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Current evidence-based guidelines have support-
ed the use of SRS for patients with 1–4 brain 
meta stases (METs).21 However, as Sheehan and 

Schlesinger29 very recently stated, such guidelines fre-
quently lag behind contemporary clinical practice because 
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Object. Although stereotactic radiosurgery (SRS) alone for patients with 4–5 or more tumors is not a standard 
treatment, a trend for patients with 5 or more tumors to undergo SRS alone is already apparent. The authors’ aim in 
the present study was to reappraise whether SRS results for ≥ 5 tumors differ from those for 1–4 tumors.

Methods. This institutional review board–approved retrospective cohort study used the authors’ database of pro-
spectively accumulated data that included 2553 consecutive patients who underwent SRS, not in combination with 
concurrent whole-brain radiotherapy, for brain metastases (METs) between 1998 and 2011. These 2553 patients were 
divided into 2 groups: 1553 with tumor numbers of 1–4 (Group A) and 1000 with ≥ 5 tumors (Group B). Because 
there was considerable bias in pre-SRS clinical factors between Groups A and B, a case-matched study was con-
ducted. Ultimately, 1096 patients (548 each in Groups A and B) were selected. The standard Kaplan-Meier method 
was used to determine post-SRS survival and the post-SRS neurological death–free survival times. Competing risk 
analysis was applied to estimate cumulative incidences of local recurrence, repeat SRS for new lesions, neurological 
deterioration, and SRS-induced complications.

Results. The post-SRS median survival time was significantly longer in the 548 Group A patients (7.9 months, 
95% CI 7.0–8.9 months) than in the 548 Group B patients (7.0 months 95% [CI 6.2–7.8 months], HR 1.176 [95% 
CI 1.039–1.331], p = 0.01). However, incidences of neurological death were very similar: 10.6% in Group A and 
8.2% in Group B (p = 0.21). There was no significant difference between the groups in neurological death–free sur-
vival intervals (HR 0.945, 95% CI 0.636–1.394, p = 0.77). Furthermore, competing risk analyses showed that there 
were no significant differences between the groups in cumulative incidences of local recurrence (HR 0.577, 95% CI 
0.312–1.069, p = 0.08), repeat SRS (HR 1.133, 95% CI 0.910–1.409, p = 0.26), neurological deterioration (HR 1.868, 
95% CI 0.608–1.240, p = 0.44), and major SRS-related complications (HR 1.105, 95% CI 0.490–2.496, p = 0.81).

In the authors’ cohort, age ≤ 65 years, female sex, a Karnofsky Performance Scale score ≥ 80%, cumulative 
tumor volume ≤ 10 cm3, controlled primary cancer, no extracerebral METs, and neurologically asymptomatic status 
were significant factors favoring longer survival equally in both groups.

Conclusions. This retrospective study suggests that increased tumor number is an unfavorable factor for longer 
survival. However, the post-SRS median survival time difference, 0.9 months, between the two groups is not clini-
cally meaningful. Furthermore, patients with 5 or more METs have noninferior results compared to patients with 1–4 
tumors, in terms of neurological death, local recurrence, repeat SRS, maintenance of good neurological state, and 
SRS-related complications. A randomized controlled trial should be conducted to test this hypothesis.
(http://thejns.org/doi/abs/10.3171/2013.3.JNS121900)
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Abbreviations used in this paper: KPS = Karnofsky Performance 
Scale; MET = metastasis; MST = median survival time; RPA 
= recursive partitioning analysis; RTOG = Radiation Therapy 
Oncology Group; SRS = stereotactic radiosurgery; WBRT = whole-
brain radiotherapy.
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several years, at least, are required for conducting rigorous 
prospective clinical trials. In fact, as we reported previ-
ously36,37 and as described by Knisely et al.,20 a trend for 
patients with ≥ 5, or even ≥ 10, tumors to be potential 
candidates for SRS alone had already become apparent 
in the early 21st century. Tsao et al.33 recently stated, in 
the American Society for Radiation Oncology evidence-
based guideline, that “when new brain METs are seen on 
the planning scan the day of SRS, it may be reasonable 
to proceed and complete the SRS procedure for all of the 
lesions visualized even if they exceed a total of 4 brain 
METs.” Also, Grandhi et al.10 very recently reported that 
SRS can be used to safely and effectively treat intracranial 
disease with a high rate of local control in patients with ≥ 
10 brain METs.

