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Abstract 

Purpose  Brain metastases (BMs) are the leading cause of intracranial malignant neoplasms in adults. WHO, Karnofsky 
performance status (KPS), age, number of BMs, extracerebral progression (ECP), recursive partitioning analysis (RPA), 
diagnosis-specific graded prognostic assessment (Ds-GPA) are validated prognostic tools to help clinicians decide on 
treatment. No consensus exists for repeat stereotactic radiotherapy (SRT) for BMs. The aim of this study was to review 
the changes in patient characteristics treated with repeated SRTs.

Methods and materials  The data of patients treated between 2010 and 2020 with at least two courses of SRT 
without previous whole brain radiotherapy (WBRT) were reviewed. Age, WHO, KPS, ECP, type of systemic treatment, 
number of BMs were recorded. RPA, Ds-GPA and brain metastasis velocity (BMV) were calculated.

Results  184 patients were treated for 915 BMs and received two to six SRTs for local or distant brain recurrence. The 
median number of BMs treated per SRT was 1 (range: 1–6), for a median of 4 BMs treated during all sessions (range: 
2–19). WHO, Ds-GPA and RPA were stable between each session of SRT, whereas KPS was significantly better in SRT1 
than in the following SRT. The number of BMs was not significantly different between each SRT, but there was a 
tendency for more BM at SRT1 (p = 0.06). At SRT1, patients had largest BM and undergo more surgery than during the 
following SRT (p < 0.001). 6.5%, 37.5% and 56% of patients were classified as high, intermediate, and low BMV, respec-
tively, at the last SRT session. There was almost perfect concordance between the BMV-grade calculated at the last 
SRT session and at SRT2 (r = 0.89; p < 0.001).

Conclusion  Repeated SRT doesn’t lead to a marked alteration in the general condition, KPS was maintained at 
over 70% for more than 95% of patients during all SRTs. Long survival can be expected, especially in low-grade BMV 
patients. WBRT shouldn’t be aborted, especially for patients developing more than twelve BMs annually.

Keywords  Radiotherapy, Salvage radiation, Stereotactic radiosurgery, Brain metastases, Reirradiation, Repeated 
radiosurgery, Oligorecurrence

*Correspondence:
L. Kuntz
l.kuntz@icans.eu
G. Noel
g.noel@icans.eu
1 Department of Radiation Therapy, Institut de Cancérologie Strasbourg 
Europe (ICANS), 17 Rue Albert Calmette, 67200 Strasbourg, France

2 Medical Physics Unit, Institut de Cancérologie Strasbourg Europe 
(ICANS), 17 Rue Albert Calmette, 67200 Strasbourg, France
3 Medical Information Department, Institut de Cancérologie Strasbourg 
Europe (ICANS), 3 Rue de La Porte de L’Hôpital, 67065 Strasbourg Cedex, 
France
4 Department of Neurosurgery, University Hospitals of Strasbourg, 1 
Avenue Molière, 67200 Strasbourg, France

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13014-023-02200-z&domain=pdf


Page 2 of 11Kuntz et al. Radiation Oncology           (2023) 18:21 

Purpose
Brain metastases (BMs) are the most common intracra-
nial malignant neoplasms in adults [1]. From 10 to 40% 
of oncologic patients will develop BMs among their 
oncologic courses. Stereotactic radiation therapy (SRT) 
has become the treatment of choice in the manage-
ment of new or recurrent BM. In contrast to tumoral 
cells, few systemic treatments cross the blood–brain 
barrier, explaining the low efficacy of chemotherapies/
targeted treatments to prevent BM development and 
leading to the consideration of the brain as a sanctuary 
site [2]. Kuntz et al. showed that 20–40% of patients will 
require salvage treatment after an initial SRT [3]. Differ-
ent treatment options are available for recurrent cranial 
metastatic disease, including repeated SRT, whole-brain 
radiotherapy (WBRT), surgery, systemic therapy, and 
supportive care. The main benefits of repeated SRT are 
to delay WBRT, which causes cognitive toxicities and a 
reduction in quality of life [4–6]. The factors influenc-
ing the treatment choice and its modality are numerous, 
including the number, location, and size of the BM, the 
patient’s general condition, histologic type of primary 
cancer, extracranial status and life expectancy [7, 8].

