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Abstract
Purpose  We aimed to compare the initial and salvage brain-directed treatment and overall survival (OS) between patients 
with 1–4 brain metastases (BMs) and those with 5–10 from breast cancer (BC). We also organized a decision tree to select 
the initial whole-brain radiotherapy (WBRT) for these patients.
Methods  Between 2008 and 2014, 471 patients were diagnosed with 1–10 BMs. They were divided into two groups based 
on the number of BM: 1–4 BMs (n = 337) and 5–10 BMs (n = 134). Median follow-up duration was 14.0 months.
Results  Stereotactic radiosurgery (SRS)/fractionated stereotactic radiotherapy (FSRT) was the most common treatment 
modality (n = 120, 36%) in the 1–4 BMs group. In contrast, 80% (n = 107) of patients with 5–10 BMs were treated with 
WBRT. The median OS of the entire cohort, 1–4 BMs, and 5–10 BMs was 18.0, 20.9, and 13.9 months, respectively. In the 
multivariate analysis, the number of BM and WBRT were not associated with OS, whereas triple-negative BC and extrac-
ranial metastasis decreased OS. Physicians determined the initial WBRT based on four variables in the following order: 
number and location of BM, primary tumor control, and performance status. Salvage brain-directed treatment (n = 184), 
mainly SRS/FSRT (n = 109, 59%), prolonged OS by a median of 14.3 months.
Conclusion  The initial brain-directed treatment differed notably according to the number of BM, which was chosen based on 
four clinical factors. In patients with ≤ 10 BMs, the number of BM and WBRT did not affect OS. The major salvage brain-
directed treatment modality was SRS/FSRT and increased OS.
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Introduction

Brain metastasis (BM) has an extremely poor progno-
sis, and historically, only a few treatment options, such as 
whole-brain radiotherapy (WBRT), have been available 
[1, 2]. WBRT, as well as BM itself, could result in severe 

neurological dysfunction, decreasing patients’ quality of 
life (QoL) [2, 3]. However, multiple randomized controlled 
trials have demonstrated that patients with a limited num-
ber of BM can be treated with single-fraction stereotactic 
radiosurgery (SRS) alone without compromising overall sur-
vival (OS) and neurocognitive decline [4–7]. Based on these 
results, the concept of a limited number of BM, generally up 
to four BMs, was established [8].

The American Society for Radiation Oncology clinical 
practice guidelines, very recently published, strongly recom-
mend, with high quality of evidence, SRS for intact 1–4 BMs 
patients with good performance status [9]. We previously 
reported that the proportion of patients who underwent SRS 
or fractionated stereotactic radiotherapy (FSRT) increased 
from 2005 to 2014 in Korea [10]. This trend accelerated in 
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2008 after changing the reimbursement coverage for SRS 
[10].

Considering the study period when representative clini-
cal trials for patients with limited BM were conducted, a 
new definition of limited BM was required because novel 
systemic therapies were developed and improved intracranial 
tumor control [8]. The above guidelines also point out that 
there are a lack of evidence for the use of SRS in 5 or more 
BMs while suggesting SRS/FSRT as a treatment modality 
for 5–10 BMs patients [9].

In this study, we used large retrospective cohort data on 
BM from breast cancer (BC), in which most high-volume 
institutions in Korea were involved, to explore the possibil-
ity of extending the definition of limited BM to 10. Brain-
directed treatment and OS were compared between patients 
with 1–4 and 5–10 BMs. Furthermore, we investigated the 
criteria for selecting WBRT for these patients.

Materials and methods

Study population

The Korean Radiation Oncology Group 16–12 study was 
a multicenter, retrospective cohort study conducted at 17 
institutions in Korea. We reviewed the medical records of 
730 patients with newly diagnosed BM from BC. In addition 
to the previously described inclusion and exclusion criteria 
[11], we narrowed down patients with 1–10 BMs since 2008, 
considering it was April 2007, the medical expenses for SRS 
were covered by the Korea Health Insurance Review and 
Assessment Service. Finally, 471 patients were included: 
337 patients with 1–4 BMs and 134 with 5–10 BMs. Patient 
follow-up was updated only when possible. The median fol-
low-up duration from the diagnosis of BM was 14.0 months 
(interquartile range, 6.3–26.5).

