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ARTICLE INFO ABSTRACT
Ari fiC{E history: Background and Purpose: There is no randomized evidence comparing whole-brain radiotherapy (WBRT)
Received 11 November 2022 and stereotactic radiosurgery (SRS) in the treatment of multiple brain metastases. This prospective non-
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randomized controlled single arm trial attempts to reduce the gap until prospective randomized con-
trolled trial results are available.

Material and Methods: We included patients with 4-10 brain metastases and ECOG performance status < 2
from all histologies except small-cell lung cancer, germ cell tumors, and lymphoma. The retrospective
WBRT-cohort was selected 2:1 from consecutive patients treated within 2012-2017. Propensity-score
matching was performed to adjust for confounding factors such as sex, age, primary tumor histology,

Keywords:
Stereotactic Radiosurgery
Single-isocenter

Multiple brain metastases dsGPA score, and systemic therapy. SRS was performed using a LINAC-based single-isocenter technique
Linear accelerator employing prescription doses from 15-20Gyx1 at the 80% isodose line. The historical control consisted of
Radiation therapy equivalent WBRT dose regimens of either 3Gyx10 or 2.5Gyx14.

Oligometastasis Results: Patients were recruited from 2017-2020, end of follow-up was July 1st, 2021. 40 patients were

recruited to the SRS-cohort and 70 patients were eligible as controls in the WBRT-cohort. Median OS, and

iPFS were 10.4 months (95%-CI 9.3-NA) and 7.1 months (95%-CI 3.9-14.2) for the SRS-cohort, and

6.5 months (95%-Cl 4.9-10.4), and 5.9 months (95%-Cl 4.1-8.8) for the WBRT-cohort, respectively.

Differences were non-significant for OS (HR: 0.65; 95%-CI 0.40-1.05; P =.074) and iPFS (P =.28). No grade

Il toxicities were observed in the SRS-cohort.

Conclusion: This trial did not meet its primary endpoint as the OS-improvement of SRS compared to

WBRT was non-significant and thus superiority could not be proven. Prospective randomized trials in

the era of immunotherapy and targeted therapies are warranted.

© 2023 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology 186 (2023) 109744 This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Whole-brain radiotherapy (WBRT) was the only radiation-
based treatment option for brain metastases (BM) until the early
2000s, when stereotactic radiosurgery (SRS) was introduced as

Abbreviations: AE, adverse events; BM, brain metastases; CSH, cause-specific an alternative intervention for a limited number of BM (mostly
hazard; CTCAE, common terminology criteria for adverse events; CT, computed defined as 1-3). Three randomized trials established this paradigm
tomography; ECOG, eastern cooperative oncology group; iPFS, intracranial pro- shift. Aoyama et al. showed that an additional WBRT treatment did
gression free Surv'va.l; IP.W‘_ propensity Score'b.as'?d Inverse We'ght}ngi MR, not improve overall survival (OS) compared to SRS alone [1,2]. Two
magnetic resonance imaging; OAR, organs at risk; OS, overall survival, PTV, . o
planning target volume; SRS, stereotactic radiosurgery; SH, subdistribution hazard; subsequent studies by Chang and Brown et al. reported similar
WBRT, whole-brain radiotherapy. results, but also demonstrated that neurocognitive outcome wors-
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events (AEs), SRS alone is currently recommended for patients with
a limited number of BM [3-5].

In 2014, Yamamoto et al. published a prospective cohort analy-
sis in which they examined the impact of the total number of BM
treated with SRS. They compared patients treated with 5-10 BM to
those treated with < 5 BM [6]; while patients with a singular/soli-
tary BM had the most favorable median OS (13.9 months), the
cohort with 5-10 BM was comparable to the group with 2-4 BM
in terms of median OS (both 10.8 months) [6]. Furthermore, non-
inferiority of AEs for patients treated with 5-10 BM was seen in
their 2017 follow-up analysis [7].

Since their pioneering publication, no randomized trials com-
paring SRS to WBRT for multiple BM have been published. Accord-
ing to clinicaltrials.gov a few randomized trials are underway
(NCT04891471, NCT03775330, NCT04277403, NCT03550391,
NCT01592968), but will not be completed until 2023. A Dutch
group attempted to conduct a phase III trial but the study was ter-
minated early due to poor recruitment (29 of 230 required
patients) as patients and/or their clinicians favored SRS over WBRT
[8].