Our monocentric retrospective study reports patients 
who underwent repeated SRT without upfront or inter-
calated WBRT, focusing on the evolution of the patients’ 
characteristics over time and during every SRT. The aim 
is to review the changes in patient characteristics treated 
with repeated SRT over time.

Methods and materials
Patients and treatment modalities
We queried our institutional database to obtain the list of 
patients who received two or more SRT sessions for cer-
ebral or local recurrences for a single or multiple BMs. 
No minimal follow-up duration was needed after SRT2.

Patients who had previous WBRT or WBRT after 
only one SRT session were excluded. We identified 184 
patients treated for 915 BMs between January 2010 and 
June 2020. SRT was mostly delivered in one fraction of 
20 Gy (n = 235; 26%) or in three fractions of 11 Gy every 
2 days (n = 659; 72%) on the 70% isodose line [9]. Treat-
ments were delivered using volumetric modulated arc 
therapy (VMAT) or dynamic conformal arc treatment 
(DCA). Each SRT was carried out under cover of corti-
costeroid therapy, with a decreasing dose over a fort-
night. If the patient was receiving intermittent systemic 
treatment, SRT was ideally performed during free inter-
vals to avoid stopping it. If the patient was receiving con-
tinuous systemic treatment, stop of treatment was done 
for some drugs within 48–72 h before the first day of irra-
diation, and then resumed the day after irradiation.

For each patient and at each SRT session, age, WHO, 
Karnofsky performance status (KPS), ECP, administra-
tion and type of systemic treatment, number of BMs, 
resected BMs and recurrent BMs were recorded. We 
were then able to calculate the recursive partitioning 
analysis (RPA) and diagnosis-specific graded prognostic 
assessment (Ds-GPA) for each patient and at each SRT 
session according to the histology of the primary cancer 
[10].

Brain metastasis velocity (BMV)
The final brain metastasis velocity (BMV) and BMV at 
each session starting from SRT2 were calculated for each 
patient according to Farris et al., such as Yamamoto et al., 
who confirmed the validity of BMV in predicting over-
all survival (OS) after the second SRT but also after the 
third and after the fourth [11, 12]. Final BMV was calcu-
lated by dividing all the new BMs starting from SRT1 by 
the time in year between SRT1 and the last SRT session. 
BMV at each SRT session was calculated by dividing all 
the new BMs starting from SRT2, SRT3 and SRT4 by the 
time in year between SRT1 and SRT2, SRT2 and SRT3, 
SRT3 and SRT4. BMV was classified into low-, interme-
diate-, or high-risk groups if the number of new BMs was 
strictly < 4, 4–13 and > 13, respectively.

Local recurrence
Follow-up MRI was performed every 3–6  months after 
SRT to diagnose LR, cerebral recurrence, radionecro-
sis (RN), stable disease, partial response, or complete 
response. A new contrast enhancement outside the pre-
viously treated BM was categorized as a distant CR. A 
contrast enhancement inside the previously treated BM 
suggested an LR. Confirmation of LR was made by sur-
gery or complementary examination, such as 18-FDG-
PET-CT, F-DOPA-PET-CT, or a new MRI performed 
in a shorter interval. Differential diagnosis between RN 
and LR is complicated, even more so as in 50% of cases 
the necrosis is tumorous [13, 14]. Clinical arguments in 
favor of LR were the presence of neurological symptoms 
or no response to corticosteroid therapy. MRI arguments 
in favor of LR were a lesion quotient (ratio of maximum 
areas of T2 to T1) greater than 0.3 or 0.6 [15–18]. In 
nuclear medicine, radiotracers commonly used to differ-
entiate radionecrosis and LR are 18-fluorodeoxyglucose 
(FGD). 18-FDG-PET-CT finds hypermetabolism and late 
retention of the radiotracer in cases of tumor recurrence 
[13, 14, 19].

