mean follow-up duration was 
20.8 months (range 1-53) from diagnosis of SCLC. Overall sur-
vival (from the diagnosis of primary tumor and cerebral metas-
tasis), survival after GKRS, survival without further treatment 
after GKRS and cause of death were investigated. The Kaplan-
Meier method was used to estimate the overall survival rates. 
Statistical analysis was performed using the SPSS software pack-
age (version 18.0, SPSS Inc., Chicago, IL, USA).

RESULTS

The mean overall survival of 50 patients was 20.8 months 
(range 1-53) after the diagnosis of primary tumor, 12.0 months 
(range 1-47) after the development of cerebral metastasis and 
6.3 months (range 1-33) after radiosurgery. The median surviv-
al after GKRS was 4.8 months (range 1-15) in the PCI group, 
4.6 months (range 0-18) in the primary GKRS group, and 7.6 
months (range 0-33) in the salvage GKRS group. Further treat-
ment for progressive lesions after GKRS was necessary in 15 
patients, after a mean interval of 3.8 months. The characteristics 
of patients according to treatment modality at the time of brain 
metastasis are summarized in Table 2. 

Four patients underwent subsequent craniotomy and tumor re-
section for a tumor refractory to radiosurgery and radiation ther-
apy. Causes of death were systemic organ failure in 15 patients, 
deterioration of neurological state in 13 patients, and unknown or 
combined causes in 16 patients. Follow-up images were checked 
for total 154 lesions in 37 patients. The local control rate of the le-

sions treated with GKRS was 70.3 % (de-
creased in 14 patients and stable in 12 
patients) at the final imaging follow-up 
(mean 5.6 months after GKRS). Howev-
er newly developed BM and increased 
lesions after GKRS were found in 11 pa-
tients (29.7%). Thirteen patients were 
unable to undergo follow-up imaging 
due to poor general conditions. Survival 
rate after GKRS was not significantly dif-
ferent among each group (p=0.346) (Fig. 
1). However, survival after BM was sig-
nificantly better with subsequent GKRS 
after WBRT or PCI (p=0.05) (Fig. 1).

DISCUSSION

SCLC accounts for 20% of all lung 
cancers10), and approximately 14-24% 
of patients have BM at the time of diag-
nosis. BM occurrs in up to 40% of these 

sive lesions after WBRT in 27 patients (salvage GKRS group). 
The patient group included 3 females and 47 males with a mean 
age of 63.5 years (range 49-83). The median Karnofsky Perfor-
mance Scale (KPS) score was mean 71.5 (range 50-100) and the 
recursive partitioning analysis (RPA) classes I/II/III were 7/34/9. 
Leksell Gamma Knife types B or C (Elekta Instruments, Atlan-
ta, GA) were used for radiosurgery. Baseline characteristics of 
the 50 patients are summarized in Table 1. The median number 

Table 1. Summary of patient characteristics (n=50)

Characteristic
No. of patients 50
Mean age (range) 63.5 years (49-83)
Male : Female 47 : 3
Median KPS score (range) 71.5 (50-100)
RPA classes ( I/II/III) 7/34/9
GKRS parameter
    Number of  lesson
        total 202
        median (range) 4 (1-15)
        mean target volume (range) 12.9 cm3 (0.3-62.6)
        median marginal dose (range) 17.4 Gy (9-27)
Mean survival
    from the diagnosis  of primary tumor 
      (range) 20.8 months (1-53)

    from the development of cerebral 
      metastasis (range) 12.0 months (1-47)

    from the GKRS (range) 6.3 months (1-33)
Mode of onset
    Synchronous : Metachronous  17 : 33 

KPS : Karnofsky Performance Scale, RPA : recursive partitioning analysis, GKRS : 
gamma knife radiosurgery 

Table 2. Characteristics of patients according to treatment modality at the time of brain metastasis

Treatment modality PCI group 
(n=11)

Salvage GKRS 
group (n=27)

Primary GKRS 
group (n=12)

Mean age (years) 62.3 62.7 66.7
M : F 10 : 1 25 : 2 12 : 0
Mean interval from diagnosis of SCLC to  
  brain metastasis diagnosis (months)

  8.6   7.7 11.3

Mean survival
    from diagnosis (months) of SCLC 20.4 22.4 17.7
    from brain metastasis (months) 11.7 14.7   6.4
    from GKRS   4.8   7.6   4.6
Initial KPS
    ≥70 8 22 10
    <70 3   5   2
RPA class (I/II/III) 2/6/3 4/19/4 1/9/2
No. of brain lesions 
    >4   1 15   1
    ≤4 10 12 11

GKRS : gamma knife radiosurgery, WBRT : whole brain radiation therapy, PCI : prophylactic cranial irradiation, 
SCLC : small cell lung carcinoma, KPS : Karnofsky Performance Scale, RPA : recursive partitioning analysis 
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vival period for brain metastasis is 18 months and the overall 
mean survival period after GKRS is 4.5 months9). In our series, 
the mean overall survival period for brain metastasis was 12.0 
months and the mean overall survival period after GKRS was 
6.3 months, similar to results from a previous report9).

Prognostic factors can be used to help select the most appro-
priate treatment for individual patients with brain metastases 
due to SCLC. In a previous study, age, KPS, and lack of extrace-
rebral metastases were identified as predictors of overall surviv-
al in patients with brain metastases6). The RPA classification has 
also been demonstrated to be valid for the prediction of overall 
survival in SCLC patients16). In addition, Sundstrom et al. found 
the absence of extracerebral metastases and a good perfor-
mance status to be associated with improved survival in a series 
of 75 patients11). The number of brain metastases has been pre-
viously described as a significant predictor of overall survival in 
a randomized trial that compared WBRT alone to WBRT plus 
a stereotactic boost for the treatment of patients with 1-3 brain 
metastases1).

