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ARTICLE INFO ABSTRACT

Keywords: Aims: Evaluate effectiveness and safety of multiple HyperArc courses and patterns of progression in patients
Brain metastases affected by BMs with intracranial progression.

SRS_ Methods: 56 patients were treated for 702 BMs with 197 (range 2-8) HyperArc courses in case of exclusive
Radiosurgery . . . . . . i . .
HyperAre intracranial progression. Primary end-point was the overall survival (OS), secondary end-points were intracranial
RZ(Ii)iomerapy progression-free survival (iPFS), toxicity, local control (LC), neurological death (ND), and whole-brain RT
Stereotactic radiotherapy (WBRT)-free survival. Site of progression was evaluated against isodoses levels (0, 1, 2, 3, 5, 7, 8, 10, 13, 15, 20,
Stereotactic radiosurgery and 24 Gy.).

Results: The 1-year OS was 70 %, and the median was 20.8 months (17-36). At the univariate analysis (UVA)
biological equivalent dose (BED) > 51.3 Gy and non-melanoma histology significantly correlated with OS. The
median time to iPFS was 4.9 months, and the 1-year iPFS was 15 %. Globally, 538 new BMs occurred after the
first HA cycle in patients with extracranial disease controlled. 96.4 % of them occurred within the isodoses range
0-7 Gy as follows: 26.6 % (0 Gy), 16.5 % (1 Gy), 16.5 % (2 Gy), 20.1 % (3 Gy), 13.1 % (5 Gy), 3.4 % (7 Gy) (p =
0.00). Radionecrosis occurred in 2 metastases (0.28 %). No clinical toxicity of grade 3 or higher occurred during
follow-up. One- and 2-year LC was 90 % and 79 %, respectively. At the UVA BED > 70 Gy and non-melanoma
histology were significant predictors of higher LC. The 2-year WBRT-free survival was 70 %. After a median
follow-up of 17.4 months, 12 patients deceased by ND.

Conclusion: Intracranical relapses can be safely and effectively treated with repeated HyperArc, with the aim to
postpone or avoid WBRT. Diffuse dose by volumetric RT might reduce microscopic disease also at relatively low
levels, potentially acting as a virtual CTV. Neurological death is not the most common cause of death in this
population, which highlights the impact of extracranial disease on overall survival.

* Corresponding author at: Advanced Radiation Oncology Department, IRCCS Sacro Cuore Don Calabria Hospital, Cancer Care Center, via Don Sempreboni 5,
37034, Verona, Negrar, Italy.
E-mail address: lucanicosia.rg@gmail.com (L. Nicosia).

https://doi.org/10.1016/j.ctro.2024.100811
Received 29 November 2023; Received in revised form 9 May 2024; Accepted 22 June 2024

Available online 24 June 2024
2405-6308/© 2024 The Author(s). Published by Elsevier B.V. on behalf of European Society for Radiotherapy and Oncology. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:lucanicosia.rg@gmail.com
www.sciencedirect.com/science/journal/24056308
https://www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology
https://doi.org/10.1016/j.ctro.2024.100811
https://doi.org/10.1016/j.ctro.2024.100811
https://doi.org/10.1016/j.ctro.2024.100811
http://creativecommons.org/licenses/by-nc-nd/4.0/

L. Nicosia et al.
Introduction

Stereotactic radiosurgery (SRS)/stereotactic fractionated radio-
therapy (SFRT) is the standard of care in the treatment of patients with a
limited number of brain metastases (BMs). Prospective data showed that
SRS/SERT is an efficacious treatment to delay whole-brain RT (WBRT)
in patients with 1-3 BMs [1]. While several data are showing the
effectiveness of SRS/SFRT also in patients with more advanced brain
disease (up to 10 lesions), there is no consensus on the best treatment
approach in case of intracranial relapse after a first course of SRS/SFRT
due to the lack of randomized controlled trials with high level of evi-
dence [2]. International guidelines suggest that repeated SRS/SFRT
courses aiming to defer WBRT administration and its side effects, might
be beneficial in terms of survival [3]. Nevertheless, the choice between
WBRT, repeated SRS/SFRT, or even surgery is actually based on a level C
of evidence [3]. Pprevious published series of patients treated with
repeated SRS/SFRT courses reported a median overall survival (OS) >
18 months [4,5].

