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Abstract

Introduction Radiosurgery (SRS) or stereotactic fractionated radiotherapy (SFRT) is increasing in the treatment of brain
metastases (BMs). Aim of the present study was to evaluate the safety and effectiveness of SRS/SFRT for BMs, using a new
mono-isocenter non-coplanar solution (HyperArc™ Varian Medical System).

Methods BMs patients with a diameter inferior to 3 cm, a life expectancy of more than 3 months and a good performance
status, were eligible for Linac-based volumetric modulated arc therapy (VMAT) SFRT/SRS with HyperArc™. A retrospec-
tive analysis of patients and BMs was performed.

Results From August 2017 to May 2018, 381 BMs in 64 patients were treated and 246 BMs (43 patients, median number of
BMs: 5) of them were suitable for analysis. With a median FU time of 6 months, 244 out 246 (99%) BMs were controlled
(18% complete response; 41% partial response, 40% stable disease), 2 BMs showed a progression, at the first control. No
acute or late toxicities were reported. Median overall survival (OS) has not yet been achieved, while median time to progres-
sion was 5 months. In univariate analysis, statistically negative prognostic factors for OS were histology of primary tumor
(p=0.009): lung/breast cancer had better survival rates as compared to others. Cumulative intracranial volume disease > 15 cc
and systemic progression disease were independent prognostic factors for OS at univariate (p =0.04; p=0.005) and multi-
variate (p =0.04; p=0.009) analysis, respectively.

Conclusion The present first clinical data show that SFRT/SRS with HyperArc™ is safe and effective for BMs patients. The
utilization of SFRT/SRS for BMs is promising and should be further explored in randomized trials.
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4 Fabiana Gregucci Introducti
fabianagregucci@gmail.com ntroduction
Department of Radiation Oncology, IRCCS, Ospedale
Sacro Cuore Don Calabria, Via don A. Sempreboni 5,
37024 Negrar, Verona, Italy

Brain metastases (BMs) represent the most common intrac-
ranial tumor in adults and affect about 20-40% of cancer
patients, with a 3—10 times higher incidence than primary
malignant brain tumors (Davis et al. 2012). Lung cancer,
breast cancer, and melanoma are the most frequent histolo-
gies of cancer that develop BMs (Nayak et al. 2012). The
cornerstones of local management of BMs include surgery,
whole brain radiotherapy (WBRT) and radiosurgery/stereo-
tactic radiotherapy (SRS/SFRT) (Muller-Riemenschneider
et al. 2009). On the one hand, the recent treatment strategy of
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WBRT with hippocampal sparing could be able to preserve
neurocognitive functions (Giaj Levra et al. 2016), although no
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clear evidence of its effectiveness is still available. Conversely,
SRS/SFRT has gained a major importance in the treatment of
BMs (NCCN Central Nervous System Cancers 2018) because,
in addition to the ability to deliver a high-dose per fraction to
the target volume, healthy brain tissue can be better spared
compared to WBRT. Nowadays, the use of SRS/SFRT is a
well-recognized treatment option for patients with 1-4 BMs
and a life expectancy of more than 3—6 months (NCCN Central
Nervous System Cancers 2018; Scoccianti and Ricardi 2012;
Aoyama et al. 2006; Kocher et al. 2011). Nevertheless, the
best treatment approach for patients with multiple BMs is still
a subject of debate. The prospective observational study by
Yamamoto et al. (2014) found that in cases of low intracranial
tumor volume (15 cc or less), patients with 5 to 10 BMs treated
with SRS alone had comparable outcomes to patients treated
for limited metastases (2—4 BMs). Notably, synchronous BMs
irradiation of multiple BMs by means of SRS/SFRT represents
a complex process in terms of dose delivery, on-board image-
guidance, dedicated immobilization devices and multiple time-
consuming treatment sessions corresponding to the number of
isocenters (Alongi et al. 2016).