Tumor subtypes were classified into four categories based 
on immunohistochemical staining results: luminal A [hor-
mone (estrogen and/or progesterone) receptor positive and 
human epidermal growth factor receptor 2 (HER2) nega-
tive], luminal B (hormone receptor positive and HER2 posi-
tive), HER2 (only HER2 positive), and triple negative (all 
negative).

The initial and subsequent brain-directed treatments 
are summarized in Table 1 and Fig. 1, respectively. The 
main treatment schemes for brain RT have been previ-
ously described [11–13]. The choice of treatment modal-
ity and prescription dose of RT was determined by each 
institution’s policy and attending physicians. Despite vari-
ations in the prescribed isodose lines for SRS across insti-
tutions, 13–25 Gy at the 50% isodose line was commonly 
used. FSRT and WBRT were administered at median total 
doses of 33 Gy in three fractions and 30 Gy in 10 fractions, 

respectively. In salvage settings, an SRS of 6–25 Gy was 
delivered at the 50% isodose line, and the median total dose 
of FSRT was 28 Gy in seven fractions. Patients received 
salvage WBRT at a median dose of 25 Gy in 10 fractions. 

Statistical analysis

For baseline comparisons, the independent Student’s t test 
was used for continuous variables, and the chi-square or 
Fisher’s exact test was used for categorical variables. OS was 
estimated using the Kaplan–Meier method, and the log-rank 
test was used to compare groups. Cox proportional hazard 
models were used to identify prognostic factors affecting 
OS and describe hazard ratios (HRs) with 95% confidence 
intervals (CIs) using a backward elimination method.

The R rpart package was used to determine the WBRT. 
Variables identified in the univariate analysis were included 
in the analysis. The following conditions were used to gen-
erate the decision tree: at least 40 patients for a split to be 
attempted, a p-value of < 0.010 by the log-rank test, and ten-
fold cross-validation.

Two-sided tests showing a p-value < 0.050 were consid-
ered statistically significant. Analyses were performed using 
R version 4.1.2 (https://​www.r-​proje​ct.​org/). Illustration was 
created using BioRender (https://​app.​biore​nder.​com/).

Results

Patients with 5–10 BMs were mainly treated 
with WBRT

The baseline characteristics of the study population are 
presented in Table 1. Patients with 5–10 BMs had slightly 
longer intervals between BC and BM without statistical 
significance. However, a higher number of brain lesions 
was associated with a poor performance status (p = 0.064), 
extracranial metastasis (p = 0.006), and BMs in both tento-
rial regions (p < 0.001). Compared to patients with 1–4 BMs 
mostly managed with SRS/FSRT alone (35.6%), WBRT 
accounted for 79.9% of the initial brain-directed treatment 
for patients with 5–10 BMs, followed by SRS/FSRT (only 
9.0%). Salvage brain-directed treatment was performed more 
frequently in patients with 1–4 BM than in those with 5–10 
BMs (44.2% vs. 26.1%, p < 0.001).

In patients with ≤ 10 BMs, no correlation was found 
between BM number/WBRT and OS

The median OS was 18.0 months (95% CI 15.6–21.5) in the 
entire cohort (Fig. 2a). According to the number of BM, 
a longer median OS was observed in the 1–4 BMs group 
than in the 5–10 BMs (20.9 months, 95% CI 17.6–25.7 vs. 
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13.9, 95% CI 10.9–17.6, p < 0.001, Fig. 2b). However, in the 
multivariate analysis (Table 2), the number of BM and initial 
WBRT did not decrease OS (p = 0.081 and 0.121, respec-
tively). The prognostic factors for OS were triple negative 
BC (HR 1.632, 95% CI 1.268–2.100, p < 0.001), extracra-
nial metastasis (HR 2.481, 95% CI 1.749–3.250, p < 0.001), 
and salvage brain-directed treatment (HR 0.559, 95% CI 
0.439–0.711, p < 0.001). 