In recent years, monoisocentric techniques like HyperArc (HA) have
been introduced in the clinical practice as a linac-based solution for the
simultaneous treatment of multiple BMs, reporting local control levels
comparable to multiple isocenter approaches, but with a faster treat-
ment administration and a steep dose gradient between lesions [6].
Previous large series demonstrated the ability to spare normal brain
tissue, whilst guaranteeing adequate coverage of multiple targets
regardless of their distance from the isocenter [7]. These characteristics
make SRS/SFRT with monoisocentric technique suitable for the
retreatment of multiple intracranial relapses. Additionally, mono-
isocentric technique might lead to the administration of low radiation
dose to wider healthy brain are as more BMs are treated. Actually little is
known regarding the effect of low diffuse dose on the normal brain tissue
and whether it may eventually have an effect in controlling microscopic
disease [8].

In the present analysis, we report clinical outcomes of a series of
patients treated with repeated SRS/SFRT HA courses. A dosimetric
analysis of the pattern of relapse was also performed.

Material and methods

We reviewed a series of patients affected by multiple BMs treated
with HA at our Institution between 2017-2022. Patients were eligible
according to the following inclusion criteria: 1) having received at least
2 HA cycles; 2) minimum interval between each HA cycle of 3 months;
3) no evidence of active extracranial progression at the time of HA; 4) no
previous WBRT. Salvage WBRT was administered in case of miliary
progression or onset of symptomatic brain disease (i.e.: epileptic crisis,
motor, sensitivity or coordination impairment). Specific informed con-
sent was obtained from all participants included in the study. The study
was conducted in accordance with the Declaration of Helsinki.

HyperArc™ treatment characteristics and planning

Treatment characteristics were described in a previous publication
and are hereafter briefly described [6]. Patients underwent a simulation
CT without contrast medium (1-mm slice thickness) and immobilized
with a thermoplastic mask (QFix®, Avondale, PA-USA). A co-
registration of the volumetric planning CT and contrast-enhanced T1-
MRI sequences (1-mm slice thickness) no older than 30 days was used to
define organs at risk (OARs) and target volumes. OARs, including brain
(normal brain minus PTV), eyes, lenses, optic chiasm, optic nerves,
brainstem, and spinal cord were delineated. Gross tumor volume (GTV)
encompassed the macroscopic contrast-enhancing lesion on T1-MRI and
was assumed equal to the clinical target volume (CTV). The planning
target volume (PTV) was obtained from the GTV plus an isotropic
margin of 0-2 mm in all directions. A PTV margin of 0 mm was applied
for BMs adjacent to critical OARs (i.e.: chiasm). A margin of 2 mm was
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applied in 2017 during the first implementation of HA in our Depart-
ment. The prescribed total dose and fractionation were chosen based on
the size of BMs, proximity to OARs, and previous radiotherapy [9] and
ranged from 25 Gy in 1 fraction to 24-27 Gy in 3 fractions. For treatment
planning, an SRS/SFRT plan was generated with 5 no-coplanar arcs by
HyperArc™ (Varian Medical System Inc., Palo Alto, CA, USA) as pre-
viously described [9]. V1g.216y to the normal brain tissue was kept < 10
cc [10].

Follow-up

The first follow-up was performed 45-60 days after treatment to
evaluate treatment response with MRI and to assess toxicity. Thereafter,
patients were followed-up every 3 months for the first 2 years and every
4-6 months for the next 3 years. Tumor response was evaluated using
the Response Evaluation Criteria in Solid Tumors (RECIST) [11]. Tox-
icities were assessed during radiotherapy and follow-up according to the
Common Terminology Criteria for Adverse Events (CTCAE) v5.0. Acute
toxicity was defined as an adverse event occurring within 90 days from
the beginning of treatment, whereas late toxicity after 90 days.

End-point and statistics

The primary end-point was overall survival (OS). The secondary end-
points were: the pattern of intracranial progression after HA, treatment-
related toxicity, intracranial progression-free survival (iPFS), local
progression-free survival (LPFS) (evaluated at metastases level), and
WBRT-free survival (WFS). OS was considered as the time from the first
HA cycle to the death or last follow-up. iPFS was defined as the time
from the end of an HA course to the radiological occurrence of new brain
metastases. LPFS was defined as the time from HA administration to the
radiological progression of a treated lesion. WFS was defined as the time
from the first HA course to the date of WBRT or last follow-up/death.

