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Abstract

Purpose: The role of stereotactic radiosurgery (SRS) alone for patients with >5 brain metastases is not fully understood. The objective
of the study was to compare SRS-alone treatment results for 2 to 4 versus 5 to 15 tumors.

Methods and Materials: This was an institutional review board—approved, retrospective cohort study using our prospectively
accumulated database including 1150 patients with 2 to 4 tumors and 939 with 5 to 15 tumors who underwent Gamma Knife SRS
during a 20-year period (1998-2018). The Kaplan-Meier method was used to determine post-SRS survival times, and competing risk
analyses were applied to estimate cumulative incidences of the secondary endpoints.

Results: The post-SRS median survival time was slightly longer in the group with 2 to 4 tumors (8.1 months) than in that
with 5 to 15 tumors (7.2 months, P = .0010). Median survival time differences were statistically significant for non-small cell
lung cancer, gastrointestinal tract cancer, and others but not for small cell lung cancer, breast cancer, and kidney cancer.
Multivariable analysis demonstrated female sex, better Karnofsky Performance Status score, non-small cell lung cancer (vs
gastrointestinal tract cancer), younger age, controlled primary cancer, and no extracerebral metastases to be significant
predictors of a longer survival period in both tumor number groups. Crude and cumulative incidences of salvage whole
brain radiation therapy were significantly higher in the group with 5 to 15 tumors than in that with 2 to 4 tumors,
although those of other secondary endpoints were similar to or lower in the 5 to 15 tumor number group than those in
the group with 2 to 4 tumors.

Conclusions: We conclude that carefully selected patients with >5 to 15 tumors are not unfavorable candidates for SRS alone.

© 2019 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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was applied only to patients with 1 to 4 BMs because several
randomized clinical trials had demonstrated such patients to
have fewer neurocognitive sequelae and improved quality of
life with SRS compared with WBRT.'” However, our
JLGKO0901 study demonstrated that SRS treatment results
for patients with 5 to 10 BMs were not inferior to those for
patients with 2 to 4 BMs. Notably, we found that there was no
significant difference in long-term neurocognitive function
maintenance between the 2 tumor number groups.”* More-
over, recently performed randomized clinical trials demon-
strated that decreased neurocognitive function was more
common in patients undergoing WBRT than in those
receiving SRS alone.>® Therefore, the tumor number crite-
rion was recently eliminated from the major treatment
guidelines (ie, the National Comprehensive Cancer Network
Clinical Practice Guideline in Oncology, Central Nervous
System Cancers, version 2.2018, and the guideline of the
Congress of Neurologic Surgery).””

Very recently, Hughes et al’ reported that median survival
times (MSTs) were 8.0, 6.3, and 4.7 months for patients with
1,2to4, and 5 to 15 BMs, respectively (P = .14) and that
salvage SRS and WBRT rates did not differ among the 3
tumor number groups. According to their study, however, 1-
year distant brain failure occurred in 27%, 44%, and 40% of
cases, respectively (P = .01).” Now that the JLGK0901 study
has been published,™* the next step is to test whether SRS
alone for patients with tumor numbers exceeding 10 is inferior
to results obtained in patients with fewer BMs. Thus, the
Hughes et al study” is very timely, although their results are
essentially limited to hypothesis generation. In fact, a major
weakness of their study was the relatively small patient
numbers (ie, 190 and 68 patients having 2 to 4 and 5 to 15
BMs, respectively), such that statistical power was not suffi-
cient. Even more recently, Hughes et al reported, based on an
8-institution study, that patients treated with initial SRS for 5
to 15 BMs experienced survival similar to that in patients with
2 to 4 BMs. However, the number of patients with 5 to 15
BMs was not large, only 212."° Therefore, we conducted this
retrospective cohort study, based on our SRS-treated cohort of
more than 2000 patients with BM, including 939 with 5 to 15
tumors, to reappraise whether treatment results differed for
tumor numbers of 5 to 15, compared with 2 to 4, and to
identify factors relating to overall survival.

Methods and Materials

Patient population

This retrospective cohort study was conducted using
our prospectively accumulated database composed of
3558 consecutive patients who underwent Gamma Knife
(GK) SRS alone, without WBRT, for BMs during the 20-
year period from July 1, 1998 through June 30, 2018. The
Institutional Review Board of the Tokyo Women's Med-
ical University gave approval for the present study (no.

1981). Four patients lost to follow-up were excluded,
along with 1041 patients with a single BM and 424 with
16 or more BMs, such that we studied 2089 patients (839
females, 1250 males; median age, 66 [range, 19-96]
years) in total. Pre-SRS clinical characteristics are pre-
sented in Table 1.

