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metastases from radioresistant
primaries (melanoma and renal cancer)
Paul Lesueur1,2,7* , Justine Lequesne3, Victor Barraux4, William Kao1, Julien Geffrelot1, Jean-Michel Grellard3,
Jean-Louis Habrand1,7, Evelyne Emery5,7, Brigitte Marie6, Juliette Thariat1,7 and Dinu Stefan1

Abstract

Background: Until 50% of patients with renal cancer or melanoma, develop brain metastases during the course of
their disease. Stereotactic radiotherapy has become a standard of care for patients with a limited number of brain
metastases. Given the radioresistant nature of melanoma and renal cancer, optimization of the fractionation of
stereotactic radiotherapy is needed. The purpose of this retrospective study was to elucidate if hypofractionated
stereotactic radiotherapy (HFSRT) impacts local control of brain metastases from radioresistant tumors such as
melanoma and renal cancer, in comparison with radiosurgery (SRS).

Methods: Between 2012 and 2016, 193 metastases, smaller than 3 cm, from patients suffering from radioresistant
primaries (melanoma and renal cancer) were treated with HFSRT or SRS. The primary outcome was local
progression free survival (LPFS) at 6, 12 and 18 months. Overall survival (OS) and cerebral progression free survival
(CPFS) were secondary outcomes, and were evaluated per patient. Objective response rate and radionecrosis
incidence were also reported. The statistical analysis included a supplementary propensity score analysis to deal
with bias induced by non-randomized data.

Results: After a median follow-up of 7.4 months, LPFS rates at 6, 12 and 18 months for the whole population were
83, 74 and 70%, respectively. With respect to fractionation, LPFS rates at 6, 12 and 18 months were 89, 79 and 73%
for the SRS group and 80, 72 and 68% for the HFSRT group. The fractionation schedule was not statistically
associated with LPFS (HR = 1.39, CI95% [0.65–2.96], p = 0.38). Time from planning MRI to first irradiation session
longer than 14 days was associated with a poorer local control rate. Over this time, LPFS at 12 months was reduced
from 86 to 70% (p = 0.009). Radionecrosis occurred in 7.1% for HFSRT treated metastases to 9.6% to SRS treated
metastases, without any difference according to fractionation (p = 0.55). The median OS was 9.6 months. Six, 12 and
18 months CPFS rates were 54, 24 and 17%, respectively.

Conclusion: Fractionation does not decrease LPFS. Even for small radioresistant brain metastases (< 3 cm), HFSRT,
with 3 or 6 fractions, leads to an excellent local control rate of 72% at 1 year with a rate of 7.1% of radionecrosis.
HFSRT is a safe and efficient alternative treatment to SRS.
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Background
About 10 and 50% of patients with renal cancer [1] or
melanoma [2], develop brain metastases during the
course of their disease respectively. Multimodality treat-
ment including neurosurgery, radiotherapy, systemic
treatments, and best supportive care with respect to dis-
ease burden, patient preference and performance status
is usual. Stereotactic radiotherapy has become a stand-
ard of care for patients with a limited number of brain
metastases [3, 4]. This is so regardless a histology-based
approach despite different spread patterns and different
response to the various treatment modalities. On the
basis of such results, in our institution, we treat patients
having up to 10 brain metastases from melanoma or
renal cancer with stereotactic radiotherapy. Given the
radioresistant nature of melanoma and renal cancer,
optimization of the fractionation of stereotactic radio-
therapy is needed. Following the linear quadratic model
[5], and considering an α/β ratio about 2.5 [6, 7], then
biological effective dose is much higher with SRS
(>18Gy) than with HFSRT. Thus, it was expected that
brain metastases of radioresistant primary tumors
treated with HSFRT would show poorer local control
than these treated with SRS. Indeed, a retrospective
study with a small sample concluded that fractionated
stereotactic radiotherapy was less effective in radioresis-
tant tumors and recommended that radioresistant
tumors should be treated in a single fraction if possible
[8, 9]. The linear quadratic model has been suggested to
be incorrect for large dose fractions, because it does not
take into account additional biological effects resulting
from high dose on endothelial cells and tumor immun-
ity. Thus, local control could be not strictly correlated to
calculated biological effective dose.
In this retrospective study we aimed to examine if

hypofractionated stereotactic radiotherapy impacts local
control of brain metastases from radioresistant tumors
such as melanoma and renal cancer.

