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Abstract

Background. The clinical value of whole brain radiotherapy (WBRT) for brain metastases (BM) is a matter of debate due
to the significant side effects involved. Stereotactic radiosurgery (SRS) is an attractive alternative treatment option that
may avoid these side effects and improve local tumor control. We initiated a randomized trial (NCT02353000) to investi-
gate whether quality of life is better preserved after SRS compared with WBRT in patients with multiple brain metastases.
Methods. Patients with 4-10 BM were randomized between the standard arm WBRT (total dose 20 Gy in 5 frac-
tions) or SRS (single fraction or 3 fractions). The primary endpoint was the difference in quality of life (QOL) at
3 months post-treatment.

Results. The study was prematurely closed due to poor accrual. A total of 29 patients (13%) were randomized, of
which 15 patients have been treated with SRS and 14 patients with WBRT. The median number of lesions were 6
(range: 4-9) and the median total treatment volume was 13.0 cc® (range: 1.8-25.9 cc®). QOL at 3 months decreased
in the SRS group by 0.1 (SD = 0.2), compared to 0.2 (SD = 0.2) in the WBRT group (P = .23). The actuarial 1-year
survival rates were 57% (SRS) and 31% (WBRT) (P=.52).The actuarial 1-year brain salvage-free survival rates were
50% (SRS) and 78% (WBRT) (P =.22).

Conclusion. In patients with 4-10 BM, SRS alone resulted in 1-year survival for 57% of patients while maintaining
quality of life. Due to the premature closure of the trial, no statistically significant differences could be determined.

Key Points
e SRS is a promising treatment option for patients with multiple brain metastases.
e |n patients with brain metastases, SRS resulted in >50% OS while maintaining QOL.

e The main reason for poor inclusion was patient and referrer preference for SRS.
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Importance of the Study

Brain metastases (BM) are an important cause of mor-
bidity and mortality. Therefore, optimal tumor control with
preservation of quality of life is essential. Treatment has
mainly consisted of whole brain radiotherapy (WBRT),
but in the last decades, stereotactic radiotherapy (SRS)
became available. Until recently, the Dutch guideline was
to treat patients with multiple BM with WBRT. Several
studies have shown that survival, quality of life, and neu-
rological deterioration after SRS is equal between pa-
tients with multiple BM and those with 2—4 BM.

A significant proportion (20-40%) of patients with cancer
develop brain metastases (BM)." BM are an important
cause of morbidity and mortality in patients with me-
tastasized cancer. Therefore, optimal tumor control with
preservation of quality of life (QOL) during patients’ re-
maining lifespan is essential. Traditionally, the treatment
mainly consisted of radiotherapy, primarily whole brain
radiotherapy (WBRT). The QUARTZ study showed that
WBRT did not provide any benefit in QOL or survival over
the best supportive care in selected vulnerable patients
with non-small cell lung cancer (NSCLC).2WBRT has sig-
nificant side effects, such as hair loss, fatigue, and cog-
nitive dysfunction, which may result in decreased QOL.2
In the last decades, stereotactic radiosurgery (SRS) be-
came available, and has since become a widely used
technique in the treatment for patients with BM. There
are some important advantages of SRS over WBRT, that
is, limiting radiation doses to the uninvolved brain and a
high probability of local tumor control. SRS is available
in all Dutch radiotherapy centers and due to recent tech-
nical advances, radiation can be delivered within half an
hour. Until recently, the Dutch guideline was to treat pa-
tients with 1-3 BM with SRS and patients with 4 or more
BM with WBRT. In 2017, a working group was established
to review the current guidelines and SRS for a maximum
of 10 BM with low volume is now supported by the re-
newed Dutch and UK guidelines. In the current era, in
which targeted agents and immunotherapy are often
also treatment options for BM, avoidance of elective
brain irradiation is attractive.* Multidisciplinary manage-
ment is essential to determine the optimal treatment at
the right moment.®

A nonrandomized study in a large cohort of favorable
prognostic patients with low volume BM showed that sur-
vival after SRS in patients with 5-10 BM and 2-4 BM was
comparable.® Cumulative volume of BM was shown to be
an important prognostic factor in patients with BM, just as
much as performance status.5”

In this randomized controlled study, WBRT was com-
pared to SRS to determine if SRS is a better palliative
treatment than WBRT in favorable prognostic patients
with 4 to 10 low volume BM in terms of QOL at 3 months
post-radiotherapy.