In 1997, the first author (M.Y.) reported 2 lung cancer 
patients in whom more than 30 brain METs were suc-
cessfully controlled for 4.5 and 5.5 months (the respective 
remaining survival periods after SRS alone).35 Although 
retrospective studies of SRS-treated patients with many 
brain METs have since been reported, these studies were 
based on small patient numbers.3,6,14,19,30,32 Therefore, the 
role of SRS for patients with ≥ 5 brain METs has not yet 
been sufficiently analyzed based on databases with a large 
sample size. The goals of this retrospective cohort study, 
based on our patients with SRS-treated brain METs, were 
to reappraise whether treatment results were truly inferior 
for tumor numbers of ≥ 5 versus 1–4 and to identify fac-
tors determining inferiority and/or noninferiority.

Methods
Patient Population

This institutional review board–approved, retrospec-
tive cohort study used our prospectively accumulated da-
tabase at Tokyo Women’s Medical University, including 
2553 consecutive patients. Patients in our series underwent 
SRS alone, not in combination with concurrent WBRT, 
for brain METs during the 13-year period between July 
1998 and June 2011. As all patients had been referred to 
us for SRS, their primary physicians had mostly made 
the patient selections. Patient selection criteria may thus 
have differed among referring physicians. Therefore, one 
author (M.Y.) decided whether to accept a patient. We did 
not perform SRS on patients with low KPS18 scores due 
to systemic diseases (< 70%), a uncooperative state due 
to poor neurocognitive function, meningeal dissemina-
tion, or an anticipated survival period of 3 months or less. 
Therefore, only 173 patients (6.8%) were categorized into 
RPA Class 3.8 Table 1 summarizes clinical characteristics 
of the entire cohort and also for Group A (1–4 tumors, 
1553 patients) and Group B (≥ 5 tumors, 1000 patients). 
Because all patients had been referred to us for SRS by 
other facilities, the primary physicians responsible for 
each patient decided the indications for both surgery and 
radiotherapy. Therefore, prior to SRS, 18.3% of the 2553 
patients had undergone surgical removal of brain METs 
and 4.8% had undergone WBRT (Table 1).

The treatment strategy was explained in detail to 
each patient, and at least one adult relative, by the first 

author (M.Y.) before SRS. Written informed consent was 
obtained from all patients. Our previous report described 
our radiosurgical techniques in detail.37 Briefly, standard 
SRS procedures were performed using a Leksell Gamma 
Unit model B before June 2003 and thereafter a Leksell 
Gamma Unit model C (Elekta AB). Regarding dose se-
lection in cases with multiple METs, total absorbed en-
ergy to the whole skull < 15 Joules was considered to 
be safe, as we have reported elsewhere.36,37 According to 
this upper limit criterion, a peripheral dose of 22 ± 3 Gy 
was applied to cases in which cumulative tumor volumes 
did not exceed 10.0 cm3, while those > 10.0 cm3 received 
18 ± 3 Gy. Furthermore, a tumor with a maximum le-
sion volume > 10.0 cm3 was irradiated with 18 Gy or less. 
Irradiation doses to the optic apparatus should not exceed 
10–12 Gy. In cases with brainstem lesions, a peripheral 
dose of 18–20 Gy can be used for tumor volumes < 1 
cm3, 16–18 Gy for 1–4 cm3, and no more than 15 Gy for 
> 4 cm3. In the few patients (4.8%) who had undergone 
WBRT, peripheral doses were decreased by 10%–15%. 
After SRS, all cases were routinely managed by refer-
ring physicians, and patients were recommended to have 
clinical and neuroimaging examinations at an approxi-
mately 2- to 3-month interval. However, in 760 (29.8%) 
of the 2553 patients, neuroimaging follow-up could not 
be performed due to early post-SRS death or remarkable 
deterioration of general condition. Approximately 50% of 
patients came to our outpatient clinic periodically, while 
clinical and/or neuroimaging data were sent to us by mail 
in about 25%. The first author (M.Y.) called the remain-
ing 25% of patients or their relatives to confirm patients’ 
conditions. For cases in which patients had died, the day 
of death, cause of death, and detailed information on con-
dition changes were surveyed by telephone.