Radiosurgical techniques

Our radiosurgical techniques were detailed in prior
reports' > and thus are not repeated herein. In brief, we
performed standard, single-session GK SRS with frame
placement in all cases. Selected doses for the tumor pe-
riphery ranged from 10.0 Gy to 25.0 Gy (median, 24.0
Gy; interquartile range [IQR], 20.00-24.00 Gy). However,
in 83 patients, a 3-stage treatment protocol was applied
because there was only 1 or a few relatively large tumors
or because, even in the event of a tumor being small, it
was located at or near very critical anatomic structures
(eg, the optic chiasma, hypothalamus, internal auditory
canal).'”'® In these 83 patients, peripheral doses of 9 to
10 Gy were delivered at a 2-week interval. Multiple SRS
procedures were required in 664 (31.8%) of our 2089
patients, 2, 3 and 4 or more times in 450, 130 and 84,
respectively (IQR, 1-2; maximum, 8).

Statistical analysis

The primary outcome was overall survival. The
secondary outcomes were neurologic death (defined as
death caused by any form of intracranial diseases [ie,
tumor recurrence, meningeal dissemination, and pro-
gression of other untreated intracranial tumors]),
neurologic deterioration (deterioration; defined as Kar-
nofsky Performance Status [KPS] score decrease >20%
from baseline due to neurologic worsening), SRS-
related complications, local recurrence, and the need
for salvage SRS or WBRT. Major complications
included Radiation Therapy Oncology Group neuro-
toxicity grades of 2 or worse. The Kaplan-Meier method
was applied to assess overall survival, and competing
risk analysis was used for the time-to-event outcome
analyses of all secondary endpoints.'”'® In these time-
to-event outcome analyses, interval (months) was
calculated from the day of SRS (the day of the first
procedure in the 83 patients who underwent 3-stage
treatment). The Cox proportional hazard model was
used for the multivariable analyses assessing longer
survival. All statistical analyses were carried out by a
statistician (Y.S.) using SAS software version 9.4 (SAS
Institute, Cary, NC). Before the statistical analyses, the
entire database was cleaned by one of the coauthors
(Y.H.). Neither author was involved in the SRS treat-
ments or any aspects of patient follow-up.
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Table 1  Summary of clinical characteristics of 2089 patients with 2 to 15 brain metastases
Characteristics Total 2 to 4 (group A) 5 to 15 (group B) P values*
No. of patients 2089 1150 939
No. of tumors
Median (IQR) 4 (2-7) 3 (2-3) 8 (6-11)
Age (y)
Median (IQR) 66 (58-73) 67 (58-73) 65 (58-72) .082
Sex
Female 839 (40.2%) 438 (38.1%) 401 (42.7%) .035
Male 1250 (59.8%) 712 (61.9%) 538 (57.3%)
Primary cancer sites
Lung (NSCLC) 1157 (55.4%) 634 (55.0%) 525 (55.9%) <.0001"
Lung (SCLC) 233 (11.2%) 112 (9.7%) 121 (12.9%)
Breast 235 (11.3%) 107 (9.3%) 128 (13.6%)
GI tract 224 (10.7%) 144 (12.5%) 80 (8.5%)
Kidney 75 (3.4%) 51 (4.4%) 24 (2.6%)
Others’ 165 (7.9%) 104 (9.0%) 61 (6.5%)
Primary cancer status
Controlled 685 (32.8%) 401 (34.9%) 284 (30.2%) .028
Not controlled 1404 (67.2%) 749 (65.1%) 655 (69.8%)
Extra-cerebral METs
No 1021 (48.9%) 570 (49.6%) 451 (48.0%) 51
Yes 1068 (51.1%) 580 (50.4%) 488 (52.0%)
KPS
>80% 1597 (76.5%) 888 (77.2%) 709 (75.5%) .38
<70% 492 (23.6%) 262 (22.8%) 230 (24.5%)
Modified-RPA class
1+ 2a 262 (12.5%) 166 (14.4%) 96 (10.2%) .015
2b 642 (30.7%) 348 (30.3%) 294 (31.3%)
2c+3 1185 (56.7%) 636 (55.3%) 549 (58.5%)
DS-GPA
3.5-4.0 91 (4.7%) 58 (5.5%) 33 (3.8%) <.0001'
3.0 203 (10.5%) 125 (11.9%) 78 (8.9%)
1.5-2.5 1051 (54.6%) 618 (59.0%) 433 (49.4%)
0-1.0 580 (30.1%) 247 (23.6%) 333 (38.0%)
Neurologic symptoms
No 1001 (47.9%) 520 (45.2%) 481 (51.2%) .0064
Yes 1088 (52.1%) 630 (54.8%) 458 (48.8%)
Prior surgery
No 1707 (81.7%) 910 (79.3%) 797 (84.9%) .0008
Yes 382 (18.3%) 240 (20.9%) 142 (15.1%)
Prior WBRT
No 1977 (94.6%) 1097 (95.4%) 880 (93.7%) .097
Yes 83 (4.0%) 53 (4.3%) 59 (6.3%)
Tumor volume (mL)
Cumulative
Median (IQR) 5.51 (1.84-13.38) 5.04 (1.56-12.55) 6.18 (2.17-14.84) .016
Largest tumor
Median (IQR) 3.65 (1.10-9.00) 3.98 (1.20-9.80) 3.40 (0.94-8.20) .0029
Peripheral dose (Gy)
Median (IQR) 24.00 (18.00-24.00) 24.00 (20.00-24.00) 22.00 (20.00-24.00) .0009
Single or 3 stage
Single 2006 (96.0%) 1100 (95.7%) 906 (96.5%) 37
3-Stage 112 (5.4%) 50 (4.4%) 33 (3.5%) 45
Treatment periods
July 1998-June 2003 481 (23.0%) 287 (25.0%) 194 (20.7%) 017'