Statistical analysis
The quantitative variables were described using stand-
ard position and dispersion statistics, namely, the mean, 
median, variance, minimum, maximum and quantiles. 
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The qualitative data were described along with the num-
bers and proportions of each modality. Cumulative pro-
portions were also calculated for variables with more 
than two modalities. Gaussian distributions of the quan-
titative variables were assessed using the Shapiro–Wilk 
test. If the conditions were met, the relationship between 
two quantitative variables was assessed using Pearson’s 
linear correlation test. Otherwise, a Spearman correla-
tion test was performed. For the comparison of a quan-
titative variable between several subgroups, an analysis 
of variance was used. For the comparison of a quantita-
tive variable between several subgroups, an analysis of 
variance or the Kruskal and Wallis test were used, again 
according to the assumptions of use of each of these tests. 
Finally, for the crossing between several qualitative vari-
ables, the parametric Chi2 test was used if the conditions 
of application allowed it. If this was not the case, the 
exact Fisher test was carried out. The alpha risk was set 
at 5% for all analyses. All analyses were performed using 
R software version 3.1, R Development Core Team (2008, 
R Foundation for Statistical Computing, Vienna, Austria) 
and GMRC Shiny Stat (2017).

Results
Patients’ characteristics
A total of 184 patients were enrolled, 56% were followed 
for lung cancer, 13% for breast cancer, 13% for melanoma, 
8.7% for digestive cancer, 4.3% for kidney cancer and 4.9% 
for other cancers. Table 1 shows the patients and primi-
tive tumor characteristics. One hundred and twenty-two 
patients (66.3%) received two sessions of SRT, 40 (21.7%) 
received three sessions, 14 (7.6%) received four sessions, 
7 (3.8%) received five sessions, and one (0.5%) received 
six sessions, totaling 461 administered treatments and 
915 treated BM. Twenty-six percent of BMs were irradi-
ated with a monofractionated, 72% of BMs were irradi-
ated with a trifractionated regimen, and the last 2% of 
BMs were irradiated with other hypofractionated sched-
ules. A mean of two BM was treated per SRT (range: 1–6; 
95% CI 1.88–2.12), for a total average of 5 BMs treated 
during all sessions (range: 2–19; 95% CI 4.52–5.44). All 
characteristics are shown in Fig. 1.

Overall condition
The median WHO was 1 ± 0.79 at SRT1, 1 ± 0.75 at 
SRT2, 1 ± 0.68 at STR3 and 1 ± 0.65 at SRT4 and more 
(SRT4-5–6), with p = 0.39, p = 0.07 and p = 0.64, respec-
tively, before and after each consecutive session of SRT. 
The median KPS was 90% ± 16% at SRT1, 80% ± 14% at 
SRT2, 90% ± 13% at STR3 and 90% ± 16% at SRT4-5-6, 
with p = 0.02, p = 0.16 and p = 0.07, respectively, between 
each consecutive session. The KPS at SRT1 was signifi-
cantly different from the KPS at SRT3 (p = 0.02) but not 

from the KPS at SRT4 (p = 0.32). The median Ds-GPA 
was 2.5 ± 0.92 at SRT1, 2.5 ± 1.03 at SRT2, 2.5 ± 1.09 at 
STR3 and 3 ± 0.65 at SRT4-5-6, with p = 0.52, p = 0.89 
and p = 0.5, respectively, between each consecutive ses-
sion. The median RPA was 2 ± 0.44 at SRT1, 2 ± 0.51 at 

Table 1  Patients and primitive tumor characteristics (n = 184)

Characteristics Number Percentage

Sex

Male 91 49.5

Female 93 50.5

Age at diagnosis of cancer

Median (range) 58 (21–87)

≤ 65 yo 135 73

> 65 yo 49 27

Age at diagnosis of brain metastasis

Median (range) 61 (24–88)