Patients with a relatively favorable survival prognosis and a 
limited number of brain metastases may be considered candi-
dates for more intensive therapies such as radiosurgery1). How-
ever, in our study, improved overall survival was not significantly 
associated with younger age, better KPS, <4 brain metastases or 
RPA class 1. Only early onset brain metastasis significantly in-
creased overall survival, and this may be due to the earlier initia-
tion of treatment in these cases (p=0.019).

After WBRT, residual tumor foci may be present. These pa-
tients appear to benefit from an additional stereotactic boost, 
performed either with linac-based radiosurgery or gamma knife 
radiosurgery. In the randomized trial of Andrews et al.1), addi-

patients during the course of their disease15). The prognoses of 
these patients are generally poor, with the median survival 
measured in months3). Current studies have focused on the 
evaluation of outcome after GKRS for these patients. 

PCI is recommended for the patients with remission after che-
motherapy. For newly diagnosed BM, PCI improves both overall 
and disease-free survival in patients in complete remission5). 
WBRT and/or chemotherapy are considered to be the standard 
treatment modalities for metastatic brain tumors originating 
from SCLC, because the tumors grow rapidly and metastasize, 
even when only a single tumor is present5,7,8,11). WBRT after diag-
nosis of metastasis is a typical choice because SCLC tends to be 
radiosensitive. The mean survival period is 4.5 months when the 
WBRT dose is 30 to 40 Gy fractionated into 10 to 20 segments4). 
However, it is accompanied with complications concerned sim-
ilarly in WBRT for BM of other pathology. Particularly, addi-
tional WBRT in the patients treated with previous PCI carries 
higher risk. Systemic chemotherapy for asymptomatic lesions 
shows a 27% response rate11), and that of salvage chemotherapy 
for recurrent lesions with prior irradiation is 33-43%4). Howev-
er chemotherapy alone had a limitation in treatment of patients 
with BM because of anatomic barriers (blood-brain barrier and 
blood-tumor barrier). 

Recently, radiosurgery has become a popular treatment for 
metastatic or recurrent brain lesions of SCLC. Although GKRS 
is a representative method of radiosurgery, it is not yet estab-
lished as an effective treatment for the management of meta-
static or recurrent brain lesions of SCLC. In previous reports, 
GKRS for SCLC was shown to be effective for tumor control 
and improved survival. The tumor control rate is 81% in patients 
treated with GKRS for recurrent SCLC9). The overall mean sur-

Fig. 1. Kaplan-Meier curves shows survival rates of patients after radio-
surgery according to each group (p=0.346). GKRS : gamma knife radio-
surgery, PCI : prophylactic cranial irradiation.

Fig. 2. Kaplan-Meier curves shows significantly better survival of the pa-
tients treated with subsequent GKRS after WBRT or PCI than those with 
GKRS as an initial treatment (p=0.05). GKRS : gamma knife radiosurgery, 
PCI : prophylactic cranial irradiation, WBRT : whole brain radiation therapy.
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tional radiosurgery resulted in better survival in patients with 
only one cerebral lesion (6.5 months versus 4.9 months, p= 
0.039). Thus, radiosurgery in addition to WBRT may be recom-
mended for patients with a relatively favorable survival progno-
sis such as controlled extracerebral disease and only one lesion. 
However, the question may arise whether radiosurgery alone is 
sufficient for these patients or if it should be supplemented with 
WBRT.

Sneed et al.14) compared radiosurgery alone to radiosurgery 
plus WBRT in a retrospective series of 105 patients. The intra-
cerebral control rates at one year were 28% after radiosurgery 
alone and 69% after the combined approach (p=0.03). Howev-
er, the median survivals were similar (11.3 months versus 11.1 
months). A randomized trial of 132 patients with 1-4 brain me-
tastases demonstrated better one-year intracerebral control with 
radiosurgery plus WBRT compared to that of radiosurgery alone 
(53% versus 24%, respectively, p<0.001)2). However, survival 
was not significantly improved (39% versus 28%, p=0.42). Simi-
lar findings were observed in our own study of 50 patients. PFS 
was not significantly different among WBRT plus GKRS, GKRS 
only and PCI plus GKRS (p=0.346). Though survival was signifi-
cantly better with subsequent GKRS after WBRT or PCI (p=0.05) 
(Fig. 2) in the presented data, it seems to be caused by several 
defects in this study. Our study was limited by the fact that it 
was a retrospective non-randomized analysis of a small number 
of cases. Despite those limitations, the results of this study show 
that overall survival of the patients with BM from SCLC may 
not significantly improve with GKRS but at least GKRS is effec-
tive for local control of BM from SCLC as well as BM from oth-
er pathology. 

CONCLUSION

GKRS is an effective salvage treatment for BM originating from 
SCLC, as well as for non-SCLC. GKRS for BM from SCLC af-
fords effective local tumor control though overall survival of 
these patients is still disappointingly short. Because GKRS is easi-
ly applicable in combination with any other systemic or local 
treatment modalities, the early detection of brain lesions and 
GKRS combined with other treatment modality may improve 
quality of life and reduce mortality by deterioration of neurologi-
cal state even though there is only modest survival benefit. 
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