July 2003-June 2008

685 (32.8%)

352 (30.6%)

333 (35.5%)

(continued on next page)
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Table 1 (continued)

Characteristics Total

2 to 4 (group A)

5 to 15 (group B) P values*

July 2008-June 2013 501 (24.0%)
July 2013-June 2018 422 (20.2%)

255 (23.1%)
245 (21.3%)

235 (25.0%)
177 (18.9%)

Abbreviations: DS-GPA = diagnostic-specific Graded Prognostic Assessment''; GI = gastrointestinal; IQR = interquartile ratio; KPS = Karnofsky
Performance Status; MET = metastases; Modified-RPA = Modified-Recursive Partitioning Analysis'*''; WBRT = whole brain radiation therapy.
* Student ¢ test was used for continuous variables and Fisher exact test for pairs of categorical variables.

T Pearson P value.
¥ Twelve patients with melanoma were included.

Results

At the Mito GammaHouse, proportions of patients
with 1, 2 to 4, 5 to 15, or >16 BMs remained nearly
constant during the 20-year period of this study (Fig 1).
Furthermore, proportions of patients with 1, 2 to 4, 5 to
15, or >16 BMs did not differ among 3 periods in which
different gamma units were used (ie, the original Leksell
Gamma Unit Model B [from July 1, 1998 through June
30, 2003], the subsequent Model C [from July 1, 2003
through December 31, 2013], and the currently used
Perfexion [from January 1, 2014 through June 30, 2018];
Elekta AB, Stockholm, Sweden).

The median post-SRS follow-up duration for 295
censored observations was 7.8 (IQR, 1.3-22.8) months,
with 1794 patients (92.3%) having died as of the end of June
2019. The overall MST after SRS was 7.7 (95% confidence
interval [CI], 7.3-8.1) months. The respective actuarial
post-SRS survival proportions were 34.9%, 16.8%, 9.3%,
6.9%, and 4.7% at the 12th, 24th, 36th, 48th, and 60th post-
SRS months. Among the 1794 patients who died, the causes
of death could not be determined in 69 patients but were
confirmed in the remaining 1725: nonbrain diseases in 1537
(89.1%) and brain diseases (local and/or remote BM
recurrence, tumor bleeding, SRS-related complications,
and any other brain pathology, such as hemorrhage or
infarct) in 188 patients (10.9%). Among the total 2089
patients, 664 (31.8%) underwent salvage SRS, generally
for new lesions (586 patients, 88.3%) and less commonly
for recurrence of a treated lesion (78 patients, 11.7%). Fifty-
two patients (2.5%) required salvage WBRT and 17 (0.8%)
surgical removal.

Overall survival difference between groups with 2
to 4 and 5 to 15 tumors

The post-SRS MST was slightly longer in the group
with 2 to 4 (8.1 [95% CI, 7.4-8.8] months) tumors than in
that with 5 to 15 tumors (7.2 [95% CI, 6.6-7.8] months),
as shown in Figure 2. Although this MST difference
reached statistical significance (hazard ratio [HR], 1.169;

95% CI, 1.065-1.283; P = .0010), the actual MST dif-
ference was only 0.9 months.