Methods
Patients
Between May 2012 and December 2016, we screened all
patients who had received a stereotactic radiotherapy for
brain metastases from melanoma or renal cancer in our
institution (Centre François Baclesse, Caen, France).
This study was approved by the French ethic commit-
tees: CEREES and CNIL. An information letter was sent
to patients still alive at time of data collection. Histology
was confirmed by pathologic analysis, with biopsy from
primitive site or from metastases. Patients should have
had at least a pre and post treatment MRI evaluation.
Metastases bigger than 14140mm3 (corresponding to a
sphere of 3 cm diameter) were excluded. MRI was
systematically performed, to make diagnosis of brain

metastases and follow-up MRI to assess the response to
treatment and intracranial control. Patients who had
received upfront WBRT before SRS or HFSRT were
excluded. Patients with performans status (PS) superior
to 2 were not included. The different metastases from a
same patient could be treated with SRS or HFSRT.
Patients could have several stereotactic irradiation ses-
sions during the course of their disease.

Hypofractionated stereotactic radiotherapy and
radiosurgery treatments
Brain metastases were treated using a Cyberknife system
(Accuray Inc. ®, Sunnyvale®, California). Patients were
positioned supine on the 6D robotic couch and immobi-
lized with a commercial stereotactic mask fixation sys-
tem. Tracking was performed with the Cyberknife 6D
skull system®. All the patients benefited from a 1 mm
thick slice CT scan (CT, Philips®, BigBore®) and a 1 mm
slice gadolinium-enhanced cerebral MRI (Siemens®). GTV
was delineated on axial T1-weighted gadolinium-enhanced
MRI. CTV was a zero-margin expansion from GTV and
PTV was defined as an isocentric 2 mm expansion from
GTV. Doses were prescribed to the 80% isodose line to
achieve a minimum 95% target coverage of the prescribed
dose. All the metastases treated with a fractionation differ-
ent from 1, 3 or 6 were also excluded from the analysis.
The radiotherapist determined fractionation and the deliv-
ered dose after consideration of PTV final volume and
proximity of critical structures such as optic chiasma, optic
nerves, cavernous sinus, or brain stem for example. Radio-
surgery was favored if metastases measured less than 1 cm
diameter and far from an organ at risk. Consequently me-
tastases size and localization were the two variables used to
build the propension score (cf Statistical analysis). Brain
metastases were irradiated on alternate days, every other
day. When patients presented several metastases to irradi-
ate, then, they were not irradiated the same day, but the
day after.
Salvaged treatments were also evaluated when asses-

sing outcomes. If SRS or HFSRT failed, patients could
receive WBRT or neurosurgery. In case of distant cere-
bral relapse, another session of stereotactic radiotherapy
or WBRT could be proposed, at the discretion of the
radiotherapist.