At ASTRO 2020, Li et al. presented some results of their multi-
center US phase III trial comparing SRS and WBRT in patients with
5-15 BM, which also closed prematurely after recruiting 72
patients. However, they showed that the 36 patients in the SRS
cohort had significantly superior neurocognitive performance with
comparable median OS [9].

Based on the available data, the EANO-ESMO guideline pub-
lished in 2021 summarized that SRS for a higher number of BM
(4-10) “may be considered” up to a total tumor volume of 15 ml
[10]. To address this lack of evidence, randomized data are
urgently needed.

On the other hand, WBRT is currently optimized in multiple
ways including simultaneous or sequential boosts, hippocampal
sparing, concomitant application of memantine, or reducing the
WBRT dose while boosting metastases [11-13]. Nevertheless, as
demonstrated by the failure of randomized studies, obtaining class
I evidence is problematic because SRS is already routinely offered
by many centers to patients with multiple BM.

At the Department of Radiation Oncology, University Hospital,
LMU Munich, WBRT has been the treatment of choice in all
patients with 4-10 BM until 2017. From 2017, all patients were
treated with SRS. To identify a median shift in OS between the
patients treated with SRS and our historical WBRT patients an,
we designed a non-randomized prospective controlled trial with
identical selection criteria.

Materials and methods

Study design and recruitment

This study has been designed as a prospective, monocentric,
nonrandomized study with matched historical controls. The goal
was to compare SRS to WBRT in patients with 4-10 BM. The
patients receiving SRS were recruited prospectively, the patients
receiving WBRT were retrospectively obtained from the depart-
ment’s database. The primary endpoint was OS and the secondary
endpoint intracranial progression free survival (iPFS). Results were
reported using the TREND-checklist (Transparent Reporting of
Evaluations with Nonrandomized Designs).

Before study initiation, the protocol was approved by the LMU
Munich ethics committee (Nr. 436-16). The study was registered
at the German clinical trials registry (DRKS00014694). Recruitment
of the prospective cohort started in October 2017 when we chan-
ged the departmental treatment guidelines for SRS in patients
with > 3 BM, and ended in September 2020. Last follow-up was

on July 1st, 2021. For the retrospective cohort, the clinical database
was screened for patients treated between 2012 and 2017.

Radiation treatment planning and dose delivery

For treatment planning of SRS, both thin-sliced (1 mm)
contrast-enhanced computed tomography (CT) simulation as well
as magnetic resonance imaging (MRI) were performed. Patients
were immobilized using dedicated thermoplastic mask systems.
Metastases and organs at risk (OAR) were delineated using the Ele-
ments Multiple Brain Mets® SRS application (Brainlab, Munich,
Germany), a 1 mm isotropic margin was used to generate the plan-
ning target volume (PTV). The dose was prescribed to each PTV
separately depending on the respective size and proximity to OARs
ranging from 15 Gy to 20 Gy/80%-isodose line and adapted accord-
ing to the number of BM by 1 Gy [14]. Treatment planning was per-
formed either with the same application for single isocenter
dynamic conformal arc therapy plans (SIDCA) or Monaco®
(ELEKTA, Stockholm, Sweden) for volumetric conformal arc ther-
apy (VMAT) [15,16] based on sphericity of the BM [17]. SRS was
administered on a VersaHD® (ELEKTA, Stockholm, Sweden) linear
accelerator equipped with ExacTrac® (Brainlab, Munich, Germany)
for Image Guidance. Positioning deviations were corrected using a
robotic couch HexaPOD® evo RT (ELEKTA, Stockholm, Sweden) in 6
DOF [18]. The historical control consisted of WBRT dose regimens
of either 3Gyx10 or 2.5Gyx14, all after CT simulation and 3D-
conformal radiotherapy planning.

Eligibility criteria

In addition to general inclusion criteria (written informed con-
sent; age > 18; eastern cooperative oncology group (ECOG) perfor-
mance scale of > 2; mental and legal capacity to understand the
trial), patients with 4-10 BM with a diameter of 0.3 to 2.5 cm as
measured on contrast-enhanced MRI were eligible for the study.