Kaplan-Meier plots of the 2 tumor number groups are
presented according to the primary cancer categories:
non-small cell lung cancer (NSCLC), small cell lung
cancer (SCLC), breast cancer, gastrointestinal (GI) tract
cancer, kidney cancer, and others (Fig 3). The MST did
not differ significantly between patients with SCLC (HR,
0.992; 95% CI, 0.752-1.309; P = .96) and those with
kidney cancer (HR, 1.228; 95% CI, 0.730-2.066; P =
A44). Although the actual post-SRS MST difference was
only 0.6 months in NSCLC patients, this difference was
statistically significant (HR, 1.169; 95% CI, 1.030-1.326;
P = .015). In contrast, the difference of 1.9 months in
patients with breast cancer did not reach the level of
statistical significance (HR, 1.281; 95% CI, 0.974-1.685;
P = .077). There were significant post-SRS MST dif-
ferences between the 2 tumor number groups in patients
with GI tract cancer (HR, 1.361; 95% CI, 1.016-1.825;
P = .039) versus other malignancies (HR, 1.667; 95%
CI, 1.182-1.350; P = .0036).

Factors affecting longer survival period

As shown in Table 2, among various pre-SRS clin-
ical factors, multivariable analysis demonstrated female
sex, better KPS score, NSCLC diagnosis (vs a diag-
nosis of GI tract cancer), controlled primary cancer, and
absence of extracerebral metastases to be significant
predictors of longer survival for both tumor number
groups. In the patient group with 2 to 4 tumors, being
asymptomatic and not having undergone surgery before
SRS were significantly favorable predictors of longer
survival. Regarding the treatment period, we found
statistically significant MST differences between July
1998 to June 2003 versus July 2003 to June 2008 and
between July 2008 to June 2013 versus July 2013 to
June 2018 in the group of patients with 2 to 4 tumors.
However, in that with 5 to 15 tumors, there were no
significant MST differences between any of the 2
subsequent S-year periods.



362 M. Yamamoto et al

Advances in Radiation Oncology: May—June 2020

0% 20% 0% 60% 80% 100%
Model B 08% | 338% [ 23% B4 —
n=850
Model C BI1% ]| 35% ] B5% —+— p=0.0487
n=2029
Perfexion 30.8% ] 33.0% [23% Bk —
n=67
July 1998 - June 2003 W% | 338% —_
n=850
July 2003 - June 2008 284% | 303% [ 289% BVA
n=1160 | p=0.0510
July 2008 - June 2013 212% ] 323% [ D% K —
n=810
July 2013 - June 2018 31.2% [ 334% [ 2A1% _ —
n=734
Total 29.3% | 315% | fw
n=3554

01 02-4 @5-15 W216

Figure 1

Proportions of patients with 1, 2 to 4, 5 to 15 or >16 brain metastases: 3554 patients undergoing radiosurgery according to

the 3 Gamma Knife models used or 5-year fractions (July 1, 1998 to June 30, 2018).

Prognostic indexes

Kaplan-Meier plots of the 2 tumor number groups (ie,
2-4 and 5-15 tumors) are presented in Figure 4 according
to the Diagnostic Specific-Graded Prognostic Assessment
(DS-GPA) system.'' A higher DS-GPA score is clearly
associated with a longer MST, and the survival difference
based on 4-group stratification was statistically significant
in both the 2 to 4 BM group (P < .0001) and the 5 to 15

BM group (P = .0031). However, the MST differences
between the 2 subgroups, one with a DS-GPA score of
3.0 and the other with scores of 3.5 to 4.0 (2-4 tumor
group: P = .082; 5-15 tumor group: P = .97), as well as
between the 2 DS-GPA subgroups with scores of 1.5 to
2.5 versus 3.0 (2-4 tumor group: P = .21; 5-15 tumor
group: P = .010), did not reach statistical significance. In
fact, only the survival difference between those with DS-
GPA scores of 0 to 1.0 and 1.5 to 2.5 reached statistical

* Tumor No. MST/95% Cl (mos) HR/95% Cl/p-value
1.0 2-4 8.1/7.4-8.8
= .1/7.4-8. ]11.169/1.065-1.283/0.0010
5-15 7.2/6.6-7.8
0.8-
2
2
o) 0-6 7]
o
o
2 04
g
7] 2-4 tumors
0.2- 5-15 tumors
0-0 ;,‘ 1 | 1 1 | ! | ! |
0 12 36 48 60
Months after SRS
No. at risk
2-4 tumors 1150 389 167 90 59 37
5-15 tumors 939 260 105 43 29 18

Figure 2

Overall survival according to tumor numbers 2 to 4 and 5 to 15 estimated using the Kaplan-Meier method. Abbreviations:

CI = confidence interval; HR = hazard ratio; mos = months; MST = median survival time; SRS = stereotactic radiosurgery.
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Figure 3  Overall survival according to tumor numbers of 2 to 4 and 5 to 15 estimated using the Kaplan-Meier method in (A) non-
small cell lung cancer, (B) small cell lung cancer, (C) breast cancer, (D) gastrointestinal tract cancer, (E) kidney cancer, and (F) others.