HyperArc™ (HA, Varian Medical System Inc., Palo Alto,
CA, USA) represents a potential step forward for linac-based
SRS/SFRT of multiple BMs. HA is a technical solution for a
mono-isocenter volumetric modulated arc-therapy (VMAT)
approach for SRS/SFRT which assures a largely automated
optimization process, thanks to dedicated algorithms (Ruggieri
et al. 2018). In August 2017, the first patients were treated
with HA SRS/SFRT in our institution. Herein, we report the
safety and effectiveness by means of HA SRS/SFRT in a large
population of patients affected by BMs.

Materials and methods
Study cohort

All data were collected in a mono-institutional cancer
care center and analyzed retrospectively. All patients
were treated for BMs using HA SRS/SFRT. Inclusion cri-
teria for SRS/SFRT were as followed: (a) age older than
18 years; (b) diagnosis of BMs confirmed by contrast-
enhanced MRI no more than 4 weeks before the proce-
dure; (c) life expectancy > 3 months, (d) lesions diame-
ter <30 mm, for each BMs, with a cumulative intracranial
tumor volume (CITV) under 50 cc, for multiple BMs, (e)
controlled primary tumor or synchronous diagnosis and
(f) good performance status. Life expectancy was calcu-
lated based on DS-GPA by RTOG data analysis (Sper-
duto et al. 2012). Each patient had a proven histologic
diagnosis of the primary tumor and underwent HA SRS/
SFRT without surgical resection. Exclusion criteria for the
present analysis was the absence of the first FU or MRI to
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evaluate the treatment response. Specific informed consent
was obtained from all individual participants included in
the study.

Treatment plan

Patients underwent a CT simulation without contrast
media (1-mm slice thickness) for radiation therapy
planning with a thermoplastic mask (QFix®, Avondale,
PA-USA). A co-registration of volumetric CT and MRI-
T1 sequences (3-dimensional spoiled gradient series with
1-mm slice thickness) was used to define organs at risk
(OARs) and target volumes. 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 anisotropic margin of
1-2 mm in all directions. OARs, including brain (normal
brain minus PTV), eyes, lenses, optic chiasm, optic nerves,
brainstem and spinal cord were delineated.

The prescribed total dose and fractionation were chosen
based on the size of BMs, proximity to OARs, and intent
of treatment (Kocher et al. 2014) and ranged from 15 Gy
in 1 fraction to 30 Gy in 5 fractions. For radiotherapy plan-
ning, a HA SRS/SFRT VMAT plan was generated with 5
no-coplanar arcs by HyperArc™ (Varian Medical System
Inc., Palo Alto, CA, USA) as described in a previous pub-
lication (Ruggieri et al. 2018).

Clinical parameters and evaluation of tumor
response

Patients and BMs characteristics (sex, age, KPS, tumor
histology and subtypes, modality BMs presentation, pre-
vious brain treatment, systemic disease status, CITV, and
number of BMs) were collected at the time of presentation
for the HA SRS/SFRT treatment. At the end of treatment,
all patients were clinically evaluated relating to onset of
acute neurological side effects. During FU, a clinical eval-
uation and MRI were performed after 45-60 days from the
end of the SRS/SFRT and then every 2-3 months, with
the purpose to evaluate both the response at treatment that
acute (within 3 months) and late (above 3 months) side
effects. At each visit, neurological status and the severity
of complications were scored according to the National
Cancer Institute Common Toxicity Criteria (NCI-CTC
ver.4). Adverse neurological events were considered as a
consequence of the treatment in the absence of progressive
disease. For each treated BM, complete response (CR),
partial response (PR), stable disease (SD) or progression
disease (PD) were defined by an expert neuro-radiologist
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on MRI, according to the RECIST criteria (Schwartz et al.
2016).