Follow-up and outcomes
Patients were clinically examined one month after treat-
ment, and then every two months. At each medical con-
sultation a gadolinium-enhanced MRI was performed.
Duration of follow-up was calculated as time from first
fraction of HFSRT or SRS to last MRI evaluation. The
primary outcome was local progression-free survival
(LPFS: Patient alive without in-field local recurrence).
For lesions larger than 1 cm, an increase of enhanced
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tumor volume superior to 20% was considered as a local
progression and a decrease superior to 30% as a partial
response, according to Recist1.1 criteria [10]. For lesions,
smaller than 1 cm, an unequivocal increase or a decrease
of the enhanced tumor volume was needed to conclude
to progression or response respectively. Finally, total dis-
appearance of the lesion was considered as a complete
response. The diagnosis of radionecrosis was made on
the following criteria: 1) increased T1 contrast enhance-
ment located in the irradiated area with central hypo in-
tensity and increased peripheral edema; 2) substantial
regression or stability (for at least 4 months) of enhan-
cing areas on serial follow-up MRI scans, without add-
itional treatment. MRI perfusion sequences were not
systematically performed. They were performed only if
there was some doubt between relapse or radionecrosis,
which could potentially lead to a change of care. Con-
formity, homogeneity, and coverage indexes were reported
following ICRU 83 definitions [11]. Gradient index 50
reflecting the dose fall-off was also reported [12].

Statistical analysis
Patient’s characteristics were described by mean and
standard deviation or by median and range for continu-
ous variables and by frequencies for categorical variables.
Then, comparisons of these variables, through fraction-
ation, were assessed by the use of Fisher’s exact test and
Pearson’s chi-square test for categorical data, and by
independent samples t-tests or Mann-Whitney tests as
appropriate for normally or non-normally distributed
data, respectively. LPFS was defined as the time, for a
given metastasis, from the first day of irradiation to the
appearance of local failure. Cerebral progression-free
survival (CPFS) and overall survival (OS) were defined
as the time from the first day of first radiation treatment
to the appearance of the first distant cerebral failure and
the death from any cause, respectively. For LPFS, pa-
tients not having any evidence of local failure on MRI
were censored at last MRI.
Survival probability was estimated using the Kaplan-Meier

method. Univariate and multivariate analyses using Cox
models and log-rank tests were performed to evaluate the
effects of various variables on LPFS. To reduce or minimize
the effects of confounding variables on LPFS due to the
non-randomized data, a propensity score matching method
was used in a supplementary analysis [13, 14]. The propen-
sity score, defined in this context as the probability of frac-
tionation assignment given measured baseline covariates,
was estimated using a logistic regression model, containing
the PTV volume, the tumour size and the time from plan-
ning IRM to irradiation as influencing covariates, which are
three of the most significant variables. Then, matched sam-
ples of lesions treated by SRS and lesions treated by HFSRT
were formed such that confounding factors are balanced

between both groups. Cox model and log-rank test were ap-
plied to original and to the matched samples to evaluate the
effect of fractionation on LPFS. An outcome-oriented
method based on the maximally selected rank statistic has
been used to provide the optimal cut point, corresponding
to the most significant relation with LPFS for continuous
variables (except GTV), through ‘survminer’ R package [15].
Analyses were performed using R version 3.4.0 [16].

Results
Patients’ characteristics
From May 2012 to December 2016, 60 patients under-
went stereotactic irradiation for brain metastases from
melanoma or renal cancers. The primary tumor was
melanoma for 62% of the sample (Table 1). A majority
of patients had extra-cerebral metastatic disease (75%) at
first course of stereotactic irradiation. The overall condi-
tion of patients was good. Indeed 85% of patients had a
PS lower or equal to 1, and 81% had a DS-GPA greater
or equal to 2. A quarter of the patients included in this
study had undergone resection, either as upfront treat-
ment or during the disease progression.