Case Matching
As shown in Table 1, there was considerable bias be-

tween Groups A and B. Therefore, a case-matched study 
was conducted by one of the authors (Y.S.), who did not 
participate in other aspects of this study and was blinded 
to final outcomes. Patient selection was performed by 
employing the propensity score matching method with a 
Greedy 5-To-1 Digit-Matching algorithm for clinical fac-
tors, (that is, age, sex, primary tumor state, extracerebral 
METs, KPS score, neurological symptoms, prior proce-
dures [surgery and WBRT], volume of the largest tumor, 
and peripheral doses).5,25

Clinical Outcomes
The primary end point was overall survival, and the 

secondary end points were neurological death, neurologi-
cal deterioration, local recurrence of the treated tumor, 
repeat SRS for new lesions, and SRS-induced major com-
plications. For each end point, failures were regarded as 
events and any others as censored. Overall survival time 
was defined as the interval between the first SRS and 
death due to any cause (that is, progression of systemic 
and/or brain METs, other cancer-unrelated diseases, ac-
cident, suicide, and so on, or the day of the last follow-up). 
Neurological death was defined as death caused by any 
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TABLE 1: Summary of clinical characteristics of 2553 patients with brain METs

Tumor Nos. 
Characteristic Total 1–4 (Group A) ≥5 (Group B) p Value*

no. of patients 2553 1553 1000
tumor no.
 median 3 2 10
 range  1–89  1–4  5–89
age (yrs)
 median 64.0 64.7 63.0 0.001
 range 19–96 19–96 19–91
sex   
 female 1004 557 447
 male 1549 996 (64.1%) 553 (55.3%) <0.001
primary cancer sites   
 lung 1658 974 (62.7%) 684 (68.4%) 0.011†
 alimentary tract 302 225 (14.5%) 76 (7.6%)
 breast 279 131 (8.4%) 148 (14.8%)
 kidney 103 79 (5.1%) 24 (2.4%)
 melanoma 15 10 (0.6%) 5 (0.5%)
 others 169 134 (8.6%) 63 (6.3%)
primary cancer status    
 controlled 738 493 245
 not controlled 1815 1060 (68.3%) 755 (75.5%) 0.001
extracerebral METs   
 no 1332 848 484
 yes 1221 705 (45.4%) 516 (51.6%) 0.002
KPS score  
 ≥80% 1945 1209 736
 ≤70% 608 344 (22.2%) 264 (26.4%) 0.015
RPA class
 1 195 145 50
 2 2185 1324 (85.3%) 861 (86.1%) 0.42‡
 3 173 84 89
neurological symptoms   
 no 1234 742 510
 yes 1319 829 (53.4%) 490 (49.0%) 0.031
prior surgery
 no 2085 1226 859
 yes 468 327 (21.1%) 141 (14.0%) <0.001
prior WBRT
 no 2429 1496 933
 yes 122 57 (3.7%) 65 (6.5%) 0.001
tumor vol (cm3) 
 cumulative
  mean 9.92 8.71 11.80 <0.001
  range 0.01–126.2 0.01–126.2 0.10–115.3
 largest tumor
  mean 6.92 7.55 5.93 <0.001
  range 0.01–94.2 0.01–89.3 0.03–94.2

(continued)
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intracranial disease (that is, tumor recurrence, carcino-
matous meningitis, cerebral dissemination, and progres-
sion of other untreated intracranial tumors).

Local recurrence–free survival time was defined 
as the interval between the first SRS and the day when 
follow-up MR imaging demonstrated local recurrence (at 
the irradiated lesion). Generally, local recurrence crite-
ria were increased size of an enhanced area on post-Gd 
T1-weighted MR images and enlarged tumor core on T2-
weighted MR images.15 However, in 115 cases in which 
MRI alone was not sufficient to confirm recurrence, 11C 
methionine PET was used to distinguish tumor recur-
rence from necrotic lesions.22,23,34,38 Positron emission to-
mography was performed, and the results were evaluated 
by one author (T.N.) not involved in either SRS treatment 
or patient follow-up. Thus, all findings of recurrence on 
MRI and/or PET were regarded as events and any others 
as censored. Also, repeat SRS–free survival time was de-
fined as the interval between the first SRS and the day the 
second SRS was performed for new METs; all repeat SRS 
procedures for newly developed lesions were regarded as 
events and any others as censored. For patients develop-
ing new brain METs after the first SRS, our approach is 
similar to that in patients with initially diagnosed brain 
METs. As to tumor size, if follow-up MRI demonstrates 
tumors with diameters of 2–3 mm in the brainstem or 
optic apparatus, we perform repeat SRS without further 
observation. Otherwise, repeat SRS is usually postponed 
with close MRI follow-up until the tumor diameter ex-
ceeds approximately 1 cm.