To our knowledge, this study is the first phase Il ran-
domized controlled trial investigating WBRT versus SRS
for patients with multiple BM. This trial assesses quality
of life, which is an important endpoint in this patient
population, and shows that patients can be treated with
SRS while maintaining quality of life. In addition, since
the study was closed prematurely, we evaluated the
reasons for poor accrual.

Methods

Study Design and Participants

In this prospective randomized phase Il multicenter trial,
patients were enrolled from different radiotherapy cen-
ters in the Netherlands. Patients referred for radiotherapy
with 4-10 BM from solid tumors diagnosed on a high-
resolution contrast-enhanced MRI scan were included.
Patients were randomized between WBRT (standard arm)
or SRS to the BM (study arm). Inclusion criteria were
age >18 years, minimal 4 up to a maximum of 10 BM
and a maximum cumulative gross tumor volume (GTV)
of 30 cm?® based on the diagnostic cerebral MRI scan,
Karnofsky performance status >70, any solid primary
tumor (small cell lung carcinoma, germinoma, and lym-
phoma were excluded), and patients ability to provide
written informed consent. Exclusion criteria were contra-
indication for MRI, prior treatment for BM (ie, surgery,
SRS, or WBRT), concurrent use of systemic therapy, and
any brainstem metastasis with a planning target volume
(PTV) of more than 20 cm?.

All patients willing to participate gave written informed
consent. The study protocol was approved by the medical
ethical committee of the Maastricht University Medical
Center, the Netherlands (NCT02353000).

Randomization and Masking

After discussion within the multidisciplinary tumor board
which included a neurosurgeon, medical oncologist,
neuro-radiologist, pathologist, and radiation oncologist, all
specialized in the treatment of BM, patients were selected
for participation in the study. Patients were allocated to
one of the two treatment arms at random using a permu-
tated block randomization approach with a block size of
8. After randomization, baseline data, treatment character-
istics, and follow-up data were entered by the treating phy-
sician or investigator at the participating center. Neither
patients, clinicians, nor study statisticians were masked to
treatment assignment.
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Procedures

On a gadolinium contrast-enhanced (single — triple dose
gadolinium was allowed) MRI (1.0T-3T) with a maximal
slice thickness of 1.5 mm, the definitive number of BM and
the definitive maximum lesion diameter in any direction of
the largest BM was determined. The use of a planning CT
with slice thickness of <3 mm was mandatory.

Whole Brain Radiotherapy

Patients randomized for WBRT were treated with 5 frac-
tions of 4 Gy up to a total dose of 20 Gy delivered over 5
consecutive working days. The brain was contoured as the
clinical target volume (CTV) up to the foramen magnum,
where the CTV is equal to the PTV.To determine the size of
the GTV of the metastases, all BM were contoured using
MRI. Patients were positioned with a thermoplastic mask.
The daily prescription dose was 4 Gy prescribed at the
ICRU reference point and the 95% isodose was required to
encompass 99% of the PTV.The maximum dose to the PTV
did not exceed 107% of the prescribed dose. All radiation
techniques that could meet the dose requirements were al-
lowed. The following parameters were noted: the GTVs of
all lesions separately and the PTV that received 95% of the
prescription dose (V95%).

Stereotactic Radiotherapy

The dose (15 Gy up to 24 Gy in one fraction or 24 Gy in 3
fractions) was determined by the PTV of the largest BM
or by brainstem location (24 Gy in 3 fractions). A volume-
based dosing strategy was employed conforming to
the National Neuro-Oncology consensus. If the V,,; of
healthy brain tissue surrounding an individual BM was
more than 10 cm?, 24 Gy in 3 fractions of 8 Gy was allowed
to minimize the risk of radionecrosis.8® The GTV was de-
fined by contouring the outer contrast-enhancing border
of the BM on T1 gadolinium-weighted MRI images. The
PTV was defined by a 0-2 mm isotropic expansion of the
GTV determined by the treating physician’s preference
and the center’s set-up uncertainties. If a BM was within
or adjacent to the brainstem, the PTV margin was defined
at 0 mm in all centers to minimize the risk of brainstem
necrosis.