Abbreviations: mos = months; MST = median survival time.

significance (2-4 tumor group: P < .0001; 5-15 tumor
group: P = .0075).

Figure 5 is the Kaplan-Meier plots of the 2 tumor
number patient groups (ie, 2-4 and 5-15 tumors),

according to the Modified-Recursive Partitioning Anal-
ysis (M-RPA) system.'”'? In the group with 2 to 4 tu-
mors, the respective MSTs of the 1 + 2a, 2b, and 2¢ + 3
subclasses were 22.3, 10.8, and 5.7 months (P < .0001).
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Table 2 Multivariable analyses of survival after SRS
Variables 2-4 tumors 5-15 tumors
HR (95% CI) P value HR (95% CI) P value

Sex

Male vs female 1.372 (1.197-1.572) <.0001 1.246 (1.071-1.450) .0043
Age (y)

>65 vs <65 1.121 (0.991-1.270) .5630 1.158 (1.006-1.333) .0412
KPS (%)

<70 vs >80 1.784 (1.531-2.080) <.0001 1.875 (1.583-2.220) <.0001
Neurologic symptoms

Yes vs no 1.171 (1.025-1.337) .0201 1.111 (0.958-1.289) .1649
Tumor volume (mL)

Cumulative >10.0 vs <10.0 1.044 (0.823-1.324) L1247 1.189 (0.986-1.434) .0698

Largest tumor >10.0 vs <10.0 1.155 (0.894-1.491) 2706 1.055 (0.846-1.316) .6320
Dose (Gy)

Minimum <20 vs >20 1.075 (0.879-1.316) 4815 1.022 (0.830-1.258) .8402

Maximum <36 vs >36 0.993 (0.878-1.122) 9062 1.005 (0.877-1.151) .9429
Primary cancer

SCLC vs NSCLC 1.171 (0.952-1.442) .1350 1.041 (0.848-1.278) 7011

Breast vs NSCLC 1.131 (0.886-1.444) .3233 1.099 (0.854-1.415) 4634

GI tract vs NSCLC 1.316 (1.083-1.598) .0057 1.513 (1.180-1.941) .0011

Kidney vs NSCLC 0.979 (0.730-1.312) .8851 1.098 (0.722-1.669) .6614

Others vs NSCLC 0.965 (0.774-1.204) 1517 1.174 (0.884-1.561) .2669
Primary cancer status

No vs good 1.884 (1.644-2.160) <.0001 1.886 (1.897-2.226) <.0001
Extracranial METs

Not vs controlled 1.325 (1.174-1.518) <.0001 1.478 (1.281-1.706) <.0001
Pre-SRS WBRT

Yes vs no 0.850 (0.639-1.230) 2625 1.096 (0.828-1.450) 5217
Pre-SRS surgery

Yes vs no 0.779 (0.668-0.908) .0015 0.851 (0.703-1.019) .0956
Treatment period

July 1998-June 2003 vs July 2003-June 2008 1.235 (1.048-1.455) .0116 1.055 (0.876-1.270) 5743

July 2003-June 2008 vs July 2008-June 2013 0.882 (0.770-1.037) 1279 1.166 (0.981-1.386) .0807

July 2008-June 2013 vs July 2013-June 2018 0.783 (0.654-0.936) .0071 0.874 (0.714-1.069) .1892

Abbreviations: CI = confidence interval; GI = gastrointestinal; HR = hazard ratio; KPS = Karnofsky Performance Status; METs = metastases;
NSCLC = non-small cell lung cancer; SCSL = small cell lung cancer; SRS = stereotactic radiosurgery; WBRT = whole brain radiation therapy.

In those with 5 to 15 tumors, the corresponding values
were 17.7, 11.2, and 4.6 months (P < .001). It is note-
worthy that, in both tumor number groups, the MSTs
are significantly different with no overlap of the 95%
CI between the 2 subclasses (ie, 1 + 2a vs 2b and 2b vs
2c + 3).

Secondary outcomes

The crude and cumulative incidences of neurologic
death, repeat SRS, and SRS-related complications did
not differ significantly between the 2 tumor number
groups (Table 3). Crude and cumulative incidences of
neurologic deterioration and local recurrence were both
significantly lower in the group with 5 to 15 tumors than
in that with the 2 to 4 tumors, although the numbers
requiring salvage WBRT were significantly higher in the

group with 5 to 15 tumors than in that with 2 to 4
tumors.