Statistical analysis

To summarize the most relevant features of the clinical vari-
ables, descriptive statistical analysis was performed. OS and
time to progression (TTP) rates were estimated using the
Kaplan—Meier method. The OS was calculated from the date
of HA SRS/SFRT treatment to the death for any cause or last
follow-up date. The TTP was calculated from the date of HA
SRS/SFRT treatment to the time of intracranial progression
in- and out-field treatment. Neurological death was defined
as event death in absence of extra-cranial disease evidence.
To identify predictors for treatment activity, statistical analy-
sis of local response related to BMs and treatment charac-
teristics was performed using the Chi-square test for cat-
egorical and continuous variables. In line with this purpose,
CR and PR have been considered result of variable activity,
while SD and PD have been evaluated as “not responder”.
To achieve this goal, only the BMs and treatment charac-
teristics that might be variables strongly related to response
were considered in the analysis, such as: histology, PTV
volume and biological effective dose (BED). The median
value both of PTV volume that of BED was considered the
breakpoint in these continuous variables, for our analysis. p
values < 0.05 were considered statistically significant.

To identify prognostic factors for OS and TTP, a statis-
tical analysis of patients and disease characteristics were
performed using univariate and multivariate analysis with
a Cox proportional hazard regression models on all cohort
of cases, while regarding breast subtypes the same analysis
were performed on only patients with breast cancer. Only
the factors that have been proven significant on univariate
analyses were used for multivariate analyses. p values < 0.05
were considered statistically significant. Statistical analyses
were carried out using STATA/SE 14.2 version.

Results
Patient and disease characteristics

From August 2017 to May 2018, 381 BMs (64 patients) were
treated using HA SRS/SFRT. From this population, 246
brain lesions in 43 patients were selected for this analysis
according to the inclusion/exclusion criteria of the present
study. Median age was 57 years (range 38—79), lung cancer
(37%) and breast cancer (33%) were the most frequent his-
tologic types. For each patient, the median number of BMs
was 5 (range 1-21) and the median CITV was 12.7 cc (range
1.1-47.7). All patients and diseases characteristics are sum-
marized in Table 1.

Volume and treatment characteristics

The median PTV volume and diameter were 1 cc (0.1-42)
and 1 cm (0.6-3), respectively. Median BED, calculated with
the linear quadratic (LQC) model using a value of alpha/beta
12 Gy (Wiggenraad et al. 2011), was 47.2 Gy, with 68% of
BMs that received a dose > 40 Gy, which was considered an
efficient dose. The volume and treatment characteristics are
reported in Table 2.

Outcomes

Regarding the local control (LC) of brain lesions, at first FU
(median time of 2 months; range 1-4), 244 out of 246 BMs
(99%) were locally controlled (18% CR; 41% PR, 40% SD),
and 2 BMs (1%) showed a PD. At the second FU, (median
time of 4 months; range 3-7), the data were available for
101 BMs out 246 (41%): CR in 28%, PR 40%, SD 16% and
PD 16% of cases. For only 9% of BMs the data of the third
control performed at median time of 6 months (range 5-7)
were available. In this last control, 43% and 39% of BMs
showed a CR or SD, respectively; while 4 BMs were in PD.
At the time of analysis, acute and late toxicities were mild:
no adverse events of greater than grade 2 were reported,
and no case of radionecrosis or cerebral hemorrhage was
radiologically identified.

At a median follow-up time of 6 months (range 1-10),
median OS has not yet been achieved, while median TTP
was 5 months, as shown in Fig. 1. At the time of analysis, 27
out of 43 (63%) patients were alive and 16/43 (37%) died. A
systemic progressive disease in association with an intrac-
ranial progression was observed in 10 out of 16 patients
who had died (62%), while a sole systemic progression was
the cause of death in 5 patients (31%), while only 1 patient
died due to neurological progressive disease. An intracra-
nial out-of-field progressive disease was observed in 23 of
43 patients (53%), including 8 patients that also developed
an intracranial in-field progression. In 18 of these cases, a
new RT treatment was performed: WBRT in 7 cases and
HA SRS/SFRT in the other 11 cases. For 5 patients, no re-
treatment was proposed due to the poor clinical conditions.