Patients were immobilized in a supine position within
a thermoplastic mask or stereotactic noninvasive frame,
with or without bite block and other fixation methods.
The planning CT scan with <3 mm thick contiguous
slices was registered with a contrast-enhanced MRI
scan. The maximum interval between the planning-MRI
and the SRS treatment was 3 weeks. Single or multiple
isocenters were allowed for delivering SRS according to
the treating center preference. The following parameters
were noted: maximum diameter of largest GTV and PTV,
total GTV and PTV, maximum dose (D,,), mean dose
(D, ean). Paddick’s gradient index, maximum dose OAR
(Dy.g3cc)s total Vo, (brain minus GTVs), and V,,, largest
BM (surrounding brain of the largest BM minus GTV). All
(serious) adverse events ((S)AE) reported spontaneously
by the patient or observed by the investigator or his staff
were recorded.

Outcomes

The primary objective was to determine if SRS is a better
palliative treatment than WBRT for patients with 4-10 BM
in terms of QOL at 3 months post-radiotherapy using the
EQ5D EUROQOL score. The secondary endpoints were
difference in QOL (EQ5D EUROQOL questionnaire) at 6,
9, and 12 months after radiation with respect to baseline.
In addition, survival, Karnofsky score, WHO performance
status, toxicity according to the CTCAE V4.0 criteria, sal-
vage treatment and time to salvage after randomization,
and Barthel index were evaluated at 3, 6, 9, and 12 months
after treatment. Facultative secondary endpoints were
neurocognition with the Hopkins Verbal Learning Test,
quality of life EORTC BN20 brain module, quality of life
EORTC QLQ-C30, and fatigue scale EORTC QLQ-FA13.

Statistical Analysis

Questionnaires measuring QOL with the EQ5D ques-
tionnaire were collected from patients at baseline and at
3 months post-treatment. A sample size calculation was
done for a comparison of means with a 2-sided o of 0.05
and a power of 0.80, which led to a sample size of 230 pa-
tients (115 per group). Patient accrual started on July 1,
2016, but due to poor accrual, the trial was closed prema-
turely in July 2018. A comparison of the earlier described
EQ5D scores between the SRS and WBRT groups was
performed using an independent samples Student’s t-test
with a 2-sided significance level a set at 0.05. Differences in
secondary endpoints in time were analyzed using Kaplan-
Meyer curves, including logrank test and ANOVA testing.
Time-to-event data (eg, overall survival) were compared
using Kaplan-Meier curves and logrank testing. Means
were compared using independent samples Student’s
t-tests. Statistical analysis was performed using SPSS®
version 23 (IBM).

Results
Baseline Characteristics

Between July 2016 and May 2018, 29 patients were enrolled
and randomly assigned to WBRT (14 patients) or SRS (15
patients). Median follow-up was 26 months. Baseline char-
acteristics for both treatment arms are shown inTable 1.The
most common primary cancer site was non-small cell lung
cancer in both treatment arms (85% WBRT vs 80% SRS).
In both arms, patients were in a favorable physical condi-
tion with a median Karnofsky score of 90 in the SRS group
and 85 in the WBRT group. The median number of lesions
per patient was 6 (range: 4-9) and the median total treat-
ment volume was 13.0 cc (range: 1.8-25.9 cc). In the SRS
group, there were 3 (20%) patients with 9 BM. Of the 15
patients treated with SRS, 13 (87%) patients were treated
with single fraction SRS and 2 (13%) patients were treated
with 3 fractions of 8 Gy. The median interval between the
planning MRI and the actual SRS treatment was 7 days
(range: 6-28). LINAC-based SRS was performed in 13 pa-
tients and CyberKnife SRS in 2 patients. No GammaKnife
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Table 1. Baseline Characteristics Table1. Continued
SRS Group WBRT Group SRS Group WBRT Group
(N=15) (N=14) (N=15) (N=14)

Sex 2.0-25cm 2 (14%) 6 (43%)

Female 8 (53%) 6 (42%) 2.5-3.0cm 2 (14%) 2 (14%)

Male 7 (46%) 8(57%) >3.0cm 3(21%) 1(7%)
Age (years) Cumulative GTV
Median (range) 59 (51-74) 66 (51-85) 0.1-5 cm? 5 (36%) 5 (36%)
Mean (SD) 60 (+7) 65 (+10) 5-10 cm? 3(21%) 3(21%)
>65 5 (33%) 7 (50%) 10-15 cm? 3(21%) 4(29%)
Primary cancer 15-20 cm? 3(21%) 1(7%)
NSCLC 12 (80%) 12 (85%) 20-25 cm? - 1(7%)
Breast ) 1(7%) DS-GPA, diagnosis-specific graded prognostic assessment; GTV,
Melanoma 1(7%) = gross tumor volume; PTV, planning target volume; RPA, recursive
Renal cell B 1(7%) partitioning analysis; SRS, stereotactic radiotherapy; WBRT, whole
Colorectal 1(7%) i brain radiotherapy.
Gastric 1(7%) -
WHO