Metastasis and radiation treatment characteristics
The total number of brain metastases treated was 193.
The median count of brain metastases in a single patient
was 3 (range [1–11]) irradiated with SRS or HFSRT
during the whole course of his/her disease. Fifty-two
(27%) metastases were treated with SRS and 141 (73%)
with HFSRT (Table 2). Three irradiation schedules were
used: 1 fraction (median dose per fraction: 20 Gy [range:
18-25Gy]), 3 fractions (10 Gy [9–11 Gy]) or 6 fractions
(6 Gy [5–6 Gy]).For HFSRT treated metastases, the most
used schedules were 3 × 10 Gy(n = 106; 55%) and 6 × 6
Gy (n = 35; 18%)); 91% of these metastases were treated
with these schedules. For the SRS group, 88% of the me-
tastases were irradiated with one fraction of 20 Gy or
22 Gy. The median prescription isodose for both groups
was 80%. GTV and PTV median volumes were statisti-
cally different for SRS treated metastases in comparison
with HFSRT: 125 and 474,5 mm3 vs 699 and 1752 mm3,
respectively (p < 0.001). PTV coverage was statistically
different in the SRS group than in HFSRT group (with
median values of 0.99 vs 0.97, p = 0.034) as well as for
the fall-off in dose (with respectively median values of
5.71 vs 4.39, p < 0.001). For the SRS and HFSRT groups,
the proportion of infra-tentorial lesions was 16 and 17%
respectively. Median time from fusion MRI to the begin-
ning of irradiation were 26 days and 17 days for SRS and
HFSRT treated metastases respectively(p < 0.001). About
a third of metastasis (30%) were treated with a delay
from fusion MRI less than 14 days. Median delay from
simulation CT and first irradiation was 17 days.
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Local progression free survival based on complete dataset
After a median follow-up of 7.4 months, LPFS rates at 6, 12
and 18 months for the whole population were 83, 74 and
70%, respectively. With respect to fractionation, LPFS rates
at 6, 12 and 18 months were 89, 79 and 73% for the SRS
group and 80, 72 and 68% for the HFSRT group (Fig. 1).
The fractionation schedule was not statistically associated
with LPFS (HR = 1.39, CI95% [0.65–2.96], p = 0.38). The
difference in fractionation schemes was also calculated in-
dependently for 3 and 6 fractions, and there was not signifi-
cant difference.
Best objective response rates observed were statistically

different between both groups (p = 0.022), (Table 3). In-
deed, the complete response rate was higher in the SRS
group than in the HFSRT group (38% vs 21%, p = 0.022).
However, complete and partial response rates were similar,
about 48%, for both groups. Results of univariate and
multivariate analyses are displayed in Table 4. Especially, a
time from planning MRI to first irradiation session longer
than 14 days was associated with a poorer local control
rate (Fig. 2). Over this time, LPFS at 12 months was re-
duced from 86 to 70% (p = 0.009). Furthermore, a GTV
volume higher than 530 cm3, corresponding to a 1 cm
diameter sphere, was associated with an increased risk of
local failure, from 17 to 36% (p = 0.007) at 12 months. Fi-
nally, univariate analysis showed that coverage index lower

than 0.985 was predictive of local relapse (p = 0.019). Each
of these three factors was also significantly associated with
LPFS in a multivariate model, with a global likelihood ra-
tio test p-value < 0.001. None of the other histologic, dosi-
metric, imaging or clinical factors tested were predictive
of local failure (at a 5% level of significance). Particularly,
in the melanoma sub group, BRAF mutation did not
impact outcome of stereotactic radiotherapy (p = 0.41).

Propensity score matching analysis
In a supplementary analysis, a propensity score was
calculated to achieve balanced distribution of baseline
characteristics and confounding variables in treatment
groups in order to compare LPFS after SRS or HFSRT.
Confusing variables was tumor size, PTV volume, and
delay from MRI to irradiation. Propensity score match-
ing resulted in 42 matched pairs, whose characteristics
are displayed in Additional file 1: Table S1, showing that
the treatment groups were well balanced across all co-
variates. No significant differences in LPFS between
groups were observed, meaning that fractionation did
not alter local control (HR 1.91 [0.66–5.90], p = 0.22).
Analysis of prognostic factors showed that GTV volume
(> or < 530 mm3) was still associated with LPFS in the
matched pairs samples (HR 8.43 [3.04–23.32], p < 0.001),
although GTV was no more significantly different between
groups (p= 0.17). Delay from MRI to irradiation still appears
as a prognostic factor on LPFS, with however a longer opti-
mal cut-off of 24 days (HR 5.8 [1.30–25.8], p= 0.009). Note
that a continuous Cox model analysis show that the delay
from MRI to irradiation considered as a continuous variable
is significantly associated with LPFS for both complete and
matched pairs samples (p= 0.03 and p= 0.02 respectively),
with a poorer local control for long delays. Coverage index
was no more associated with LPFS (p= 0.47).