Neurological deterioration-free survival time was de-
fined as the interval between the first SRS and the day 
that any brain disease–caused neurological worsening 
manifested (that is, local recurrence, progression of new 
lesions, and SRS-induced complications). Decreases in 
KPS scores, in patients with scores ≥ 20%, due to neuro-
logical worsening were regarded as events and any oth-
ers as censored. Major complication–free survival time 
was taken as the interval between the first SRS and the 
day major SRS-induced complications occurred. Patients 
with major complications included those with RTOG 
neurotoxicity grades of 2 or worse and, even if the grade 
was either 0 or 1, those in whom surgical intervention was 
required based on sequential MRI follow-up demonstrat-
ing progressive enlargement of a cyst and/or a mass lesion 
with further observation thus being regarded as exces-
sively high risk; all of these conditions were regarded as 
events and any others as censored.24

Statistical Analysis
All data were analyzed according to the intention-

to-treat principle. For the baseline variables, summary 
statistics were constructed by using frequencies and pro-
portions for categorical data and means ± SD for continu-
ous variables. We compared patient characteristics using 
the Fisher exact test for categorical outcomes and t-tests 
for continuous variables, as appropriate. The standard 
Kaplan-Meier method was used for overall and neuro-
logical death–free survivals.16 Also, univariate analysis 
using the Cox proportional hazard model was performed 
to determine pre-SRS clinical factors favoring longer sur-
vival.4

For time-to-event outcomes, the cumulative inci-
dences of local recurrence, repeat SRS, neurological de-
terioration, and major complications were estimated by 
a competing risk analysis, because death is a competing 
risk for loss to follow-up (that is, patients who die can 
no longer become lost to follow-up).9,11,26 Also, to iden-
tify baseline and clinical variables associated with the 4 
aforementioned outcomes, competing risk analyses were 
performed with the Fine-Gray generalization of the pro-
portional hazards model accounting for death as a com-
peting risk.7 Fine-Gray generalization makes use of the 
subdistribution hazard to model cumulative incidence, 
thereby quantifying the overall benefit or harm of an ex-
posure.2

All comparisons were planned, and the tests were 
2-sided. A p value < 0.05 was considered to be statisti-
cally significant. All statistical analyses were performed 
by one of the authors (Y.S.) using SAS software version 
9.2 (SAS Institute) and the R statistical program, version 
2.13. Before statistical analyses, the database was cleaned 
(by Y.H.). These two authors were not involved in either 
SRS treatment or patient follow-up.

Results
Cohort Study

Four patients (0.15%; 1 in Group A and 3 in Group B) 
were lost to follow-up. As of the end of December 2011, 
201 patients (7.9%) were confirmed to be alive (censored 
observation) and the remaining 2348 (92.0%) had died 
(event). The mean post-SRS follow-up periods were 36.1 
months (95% CI 31.6–40.5 months) in the censored sub-
group and 10.4 months (95% CI 10.0–10.9 months) in the 
event subgroup; the overall mean post-SRS follow-up du-

TABLE 1: Summary of clinical characteristics of 2553 patients with brain METs (continued)

Tumor Nos. 
Characteristic Total 1–4 (Group A) ≥5 (Group B) p Value*

peripheral dose (Gy)
 mean 21.14 21.67 20.33 <0.001
 range 10.00–32.00 10.00–32.00 10.00–27.00

* Student t-test was used for continuous variables and Fisher exact test for pairs of categorical variables. 
† Lung versus nonlung. 
‡ RPA Class 2 versus Classes 1 and 3.
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ration was 12.5 months (95% CI 11.8–13.1 months). The 
MST after SRS was 7.4 months (95% CI 7.1–7.9 months). 
Cumulative post-SRS survival rates were 57.6%, 33.7%, 
15.0%, 8.3%, and 4.5% at the 6th, 12th, 24th, 36th, and 
60th post-SRS month, respectively. Causes of death could 
not be determined in 106 patients but were confirmed 
in the remaining 2242 to be nonbrain diseases in 1983 
(88.4%) and brain diseases in 259 (11.6%).

Among various pre-SRS clinical factors, univari-
ate analysis demonstrated age ≤ 65 years, female sex, 
KPS score ≥ 80%, cumulative tumor volume ≤ 10 cm3, 
controlled primary cancer, no extracerebral METs, and 
neurologically asymptomatic status to be significant fac-
tors favoring longer survival, as shown in Table 2. For 
all clinical factors significantly impacting survival, both 
hazard ratios and probability values were very similar in 
the 2 groups.