0 2 (13%) 5 (36%) Table2. Plan Quality

1 9 (60%) 6 (43%)

R
2 4(27%) 3(21%) SRS Group

Prescribed dose
Karnofsky score

Median (range) 90 (70-100) 85 (60-100) 1x16 Gy (BM in brainstem) 3 (21%)
Number of metastases 1x18 Gy 2 (14%)
4 5 (33%) 4(29%) 1x21 Gy 4(29%]
5 2 (14%) 3(21%) 1x 24 Gy 3(22%)
6 3 (20%) 2 (14%) 38 Gy 2 (14%)
2 1(7%) 3(21%) GTV max diameter largest GTV (cm) 5.1+6.6
8 1(7%) 2 (14%) Total GTV (cm3) 8.9+6.7
9 3 (20%) Total PTV (cm?3) 13.0+ 8.8

RPA Classification Maximum dose PTV (D,,,) (Gy) 26.4+3.8

| 3(20%) 4(29%) Mean brain dose (brain-GTV) (Gy) 3.0+12
Paddick conformity index 5.1+17

I 12 (80%) 9 (64%) (Volume (50% of prescribed dose)/Volume

1} - 1(7%) (prescribed dose)

DS-GPA Total V,,5, (brain exclusive GTVs) 31.0+24.0
0.5 2 (13%) 3(21%) Vi,6, largest BM 16.0+15.6
1.0 4(27%) 2(14%) BM, brain metastases; GTV, gross tumor volume; PTV, planning target
1.5 2 (13%) 5 (36%) volume; SRS, stereotactic radiotherapy.

2.0 5 (33%) 2 (14%)

25 1(7%) 2 (14%)

3.0 1(7%) ) centers participated in this study. The mean maximum di-
ameter of the GTV was 5.1 £ 6.6 mm. The complete plan

SB[ e i S quality for the SRS patients is described inTable 2.

Mean (SD) 0.9+0.1 0.8+0.1

EQ5D VAS score . . L

Mean (SD) 20+ 20 77414 Quality of Life and Toxicity

Maximum diameter single The EQ-5D health state and EQ-5D VAS score at baseline

GTv were 0.9 and 70 (SRS) and 0.8 and 77 (WBRT), respec-
0.5-1.0cm - 1(7%) tively. The difference, which was not significant, on EQ5D
1.0-1.5 cm 3(21%) 1(7%) health state and EQ5D VAS score between WBRT and SRS
15-2.0 cm 4(29%) 3(21%) (3, 6,9, and 12 months), is illustrated in Figure 1. Overall,

the EQ5D health state and EQ5D VAS score decreased
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Figure 1. Difference between stereotactic radiotherapy and whole brain radiotherapy in EQ5D health state and EQ5D VAS score. SRS, stereotactic

radiotherapy; WBRT, whole brain radiotherapy.

by 0.1 and 10 points (Table 3). QOL EQ5D health state at
3 months post-radiotherapy decreased in the WBRT group
by 0.2 + 0.2, compared with 0.1 = 0.2 in the SRS group
(P = .23). The EQ5D VAS score (patient’s perspective on
quality of life) decreased by 16 points in the WBRT group
versus 3 points in the SRS group (P = .15). No significant
difference was observed in QOL after 3 months between
WBRT and SRS.

There were few adverse events in the study popula-
tion. Two patients in the SRS group had an epileptic sei-
zure after SRS, but both patients already had epileptic
seizures prior to SRS. The seizures were controlled with
medication. There were no epileptic seizures in the WBRT
group. Toxicity mainly consisted of hair loss in the WBRT
group, with 6 patients experiencing grade 2 hair loss.
None of the patients in the SRS group suffered from
grade 2 hair loss. Fatigue (CTCAE 4.0 grade 2) was regis-
tered in 3 patients within the WBRT group and 2 patients
treated with SRS.

Oncologic Outcome

Using Kaplan-Meyer analysis, the median overall survival
(OS) was 10 months in the WBRT group and the median OS
was not reached in the SRS group after 1-year follow-up
(duration of the study). The actuarial 1-year survival rate
was 31% versus 57% in the WBRT and SRS groups, re-
spectively (P =.52).The crude 1-year survival rate was 6/14
(43%) in the WBRT group and 9/15 (60%) in the SRS group.
The actuarial 1-year brain salvage-free survival (BSFS) was
78% (WBRT) and 50% (SRS) (P = .22). Figure 2 illustrates
the Kaplan—-Meyer curve for OS and BSFS. There was no
significant difference between the groups.