≤ 65 yo 124 67

> 65 yo 60 33

Primitive cancer

Lung 103 56.0

 Adenocarcinoma 69 67

 Epidermoid 19 18.4

 Small cell 4 3.9

 Undifferentiated 4 3.9

 Other 7 6.8

Breast 24 13.0

 Luminal A 5 20.8

 Luminal B 5 20.8

 Her2+ 11 45.8

 Triple negative 3 12.5

Melanoma 24 13.0

Kidney 8 4.3

Digestive 16 8.7

Other 9 4.9

Initial tumor stage

1 23 12.5

2 47 25.5

3 38 20.7

4 30 16.3

Unknown 46 25.0

Initial node stage

0 37 20.1

1 23 12.5

2 49 26.6

3 26 14.1

Unknown 49 26.6

Initial metastasis stage

0 81 44.0

1 90 48.9

Unknown 13 7.1
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SRT2, 2 ± 0.53 at STR3 and 2 ± 0.41 at SRT4-5-6, with 
p < 0.37, p = 0.09 and p = 1, respectively, between each 
consecutive session of SRT.

Oncological status
Sixty-four percent of patients were diagnosed with ECP 
at SRT1, and 37.5% of patients were diagnosed with brain 
metastatic disease at initial diagnosis. Twenty-eight per-
cent of patients have ECP at SRT1 during follow-up of 
cancer. Synchronous BM diagnosis with primitive tumors 
was observed in 53.4% of lung cancer cases, 37.5% of kid-
ney cancer cases, 20.8% of melanoma cases and 18.8% of 
digestive cancer cases but not in any breast cancer cases. 
Figure 2 represents the evolution of oncological status at 
each SRT. There was no statistically significant difference 
between patients with synchronous or metachronous 
brain metastatic at SRT1 and ECP patients at SRT1 who 
received more than 3 SRT sessions (p = 0.49 and p = 0.8, 
respectively) or more than 4 SRT sessions (p = 0.41 and 
p = 0.64, respectively). There was no significant differ-
ence in ECP between SRT1 and noninitial brain meta-
static patients who received more than 3 SRT sessions 
(p = 0.31) or more than 4 SRTs (p = 0.29). ECP was 

present for 64% of patients at SRT1 compared to 30% at 
SRT2 (p < 0.001), 23% at SRT3 (p = 1) and 23% at SRT4-
5-6 (p = 1) in before-after analysis between each succeed-
ing session. By comparing patients with no extracerebral 
synchronous BM with others at SRT1, there was no sig-
nificant difference between ECP between SRT1 and SRT2 
(p = 0.73). Patients who were extracranial metastasis 
(ECM)-free at cancer diagnosis and ECP-free at SRT1 
and SRT2 were not significantly more likely to receive 
three or more SRT sessions than those with ECM at diag-
nosis (p = 0.58) and/or ECP at SRT1 and SRT2 (p = 0.8 
and p = 0.27, respectively).

Systemic therapy
Seventy percent, 68%, 77%, and 61% of patients were 
on systemic therapy at SRT1, SRT2, SRT3 and SRT4-
5-6, respectively. Patients who had uncontrolled pri-
mary tumors at diagnosis of brain metastases and ECM 
were more likely to receive systemic therapy at SRT1 
(p = 0.04 and p < 0.01, respectively). Patients who had 
ECM at SRT2 and/or SRT3 were more likely to receive 
systemic therapies than patients with no ECM (p < 0.001 
and < 0.001, respectively). Patients who had ECP at SRT2 

Fig. 1  Evolution of patient characteristics at each session of SRT. BM brain metastases, DS-GPA diagnosis-specific graded prognostic assessment, 
ECP extracerebral progression, KPS Karnofsky performance score, WHO performance status, RPA recursive partitioning analysis, SRT stereotactic 
radiotherapy, SRT1 first session of stereotactic radiotherapy, SRT2 second session of stereotactic radiotherapy, SRT3 third session of stereotactic 
radiotherapy, SRT4 forth session of stereotactic radiotherapy
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and/or SRT3 were more likely to receive systemic ther-
apies than patients who were ECP-free (p < 0.001 and 
p = 0.03, respectively). Systemic therapies were divided 
into 5 classes: chemotherapy (CT), targeted therapy 
(TT), immunotherapy (IT), hormonotherapy (HT), and 
combination therapy. In the before-after comparison 
between each consecutive session, there was no signifi-
cant difference in the use of the different classes of treat-
ments between SRT1 and SRT2 or between SRT2 and 
SRT3 (p = 0.8 and p = 0.8, respectively). Fifty-nine per-
cent, 50%, 43% and 26% of patients received CT at SRT1, 
SRT2, SRT3 and SRT4 and above, respectively, and there 
was no significant difference between each consecutive 
session in the before-after comparison (p = 0.11, p = 1, 
and p = 0.48, respectively). The use of CT was statistically 
associated with progression of the primary tumor site 
(p < 0.001 at SRT1 and p < 0.001 at SRT2). A total of 11%, 