The pattern of intracranial relapse after HA was defined as the
occurrence of any new BM within the isodoses of previous HA plan.
Brain MRI showing intracranial relapse was fused with the simulation
CT of the previous HA cycle. Considering the use of different fraction-
ation and treatment doses in this study, we used the linear-quadratic
(LQ) modeling in order to equate the hypofractionated schedules to
the normalized total dose (NTD) if delivered in 2 Gy/fractions. Thus,
NTD represents the dose given in 2 Gy/fraction that would have an
equivalent biologic effect as the new dose:

NTD = [Dnew x (1 + dnew/a/p)]/(1 + 2/a/p)

where Dnew and dnew were the total dose and dose per fraction for a
suggested scheme. Therefore, the following isodose level of the corre-
sponding HA plan were delineated: 0 Gy, 1 Gy, 2 Gy, 3 Gy, 5 Gy, 7 Gy, 8
Gy, 10 Gy, 13 Gy, 15 Gy, 20 Gy, and 24 Gy. The pattern of relapse was
evaluated as the cumulative number of new metastases per each isodose
level, as described in Fig. 1. Furthermore, the number of new BMs per
isodose level was adjusted for the isodose volume (n° of new BMs/
isodose level volume). The lower isodose level containing 95 % of the
new BMs was identified.

Univariate analyses for survival endpoints were performed with the
Kaplan-Meier method; the log-rank test was applied to determine dif-
ferences between the corresponding curves. Multivariate analysis was
performed with the Cox proportional hazards model considering all the
clinically relevant variables in the univariate analysis (p < 0.2). Addi-
tionally, primary tumor histology was evaluated for correlation with
intracranial pattern of relapse using the Chi-square test in 2x2 contin-
gency table. The Pearson’s Rho test was used to correlate brain metas-
tases number adjusted for isodose volume to different isodose threshold.

Statistical analysis was performed using the SPSS statistical software
package version 22.0 (SPSS Inc, Chicago, IL). A p-value < 0.05 indicated
a significant association.
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Isodose 2 Gy

Isodose 3 Gy

Fig. 1. Analysis of pattern of relapse. Diagnostic MRI showing intracranial
relapse was fused with the CT of the corresponding HyperArc plan and treat-
ment isodoses were delineated. New BM position was registered within the
corresponding treatment isodose, as shown in the figure.

Results
Patients’ characteristics

Fifty-six (56) patients with multiple BMs were treated with 197 HA
courses to 702 BMs (median 3, range 2-25). Primary tumour histology
was lung (26), breast (18), melanoma (8), other (4). BMs site was:
supratentorial in 529 (75 %), infratentorial in 160 (23 %) and brainstem
in 13 (2 %). Patients’ characteristics are reported in Table 1. The median
administered dose was 25 Gy (range 24-27 Gy) in a median of 3 frac-
tions (range 1-3). PTV margins were 0 mm (3 %), 1 mm (83 %), and 2
mm (16.5 %). Lesions and treatment characteristics are reported in
Tables 1 and 2.

Overall survival, intracranial progression-free survival, toxicity and local
control

The median OS was 20.8 months (range 17-36). The 1-, and 2-year
OS was 70 %, and 46.8 %, respectively (Fig. 2). At the univariate
analysis (UVA) BED > 51.3 Gy (p = 0.04) and non-melanoma histology
(p = 0.00) were significantly correlated with improved OS. In particular,

Table 1
Patients’ characteristics (n = 56).
Median age (years) (range) 54 (32-83)
Sex
Male 23
Female 33
Primary tumor histology
Lung 26
Breast 18
Melanoma 8
Other 4
Median Karnofsky performance status (range) 95 (80-100)
HyperArc cycles
2 56
3 11
4 7
5 2
6 1
8 1
Median treated metastases per cycle (range) 3 (2-25)
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Table 2
Treatment and lesions’ characteristics (n = 702).