Exclusion criteria included a histology of lymphoma, germ cell
tumor, or small cell lung cancer, pregnancy, inability to undergo
an MRI examination, leptomeningeal disease, or participation in
conflicting clinical trials. The retrospective WBRT cohort was
selected by applying the same inclusion/exclusion criteria.

Data collection and Follow-Up

After treatment, patients had follow-up visits every three
months until death or end of study. Follow-up consisted of clinical
and neurological examination, and thin-sliced (1 mm) contrast-
enhanced MRI. Clinical AEs were documented using the common
terminology criteria for adverse events (CTCAE) v4.0. MRI findings
were documented according to the RANO criteria [19].

In case of suspected progressive disease, fluoroethyl-L-tyrosine
positron emission tomography [20], stereotactic biopsy or, imme-
diate resection were considered to differentiate between radiation
induced effect or progressive disease. If new BM were found, sal-
vage SRS was offered [21]. For the WBRT-cohort, the same data
were assessed retrospectively from patient files and external
reports.

Statistics

Data were analyzed using R (release 4.1.2). Fisher’s exact and
Mann-Whitney test were used to compare both groups with
respect to categorical and quantitative covariates, respectively.

For OS and iPFS, the Kaplan-Meier method was used to provide
estimates of survival probabilities and median (progression-free)
survival times since study-RT. The median follow-up time was cal-
culated with the reverse Kaplan-Meier method. Groups were com-
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pared using the logrank test, the Wald test in a univariable Cox
model and in a multivariable Cox model adjusting for sex, age, pri-
mary tumor, dsGPA score, and systemic therapy.

The initial sample size calculation was done with ADDPLAN®
neo (Version 10.0.4, Berry Consultants, Austin, Texas, USA) and
based on the primary OS endpoint. The historical WBRT-cohort
was planned to be identically selected from consecutive patients.
At a two-sided significance level of 5% and with a 1:2 group size
ratio, a total number of 99 events (deaths) across the two groups
allows to detect with a power of 80% an increase in median OS
from 6 months (historical estimate) to 11 months (SRS) considered
clinically relevant and to be expected by JLGK0901 results [6]. This
increase corresponds to a hazard ratio of 0.55 under the assump-
tion of exponential survival time distributions within groups.
Due to expected censoring, the groups were intended to comprise
40 (SRS) and 80 (WBRT) patients.

Death without event was considered as competing risk for local
recurrence of BM or intracranial distant failure to estimate their
cumulative incidences (sub-distribution functions) and perform
subdistribution hazard analyses with the package ‘cmprsk’ (ver-
sion 2.2-11) and cause-specific hazard analyses.

As additional analyses, propensity scores (PS) were derived by
fitting a logistic regression model with the following covariates:
sex, age, primary tumor, dsGPA score, and systemic therapy. PS
analyses were performed in four different ways: stratification,
weighting, adjustment, and 1:1 matching (with the following

5

99 patients
with WBRT

529 excluded ‘

105 by entity (SCLC,
germinoma,
lymphoma)

70 more than 10 BM
148 less than 4 BM

37 too large/small
mets

80 other reasons
such as ECOG >2,
non-compliance

26 missing imaging
63 different RT
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matching algorithms successively: optimal, nearest neighbor or
caliper) [22]; see Table S2 for details.

Results

In total, 40 patients (21 male (52.5%), 19 female (47.5%)) with
overall 230 BM were included in the SRS-cohort and 70 patients
(37 male (52.9%), 33 female (47.1%)) with 396 BM in the WBRT-
cohort. For the WBRT-cohort, the case records of 599 patients trea-
ted between 2012 and 2017 were screened and 70 eligible cases
identified (see Fig. 1).