15%, 15% and 3% of patients received IT at SRT1, SRT2, 
SRT3 and SRT4 and above, respectively, and there was 
no significant difference between each session (p = 0.45, 
p = 0.48 and p = 1, respectively). Twenty-three percent, 
22%, 32% and 29% of patients received TT at SRT1, SRT2, 
SRT3 and SRT4 and above, respectively, and there was 
no significant difference between each session (p = 0.72, 
p = 0.68 and p = 1, respectively).

Patients treated with TT at SRT1 and/or SRT2 tended 
to be more likely to receive more than three SRT sessions 
than other patients (p = 0.16 and p = 0.15, respectively). 
TT was statistically associated with primitive tumoral 
control at SRT1 (p < 0.001) and SRT2 (p = 0.01) and ECP 
at SRT1 (p = 0.05). TT tended to be statistically associ-
ated with primitive tumoral control at SRT3 (p = 0.11). 
TT was not statistically associated with primitive tumoral 
control at SRT4 (p = 0.59) or ECP at SRT2 (p = 0.50). The 

Fig. 2  Evolution of oncological status at each SRT. BM brain metastases, ECP extracerebral progression, SRT1 first session of stereotactic 
radiotherapy, SRT2 second session of stereotactic radiotherapy, SRT3 third session of stereotactic radiotherapy, SRT4 fourth session of stereotactic 
radiotherapy
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following associations were not calculable due to the 
small number of patients and events.

Interval time between consecutive SRT
The median delay between each consecutive SRT ses-
sion was 9.2  months (range 0.9–69.9; 95% CI 7.9–10.6) 
between SRT1 and SRT2, 5.3  months (range 1.1–61.5; 
95% CI 6.1–11.5) between SRT2 and SRT3, 7.8  months 
(range 2.7–54.8; 95% CI 2.9–19.1) between SRT3 and 
SRT4 and 7.2 months (range 3.1–52.5; 95% CI 5.3–15.1) 
between SRT4 and the following SRT sessions. There 
was no significant difference in the before-after analy-
sis between each consecutive time interval (p = 0.57, 
p = 0.66 and p = 0.11, respectively).

The median time interval between SRT1 and SRT2 
was 8.1  months (95% CI 7.7–11.0) for patients with no 
systemic treatment at SRT2, compared with 7.0 months 
(95% CI 8.4–16.4) for patients with maintenance treat-
ment and 5.3  months (95% CI 5.3–8.8) for patients 
with active treatment (p < 0.001). There was also a trend 
towards a statistical association for the time interval 
between SRT2 and SRT3 and maintenance treatment 
at SRT3 (p = 0.09). There was no statistical association 
between the time interval between consecutive SRT 
and ECP at SRT2, SRT3 and SRT4 or higher (p = 0.24, 
p = 0.33 and p = 0.65, respectively).

Cerebral status
The median number of BMs was 1.5 (95% CI 1.0–6.0) at 
SRT1, 1 (95% CI 1.0–5.0) at SRT2, 1 (95% CI 1.0–4.0) at 
SRT3 and 1 (95% CI 1.4–2.2) at SRT4-5-6. Among the 
915 BMs, 96 were operated on before SRT (10%). Sev-
enty patients (38%) underwent surgery for one or two 
BMs at SRT1, 18 (10%) at SRT2, 4 (7%) at SRT3 and 2 at 
SRT4-5-6. The number of BMs between each SRT was 
not significantly different between each SRT, but there 
was a tendency for more metastases in SRT1 (p = 0.06). 
The number of BMs at SRT1 tended to be associated with 
control of the primitive tumoral site (p = 0.14), ECM at 
cancer diagnosis (p = 0.1) and ECP at SRT1 (p = 0.24) but 
was not associated with the use of a third SRT session 
(p = 0.95). Breast cancer, lung cancer and melanoma pro-
vided more BMs at SRT1 (p < 0.001) and more total BMs 
(p = 0.05) than other primitive cancers.