Predictive factors for Local Control

The analysis of LC profile stratified by histology, using Chi-
square test, showed a correlation statistically significant with
histological type (p =0.0001): melanoma and others are pre-
dictive factors of “not response” vs lung and breast cancer
that are predictive factors of “response” (Table 3). Consider-
ing the switch between “response” vs “not response’” mostly
related to histology of BMs as index of biological resistance,
we have excluded the “not responder” from the analysis and
PTV volume and BED variables were evaluated in the set
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Table 1 Patients and disease characteristics

Table 2 Volume and treatment characteristics

Number of patients and BMs 43 and 246
Sex (F/M) 25/18
Age (years)
Median 57 (range 38-79)
<50 10 (23%)
50-65 20 (47%)
> 65 13 (30%)
Median Karnofsky index 80 (range 60-100)
Histology no. (%) Patients BMs
Lung 16 (37%) 74 (30%)
Wild Type NSCLC 11 (69%) 37 (50%)
Oncogene-addicted NSCLC 5031%) 37 (50%)
Breast 14 (33%) 89 (36%)
Triple negative 5(36%) 48 (54%)
HER? positive 4 (29%) 14 (16%)
HR+/HER?2 negative 5(35%) 27 (30%)
Melanoma 7 (16%) 50 (20%)
BRAF positive 6 (86%) 47 (94%)
BRAF negative 1 (14%) 3(7%)
Others 6 (14%) 33 (14%)
Gastrointestinal cancer 3(50%) 22 (67%)
Renal cell carcinoma 2(33%) 8 (24%)
Head and Neck cancer 1(17%) 3 (9%)
Extracranial disease Patients no. (%)
Present 25 (58%)
Absent 18 (42%)
Brain disease presentation Patients no. (%)
Metachronous 35 (81%)
Oligoprogression 13 (37%)
Synchronous 8 (19%)
Pre-brain treatment Patients no. (%)
SRS/SFRT 8 (19%)
WBRT 3 (7%)
WBRT + SRS 2 (4%)

Median number BMs for patients

Median CITV for patients (cc)

5 (range 1-21)
12.7 (range 1.1-47.7)

Intracranial BMs site BMs no. (%)
Supratentorial 173 (70%)
Infratentorial 69 (28%)
Brainstem 4 2%)

Median CTV [cc] (range) 0.3 (0.1-28.3)
Median PTV [cc] (range) 1(0.1-42)
Median diameter BMs [cm] (range) 1 (0.6-3)
HA brain treatment BMs no. (%)
SRS
(15-25 Gy) 1 fraction 91 37%)
SFRT
(18-27 Gy) 3 fractions 128 (52%)
(20-30 Gy) 5 fractions 27 (11%)

BED(alpha/beta 12 Gy)
Median (range) [Gy]

47.2 (26.7-77.1)

<40 Gy , [BMs] (%) 78 (32%)
>40<47.2 Gy ;, [BMs] (%) 98 (40%)
>47.2 Gy |, [BMs] (%) 70 (28%)
Systemic therapy Patients no. (%)

None 6 (14%)
Chemotherapy 19 (44%)
Target therapy 13 (30%)
Immuno therapy 3 (7%)
Hormone therapy 2 (5%)

NSCLC non small cell lung cancer, HR+/HER2— hormone receptor
positive/HER2, negative, BMs brain metastases, CITV cumulative

intracranial tumor volume

of “responder” to identify possible discriminating factors
in the treatment activity. The result of this analysis, showed
that PTV volume <1 cc and BED >47.2 Gy were predic-
tive factors statistically significant correlated with CR vs
PR, using Chi-square test (p=0.041 and p=0.0001, respec-
tively) (Table 4).
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CTYV clinical target volume, PTV planning target volume, BMs brain
metastases, HA HyperArc BED biological effective dose