Case-Matched Study
As described above, after all the propensity-score 

matches had been performed, we compared baseline co-
variates between the 2 groups. Ultimately, 1096 patients 
(548 with 1–4 tumors [Group A] and 548 with ≥ 5 tumors 
[Group B]) were selected. The p values after matching 
were > 0.05 for all clinical factors (Table 3).

As shown in Fig. 1 left, MST after SRS was sig-
nificantly longer in the 548 patients in Group A than in 
the 548 in Group B (7.9 vs 7.0 months, HR 1.176, 95% 
CI 1.039–1.331, p = 0.01). However, incidences of death 
caused by progression of brain disease were very simi-
lar: 10.6% in Group A and 8.2% in Group B (p = 0.21) 
(Table 4). Furthermore, there was no significant difference 
between the 2 groups in neurological death–free survival 
intervals (HR 0.945, 95% CI 0.636–1.394, p = 0.77) (Fig. 
1 right).

Post–stereotactic radiosurgery follow-up MRI exam-
inations were available in 763 patients (69.6%): 378 in 
Group A and 385 in Group B. Among these 763 patients, 
the incidence of local recurrence was significantly higher 
in the Group A than in the Group B patients (8.5% vs 
3.9%, p = 0.01) (Table 4). Nevertheless, there was no sig-
nificant difference between the 2 groups in local recur-
rence–free survival intervals (HR 0.577, 95% CI 0.312–
1.069, p = 0.08) (Fig. 2A).

As shown in Table 4, there were no significant dif-
ferences between Groups A and B in the incidences of 
salvage WBRT (3.7% vs 5.8%, p = 0.11), salvage surgery 
(2.2% vs 1.1%, p = 0.23), repeat SRS for new lesions 
(30.3% vs 29.0%, p = 0.69), neurological deterioration 
(13.1% vs 9.7%, p = 0.09), or SRS-related complications 
(2.7% vs 2.0%, p = 0.55). Also, there were no significant 
differences between the 2 groups in the repeat SRS–free 
survival intervals (HR 1.133, 95% CI 0.910–1.409, p = 
0.26) (Fig. 2B), neurological deterioration–free surviv-
als (HR 1.868, 95% CI 0.608–1.240, p = 0.44) (Fig. 2C), 
or SRS-related complication-free survival intervals (HR 
1.105, 95% CI 0.490–2.496, p = 0.81) (Fig. 2D), all of 
which were estimated using competing risk analysis.

Discussion

Do Tumor Numbers Impact Post-SRS Treatment Results?

At present, the majority of physicians consider pa-
tients with 1–4 METs to be good candidates for SRS with 
or without WBRT. Debate continues as to how many brain 
METs make a patient ineligible for SRS alone. Karlsson 
et al.17 reported, based on 1921 MET patients who under-
went SRS, that despite patients with a single MET sur-

TABLE 2: Clinical factors before SRS impacting post-SRS survival period in 2549 patients*

Tumor Nos. 
1–4 (Group A) ≥5 (Group B)

Factors HR (95% CI) p Value HR (95% CI) p Value

no. of patients 1552 997
age (yrs)
 >65 vs ≤65 1.214 (1.092–1.350) <0.001 1.181 (1.040–1.341) 0.01
sex
 male vs female 1.437 (1.287–1.607) <0.001 1.307 (1.150–1.487) <0.001
KPS score
 ≤70% vs ≥80% 2.223 (1.958–2.517) <0.001 2.682 (2.309–3.106) <0.001
cumulative tumor vol (cm3)
 >10 vs ≤10 1.439 (1.280–1.614) <0.001 1.469 (1.289–1.673) <0.001
primary cancer status
 not controlled vs controlled 2.418 (2.159–2.725) <0.001 2.320 (1.987–2.721) <0.001
extracerebral metastases
 yes vs no 1.470 (1.322–1.634) <0.001 1.420 (1.250–1.615) <0.001
neurological symptoms
 yes vs no 1.242 (1.118–1.380) <0.001 1.274 (1.121–1.448) <0.001

* Cohort excludes 4 patients lost to follow-up.
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TABLE 3: Summary of clinical characteristics of 1096 case-matched patients with brain METs