The number of BM was the first node to select WBRT

Although there was no statistical difference in OS between 
patients with and without WBRT in our study, the initial 

WBRT was chosen according to Fig. 3. The decision tree 
consisted of four variables: the number and location of BM, 
control of primary BC, and performance status. First, phy-
sicians selected WBRT for patients with 5–10 BMs. Sub-
sequently, for 1–4 BMs patients, the location of the BM, 
primary BC control, and performance status were assessed.

In addition, we compared whether there was a difference 
in OS between WBRT (+) and WBRT (-) in each subgroup 
classified by Fig. 3. Except for the second subgroup (patients 
with 1–4 BMs in both tentorial areas), OS in patients with 
WBRT was not different from that without WBRT (data are 
not shown). The WBRT selection algorithm showed that 
most physicians chose WBRT when patients had 1–4 BMs 

Table 1   Baseline characteristics

BC breast cancer; BM brain metastasis; ECOG Eastern Cooperative Oncology Group; FSRT fractionated 
stereotactic radiotherapy; HER2 human epidermal growth factor receptor 2; IQR interquartile range; OP 
operation; SRS single-fraction stereotactic radiosurgery; WBRT whole-brain radiotherapy
*Available data only

1–4 BMs (n = 337) 5–10 BMs (n = 134)

Characteristics N % or IQR N % or IQR p-value

Age (year, median) 50.3 42.5–57.6 51.2 44.3–57.1 0.902
Interval from BC to BM (month, median) 30.6 19.0–54.4 34.3 16.8–61.8 0.454
Tumor subtypes 0.505
 Luminal A 94 27.9 43 32.1
 Luminal B 56 16.6 24 17.9
 HER2 86 25.5 36 26.9
 Triple negative 101 30.0 31 23.1

ECOG performance status 0.064
 0–1 247 73.3 86 64.2
 2–3 90 26.7 48 35.8

Symptom 0.458
 No 47 13.9 23 17.2
 Yes 290 86.1 111 82.8

Primary tumor control* 0.564
 No 70 21.1 32 24.1
 Yes 262 78.9 101 75.9

Extracranial metastasis 0.006
 No 77 22.8 15 11.2
 Yes 260 77.2 119 88.8

Location of BM  < 0.001
 Supra-/infra-tentorial 247 73.3 28 20.9
 Both tentorial 90 26.7 106 79.1

Brain-directed treatment
 Interval from BM diagnosis (day, median) 6 3–12 4 2–10 0.951
 WBRT 109 32.3 107 79.9  < 0.001
 SRS/FSRT 120 35.6 12 9.0
 OP 25 7.4 0 0
 OP/SRS/FSRT → WBRT 62 18.4 10 7.5
 WBRT → SRS 4 1.2 0 0
 Others 17 5.0 5 3.7

Salvage brain-directed treatment 149 44.2 35 26.1  < 0.001
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which were identified in both the supra- and infra-tentoria. 
But OS was better in WBRT (−), compared to WBRT (+), 
with a median OS of 25.4 and 11.9 months, respectively 
(p = 0.019). The aforementioned risk factors were evenly dis-
tributed among these patients. However, the rate of salvage 
brain-directed treatment was marginally higher in the initial 
WBRT (−) group (51.6% vs. 28.8%, p = 0.057).

Salvage treatment after initial brain‑directed 
treatment prolonged OS

Salvage brain-directed treatment varied according to the 
number of BM and initial brain-directed treatment (Fig. 1). 
Regarding 1–4 BMs, salvage was frequently performed in 
patients who underwent SRS/FSRT alone (58.4%) or surgi-
cal resection (56.0%). SRS/FSRT was predominantly per-
formed as a salvage treatment. In patients with 5–10 BMs, 
the salvage rate was lower than in those with 1–4 BMs. SRS/
FSRT is the most commonly used salvage therapy.

The median OS after BM diagnosis of patients treated 
with salvage or not was 27.2 months (95% CI 23.0–34.0) and 
12.9 (95% CI 10.9–15.5), respectively (p < 0.001, Fig. 4a). 
Salvage brain-directed treatment resulted in the median OS 
of 16.2 months (95% CI 11.9–22.0) after it (Fig. 4b). In these 
patients, the administration of initial WBRT did not affect 
the OS after salvage brain-directed treatment (p = 0.280).