Metastases site

Supratenctorial 529 (75 %)
Infratenctorial 160 (22 %)
Brainstem 13 (3 %)
Median BED (Gy12) (range) 51.3 (43.2-87.5)
Median total dose (Gy) (range) 25 (24-27)
Median dose per fraction (Gy) (range) 9 (8-25)
Median fraction number (range) 3(1-3)
Median GTV volume (cc) 0.1 (0.08-21.1)
Median cumulative GTV (cc) (per cycle) (range) 2.8 (0.1-26.8)
PTV margin (mm)

0 3 (0.5 %)

1 647 (92 %)

2 52 (7.5 %)

BED: biological effective dose; GTV: gross tumor volume, PTV: planning treat-
ment volume.
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Fig. 2. Kaplan-Meier curve showing overall survival.

the median OS was 14.9 and 31.5 months for patients treated with BED
< 51.3 Gy and > 51.3 Gy, respectively. The 1-year OS according to
primary tumor histology was 65.2 %, 100 %, 37.5 %, and 66.7 % for
lung, breast, melanoma, and other, respectively. On the multivariate
analysis, only primary tumor histology remained significantly correlated
with OS (p = 0.00;HR 1.96, 95 %CI 1.286-2.989). Detailed uni- and
multivariate analyses are reported in Table 3.

The median time to iPFS was 4.9 months, and the 1-year iPFS was 15
% (Fig. 3). Extracranial progression after HA was significantly correlated
with iPFS at the UVA (p = 0.00). Also, cumGTV < 2.8 cc per HA cycle
was significantly correlated with improved iPFS at the UVA. None of
these variables remained significant on multivariate analysis.

One- and 2-year LPFS was 90 % and 79 %, respectively (Fig. 4). At
the UVA BED > 70 Gy (p = 0.011), and non-melanoma histology (p =
0.018) were significantly correlated with improved LC. At the MVA the
only factors significantly correlated with LPFS remained BED > 70 Gy
(p = 0.01;HR 1.98, 95 %CI 1.157 — 3.412; see Fig. 5).

Radionecrosis occurred in 2 metastases (0.28 %). No clinical grade 3
or higher toxicity occurred during follow-up. Salvage WBRT was
administered in 13 patients (23.2 %), and the 2-year WBRT-free survival
was 70 %. After a median follow up of 17.4 months (range 12-48) 12
patients had deceased.

Pattern of intracranial relapse

The pattern of relapse was analysed in 171 HA courses in 56 patients
after the exclusion of 26 HA courses in 31 patients due to extracranial
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Table 3

Univariate and multivariate analysis.

Univariate analysis

Covariates oS iPFS LPFS
GTV volume < - - 0.30
4.17 cc
cumulative GTV 0.13 0.035 -
volume < 2.8 cc
BED > 51.3 Gy 0.04 0.77 0.893
BED > 70 Gy 0.69 0.84 0.011
Histology 0.00 0.89 0.018
(melanoma vs
non-melanoma)
BM site 0.61 0.08 0.264
PTV margin (mm) - 0.77
Extracranial 0.1 0.00 -
progression
after HA
Multivariate analysis
Covariates oS iPFS LPFS

Vol GTV < 4.17 cc
Vol GTV < 2.8 cc

BED > 51.3 Gy

BED > 70 Gy

Histology
(melanoma vs
non-melanoma)

BM site

PTV margin (mm)

Extracranial
progression
after HA

0.76 (HR1.16, 95
%CI 0.421-3.224)
0.25 (HR 0.58, 95
%CI 0.231-1.460)

0.00 (HR 1.96, 95
%CI 1.286-2.989)

0.73 (HR 0.866,
95 %CI
0.383-1.962)

0.11 (HR 1.67, 95
%CI 0.884-3.172)

0.53 (HR 0.81, 95
%CI 0.430-1.549)
0.16 (HR 1.50, 95
%CI 0.843-2.684)

0.01 (HR 1.98, 95
%CI1.157 -
3.412)

0.31 (HR 1.17, 95
%CI 0.860-1.599)

OS: overall survival, iPFS: intracranial progression-free survival, LPFS: local
progression-free survival, GTV: gross tumor volume, BED: biological effective
dose, BM: brain metastases, PTV: planning treatment volumer, HA: HyperArc.
Italic values indicate a significant correlation
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Fig. 3. Kaplan-Meier curve showing intracranial relapse after SRS.