Discussion

Regarding SRS for patients with >5 BMs, Hughes et al
recently stated that “due to technical advancements
allowing for the treatment of a greater number of metas-
tases, patients with multiple BMs are more frequently
treated with SRS alone.” However, this statement does
not appear to adequately reflect the history of SRS. In
several GK facilities throughout Japan, SRS for patients
with 4 to 5, or as many as 10 or more, BMs was already
being performed in the years around 1995.°°% In other
words, SRS techniques for 10 or more BMs had already
been established more than 20 years ago. The reluctance of
many physicians in Western countries to undertake SRS
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Figure 4 Overall survival according to subclasses of the
diagnostic-specific Graded Prognostic Assessment (DS-GPA)'®
estimated using the Kaplan-Meier method, tumor numbers of
(A) 2 to 4 and (B) 5 to 15. Because the DS-GPA is not appli-
cable to patients with other original cancers, 165 (104/2-4 tu-
mors and 61/5-15 tumors) patients with other original cancers
were excluded. Abbreviations: C1 = confidence interval; HR =
hazard ratio; mos = months; MST = median survival time;
SRS = stereotactic radiosurgery.

for multiple BMs was not related to a lack of technical
development. Rather, there is a long-established dogma
that WBRT should be performed for patients with multiple
BMs, despite a lack of scientific evidence showing the
superiority of WBRT to SRS alone for such patients.
Kim et al reported 26 patients undergoing GK SRS for
10 or more BMs, with a post-SRS MST of 34 (range, 8-
199) weeks.>? After 2010, several studies on SRS for
multiple BMs were reported in the Journal of Neurosur-
gery or American Journal of Clinical Oncology: Chang
et al (58 patients/6-10 BMs, 17/11-15 BMs),”* Grandhi
et al (61/>10 BMs),”> Raldow et al (103 patients/>5
BMs),26 and Rava et al (53 patients/>10 BMs).27 How-
ever, patient numbers were relatively small in these 4
studies. The authors performed a study based on 548 case-

A 1.0 M-RPA MST/95% CI (mos)  HR/95% Cl/p-value
1+2a  22.3/18.3-27.3 ]2,009/1.616-2.499/<0.0001
2b 10.8/ 9.3-12.1 ]1.680/1.459-1.935/<0.0001
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2c43 636 129 47 43 13 7

B 1.0 M-RPA _MST/95% Cl (mos) _ HR/95% Cl/p-value
1+2a  17.7/14.2-20.1 ]1 491/1.153-1.928/0.0023
2b 11.2/ 9.9-12.6 ]2 .173/1.861-2.538/<0.0001
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0 12 24 36 48 60
Months after SRS

No. at risk
1+2a 96 57 26 13 10 8
2b 294 128 57 22 14 8
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Figure 5 Overall survival according to subclasses of the
Modified Recursive Partitioning Analyses (M-RPA)'*'" esti-
mated using the Kaplan-Meier method, tumor numbers of (A) 2
to 4 and (B) 5 to 15. Abbreviations: CI = confidence interval;
HR = hazard ratio; mos = months; MST = median survival
time; SRS = stereotactic radiosurgery.

matched patients in 2 groups with 1 to 4 and >5 BMs.”®
Although the post-SRS MST difference of 0.9 months
between the 2 groups was statistically significant, this
difference was not clinically meaningful. Furthermore, the
2 groups did not differ significantly in cumulative in-
cidences, as determined using competing risk analyses of
neurologic deterioration, neurologic death, local recur-
rence, re-SRS for new lesions, and SRS-related
complications.

In the present study, although the post-SRS MST dif-
ference of 0.9 months between the 2 tumor number
groups was statistically significant, this difference had no
clinical effect. Crude and cumulative incidences of
salvage WBRT were significantly higher in the patient
group with 5 to 15 BMs (3.5%) than in that with 2 to 4
BMs (1.7%). However, the incidences were very low, and
the difference in the absolute percentage, 1.8%, is not
particularly meaningful clinically. Furthermore, the 2
groups did not differ significantly in cumulative
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Table 3  Posttreatment crude and cumulative incidences of the secondary endpoints determined using competing risk analysis
Tumor no. Crude P value Cumulative incidences (post-SRS Adjusted HR
group incidences (%) mo), % (95% CI)/P value

12 24 36 48 60

Neurologic death*  2-4 105 (11.2) .59 5.7 9.2 10.00 102 10.5 0.952 (0.713-1.271)/.73
5-15 81 (10.3) 6.3 8.2 9.2 99 103

Neurologic 2-4 145 (12.6) .021 82 11.8 13.0 134  13.8 0.741 (0.569-0.966)/.026

deterioration’ 5-15 88 (9.4) 6.9 8.8 9.8 10.1  10.7

Local recurrence’  2-4 60 (7.3) .037 42 6.5 10.0 7.2 83 0.626 (0.405-0.970)/.035
5-15 30 (4.6) 2.3 4.4 52 5.4 54

Repeat SRS 2-4 379 (33.0) 22 27.0 335 350 356  35.6 0.914 (0.784-1.066)/.25
5-15 285 (30.4) 264 31.6 327 33.1 33.1