Tumor Nos. 
Characteristic Total 1–4 (Group A) ≥5 (Group B) p Value*

no. of patients 1096 548 548
tumor no.
 median 4 2 8
 range  1–51  1–4  5–51
age (yrs)
 median 63.8 63.7 63.9 0.7
 range 19–91 19–88 19–91
sex
 female 465 240 225
 male 631 308 (56.2%) 323 (58.9%) 0.36
primary cancer sites
 lung 737 366 (66.8%) 371 (67.7%) 0.75†
 alimentary tract 108 55 (10.0%) 53 (9.7%)
 breast 135 68 (12.4%) 67 (12.2%)
 kidney 34 15 (2.7%) 19 (3.5%)
 melanoma 6 2 (0.4%) 4 (0.7%)
 others 76 42 (7.7%) 34 (6.2%)
primary cancer status
 controlled 299 145 154
 not controlled 797 403 (73.5%) 394 (71.9%) 0.54
extracerebral METs
 no 575 283 292
 yes 521 265 (48.4%) 256 (46.7%) 0.59
KPS score
 ≥80% 848 412 436
 ≤70% 248 136 (24.8%) 112 (20.4%) 0.08
RPA class
 1 75 43 32
 2 949 468 (85.4%) 481 (87.8%) 0.19‡
 3 72 37 35
neurological symptoms 
 no 561 286 275
 yes 535 262 (47.8%) 273 (49.8%) 0.51
prior surgery
 no 914 461 453
 yes 182 87 (15.9%) 95 (17.3%) 0.52
prior WBRT
 no 1048 524 524
 yes 46 24 (4.4%) 22 (4.0%) 0.24
tumor vol (cm3) 
 cumulative
  mean 9.02 9.12 8.92 0.79
  range 0.01–122.2 0.01–122.0 0.10–115.3
 largest tumor
  mean 6.39 6.84 5.95 0.09
  range 0.01–94.2 0.01–89.3 0.03–94.2

(continued)

Unauthenticated | Downloaded 05/24/23 11:28 AM UTC



M. Yamamoto et al.

1264                                                                                                                      J Neurosurg / Volume 118 / June 2013

viving longer than those with multiple METs, there were 
no significant MST differences among individuals with 2, 
3–4, 5–8, or > 8 metastases. Chang et al.3 recently report-
ed, based on 323 SRS-treated patients with brain METs, 
that there were no significant MST differences among 4 
tumor number groups (that is, 1–5, 6–10, 11–15, and > 
15). The first author (M.Y.) has described elsewhere that 
the Kaplan-Meier method was used to compare 15 pairs 
of groups based on tumor numbers: 1 vs ≥ 2, ≤ 2 vs ≥ 3, 
and so on through ≤ 15 vs ≥ 16. In each of the 15 pairs, 
the MSTs in patients with lower tumor numbers were sig-
nificantly longer than those in patients with higher tumor 
numbers (p < 0.0001).37 Furthermore, 14 other pairs of 
groups, based on tumor numbers, were also assessed by 
this method (1 vs 2, 2 vs 3, 3 vs 4, and so on through 14 vs 
15). Among the 14 pairs, only 1 vs 2 showed a significant 
MST difference (p = 0.0002); no significant differences 
were detected for the other 13 pairs.37

In our present study, although the post-SRS MST dif-
ference, 0.9 months, between the 2 groups was statisti-
cally significant, this difference was not clinically mean-
ingful. Furthermore, approximately 90% of patients with 
brain METs died of causes other than brain disease pro-
gression, regardless of tumor number, when only careful-
ly selected patients were treated. Also, as mentioned, the 
Group B patients were demonstrated to have noninferior 
results compared with the Group A patients, in terms of 
neurological death, local recurrence, repeat SRS required 
for new tumors, maintenance of good neurological state, 
and SRS-related complications. Particularly, as reported 

previously,36 SRS for patients with multiple METs was 
not found to be excessively high risk in carefully select-
ed patients. Furthermore, we also reported very recently 
that, based on 167 patients surviving more than 3 years 
after SRS, tumor numbers did not impact the incidence of 
SRS-induced complications (HR 1.066, 95% CI 0.968–
1.131, p = 0.1567).38 Our current results showed no appar-
ent increase in the risk of complications with SRS for ≥ 5 
METs compared with 1–4 METs. Furthermore, post-SRS 
MRI confirmed the absence of leukoencephalopathy in 
patients receiving SRS alone.

Because approximately 90% of patients died due to 
extracerebral diseases, it is clearly crucial for brain MET 
treatments to maintain a good neurological state in those 
patients treated. We thus consider it to be very important 
that the currently reported SRS results of good neurologi-
cal status maintenance in patients with ≥ 5 tumors were 
clearly noninferior to those in patients with 1–4 tumors.