Overall survival
The median OS was 9.6 months and survival rates at 6,
12 and 18 months were 69, 45 and 33%, respectively
(Fig. 3). Histology had no impact on OS (p = 0.42).
DS-GPA lower or equal to 2 was of borderline signifi-
cance for predicting poor overall survival (p = 0.11). As
it was supposed to, patients who had received immuno-
therapy (anti PD1 or Anti-CTLA-4) during the course of
their disease lived much longer than those who did not
(12 months OS rate: 72% vs 31%, p = 0.002).

Cerebral progression free survival
Six, 12 and 18 months distant brain failure rates were
54, 24 and 17%, respectively (Fig. °4). Upon univariate
analysis, patients with more than 3 metastases at first
irradiation course had a higher risk of distant cerebral
failure (p = 0.03). For these patients, the relapse rate was
91% at 12 months. Patients with melanoma trended to

Table 1 Characteristics of patients at first stereotactic radiotherapy

Characteristics of patients (n=60)

Age (Median)[range] 66 years [18–88]

Sex Female n = 24 (40%) / Male n = 36 (60%)

Histology Melanoma n = 37 (62%) /
Renal cancer n = 23 (38%)

Neurosurgery Yes n = 15 (25%) / No n = 45 (75%)

Performans status

0 18 (30%)

1 33 (55%)

2 9(15%)

≥ 3 0

DS GPA

4 6 (10%)

3 17 (28%)

2 26 (43%)

1 10 (17%)

0 1 (2%)

Whole brain radiotherapy Yes n = 16 (27%)/ No n = 44 (73%)

Time From diagnosis to first
stereotactic radiotherapy

Median: 55 days, range [15–1420]
Mean: 109 days, (sd = 200)

Extra-cerebral disease Yes n = 45 (75%)/ No n = 15 (25%)

Immunotherapy during the
course of their disease

Yes n = 21(35%)/ No n = 39 (65%)
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have a worse CPFS in comparison with patients with
renal cancer (p = 0.14). None of the following factors
was predictive of distant cerebral relapse: age, sex,
DS-GPA, performance status, presence of extra-cerebral
disease, or a history of neurosurgery for brain metasta-
ses. In case of brain distant relapse, a new stereotactic ir-
radiation session could be proposed.
Thus 28 and 9% of the patients received two or three

courses of stereotactic radiotherapy. The remaining two
thirds received only one course of stereotactic radiother-
apy (63%).

Side effects of stereotactic radiotherapy: Radionecrosis
and hematoma
Radionecrosis occurred in 7.1% for HFSRT treated me-
tastases to 9.6% to SRS treated metastases, without any
difference according to fractionation (p = 0.55) (Table 3).
Appearance of intra-tumoral post treatment hemorrhage

occurred in four metastases (2%): two from melanoma
and two from renal cancer. These side effects were diag-
nosed on follow-up MRI and patients were strictly
asymptomatic. They did not need any medical care.

Discussion
This single center retrospective study has been led in
order to explore the impact of stereotactic radiotherapy
fractionation on local control of small radioresistant
brain metastases. The analysis was conducted on 60
patients and a total of 193 metastases smaller than 3 cm
with a median follow-up of 7.4 months between 2013
and 2016. To the best of our knowledge, it is the largest
published collection, dealing with the impact of fraction-
ation on local control of only radioresistant brain metas-
tases. Local control at 12 months was 74%, closer to
control rates reported in recent retrospective studies,
which range from 81 to 91,5% [7, 16–23].