Prognostic factors for 0S

The univariate and multivariate prognostic factors influenc-
ing OS are shown in Table 5, while the univariate analy-
sis for TTP was performed without statistically significant
results. In the survival analysis, the univariate and multi-
variate analysis about histology were performed in the entire
group of patients taking into account lung and breast cancer
group vs melanoma and others group. In univariate analysis,
the histology of the primary tumor was significantly corre-
lated with increased OS: lung and breast cancer had better
survival rates as compared to melanoma and other histolo-
gies [hazard ratio (HR) 1.81, 95% CI 1.16-2.81, p =0.009).
Among subtypes of breast cancer, the triple-negative (TN)
group was associated with worse prognosis compared to hor-
mone receptors positive (HR+)/HER2— and HER2+ sub-
types (HR 18.44, 95% CI 1.35-251.56, p=0.02), in uni-
variate analysis. Other factors associated with decreased OS
were CITV >15 cc (HR 2.83, 95% CI 1.01-7.86, p=0.04)
and the presence of systemic progression disease (HR 18.92,
95% CI 2.48-144.07, p=0.005). Intracranial progression,
number of BMs and pre-brain treatment were not prognostic
factor for survival. At multivariate analysis, the cumulative
volume of intracranial disease > 15 cc (HR 2.91, 95% CI
0.98-8.55, p=0.04) and systemic progression disease (HR
16.01, 95% CI 2.02-126.84, p=0.009) were independent
factors for decreased OS. In Fig. 2, the main comparative
OS curves are reported.
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Fig. 1 Overall survival and time to progression curves in the population of study

Table 3 Analysis of predictive factors for LC by histology (Chi-
square test)

Histology CR (%) PR (%) SD+PD (%) p value
Lung cancer 16 49 35 0.0001
Breast cancer 30 43 27
Melanoma 0 32 68
Others 18 30 52

Bold value indicate a statistically significant difference between the
groups examined according to the observed event

CR complete response, PR partial response, SD stable disease, PD
progression disease

Discussion

The present study reports the first clinical experience using
the new non-coplanar monoisocenter HyperArc™ tech-
nique for linac-based VMAT SRS/SFRT in multiple BMs,
reporting safety and effectiveness in a population of patients
affected by BMs. In case of multiple brain metastases, cra-
nial stereotactic radiotherapy allowed to obtain similar sur-
vival rates comparing to whole brain irradiation in combina-
tion to focal treatments (Alongi et al. 2016). Recently, the
NCCN guidelines recommend the possible appropriateness
of focal therapy also in case of multiple brain metastases

Table 4 Analysis of predictive factors for CR vs PR (Chi square test)

Variable CR (%) PR (%) p value
PTV volume <1 cc 38 62 0.041
PTV volume>1 cc 22 78

BED <47.2 Gy 16 84 0.0001
BED>47.2 Gy 44 56

Bold values indicate a statistically significant difference between the
groups examined according to the observed event

CR complete response, PR partial response

(5). It is recognized that whole brain irradiation is affected
by neurological deterioration that could impact on patients’
quality of life (Giaj Levra et al. 2016). This last issue
remains crucial in the era of new molecules (e.g. immuno-
therapy, target therapy) that are changing the natural his-
tory of intracranial disease in several clinical scenario. In
a silico study by Fiorentino et al. (2018) the hippocampal
dose during Linac-based stereotactic radiotherapy for brain
metastases was negligible. Last but not least, the adoption of
high-dose per fraction could overcome the possible intrin-
sic radioresistance of specific diseases. Looking at simi-
lar published papers, the well-known and much-discussed
study by Yamamoto and colleagues (Yamamoto et al. 2014)
investigated the benefits of SRS for patients with 1-10 BMs
(largest tumor < 10 mL in volume and <3 cm in longest
diameter; total cumulative volume < 15 mL). All patients
were treated using a gamma-knife platform. BMs with a
volume of less than 4 mL were irradiated with 22 Gy at the
lesion periphery, whereas lesions with volumes of 4-10 mL
with 20 Gy. In the present study, the prescribed total dose
was quite lower than Yamamoto et al. (2014) (i.e. a range of
dose between 15 Gy in 1 fraction to 30 Gy in 5 fractions).
This aspect was explained by the heterogeneous sample size
(more than 5 BMs, re-irradiation, palliative intent in some
cases, etc.). These inclusion criteria were obviously less
selective due to the intent of the present analysis that is to
test the safety of HyperArc™ (Ruggieri et al. 2018).