Discussion

Our findings demonstrated that the OS of patients with 1–10 
BMs depended not on the number of BM and initial use of 
WBRT but on triple-negative BC, extracranial metastasis, 
and salvage brain-directed treatment. For these patients, 
radiation oncologists did not consider WBRT as an initial 
brain-directed treatment when all the following criteria were 
met: (1) the number of BMs was less than five, (2) BM occu-
pied only the supra- or infra-tentorium, (3) primary BC was 

Fig. 1   Salvage treatment after 
initial brain-directed treat-
ment in a 1–4 BMs and b 5–10 
BMs. Data are shown as N (%). 
FSRT fractionated stereotactic 
radiotherapy; OP operation; 
SRS single-fraction stereotactic 
radiosurgery; WBRT whole-
brain radiotherapy
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well controlled, and (4) patients had a reasonable perfor-
mance status. The present study also highlights the clinical 
importance of salvage brain-directed treatment for recurrent 
BM in terms of OS.

Patients with 5–10 BMs had poorer OS than those with 
1–4 BMs in univariate analysis. Physicians tended to pre-
fer WBRT when patients had 5–10 BMs. However, after 
adjusting for other clinical factors, the number of BM (1–4 
BMs vs. 5–10 BMs) and WBRT were not associated with 
OS. Among the prognostic factors identified in the multi-
variate analysis, extracranial metastasis was more common 
in patients with 5–10 BMs, and the salvage rate was lower 
than that in those with 1–4 BMs. That is, the decreased OS 

in patients with 5–10 BMs could be explained by higher 
extracranial metastases and lower salvage treatment.

Japanese Leksell Gamma Knife Society (JLGK) 0901 was 
a prospective observational study recruiting patients with 
1–10 BMs treated with SRS: the largest tumor < 10 mL, 
the longest diameter < 3  cm, and total cumulative vol-
ume ≤ 15 mL [14]. Non-inferiority of SRS to 5–10 BMs was 
observed compared to that of 2–4 BMs [14]. In this study, 
patients with BM were enrolled, irrespective of extracerebral 
disease control [14]. Although controlled extracerebral dis-
ease significantly favored longer survival (p = 0.001), the 
proportion of controlled/uncontrolled extracerebral disease 
was similar among the groups (1, 2–4, and 5–10 BMs) [14]. 
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Fig. 2   Overall survival of a the entire cohort and b according to the number of brain metastasis. BM Brain metastasis

Table 2   Univariate and 
multivariate analyses of overall 
survival

BC breast cancer, BM brain metastasis, CI confidence intervals; ECOG Eastern Cooperative Oncology 
Group; HR hazard ratio; WBRT whole-brain radiotherapy

Univariate Multivariate

Variables HR (95% CI) p-value HR (95% CI) p-value

Interval from BC to BM ≥ 30 months 0.806 (0.640–1.014) 0.065
Triple negative BC 1.469 (1.143–1.887) 0.003 1.632 (1.268–2.100)  < 0.001
ECOG 2–3 1.640 (1.283–2.098)  < 0.001
Symptom present 0.937 (0.686–1.280) 0.682
Primary tumor controlled 0.689 (0.525–0.904) 0.007
Extracranial metastasis present 2.608 (1.844–3.689)  < 0.001 2.481 (1.749–3.250)  < 0.001
Location of BM both 1.574 (1.247–1.985)  < 0.001
5–10 BMs 1.572 (1.224–2.020)  < 0.001
Initial WBRT done 1.336 (1.054–1.693) 0.017
Salvage brain-directed treatment done 0.527 (0.415–0.668)  < 0.001 0.559 (0.439–0.711)  < 0.001
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This might be one of the reasons why there was no differ-
ence in OS between 2–4 and 5–10 BMs (p = 0.94) [14]. 
Furthermore, the post-SRS cumulative rates of repeat SRS 
and WBRT did not differ between the 2–4 and 5–10 BMs 
[14]. These findings support our findings and emphasize the 

significance of extracranial tumor burden and salvage brain-
directed treatment in these patients.