Reasons for Poor Accrual

The trial closed prematurely due to poor accrual. Multiple
reasons were provided by the local investigators at the in-
stitutes. The main reason for poor accrual was the patient’s
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Table 3. Difference in Quality of Life After 3 Months in Relative to Baseline

SRS WBRT Total P-value
EQ5D Health state —-0.06 + 0.21 -0.19+0.24 -0.12+0.22 .23
EQ5D VAS score -2.6+215 -16.4+176 -9.5+204 .15
Karnofsky score 317 -4 +16 -05+17 .34

Mean + standard deviation (SD).
SRS, stereotactic radiotherapy; WBRT, whole brain radiotherapy.

or referrer’s preference for treatment with SRS over WBRT.
These and other reasons are also summarized in Table 4.
Several patients could not participate in the trial due to the
strict volume criteria, or had more than 10 BM.

Discussion

In the last decade, the management of BM has seen dra-
matic changes. For several primary tumors, targeted agents
and immunotherapy have become available as treatment
options for BM. This questions the need for elective irra-
diation of the brain in the setting of BM. Previously, SRS
was only suitable for patients with a limited number of BM
due to limitations in technology. Improvements in SRS
technology now allow wide use of SRS treatments for mul-
tiple metastases within an acceptable treatment time.™
Recently, the first matched-pair analysis to compare SRS
versus WBRT for patients with multiple BM was published.
Patients (N = 128) with multiple BM were matched pairwise
for potential prognostic factors, such as age, Karnofsky per-
formance score, initial number of BM, and RPA class. The
authors found a median OS of 16 months in the SRS group
versus 8 months in the WBRT group. Extracerebral tumor
control and an excellent clinical performance were favor-
able prognostic factors. The results of this study suggest
that SRS is a feasible and effective treatment option for pa-
tients with multiple BM." We observed relatively high com-
pliance of the QOL questionnaires since the EQ5D is a short
questionnaire and a research nurse contacted the patient by
telephone. In studies in which patients need to fill in exten-
sive questionnaires by themselves, compliance is usually
much lower. This supports the use of the EUROQOL EQ5D
questionnaire in patients with a relatively poor prognosis.

To our knowledge, this is the first phase lll randomized
controlled trial investigating WBRT versus SRS for patients
with 4-10 BM that evaluated QOL, overall survival, and
brain failure-free survival. A case-matched, retrospective
cohort trial byYamamoto et al. compared treatment results
for patients with 10 or more BM versus 2-9 metastases.'?
The primary endpoint was OS, whereas the secondary
endpoints consisted, among others, of neurological deteri-
oration and death. Considering the incidence of neurolog-
ical deterioration (defined as any brain disease-caused
neurological worsening), there was no difference between
the groups, including radiation-related complications.They
concluded that treatment with SRS was feasible for pa-
tients with multiple BM.

It is crucial that BM treatment contributes to the mainte-
nance of a good neurological state and QOL. With effective
BM treatment, such as SRS, the cause of death in many
patients is nowadays extracranial disease progression.'213
There has been an increasing interest in QOL as an indi-
cator of outcomes in studies for patients with advanced
cancer. Therefore, the chosen primary endpoint in this trial
was QOL 3 months post-radiotherapy. We consider it to
be highly important that maintenance of QOL for patients
treated with SRS for multiple BM was not inferior for pa-
tients treated with WBRT since WBRT carries the risk of
inducing neurocognitive deterioration. Furthermore, the
risk of serious complications due to SRS is comparable
in patients treated for multiple BM to patients with a lim-
ited number of BM, therefore a reduced decrease or even
an increase in QOL is expected.’®"® We hypothesized that
QOL in the SRS group was better preserved than in the
WBRT group, even longer than 3 months post-treatment.
Sheehan et al. showed that QOL was likely to improve in
patients treated with SRS. Worsening of the overall EQ5D
was associated with an increased number of BM."6 A very
recent study confirmed that QOL is preserved in patients
treated with SRS, in which upfront WBRT is an independent
predictor of QOL deterioration."” The results of this study
showed a decline in the EQ5D of 0.1 in the SRS group
versus 0.2 in the WBRT group, which meets our expecta-
tions and shows that QOL is preserved at least as good in
the SRS group as in the WBRT group. More mature results
of randomized trials are needed to definitely confirm our
hypothesis.