Median age, median Karnofsky index, median dsGPA score and
LungMOolGPA score at study-RT were 66 years (range 33-84 years),
80% (range 50-100%), 1.5 (range 0-3.0) and 1.25 (range 0-2.5)
(n = 24) for the SRS-cohort, and 62 years (range 47-94 years),
80% (range 60-100%), 1.5 (range 0-3.5) and 1.5 (range 0-3.5)
(n = 41) for the WBRT-cohort, respectively. The most common pri-
mary diagnoses were lung cancer and melanoma, with 24/40
(60.0%) and 6/40 (15.0%) patients in the SRS-cohort, and 41/70
(58.6%) and 12/70 (17.1%) in the WBRT-cohort. All patients in the
SRS-cohort received a cranial MRI before study-RT, whereas in
the WBRT-cohort, 9/70 (12.9%) received no MRI but only a cranial
contrast-enhanced CT. 34/40 (85%) SRS patients had extracranial
metastases at time of RT and 54/70 (77.1%) in the WBRT-cohort.
The tumor volume prior to RT was median 2.1 ml (range 0.1-
9.6 ml) and 2.9 ml (range 0.2-12.9 ml) for the SRS and WBRT
cohort, respectively. Concerning concurrent/sequential systemic

WBRT/SRS

1

18 patients
with SRS

71 excluded
47 less than 4 BM
2 more than 10 BM
17 other reasons
(previous WBRT or
different RT modes) ‘

5 no consent on study
participation ‘

techniques

7 assigned to receive intervention

41 received intervention as assigned

6 did not receive assigned intervention
(change of RT mode, no RT)

1 lost to follow-up

70 included in
analysis

40 included in
analysis

Fig. 1. Flow diagram of patient acquisition.
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treatment, chemotherapy, targeted therapy, immunotherapy, or no
systemic therapy were applied in 12/40 (30.0%), 4/40 (10.0%),
23/40 (57.5%), and 1/40 (2.5%) patients of the SRS-cohort, and
32/70 (45.7%), 9/70 (12.9%), 21/70 (30.0%), and 8/70 (11.4%) WBRT
patients. Further patient characteristics can be found in Table 1.

Median follow-up was 21.6 months (95%-CI 19.8-NA) for the
SRS-cohort and 61.4 months (95% 54.6-NA) for the WBRT-cohort.
During follow-up, 25/40 (62.5%) SRS patients and 56/70 (80.0%)
WBRT patients died. Six (8.6%) WBRT patients were lost to
follow-up but none in the SRS-cohort.

Median OS was 10.4 months (95%-CI 9.3-NA) for the SRS-cohort
and 6.5 months (95%-Cl 4.9-10.4) for the WBRT-cohort. Local pro-
gression and new BM were diagnosed in 0/40 (0.0%) and 18/40
(45.0%) patients in the SRS-cohort and in 7/70 (10.0%) and 15/70
(21.4%) in the WBRT-cohort.

In the univariable Cox-model, the OS-comparison of SRS and
WBRT was non-significant with a HR of 0.65 (95%-CI 0.40-1.05,
P =.076). Similarly, the logrank test comparing OS of SRS versus
WBRT missed statistical significance (P =.074). Median iPFS was
comparable with 7.1 months (95%-CI 3.9-14.2) for the SRS-
cohort and 5.9 months (95%-ClI 4.1-8.8) for the WBRT-cohort
(P =.28). Survival rates at 12 and 24 months were 48.2% and
33.4% in the SRS cohort versus 35.9% and 19.6% in the WBRT
cohort. In the multivariable analysis, SRS turned out to be a signif-
icant predictor of OS with P <.001, HR 0.39 (95%-CI 0.22-0.68), as
well as dsGPA with P <.001, HR 0.32 (95%-CI 0.21-0.48). The entire
results using the multivariable Cox-model are shown in Supple-
mentary Table S1.

As sensitivity analysis, the four widely used propensity score
(PS) approaches (stratification, weighting, adjustment, matching)