Table 2 Characteristics of treated metastases and radiotherapy

SRS (n fraction = 1) HFSRT (n fraction = 3 or 6) p value

n metastases (total = 193) 52 (27%) 141 (73%)

3 fractions n = 106 / 6 fractions n = 35

Follow up (mean (sd)) mean: 359 days (315) mean: 230 days (206) 0.001

Treatment schedules 1x18Gy (n = 5) 6x5Gy (n = 3)

1x20Gy (n = 34) 6x6Gy (n = 32)

1x22Gy (n = 12) 3x9Gy (n = 8)

1x25Gy (n = 1) 3x10Gy (n = 97)

3x11Gy (n = 1)

Dose per fraction Mean: 20.38 (1.34)
Median: 20

Mean: 8.94 (1.77)
Median: 10

< 0.001

GTV volume Mean: 173.70 (183.78)
Median: 125

Mean: 1820.40 (2622.22)
Median: 699

< 0.001

PTV volume Mean: 565.37 (407.64)
Median: 474.5

Mean: 4118.31 (7895.40)
Median: 1752

0,001

Homogeneity Index Mean: 0.22 (0.07)
Median: 0.22

Mean: 0.22 (0.08)
Median; 0.21

0.057

Conformity Index Mean: 1.02 (0.28)
Median: 1.04

Mean: 1.01 (0.18)
Median: 1.04

0.894

Coverage index Mean: 0.96 (0.06)
Median: 0.99

Mean: 0.94 (0.12)
Median: 0.97

0.034

Gradient index 50 Median: 5.71 Median: 4.39 < 0.001

Isodose of prescription (median) 80% [58–96] 80% [75–91] 0.334

Histology

Melanoma (n = 137) 38 99 0.833

Renal cancer (n = 56) 14 42

Localization

Supra tentorial (n = 165) 45 120 0.98

Infra tentorial (n = 28) 7 21

Time from planning IRM to Irradiation (median) 26 days [5–82] 17 days [3–69] < 0.001
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Whereas until now, there was mounting evidence that
HFSRT was an effective approach in terms of local con-
trol for larger brain metastases or radiosensitive histolo-
gies [24], similar results, to our knowledge, have not
been mentioned for smaller and radioresistant brain
metastases.
On the basis of the linear quadratic (LQ) model [25],

considering an α/β ratio of about 2.5, SRS patients re-
ceived a median BED2.5 of 180Gy and HFSRT patients a
BED2.5 from 122Gy for the 6 × 6 Gy schedule to 150Gy
for the 3 × 10 Gy schedule. Unexpectedly, better local

control was not observed in the SRS subgroup as
HFSRT was equivalent to SRS in terms of local control.
These results are quite different and contradictory with
Oermann’s [8]. In fact, in a smaller study with a sub-
group of 99 radioresistant brain metastases, he described
a trend toward improved local control for single-fraction
radiosurgery [8]. However, even if dose per fraction was
not reported in that study, the median delivered dose
was 20Gy. It was much less than in our study where pa-
tients in the HFSRT group received a median dose of
30Gy. Higher dose per fraction and total dose in HFSRT
group improve the efficacy of fractionated radiotherapy.
In our series, the LQ model was clearly not predictive of

local control, and we believe that LQ model is inadequate
in these situations. Indeed, LQ model is based on the as-
sumption that radiation-induced cell death in tumor is due
to DNA strand breaks. Then LQ model underestimates the
role of indirect cell death by devascularization and radiation
induced immune enhancement [26, 27]. Radiation-induced
apoptosis of endothelial cells, leading to indirect tumor cell
death, is predominant for dose per fraction higher to 10 Gy
[28], and consequently, here, it could not explain our
results. Concerning radiation immune effects, recent
pre-clinical studies support a superior anti tumoral immune
enhancement effect for high dose fractionated radiotherapy
(>8Gy) than for single fraction irradiation [29, 30]. Here,
our study dealt with melanoma and renal cancers, which
are classified as ‘immunogenic’ tumor, based on several
characteristics: incidence of spontaneous tumor regression,