The median GTVs of each BM at SRT1, SRT2, SRT3 
and SRT4-5-6 were 0.4  mL (95% CI 1.84–2.94), 0.4  mL 
(95% CI 2.67–4.77), 0.25  mL (95% CI 1.42–4.43), and 
0.35  mL (95% CI 1.16–4.16), respectively. Total GTV 
at SRT1 was statistically higher than GTV at SRT2 
(p < 0.001), but this difference was not found between 
SRT2 and SRT3 (p = 0.34) or between SRT3 and SRT4-
5-6 (p = 0.62). A high GTV at SRT1 was not statistically 

associated with synchronous brain metastases at diagno-
sis (p = 0.43).

Local recurrences (LR)
Twenty-seven patients (15%) were reirradiated for one 
or more local relapses at SRT2, 10 (17%) at SRT3 and 8 
(26%) at SRT4 and above. Among the 93 BMs with local 
relapse, 63.4% recurred after the first session, 26.8% after 
the second session, 4.3% after the third session, 4.3% 
after the fourth session, and 1% after the fifth session 
(p < 0.001). LR was confirmed by MRI only for 66 BMs 
(71.0%), by nuclear medicine only for 18 BMs (19.4%), by 
both for 2 BMs (2.2%) and by surgery for 6 BMs (6.5%). 
The median interval time between SRT and local relapse 
was 9.2  months (95% CI 10.6–18.0) for BMs treated at 
SRT1 and 7.5 months (95% CI 7.1–13.6) for BMs treated 
at SRT2 and more (p = 0.28). Fifty-one BMs were reirra-
diated after local recurrence, 56.8% were reirradiated at 
SRT2, 27.5% were reirradiated at SRT3, and 15.7% were 
reirradiated at SRT4 and above (p < 0.001).

BMV grade and patient outcome
At SRT2, 8.1%, 33.7% and 58.2% of patients were classi-
fied as having high, intermediate, and low BMV, respec-
tively; at SRT3, 7.6%, 36.4% and 56%, respectively; and at 
the last SRT session, 6.5%, 37.5% and 56%, respectively. 
There was almost perfect concordance between the BMV 
grade calculated at the last SRT session and that calcu-
lated at SRT2 (r = 0.89; p < 0.001). Salvage WBRT was 
used in 18.5% (34) of patients after a median time of 
9.8 months (95% CI 8.6–15.9) after SRT1 and 3.9 months 
(95% CI 3.5–5.2) after the last SRT. This WBRT was used 
after SRT2, SRT3 and SRT4-5-6 in 24.4%, 7.7% and 4.5% 
of patients, respectively. Among patients with high BMV 
grade, 60% received 2 SRT sessions without WBRT, 20% 
received 3 SRT sessions or more without WBRT, and 20% 
ultimately received WBRT. Among patients with inter-
mediate BMV grade, 54.8% received only 2 SRT sessions 
without WBRT, 16.1% received 3 SRT sessions or more 
without WBRT, and 29% ultimately received WBRT. 
Among patients with low BMV grade, 46.7% received 
only 2 SRT sessions without WBRT, 41.1% received 3 
SRT sessions or more without WBRT, and 12.1% ulti-
mately received WBRT (p = 0.02). The median interval 
time between SRT1 and WBRT was statistically longer 
for low-BMV patients than for other patients (p < 0.001).