Several other trials are currently recruiting patients
to evaluate the role of SRS in patients with more than 4
BM. A randomized phase Il trial (NCT01592968) at the MD
Anderson Cancer Center is randomizing patients with 4-15
BM to SRS alone versus WBRT alone. The ENCEPHALON
trial is a randomized controlled trial which is recruiting pa-
tients to evaluate WBRT alone versus SRS in patients with
1-10 BM from small cell lung cancer (NCT03297788).

Our study has several important limitations. As already
mentioned, the trial was closed prematurely due to poor
accrual.Therefore, only a 29 out of 230 patients planned for
analysis were included in the study. Due to this small study
population, no statistically significant differences could be
determined between the 2 treatment arms. The majority
of patients enrolled had metastases from non-small cell
lung cancer (83%). However, lung cancer patients form a
majority in almost all brain metastases trials and there is
no evidence that QOL and cognitive effect vary between
different primary cancers.'®20 Another potential limitation
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Overall survival
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Figure 2. (A) Kaplan—Meier survival curve. (B) Kaplan—Meier curve brain salvage. SRS, stereotactic radiotherapy; WBRT, Whole brain

radiotherapy.

is that clinicians and participants could not be blinded for
treatment allocation, which is typical for trials evaluating
various forms of radiotherapy. We observed a relatively fa-
vorable prognosis in both the SRS and WBRT arms, which
is explained by the stringent patient selection using rela-
tively low volume BM and favorable performance status.
It has been proven that these factors have prognostic sig-
nificance.”"2'22 SRS is an attractive palliative treatment
option for multiple brain metastases due to the avoidance

of alopecia and the fatigue of elective brain irradiation.
Nowadays, very efficient LINAC-based solutions are avail-
able in which SRS for multiple BM can be delivered within
half an hour with a high treatment plan quality.?

Clinical trial inclusion failure is common in radiation on-
cology, but factors contributing to this failure are not well
understood. Nguyen et al. compared complete and incom-
plete trials to identify predictors of trial failure. They un-
dertook a review of RCT's involving radiotherapy (external
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Table 4. Main Reasons for Poor Inclusion

Reason Number
of Institutes*
Radiation Oncologist preference 2
Patient’s preference 4
Referrer’s preference (preference for SRS) 3

SRS standard of care -
Other 2

SRS, stereotactic radiotherapy.
*Participating institutes could have multiple reasons for poor accrual.

beam RT in at least one arm of the study), in which 134
studies were included. A third of the studies failed, with al-
most 58% due to poor accrual. An increase in failure was
seen over time, with failure rates from 12% before 2007
up to 40% in 2012.2* Since poor accrual was the main
reason, the study was closed prematurely, we asked the
participating radiotherapy centers about the reasons for
poor inclusion. The main reason appeared to be patient’s
and referrer’s preference in favor of SRS. One institute in-
dicated that the radiation oncologist’s preference played a
role, with the most important consideration that the side
effects of WBRT were undesirable in patients with a very fa-
vorable performance status (Karnofsky performance status
of 90 or 100). A considerable number of patients could not
be included because they did not meet the volume criteria
and/or had more than 10 BM. In hindsight, the inclusion cri-
teria may have been too strict, in particular, the maximum
diameter of the BM. It can also be concluded that such a
phase lll trial can no longer take place in the Netherlands
because SRS has become the preferred treatment choice
over WBRT in favorable prognostic patients with several
systemic treatment options available.

SRS is an attractive treatment option for patients with
multiple BM to avoid elective brain irradiation and opti-
mize local tumor control in the current era of personalized
medicine, especially for patients who have targeted agents
and immunotherapy as treatment options. Future studies
will determine if all BM need to be irradiated with SRS if
systemic therapy is available and if hypofractionated SRS
may avoid the incidence of radionecrosis compared to
single fraction SRS with the aim of optimal maintenance of
quality of life.?526

In conclusion, in patients with 4-10 BM, SRS alone
resulted in 1-year survival in 57% of patients while
maintaining QOL. Due to premature closure of the trial,
mainly as a result of patient’s and referrer’s preference for
SRS, no statistically significant differences could be deter-
mined between SRS alone and WBRT. Mature results of on-
going trials in the United States and Canada are awaited to
define the role of SRS in the setting of multiple BM.

Keywords

brain metastases | quality of life | stereotactic radiotherapy |
whole brain radiotherapy
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