Salvage WBRT 2-4 19 (1.7) .0072 1.0 1.6 1.7 1.8 1.8 2.165 (1.233-3.803)/.0072
5-15 33 (3.5) 3.0 3.6 3.9 3.9 3.9

SRS-related 2-4 11 (1.0) 47 1.3 1.9 22 2.5 2.8 0.783 (0.453-1.352)/.38

complications 5-15 6 (0.8) 1.2 1.7 2.0 2.2 2.6

Abbreviations: MMSE = mini-mental status examination (decreased; defined as score decrease >3 from baseline); SRS = stereotactic radiosurgery,

WBRT = whole brain radiation therapy.

* Based on 1794 deceased patients (979 [85.1%] in 2-4 tumor group and 815 [86.8%] in 5-15 tumor group).

t Deteriorated; defined as score decrease >20% from baseline.

* Based on 1483 (827 [71.9%] in 2-4 tumor group and 656 [69.9%] in 5-15 tumor group) patients in whom neuroimaging results were available.

incidences of neurologic death, re-SRS, or SRS-related
complications. Rather, the cumulative incidences of
neurologic deterioration or local recurrence were signifi-
cantly lower in the group with 5 to 15 BMs than in that
with 2 to 4 BMs.

As Hughes et al pointed out, this study, using the same
data set as our previous studies, was conducted in Japan,
where patients with lung cancer with prolonged post-SRS
survival are more prevalent.” Unlike Asian populations, in
which up to 30% of patients with lung cancer harbor an
EGFR gene mutation, the prevalence of mutations rele-
vant to treatment (EGFR, ALK, and/or ROS-1) in patients
with lung cancer is relatively low in Western countries.
Furthermore, melanoma is very uncommon in Japan. In
the data set used for this study, there were only 11 patients
with melanoma (0.5% of 2,059 patients). This discrep-
ancy may have contributed to the trend toward poorer
survival demonstrated in the 5 to 15 BM group. In fact, as
shown in Figure 3, the MST difference between the 2
tumor number groups was very small in patients with
NSCLC and absent in those with SCLC, although MSTs
in patients with the other 4 original cancers (ie, breast, GI,
kidney, and other cancers) were, regardless of whether
they were statistically significant, shorter in the 5 to 15
BM than in the other group. Also, as Hughes et al pointed
out, their analysis did not take into account the need for
salvage therapies. In the United States, given that SRS is
several-fold more costly than WBRT, the need for mul-
tiple or early salvage regimens must be considered when
deciding whether to administer upfront treatment of BM.
In contrast, the cost of SRS in Japan is relatively low, set
by the Japanese National Health Insurance system at

JPY500,000. Therefore, salvage SRS can easily be
repeated in Japan.

In a Rando phantom experiment, the first author
(M.Y.) analyzed cumulative whole brain irradiation doses
based on the treatment protocol for a patient with 48 le-
sions.”’ The estimated cumulative irradiation doses were
2.60 Gy to 6.69 Gy at sites located some distance from the
targets. These earlier results are highly consistent with
those described in the present study. Yang et al, based on
their dose-volume histogram analysis using a model with
placement of 25 targets within the whole brain followed
by irradiation with a maximum dose of 40 Gy, reported
that the 50% whole brain dose was no more than 5 Gy.>’
Furthermore, Boone et al recently reported that, based on
their management of 10 patients with 6 to 15 BMs treated
with a linear accelerator system, the largest calculated
cumulative dose to the entire brain was approximately 5.0
Gy.30 In 2002, the first author (M.Y.) and colleagues re-
ported that, based on a series of 80 patients with >10
BMs (median, 17; maximum, 43) undergoing SRS, the
estimated absorbed doses to the whole brain ranged from
2.16 to 8.51 (median, 4.71) Gy.”” It was thus assumed
that these doses had not exceeded the threshold level of
radiation-induced injury to the whole brain. We also re-
ported, based on 2996 patients, multivariable analyses
that demonstrated solitary tumor, controlled primary
cancer, no extracerebral metastases, KPS 80%, and largest
tumor volume >3.3 cm® to be independently significant
predictors of a higher incidence of complications. Pre-
SRS WBRT, cumulative tumor volume, 12 Gy brain
volume, and total cumulative energy delivered to the
whole skull had no effect on complication rates.'*
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Table 4 Median survival times (mo) and cumulative survival incidences in 2 tumor number groups (2-4 vs 5-15 tumors, according
to 5-year periods)