Is WBRT Necessary for All Patients With Multiple METs?
The central criticism of using SRS alone for multiple 

METs is the assumption that frequent microscopic tumors 
will soon require salvage SRS or other treatment. Thus, 
WBRT has generally been advocated. However, WBRT 
can be expected to prevent new tumors arising within 6–8 
post-WBRT months at the longest, as shown in Fig. 2 of 
the article written by Aoyama et al.1 We should remember 
that considerable numbers of patients with brain METs 
can survive more than 1 year, outliving the effects of 

TABLE 3: Summary of clinical characteristics of 1096 case-matched patients with brain METs (continued)

Tumor Nos. 
Characteristic Total 1–4 (Group A) ≥5 (Group B) p Value*

peripheral dose (Gy)
 mean 21.51 21.44 21.58 0.42
 range 10.00–27.00 12.00–25.00 10.00–27.00

* Student t-test was used for continuous variables and Fisher exact test for pairs of categorical variables. 
† Lung versus nonlung. 
‡ RPA Class 2 versus Classes 1 and 3.

Fig. 1. Overall survival (left) and neurological death–free survival (right), based on a subset of 1096 case-matched patients 
according to tumor number (1–4 [Group A] and ≥ 5 [Group B]), estimated using the standard Kaplan-Meier method. 
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WBRT. Most fortunately, we already live in an era when 
an MET with a diameter of 2 mm or even slightly smaller 
can be detected using thin-slice, postenhanced MR im-
ages.13 Hanssens et al.12 recently reported that SRS alone 
based on high-resolution MRI decreased the incidence of 

and lengthened the time to distant recurrences. In fact, 
although data on periods between SRS and the appear-
ance of new lesions were not available, the present study 
showed that the repeat-SRS rate in our Group B patients 
(29.0%) was very similar to that in our Group A patients 
(30.3%, p = 0.69), as shown in Table 4. Furthermore, we 
found that the repeat-SRS–free intervals (when SRS was 
performed for new lesions) were almost the same for our 
Group A and Group B patients (Fig. 2B). Therefore, the 
availability of an alternative treatment for multiple brain 
METs allows WBRT to be reserved for subsequent treat-
ment attempts (that is, for meningeal dissemination or 
miliary METs treatable only with WBRT).

Most physicians consider current evidence to clearly 
support WBRT use over SRS for patients with poor per-
formance status and progressive/uncontrolled systemic 
disease and, ultimately, a relatively short survival expec-
tancy.1 Therefore, as described in Patient Population, we 
usually do not perform SRS in patients with low KPS18 
scores due to systemic diseases (< 70%) and an anticipat-
ed survival period of 3 months or less. However, in other 
patients, the availability of an alternative treatment for 
brain METs allows WBRT to be postponed relative to the 
course of another management strategy, such as very ex-
tensive chemotherapy and/or radiation therapy for spinal 

TABLE 4: Summary of treatment results after SRS

Tumor Nos.
Incidences Total 1–4 (Group A) ≥5 (Group B) p Value

no. of patients 1096 548 548
neurological death  103 58 (10.6%) 45 (8.2%) 0.21
salvage WBRT   52 20 (3.7%) 32 (5.8%) 0.11
salvage surgery   18 12 (2.2%) 6 (1.1%) 0.23
local recurrence*   47 32 (8.5%) 15 (3.9%) 0.01
repeat SRS  325 166 (30.3%) 159 (29.0%) 0.69
neurological deterio- 
 ration

 125 72 (13.1%) 53 (9.7%) 0.09

SRS-related compli- 
 cations

 26 15 (2.7%) 11 (2.0%) 0.55

* Based on 763 patients (378 in Group A and 385 in Group B; 333 were 
ex cluded because neuroimaging results were not available).

Fig. 2. Local recurrence–free survival (A), repeat SRS (for new lesions)–free survival (B), neurological deterioration–free 
survival (C), and major complication–free survival (D) according to tumor number (1–4 [Group A] and ≥ 5 [Group B]) estimated 
using competing risk analysis (see text).
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lesions or other organ involvement, which are also urgent. 
Furthermore, SRS takes only 1 day, whereas 2–3 weeks 
are necessary for completing WBRT. Thus, SRS allows 
patients, and this is especially important for those with 
a short survival expectancy, to maximize any remaining 
time with their families.