Regarding acute and late toxicity, the present analysis
did not show any moderate or severe side effects. However,
considering the short FU, the data about acute toxicity can
be considered conclusive, but the same evidence is not com-
pletely relevant for late toxicity, especially in terms of radi-
onecrosis, and a longer FU remains mandatory. In fact, the
incidence of radionecrosis has been reported around 5% at 6
months and 17% at 12 months (Kohutek et al. 2015; Minniti
et al. 2011; Moraes et al. 2018).
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Table 5 Univariate and

ST . Variable Univariate Multivariate
multivariate analysis of
prognostic factors for Overall HR 95% CI P HR 95% CI p
Survival
Age (>65 years) 0.21 0.03-1.13 0.07 - - -
KPS (>80) 046 0.17-1.25 0.13 - - -
Histology (melanoma and others) 1.81 1.16-2.81 0.009 131 0.83-2.05 0.24
Breast Subtypes (TN) 18.44 1.35-251.56 0.02 16.67 1.03-267.61 0.05
Brain disease presentation (metachronous) 1.27 0.39-4.08 0.68 - - -
Pre-brain treatment (WBRT) 0.51 0.06-3.95 052 - - -
Number of BMs (>5) 2.19 0.78-6.12 0.13 - - -
CITV (15 cc) 2.83 1.01-7.86 0.04 291 0.98-8.55 0.04
Systemic progression disease (yes) 18.92 2.48-144.07 0.005 16.01 2.02-126.84 0.009
Intracranial progression disease (yes) 1.51 0.52-4.36 044 - - -
Bold values indicate a statistically significant difference between the groups examined according to the
observed event
HR hazard ratio, CI confidence interval, BMs brain metastases, CITV cumulative intracranial tumor volume
A Overall Survival by Histelogy B Overall Survival by Breast Cancer subtype
g =
= : L 24 ' :
) =Hek . P
'r;-; | - C_: == ! ! 4
i ! = !
E® '. : ks :
5 - i £ '
= , : =5 2 , ; :
Y < e dmonis) 8 L Time [ manthu]
| Lurg Crmae Blslanoms Lad| 7Ty - = - SR+FERZ.  —--—-—- HERI-
C Sverall Survival by Cumulative Intracranial Tumor VYolume D Ovarall Survival by Systamic progression diseasa
- ek i S L'l
u3 i '
N Fa— ,
< 1 =] -
z iy = :
B SEEEEEEE fa i,
N L e—— :
4] i | R
=% z 4 & a 1a & o 2 + M a 18
ima (mankns) 1me (e
STV 15 ———-- CITV »=18 SPD « Absanl  ————- SFO - Frazent |

Fig.2 Overall survival curves depending by histology, breast cancer subtypes, cumulative intracranial tumor volume and systemic progression

disease

Regarding the effectiveness, the response rate of BMs was
analyzed in detail. The crude LC rate was 99%, with only
1% of treated BMs showing a progression, at the first con-
trol. These results are in line with previous published stud-
ies, both, for those with limited intracranial disease (NCCN
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Central Nervous System Cancers 2018; Scoccianti and
Ricardi 2012; Aoyama et al. 2006; Kocher et al. 2011; Chang
et al. 2009; Brown et al. 2016; Sahgal et al. 2015) and for
studies with multiple BMs (Yamamoto et al. 2014; Sahgal
et al. 2017). As described in a meta-analysis of Wiggenraad
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et al. a BED of >40 Gy is needed to achieve a tumor control
probability of >70% at 1 year (Wiggenraad et al. 2011). In
the present study, this type of correlation was found with
a BED >47.2 Gy (p=0.0001). Moreover, the present data
showed that the probability of achieving a greater number of
CR seems to be related to the PTV volume <1 cc (p=0.041)
and the primary tumor histology (p =0.0001). These evi-
dence suggest that in the case of BMs from primitive bio-
logically not strongly aggressive and radiosensitive cancer
and with PTV volume around 1 cc, the use of prescription
dose with BED between 40 and 47.2 Gy could be appropri-
ate to achieve excellent local disease response.