Fig. 1 Local control probability function of fractionation

Table 3 Effect of SRS or HFSRT on local control, toxicity and
objective response

Effect of SRS or HFSRT on local control

Local Control Hazard Ratio (HR) IC 95% p

Unadjusted cohort 1.39 [0.65–2.96] 0.38

Pairs matched propensity score 1.91 [0.66–5.5] 0.22

Effect of SRS or HFSRT on toxicity and objective response

SRS HFSRT p

Radionecrosis (%) 5 (9.6) 10 (7.1) 0,554

Hematoma (%) 0 (0.0) 4 (2.8) 0,576

Best.Reponse.objective (%) 0.022

Complete 20 (38.5) 30 (21.3)

Partial response 5 (9.6) 37 (26,2)

Progression 6 (11.5) 14 (9.9)

Stable 21 (40.4) 60 (42.6)
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high level of tumor T-cell infiltration and responsiveness to
immunotherapies such as interleukin 2 (IL-2) interferon
alpha (IFN-α) or Anti PD1 [31]. On these arguments, the
“unexpected” good local control rate for HFSRT-treated
metastases could be due to a better radiation-induced im-
mune enhancement. Nevertheless, this hypothesis is based
on pre-clinical studies or case reports studies, and should
be studied and discussed in prospective trials [32, 33].
One of the other interesting points raised in our ana-

lysis concerned the delay in initiating radiotherapy after
fusion MRI. When radiotherapy was delayed from more
than 14 days after fusion MRI, local control at 6 and
12 months decreased from 96 and 86% to 77 and 70%
respectively (p = 0.009). For these patients, delays in
workflow could make pretreatment imaging inadequate
for SRS or HFSRT planning, and thus, as the tumor con-
tinues to grow the reduced margins used in these treat-
ments, become insufficient to cover the whole target.
The same cut off of 14 days was reported by Seymour
et al. [34]. In this study, the 6- and 12-month LPFS rate

were 95 and 75% for metastasis with interval of < 14 days
from MRI to treatment compared to 56 and 34% for metas-
tases with MRI ≥ 14 days before treatment. In our study,
fusion MRI was obtained on the same day as simulation for
31% (n = 60) of mestastases. For 27% (n = 52) of metastases,
MRI was obtained after simulation, and for 42% of metasta-
ses (n = 81) a new MRI was not acquired at or after simula-
tion. In this case, the diagnostic MRI, with sufficient
transverse images was used. This last group participate to
extend delay from MRI to treatment and could explain
extreme values and why the delay is quite long in our serie.
The extreme values corresponded to the first patients
treated with the Cyberknife in our institution on January
2013. To conclude, time from MRI to SRS or HFSRT
should be the shortest as possible, and delaying the
beginning of the treatment should be absolutely avoided, as
confirmed in propensity score matching analysis.
OS and CPFS remain disappointing, and stereotactic

radiotherapy could not be considered as a single modality
treatment. Poor CPFS was expected. In fact, stereotactic

Table 4 Univariate and Multivariate analysis of covariates influencing local control

Univariate analysis Multivariate analysisa

HR CI 95% p-value HR CI 95% p-value

Time from MRI to first irradiation (ref < 14 days) 3.60 [1.27;10.19] 0.009 3.98 [1.40;11.27] 0.003

GTV (ref < 530) 2.44 [1.24;4.80] 0.007 2.30 [1.16;4.55] 0.014

Coverage Index (ref < 0.985) 0.43 [0.21;0.89] 0.019 0.46 [0.22;0.95] 0.029
aglobal likelihood ratio test p-value< 0.001

Fig. 2 Local control probability function of delay from MRI fusion to first irradiation
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radiotherapy offers to patients good local control rate,
while avoiding neurocognitive late effects, but with
more cerebral distant relapse in comparison with SRS/
HFSRT plus WBRT [4].Nevertheless, when cerebral dis-
tant relapse occurs, HFSRT/SRS rescue treatment still

remains possible and WBRT can be delayed. For ex-
ample, in our study, 37% of the patients had received a
second or a third session of stereotactic irradiation with
excellent outcomes. And for only 27% of the patients, a
rescue WBRT was needed.