The North American Gamma Knife Consortium is 
currently conducting a prospective randomized study en-
titled “Neurocognitive outcomes in patients treated with 
radiotherapy for five or more brain metastases (NAGKC-
Rand)” (Identifier NCI01731704; http://www.clinicaltrials. 
gov/). The primary aim of this study is to compare the 
change in neurocognitive function outcomes between 
baseline and 6 months in WBRT versus SRS treatment 
groups. Patients with ≥ 5 METs are selected for this study. 
The results of this study are expected to clarify the role of 
SRS alone versus WBRT. 

Weaknesses of the Present Study
As mentioned in our previous article,39 in general 

the major weakness of a retrospective study might be 
that clinical factors are obviously heterogeneous. In fact, 
there was considerable bias between Groups A and B in 
our cohort (Table 1). Greater patient group homogeneity 
makes a study more scientific. However, heterogeneity ac-
tually reflects clinical settings rather closely, as we phy-
sicians often deal with inhomogeneous clinical factors. 
In particular, our database included some patients whose 
brain METs were not newly diagnosed tumors. However, 
proportions of such patients in the 2 groups were very 
small and did not differ significantly (Table 3). Thus, this 
heterogeneity had only a minimal impact on our results, 
as we reported very recently.31 Nevertheless, treatment 
selection is considered to be largely influenced by the 
characteristics of patients receiving a particular treatment 
regimen. This is an important issue when estimating the 
effect of treatments or exposures on outcomes using ob-
servational data. One approach to reducing or eliminat-
ing the effect of treatment selection bias and confounding 
effects is to use propensity score matching, which allows 
one to design and analyze an observational (nonrandom-
ized) study that mimics some of the characteristics of a 
randomized controlled trial. Therefore, in the present in-
vestigation, a case-matched study was also conducted by 
one of the authors (Y.S.), who did not participate in other 
aspects of this study and was blinded to final outcomes.

Only patients with RTOG neurotoxicity Grade 2 or 
worse were counted in this study because, if severe prob-
lems, not only those that were symptomatic but also those 
shown only on MRI, occurred in SRS-treated patients, ev-
ery physician, without exception, consulted the first author. 
In fact, some busy physicians actually forgot to report mi-
nor problems like RTOG neurotoxicity Grade 0 or 1 to us. 
Therefore, a weakness of this study is that all patients with 
minor complications were not surveyed.

Ongoing Prospective Cohort Study 
The Japanese Leksell Gamma Knife Society is cur-

rently conducting a prospective observational study en-

titled “Gamma knife treatment results for patients with 
multiple brain metastases: A multi-institutional prospec-
tive study” (abbreviation JLGK0901; trial no. 1812; http://
www.umin.ac.jp/).” This investigation was designed to 
examine whether SRS alone for patients with 5–10 brain 
METs is not inferior to SRS alone for patients with 2–4 
METs in terms of overall survival and other clinical re-
sults. Although the final result of this ongoing study is due 
in early 2013, based on our previous retrospective investi-
gations, the JLGK0901 study is anticipated to show non-
inferiority of SRS as the sole treatment for patients with 
5–10 brain METs compared with 2–4 METs in terms of 
overall survival.27,28 However, a randomized controlled 
trial, in the near future, is necessary to clarify the most 
appropriate role for SRS alone in patients with ≥ 5 METs.

How Should Good Candidates for SRS Alone Be Selected 
From Among Patients With ≥ 10 METs?

The selection of good candidates for SRS alone, even 
from among patients with ≥ 5 METs, is a very impor-
tant issue. As shown in Table 2, we identified pre-SRS 
clinical factors that significantly favored longer survival 
after SRS. Among these factors, KPS score ≥ 80% and 
controlled primary cancer were regarded as the 2 major 
prognostic factors for selecting good candidates. It must 
be noted that both hazard ratios and probability values for 
the 7 clinical factors were very similar in the 2 groups. 
This means that it is not necessary for physicians to use 
different patient selection criteria when they manage pa-
tients with ≥ 5 METs.

Conclusions
Although our retrospective study suggests increased 

tumor number to be an unfavorable factor for longer sur-
vival, the post-SRS MST difference, 0.9 months, between 
the 2 groups is not clinically meaningful. Furthermore, 
patients with ≥ 5 METs have noninferior results com-
pared with patients with 1–4 METs, in terms of neuro-
logical death, local recurrence, repeat SRS, maintenance 
of a good neurological state, and SRS-related complica-
tions. A randomized controlled trial should be conducted 
to test this hypothesis.
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