progression before a subsequent SRS cycle or no intracranial progression
after the last HA cycle. Therefore, 556 new BMs after HA occurred. The
distribution of the new BMs along the isodoses was: 148 (0 Gy), 92 (1
Gy), 92 (2 Gy), 112 (3 Gy), 73 (5 Gy), 19 (7 Gy), 10 (8 Gy), 5 (10 Gy), 2
(13 Gy), 3 (15 Gy), 0 (20 Gy), and 0 (24 Gy). The isodose that covered at
least 95 % of the relapse was 7 Gy (96.4 % of the relapses). See Fig. 1.
Upon further analysis, the isodose 7 Gy alone covered only 2.7 % of the
relapse, while 47 % of them occurred in brain receiving < 1 Gy. The
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Fig. 4. Kaplan-Meier curve showing local progression-free survival.
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Fig. 5. Kaplan-Meier curve showing local progression-free survival stratified by
biological effective dose.

number of new BMs corrected for isodose volume (in cc) showed a
statistical significance for 7 Gy threshold (p = 0.024, rho = 0.204).

Discussion

SRS/SFRT is the standard treatment for patients with limited BMs
and can be delivered with different systems and techniques (e.g. Gam-
maknife, Cyberknife, Tomotherapy. Proton therapy still only experi-
mental in this setting) [6,12,13]. SRS/SFRT has been shown to be equal
to WBRT in patients with up to 10 metastases, and feasible in selected
individuals with > 10 metastases [2,14]. The advantage of SRS/SFRT
over WBRT are the higher local control and the reduced neurocognitive
impairment [15]. However, SRS/SFRT is related to an increased risk of
intracranial progression due to the low radiation dose to the healthy
brain [1]. In this clinical scenario, international guidelines suggest as
possible treatment options either repeated SRS/SFRT or salvage WBRT,
without a consensus on what is the best approach due to the lack of high-
level evidence [3]. The choice of treatment might depend on several
factors like the number of lesions, size, patients’ performance status,
extracranial disease status, and time to the intracranial relapse. In the
present study, we reported the outcome of a series of patients treated
with repeated cycles of SRS/SFRT in case of sequential intracranial
progression.

Mizuno et al., reported a median time to intracranial progression of
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7.1 months after SRS/SFRT versus 19.1 months after WBRT without
statistically significant difference in the cause of death (neurological
death versus other causes) and OS [16]. This consideration might sug-
gest that in case of limited intracranial progression a new SRS/SFRT
course might be offered. In the present study, the median iPFS was 4.9
months and median OS was 20.8 months. Interestingly, patients with
smaller disease burden had a better iPFS, even though the correlation
was not confirmed at the MVA.

In a previous retrospective matched-pair analysis, patients with
sequential intracranial progression with a maximum of 10 BMs treated
with repeated HA courses were compared to patients treated with WBRT
alone reporting a significant 1-year OS improvement (77 % versus 34.6
%) (4). Conversely, a recent retrospective study reported no survival
benefit between SRS and WBRT (48.2 % versus 35.9 %) (14). Interest-
ingly, the survival rate of the two WBRT cohorts was similar, while the
difference in the SRS groups might be attributed to the repeated use of
SRS as a salvage treatment in patients with intracranial relapse. This
preliminary data suggest that careful patient selection is crucial, as well
as a possible survival advantage provided by salvage SRS/SFRT. Several
studies reported which clinical factors might be used for selecting pa-
tients for salvage SRS/SFRT. Jiang et al. showed that total PTV volume
during salvage SRS was a predictor of survival [17]. Kurtz et al. retro-
spectively analysed data from 106 patients reporting extracranial dis-
ease control and interval between initial RT and salvage SRS as
predictors of OS [18]. In the present analysis having a non-melanoma
histology was the only predictive factor of longer OS.

Other factors to consider are the status of systemic disease (pro-
gression versus controlled disease) and the ongoing systemic therapies.
In fact, tyrosine-kinase inhibitors, target therapy and immunotherapy
are now standard of care in several non-small cell lung cancer and
melanoma subtypes. Some of these drugs have also an effect on the
central nervous system (CNS) and can contribute to control intracranial
progression. For example, some evidence suggest that oncogene-
addicted NSCLC with BMs might be considered for systemic treatment
alone deferring the use of intracranial RT in case of intracranial relapse,
however the consensus is not generalized [19]. For example, Lee et al.
treated 76 NSCLC patients, more than 75 % of which with a driver
mutation (EGFR, ALK, PD-L1) with > 5 gamma-knife cycles reporting an
encouraging median OS from the first SRS of 52.3 months [20].