were implemented to mitigate the effect of confounding variables
and enable a more balanced comparison between two groups (Sup-
plement Table S2) [22]. The treatment continued to have a non-
significant effect on OS in a stratified logrank test (P =.10) (Supple-
ment Table S3). PS-based inverse weighting (IPW) yielded a non-
significant result (P =.09) as well, whereas Cox regression using
SRS as covariate while adjusting for PS yielded a significant benefit
for SRS (P =.046) (Supplement Table S3) [23]. Optimal propensity
matching was performed with adjustment for covariates display-
ing a standardized mean difference (SMD) > 0.1, resulting in mul-
tivariable Cox regression with a HR of 0.38 (95%-CI 0.21-0.68)
and P =.001 (Supplement Table S4) [24]. The survival curves for
the entire cohort and the pairwise matched data can be found in
the top panels of Fig. 2. Supplementary Figs. S1a and S1b show
the same survival curves when using other matching methods
(nearest neighbor, caliper). The respective Table S5a + b lists the
results of the corresponding multivariable Cox regression analyses.
As some patients of the WBRT-cohort did not receive cranial
MRI before treatment, and therefore some important information
(number of BM, leptomeningeal disease) might not have been ade-
quately noticed on CT, a further sensitivity analysis was performed
to detect the impact of these nine (12.9%) patients without MRI.
When comparing the SRS-cohort with the reduced WBRT-cohort
(N = 61) using the logrank test, the p-value changed to P =.037.
Subdistribution hazard (SH) and cause-specific hazard (CSH)
analyses were performed considering local progression/new BM
and death without local progression/new BM as competing risks
(Fig. 3). SH analysis revealed that local progression was signifi-
cantly less frequent for SRS than for WBRT (B = —10.81, HR = 2e"
5, P <.0001). CSH analysis could not be performed for local progres-

Table 1
Patient characteristics in both cohorts and respective P values for group comparisons.
SRS (n = 40) WBRT (n = 70) P-value
Sex P=1
Male (%) 21 (53) 37 (53)
Female (%) 19 (48) 33 (47)
Age at study-RT (median, range) 66 (33-84) 62 (47-94) P =21
Karnofsky Index (median, range) 80 (50-100) 80 (60-100) P =57
dsGPA score (median, range) 1.5 (0-3.0) 1.5 (0-3.5) P =41
LungMoIGPA score (median, range) 1.25 (0-2.5) 1.5 (0-3.5) (n=41) P =21
(n =24)
Primary diagnosis P =87
Lung cancer (%) 24 (60) 41 (59)
Breast cancer (%) 1(3) 4 (6)
Melanoma (%) 6 (15) 12 (17)
Gastrointestinal cancer (%) 2 (5) 5(7)
Other primary tumor (%) 7 (18) 8 (11)
Time between primary diagnosis to BM in months (median, range) 9.3 (0.0-73.9) 6.3 (0.0-220) P =37
Time between diagnosis BM and RT in months (median, range) 0.9 (0.1-27.0) 0.9 (0.0-79.3) P =92
Treated BM P =79
4 (%) 11 (28) 23 (33)
5 (%) 13 (33) 16 (23)
6 (%) 3(8) 10 (14)
7 (%) 6 (15) 11 (16)
8 (%) 4 (10) 4 (6)
9 (%) 1(3) 5(7)
10 (%) 2 (5) 1(1)
Tumor volume before RT (median, range, in ml) 2.1 (0.1-9.6) 2.9 (0.2-12.9) P =.04
Extracranial metastases at time of RT P =.46
Yes (%) 34 (85) 54 (77)
No (%) 6 (15) 16 (23)
Systemic therapy P =.03
Chemotherapy (%) 12 (30) 32 (46)
Targeted therapy (%) 4 (10) 9 (13)
Immunotherapy (%) 23 (58) 21 (30)

None (%)

1(3) 8(11)

Abbreviations: WBRT, Whole-Brain Radiotherapy; SRS, Stereotactic Radiosurgery; BM, Brain metastases; RT, Radiotherapy; dsGPA, Disease-specific Graded Prognostic

Assessment.
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Table 2
Adverse events measured after SRS (N = 40).

Adverse event Grade [ (CTCAE) Grade II (CTCAE)

(n=11) (n=4)

Number of patients (percent)
Fatigue 10 (25) 1(3)
Headache 5(13) -
Vertigo 8 (20) -
Motor impairment 5(13) -
Sensory disturbances 1(3) -
Neurocognitive 8 (20) 1(3)

impairment

Seizure 1(3) 1(3)
Alopecia 2 (5) 1(3)

sion as the SRS patients were all censored. For new BM, SH analysis
revealed that the appearance of new BM in the follow-up was sig-
nificantly more frequent in the SRS cohort than in the WBRT cohort
(B =1.03, HR = 2.79, P =.004). However, this effect was not signif-
icant in the corresponding CSH analysis (B = 0.67, HR = 1.96,
P =.060) although in the same direction (more new BM in the
SRS group), thus suggesting a possible moderate deleterious effect
of SRS regarding the development of new BM. The reason for the
higher frequency of new BM in the SRS group could be the thera-
peutic effect of WBRT.