The analysis of prognostic factors for OS has shown that
also the survival was strongly correlated with the tumor his-
tology (lung/breast vs melanoma/other type) (p=0.009). In
metastatic melanoma, targeted agents such as BRAF/MEK
kinase inhibitors (e.g. Dabrafenib and Trametinib), and
immunotherapeutic agents (e.g. Nivolumab and Ipilimumab)
have revolutionized the outcomes of these patients and pro-
longed their survival with a median OS ranging between 2
and 3 years (Weber et al. 2015; Long et al. 2017; Margolin
et al. 2012). Considering that the main cause of failure in
patients affected by metastatic melanoma with BMs remains
neurological death, achieving intracranial disease control is
of high importance to further improve OS. As suggested in
the most recent NCCN guidelines (2018), SRS/SFRT is a
treatment option also indicated in the case of multiple BMs.
Furthermore, in the present analysis, the breast cancer sub-
types (TN vs HER2+and HR+/HER?2-) is prognostic fac-
tor statistically significant for OS (p =0.02). Thus, in TN
patients, probably the role of brain radiotherapy remains
important as a supportive therapy, more oriented towards
WBRT due to the poor OS (Lin et al. 2008). In contrast,
the 75% of patients with HER2+ metastatic disease were
still alive at the time of our analysis. The HER2 overexpres-
sion associated with the young age, in which this disease
occurs, are important predictive factors for BMs develop-
ment (Kennecke et al. 2010). The success of the first-gen-
eration HER2— directed therapies (e.g. Trastuzumab) has
brought to improve OS and systemic disease control chang-
ing the natural history of this breast cancer subtype. Nev-
ertheless, approximately half of the patients with BMs die
due to intracranial disease progression 24 months after BMs
diagnosis (O’Sullivan et al. 2017). Probably, the intracranial
disease progression is the result of the aggressive biological
behavior and the genetic heterogeneity and actionable muta-
tions in HER2+ breast cancer interposed between primary
tumor and its BMs (De Mattos-Arruda et al. 2018), in a
framework of selective resistance to the drug and/or the poor
or non-penetration of the same, across the blood—brain bar-
rier. New drug or old drug with new escape action mecha-
nism would seem to achieve the control of brain micrometa-
static or low-volume disease with a response rate of 65.9%

and 1-year OS of 70% (Bachelot et al. 2013; Regina et al.
2008). Considering the long-life expectancy and young age
of these patients, to avoid WBRT-related cognitive impair-
ment and to improve intracranial disease control, SRS/SFRT
also for multiple BMs (Yamamoto et al. 2014; Halasz et al.
2016) could be considered the successful treatment strategy.

A similar clinical argument can be made for the NSCLC
oncogene-addicted metastatic disease. In these cases, with
a median OS of 3 years, SRS/SFRT repeatable over time,
also for extended intracranial disease, guarantees excellent
local control emphasizing the importance of minimizing
toxicities (Robin et al. 2018). Furthermore, a recent ret-
rospective multi-institutional analysis showed that SRS
followed by EGFR-tyrosine kinase inhibitors resulted in
the longest OS (Magnuson et al. 2017). Therefore, for
HER2+ breast cancer and oncogene-addicted NSCLC, the
control of arising intracranial disease through SRS/SFRT
(possibility repeatable over the time) could be a victori-
ous choice, also for multiple BMs, leaving that new drugs
have an effect similar to the old idea of the “WBRT”. In
this direction, a prospective randomized trial is needed.

The weakness of our study is the retrospective nature,
the limited sample size and a relatively short FU time; as
such, inherent selection bias and high population hetero-
geneity might have skewed the results.

In summary, SRS-SFRT with HA seems a safe and
effective treatment modality for multiple BMs and
could serve as an alternative treatment option to WBRT
in selected patients. Main advantages are the ability to
improve the probability of local control, which in some
cases could translate into an increased survival, or reduced
neuro-cognitive impairment. The HyperArc technique is
a fast and simple tool to plan and deliver these highly
complicated and sophisticated local-ablative brain treat-
ments. In the future, a better definition of intracranial dis-
ease burden, understood as magnitude of volume and not
as a plain number of BMs is necessary to facilitate the
decision-making process by taking into account tumor
biology, oncogenetic mutations and patient history.
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