An interesting commentary comes from the analysis of relapse
pattern. We showed that > 95 % of the relapse occurred to brain
receiving < 7 Gy from the previous SRS/SFRT treatment. This data
comes along with previous evidence in a small population showing that
diffuse dose to the healthy brain lower than 4 Gy was associated with an
increased risk of developing new BMs [21]. In this context it is
conceivable that the diffuse dose provided by VMAT treatments might
act as a virtual CTV and might contribute to control microscopic disease.
This concept was preliminarily documented in an extracranial context.
In a study on primary early-stage NSCLC treated with SBRT it was shown
that the incidence of mediastinal lymphnode relapse was lower in pa-
tients receiving incidental dose to the mediastinum, demonstrating that
also relatively low radiation dose might have a cytocidal effect on the
microscopic disease [22]. Similarly, in a recent study on non-spinal bone
metastases from prostate cancer treated with SBRT to the macroscopic
disease only (GTV-PTV concept) it was shown that peripheral relapse
was a rare event, as well as intraosseous relapse [8]. This is a relatively
new concept, considering the context of spine metastases where the
Guidelines by Cox et al. on spinal SRS suggested the use of a CTV
(defined by surgical anatomy) to control the intraosseous microscopic
disease [23].

In a modern radiotherapy context, we may look at historical data on
WBRT dose and critically revise them in the light of new modern bio-
logical and technical acquisitions. The first two randomized phase III
trials on WBRT dose/fraction were conducted in the early ‘80 by RTOG,
the first [24] using 20 Gy in 1 week, 30 Gy in 2 weeks, 30 Gy in 3 weeks,
40 Gy in 3 weeks, and 40 Gy in 4 weeks, with comparable results in
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terms of disease progression, survival, and palliative index. In a second
trial [25], accelerated schedules of 10 Gy in 1 fraction and 12 Gy in 2
fractions were compared to the longer WBRT courses demonstrating
comparable oncological outcomes, even if the improvement duration of
symptoms, time to deterioration of neurologic function, and rate of
complete disappearance of neurologic symptoms was worse with short
schedules in 1 and 2 fractions. A final RTOG trial compared 30 Gy in 2
weeks to 50 Gy in 4 weeks in a favourable patient population and
demonstrated no difference in palliation or survival. According to these
results, 30 Gy in 10 fraction and 20 Gy in 5 fractions became the stan-
dard WBRT regimens [26]. With the increased survival of oncological
patients due to therapeutic improvements, the paradigm of microscopic
brain disease control might be reviewed in a research scenario consid-
ering the concomitant use of ablative dose to the active disease and low
radiation dose to the healthy brain as low as capable of ablating the
microscopic disease, but not high enough to determine significant
neurocognitive deterioration. In particular, the abovementioned stan-
dard WBRT dose might be not sufficient to ablate the active brain me-
tastases but also excessive to control the microscopic disease and to
determine neurocognitive side effects. In the study of Ni et al. [27] 684
patients were treated with WBRT plus focal RT boost, WBRT or SRS.
WBRT-boost patients reported a longer survival compared to WBRT
alone or SRS patients. Therefore, future studies might aim to identify the
lowest dose able to control the microscopic disease while keeping
ablative dose to the active disease (low-dose WBRT plus SRS/SFRT).

This study is not without limitations. First of all, it is a retrospective
study, therefore subjected to potential selection bias, and it included
patients with different primary tumours. To reduce the impact of con-
founding factors we used strict selection criteria like the inclusion of
patients with controlled extracranial disease, the use of similar frac-
tionation and the same treatment technique, no use of drugs with effect
on the CNS. Nevertheless, we cannot exclude all the possible potential
confounding factors.

Conclusion

The present study demonstrated the safety and effectiveness of
repeated courses of SRS/SFRT with HyperArc in patients with sequential
intracranial relapse. HyperArc can be safely administered in selected
patients with controlled extracranial disease, deferring or avoiding
WBRT. The diffuse dose provided by VMAT technique might act as a
virtual CTV in controlling the microscopical disease and randomised
controlled studies will ultimately clarify the role of SRS/SFRT vs WBRT
in the intracranial recurrent setting.
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