OS in entire study cohort

Strata ~+ WBRT SRS

P=.074

Overall survival
o
[$2]
o

0.251
0.001 P
0 12 24 36 48 60 72
Months
a Number at risk
‘@"NBRTj 70 22 12 10 7 6 0
2 0 12 24 36 48 60 72
Months
OS after optimal propensity matching
Strata ~+ WBRT SRS
1.001
_ P=.063
£ 0751
<
=
2 050
]
[
3 0251
0.001 e
0 12 24 36 48 60 72
Months
- Number at risk
gwemi 40 10 4 3 2 2 0
o 0 12 24 36 48 60 72
Months

Radiotherapy and Oncology 186 (2023) 109744

Adverse events

Concerning toxicity, 15 (37.5%) patients reported mild to mod-
erate AEs, 11 (27.5%) with CTCAE grade I, and four (10.0%) with
CTCAE grade II AEs. The grade Il events were all reported at the first
follow-up, so they occurred within three months after SRS. The
most notable grade Il AEs were a seizure, and neurocognitive
decline. The other two grade Il AEs were severe fatigue and alope-
cia, of which the latter was caused by concurrent systemic therapy.
Grade III toxicities were not reported in the SRS-cohort. More
information on AEs can be found in Table 2.

Discussion

This study was designed to compare historical WBRT with SRS
in patients with 4-10 BM. The primary endpoint of improved med-
ian OS for the SRS-cohort was not met, and adjustment for poten-
tial confounders through optimal propensity matching analysis or
multivariable analysis revealed discordant results, which may be
due to the limited sample size. As increasingly recommended in
current literature on good statistical practice, we “conduct[ed]
and report[ed] results for many analyses to determine whether
results, as a whole, are consistent with the underlying hypothesis”
[25]. The results were non-significant in the primary analysis, and
only reached significance after optimal propensity matching. Med-

iPFS in entire study cohort

Strata ~+ WBRT SRS

1.001
X\ pP=.28
0.754 i

Intracranial progression-free survival
o
(5.}
o

0.259
0.00
0 12 24 36 48 60 72
Months
- Number at risk
© \“‘w‘BRTj 70 17 10 7 5 3 0
2 0 12 24 36 48 60 72
Months
OS after exclusion of WBRT patients without initial MRI
Strata ~+~ WBRT SRS
1.00
_ P=.037
S o075
s
=
2 0501
o
[
3 0251
0.00
0 12 24 36 48 60 72
Months
. Number at risk
© \“‘v.’BRTj 61 17 8 7 5 4 0
L 0 12 24 36 48 60 72
Months

Fig. 2. Kaplan-Meier curves. Left upper panel: OS in the entire study cohort, right upper panel: intracranial progression-free survival in both cohorts, left lower panel: results
after optimal propensity score matching, right lower panel: sensitivity analysis only focusing on patients with MRI.
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Subdistribution hazard (SH) analysis
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Fig. 3. Cumulative incidences for local progression (left) and new BM (right) in the SRS and WBRT cohorts. SH analysis revealed that local progression was significantly
less frequent for SRS than for WBRT (HR = 2e™, P <.0001). CSH analysis showed a near-significant effect for more new BM in the SRS group (HR = 1.96, P =.060).

ian survival differed hereby by four months. At the same time, the
rate of new BM was increased within the SRS-cohort, which was
probably due to increased survival rate and use of focal therapy.
As recurrences can be adequately salvaged, this did not translate
into a detrimental effect in terms of decreased survival rates. Tox-
icity was minimal while maintaining high local control rates. Fur-
thermore, this trial can give guidance on linear accelerator based
single isocenter SRS, target volume definition, need for non-
coplanar imaging [18], as well as selection criteria according to
number/size of lesions to be treated.