Tumor n MST/ Cumulative incidence (no. at risk) HR/95% CI P
e 95% CI 12 mo 24 mo 36 mo 48 mo 60 mo value
July 2-4 287 7.4/6.1-8.1 0.289 (84) 0.100 (29) 0.054 (16) 0.046 (13) 0.038 (10) 1.202/ .0499
1998-June 5-15 194 5.4/4.5-6.5 0.242 (48) 0.080 (16) 0.021 (5) 0.021 (5) 0.011 (3) 1.000-1.446
2003
July 2-4 352 7.6/6.7-9.6 0.352 (126) 0.168 (60) 0.091 (33) 0.068 (25) 0.034 (13) 1.237/ .0061
2003-June 5-15 333 6.9/5.7-7.7 0.258 (88) 0.091 (31) 0.045 (16) 0.030 (11) 0.015 (6) 1.062-1.469
2008
July 2-4 266 7.4/6.6-8.7 0.343 (91) 0.154 (41) 0.090 (24) 0.057 (14) 0.048 (12) 1.124/ 2033
2008-June 5-15 235 7.0/5.7-7.8 0.300 (71) 0.139 (33) 0.062 (14) 0.033 (8) 0.033 (7) 0.939-1.347
2013
July 2-4 245 16.4/ 0.566 (92) 0.409 (43) 0.322 (19) 0.277 (9) 0.202 2) 0971/ .8400
2013-June 11.6-22.8 0.728-1.295
2018 5-15 177 17.6/ 0.547 (54) 0.422 (28) 0.273 (9) 0.234 (5 0.176 (2)
10.4-26.3

Abbreviations: CI = confidence interval; HR = hazard ratio.

Regarding patient selection being favorable for SRS
treatment, the widely used DS-GPA system is not
considered to be sufficient because, as shown in Figure 4,
MST differences between DS-GPA scores of 3.5 to 4.0
versus 3.0 and between a DS-GPA score of 3.0 versus 1.5
to 2.5 did not reach the level of statistical significance.
However, patients with DS-GPA scores over 1.5 are
considered to be good candidates for SRS treatment. In
contrast, our M-RPA system is apparently ideal for patient
selection because, as shown in Figure 5, MST differences
between M-RPA 1 4 2a versus 2b and between modified-
RPA 2b versus 2c + 3 were statistically significant. Thus,
patients with M-RPA 1 + 2a or 2b are good candidates
for SRS treatment.

Limitations

The major weakness of this study might be its retro-
spective design, based largely on one neurosurgeon’s
experiences in a single institute. Given the long study
period, 20 years, we must interpret our treatment results in
light of progression in the management of patients with
cancer (ie, one factor being the development of imaging
technology and the other advances in systemic anticancer
agent treatments). Regarding the first issue, our imaging
technique for dose planning has remained unchanged for
the past 20 years (ie, T1-weighted axial image with a 2
mm slice thickness with no gap and administration of a
single gadolinium dose). Our magnetic resonance (MR)
unit was updated from a 1.0 Tesla MR unit to a 1.5 Tesla
MR unit at the end of August 2002. Only the first 19% of
our patients were examined using a 1.0 Tesla MR unit;
therefore, the MR unit update was considered to have
minimally affected our treatment results. Regarding the
impacts of medical treatment advancements, there was a

large difference in treatment results between 2 periods (ie,
the earlier and the most recent 10-year period). In fact, in
our cohort study (3554 patients), there was a statistically
significant difference in overall survival between the 2
study periods: 7.3 versus 10.8 months (HR, 1.464; 95%
CI, 1.356-1.580; P < .0001). However, in the present
study, comparisons were made within the same periods.
Therefore, as shown in Table 4, medical treatment ad-
vances were considered to have minimally affected our
comparative results in this study.

Another weakness might have been the inclusion in our
database of neither original cancer phenotypes nor infor-
mation on systemic anticancer agent treatment, both of
which are regarded as correlating with survival. However,
in our view, the present study supports the hypothesis
generated by Hughes et al’; SRS for 5 to 15 BMs is well
tolerated, and there is no evidence of associated increases in
toxicity, treatment failure, and salvage therapy. Although
before 2010 there was a clear reluctance in the West to
apply SRS to patients with a large number of BMs, clinical
trials including patients with numerous BMs have recently
been initiated. Ongoing prospective randomized studies
(eg, NCTO01731704, NCT03075072, NCT03550391,
NCTO03297788, NCT02953717) are anticipated to provide
more robust support for the hypothesis that relatively large
numbers of BMs can be treated with SRS in appropriately
selected patients.

Conclusions

We conclude that carefully selected patients (ie, DS-
GPA 1.5 or better or M-RPA 1 + 2a and 2b) with 5 to 15
tumors are not unfavorable candidates for SRS alone.
However, a randomized controlled trial should be con-
ducted in the near future to clarify the optimal role of SRS
alone in patients with 5 or more BMs.
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