WBRT combined with SRS/FSRT can eradicate intrac-
ranial micrometastases that are not targeted by SRS/FSRT 
[15]. In a previous study, we demonstrated that WBRT could 
lower new BM development (i.e., distant intracranial fail-
ure), and BMs of more than four significantly increased the 
risk of new BM [12]. A meta-analysis showed better distant 
brain tumor control when WBRT plus SRS was adminis-
tered compared with SRS alone [16]. In contrast, WBRT can 
prevent distant intracranial failure for only a maximum of 
6 months [5]. Considering that the median OS of all patients 
was 18.0 months, patients who received WBRT eventually 
developed new BM. In contrast to WBRT, which showed 
no advantages in patients with 1–10 BMs, salvage treatment 
after initial brain-directed treatment had an OS benefit, with 
an OS improvement of 14.3 months. In the subgroup analy-
sis of patients with 1–4 BMs in both tentoria, brain-directed 
treatment without WBRT resulted in better OS. This may be 
due to the higher salvage rate in the WBRT (−) group. This 
study revealed that salvage brain-directed treatment had a 
significant effect on OS. Because most salvage method was 
SRS/FSRT, additional SRS/FSRT may be possible for sub-
sequent brain recurrences in previously untreated regions. 
Therefore, clinicians should be encouraged to offer SRS/
FSRT to patients with 1–10 BMs and to defer WBRT as 
late as possible. This is also important in terms of the QoL 
of patients with a relatively small intracranial tumor burden.

Fig. 3   Underlying algorithm for selection of initial whole-brain 
radiotherapy in the clinical practice. Created with BioRender.com. 
BC breast cancer; BM brain metastasis; ECOG Eastern Cooperative 
Oncology Group; WBRT whole-brain radiotherapy
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As SRS/FSRT has become predominant, the concept of 
limited BM needs to be revised to suit the present era. The 
presence or control of extracranial metastasis is important 
in 1–10 BMs patients, rather than the number of BM, in 
our analysis. With the tremendous evolution of systemic 
treatment agents, the control of extracranial diseases has 
increased remarkably [2]. In addition, several innovative 
molecular-targeted therapies can penetrate the blood–brain 
barrier and achieve successful intracranial control, over-
coming the drawbacks of SRS/FSRT, which could leave 
microscopic tumors untreated [2, 17, 18]. Although there 
should be a balance between concurrent systemic agents 
with SRS/FSRT and potential toxicities, novel systemic 
therapy options could expand the appropriate candidates 
for SRS/FSRT beyond the four BMs [8, 18].

However, there are inevitable limitations to be consid-
ered when interpreting our findings. First, the inherent 
flaws of this retrospective study, including selection bias, 
should be recognized. Despite a considerable database of 
patients with BM from BC, only a small number of patients 
were analyzed, and most patients in the 5–10 BMs group 
were treated with WBRT rather than SRS/FSRT, which 
might limit our proposal. In our analysis, other intracranial 
tumor burdens, such as the diameter or volume of the BM, 
which are also important factors associated with OS, were 
not included. However, in the JLGK0901, for 1–10 BMs 
that met the prespecified diameter and volume criteria of 
BM, the largest diameter (< 1.6 cm vs. ≥ 1.6 cm, p = 0.92) 
and cumulative tumor volume (< 1.9 mL vs. ≥ 1.9 mL, 
p = 0.24) were not associated with OS [14]. Considering 
the results of the JLGK0901 study [14], we assumed that 
these factors might modestly affect OS. Finally, external 
validation is required.

Conclusionally, when considering only the number, 
BMs fewer or equal to 10 did not affect the OS in our 
study population. Therefore, the number of BM should 
not be the highest priority in selecting WBRT, and selec-
tion should be made after a comprehensive deliberation of 
other factors. In addition, since no advantage of OS from 
WBRT was shown and the benefit of salvage treatment 
was clear, SRS/FSRT should be actively allowed as the 
first brain-directed therapy. It could maintain the patient’s 
QoL by preventing neurocognitive problems, while leaving 
the possibility of future salvage options. Eventually, we 
cautiously propose that BMs of up to 10 should be defined 
as limited BMs.
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