Our sample size calculation was based on the initial JLGK0901
results [6]. Based on its results, SRS of multiple BM became a
potential treatment option for well-selected patients (ECOG < 2).
For example, the ESMO-EANO/ASTRO guideline [26,27] recommen-
dations refer to JLGK0901 and the multi-institutional analysis by
Hughes et al. favoring SRS for up to 15 BM [28]. This has not been
without criticism - selection bias, potential molecular factors in
lung cancer metastases (EGFR mutation), low metastatic tumor
burden, retrospective design in the latter, and other arguments
have been raised [29].

There is still lack of high-level evidence allowing for recommen-
dations of SRS over WBRT. The current study tries to reduce this
gap - specifically as WBRT without additional application of
memantine or hippocampal sparing may lead to neurocognitive
decline [12].

Nonetheless, this monocentric study has several important lim-
itations that need to be discussed critically. Primarily, this trial was
not randomized, and only has a retrospective historical cohort as
comparison, which makes confounding likely. Secondly, the trial
was underpowered and had low sample size as the target size
was calculated for 80 historical controls, but only 70 could be
included. The historical dropout rate was higher than expected
and the inclusion interval for the control group could not be
extended, as the earliest time point was chosen a priori to avoid
imbalances regarding targeted therapeutics and checkpoint inhibi-
tors. Additionally, for patients in the WBRT-cohort having been
treated early on, fewer systemic agents were available, which
could have caused worse OS. Although patients treated before
2012 were not included to make both groups reasonably compara-
ble, a certain time bias is obvious. These limitations make a clear
interpretation of the data challenging.

Over the past 10 years, there have been significant changes in
systemic therapies, which is reflected in the patient characteristics

showing a shift toward more targeted and immunotherapeutic
treatments. We tried to adjust for this difference by using dsGPA
and the type of systemic therapy at the time of radiotherapeutic
intervention. The matching algorithm was able to minimize exist-
ing differences among both groups, although baseline differences
were quite small due to the fact that the patient cohort did not
change, but WBRT was replaced by SRS with the initiation of the
STEREOBRAIN trial.

Finally, a sensitivity analysis was performed as some of the
WBRT patients had an oligometastatic state diagnosed by
contrast-enhanced CT only. Fortunately, this small sub-cohort did
not influence the overall result; nevertheless, this clarifies that
prospectively included patients underwent a more rigid imaging
protocol which was not mandatory for formerly WBRT treated
patients. Therefore, all results must be regarded as result of a novel
single-isocentric SRS approach plus regular MRI follow-up to
detect novel lesions at the earliest possible time point.

As mentioned above, the limitations of this trial make a conclu-
sion difficult. Next to the retrospective design, the partly contra-
dicting results also do not allow clear statements. Partially
significant results were reached after propensity matching; how-
ever, the results are not robust enough to show clear superiority
of SRS regarding OS. The study at most suggests that SRS is not sub-
stantially inferior to WBRT, as the upper bound of the 95% CI of HR
(0.40-1.05) is close to 1 and significant superiority would have
been obtained using one-sided instead of two-sided testing. The
main advantage of SRS still is its short treatment time, which does
not interrupt systemic therapy in a meaningful way, and its low
toxicity rate compared to conventional WBRT.

In the light of more effective CNS-penetrating systemic agents,
risk adapted multi-metastatic SRS may be a future option with
high potential and favorable risk profile. WBRT could still be indi-
cated in patients with a higher number of BM or frail patients
although these indications are also being challenged by recent
publications [30,31]. Future studies will focus on comparing SRS
to WBRT with simultaneous integrated boost with hippocampal
sparing, especially regarding intracranial control and neurocogni-
tive outcome such as the CCTG CE.7 (NCT03550391) or DFCI trial
(NCT03075072).
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Conclusion

The primary endpoint of superior OS of SRS compared to WBRT
was not met as statistical significance was missed: HR = 0.65 (95%-
CI 0.40-1.05), P =.074. A clear statement concerning the benefits of
SRS can therefore not be derived from this study and still needs
evidence from prospective randomized trials in near future.
Despite this, SRS was safe with no grade III toxicities reported.
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