Fig. 3 Overall survival

Fig. 4 Cerebral Progression Free Survival
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If this strategy offers satisfactory cerebral control, the
association with efficient systemic treatments such as
anti-PD-1 RAF/MEK inhibitors, or anti-angiogenic is
essential, to improve extra cerebral control and overall
survival. In our sample, for example, 35% of patients
received at least one immunotherapy (nivolumab, pem-
brolizumab or ipilimumab) and for them, overall survival
was significantly extended (12 months OS rate: 72% vs
31%, p = 0.002). In contrast, it is worth to note that,
here, LPFS and CPFS were not improved with immuno-
therapy. Thus, immunotherapy, in our sample, probably,
increased OS by improving extra cerebral control rate.
The main limitation of our study is its retrospective

nature. It suffers from the shortcomings of all retro-
spective studies. The two compared groups are not
strictly similar; the major difference being the size of the
target volumes. For example, in SRS group, GTV vol-
umes were quite smaller than HFSRT group. Assignment
to single fraction irradiation or HFSRT was not random
and based on GTV volume and localization. It could
lead to selection biases in terms of treatment choice.
However, to limit this selection bias, we performed a
propensity score matching analysis, which makes the
comparison more robust (the two experimental groups
were comparable), and lead to similar conclusions. Fur-
thermore, in our study, the radionecrosis rate was quite
low, about 9%, whatever the fractionation. For HFSRT
treated metastases, this rate was similar to others studies
[24, 35, 36]. On the opposite, contrary to our results, for
SRS treated metastases, several authors reported radio-
necrosis rates much higher than our study with rate su-
perior to 20% [24, 37]. This difference could be
explained by different ways. First, given the poor overall
survival of our population, follow-up (7,4 months) was
too short to see the emergence of fewer radionecrosis. In
Minniti’s [24] and Kohutek’s [37] studies, follow-up were
much longer, 29 months and 17.2 months respectively,
but with a high proportion of non-small cell lung cancer
brain metastases. Most of the time, radionecrosis occurs 10
to 12 months after stereotactic radiotherapy [37]. Secondly,
in our institution, multi-parametric MRI or F-DOPA
PET-scan were not systematically performed during the
post stereotactic radiotherapy brain metastases follow-up
period. Thus, our diagnosis criteria were probably less
sensitive than in other studies to detect radionecrosis.

Conclusion
As a conclusion, this is the largest retrospective study
evaluating the impact of stereotactic radiotherapy frac-
tionation on radioresistant brain metastases. Fractionation
does not seem to decrease LPFS. Even for radioresistant
smaller brain metastases (< 3 cm), HFSRT, with 3 or 6
fractions, leads to an excellent local control rate of 72% at
1 year with only 7.1% rate of radionecrosis. HFSRT is a

safe and efficient alternative treatment to SRS. In case of
proximity of highly functional zones, such as brainstem or
cavernous sinus, the radiotherapist can safely propose a 3
or 6 fractions schedule, subject to dosimetric constraints
respect, without compromising local control, even if the
metastasis is small.
These data have to be confirmed by a prospective ran-

domized trial. Whatever the irradiation fractionation,
the radiotherapist should make the necessary efforts to
begin the treatment less than 14 days after MRI fusion,
in order to ensure optimal local rate.

Additional file

Additional file 1: Table S1. Characteristics of treated metastases and
radiotherapy for the pairs matched groups. (DOCX 16 kb)
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