Distant and local brain failure
The median follow-up time of the whole population 
was 18.4  months after SRT1 (range: 2–95). At this time 
point, 20.1% patients were still alive. The median OS 
was 18.6  months (95% CI 17.0–21.1). The six-, 12- and 
24-month OS rates were 91% (95% CI 88–96), 70% 
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(95% CI 64–77), and 38% (95% CI 32–45), respectively. 
Figure  3 shows overall survival in function of the num-
ber of SRT sessions. Distant Brain Failure (DBF) was 
defined as a new SRT session or WBRT. Median DFB 
was 6.8 months (95% CI 8.4–10.9). The median DFB after 
SRT1, SRT2, SRT3 and SRT4 and more were 6.6 (95% CI 
7.9–10.6), 5.1 (95% CI 7.7–11.6), 6.7 (95% CI 8.3–14.1) 
and 7.7  months (6.1–18.9), respectively. Figure  4 shows 
survival without DBF after SRT1, SRT2 and SRT3 as a 
function of BMV grade. Three-, 6-, 12- and 24-months 
BM local control were 99.3%, 96.3%, 90.1% and 85.8%, 
respectively. DBR-RPA score was strongly associated 
with overall survival after first DBR [20]. Median OS 
after SRT2 among patients DBR-RPA-I, II and III were 
respectively, 11.6 months (IC95% 7.5–16.3), 13.4 months 
(IC95% 10.7–25.0) and 3.9  months (IC95% 2.5–8.1) 
(p < 0.001).

Discussion
Patients diagnosed with a limited number of BMs may 
benefit from repeated SRT. Because the brain is not very 
accessible to systemic therapies, brain relapse is fre-
quent [20]. Indeed, approximately 50% of patients treated 
for an initial SRT develop new BM 1 year after the first 
irradiation [21]. There are few data concerning repeated 
SRT of BM, and no study has assessed the evolution of 

the clinical characteristics of patients during the different 
treatment sequences. This retrospective study investi-
gated a large series of patients with de novo or recurrent 
BMs treated with repeated SRT. Moreover, because our 
study is monocentric, this gives it a certain homogene-
ity, with notably 98% of the BMs who were irradiated in 
mono- or trifractionated schemes. A large amount of 
data was collected, and although some data were not cal-
culable, there was little missing information.

Patients’ initial demographic characteristics are com-
parable with those of other series in the literature that 
study repeated courses of SRT [22–28].

Our study suggests that the KPS and the characteris-
tics of BMs at the SRT1 are significantly different from 
those at SRT2. At the subsequent SRT, the KPS and the 
characteristics of the BMs remained statistically com-
parable. Indeed, we showed that the KPS in SRT1 was 
statically lower than that in SRT2; on the other hand, 
the WHO was stable during the consecutive SRT. This 
can be explained by the fact that most of the patients 
receiving SRT are in good general condition, classified as 
WHO grade 0 or 1. The KPS is a finer score, and good 
general condition patients will be classified from 100% 
KPS to 70%, which makes the difference easier to show. 
Kotecha et  al. [23] studied 59 patients who underwent 
at least three SRT sessions for a total of 765 BMs. The 

Fig. 3  Overall survival in function of the number of SRT sessions
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Fig. 4  Survival without cerebral recurrence in terms of BMV grade (time in months). SRT1 first session of stereotactic radiotherapy, SRT2 second 
session of stereotactic radiotherapy, SRT3 third session of stereotactic radiotherapy, SRT4 forth session of stereotactic radiotherapy. Blue: Low BMV 
grade; Green: Intermediate BMV grade; Red: High BMV grade
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median KPS at the last visit was 70%, and only 41% of 
patients had a deterioration in KPS after a median delay 
of 16 months.

With a median RPA of 2 and a median Ds-GPA of 2.5 
without a significant difference between each consecu-
tive session, RPA and Ds-GPA can be considered stable 
during repeated SRT. Indeed, the median RPA was 2 at 
all sessions without a significant difference between each 
consecutive session, and the median Ds-GPA was 2.5 
at all sessions without a significant difference between 
each consecutive session. RPA and Ds-GPA are validated 
prognostic scores for OS in patients with BMs [29–31]. 
Ds-GPA is the only validated overall survival prognostic 
score that considers histological type. Ds-GPA has only 
been validated for the initial diagnosis of brain metasta-
ses, and to our knowledge, no prognostic score has been 
validated for the management of local or distant recur-
rence of BM. Yamamoto et al. [32] studied five prognos-
tic indices, including RPA, GPA and other brain-specific 
scores, among 804 patients who underwent repeat SRT. 
They found a significant difference between RPA at SRT1 
and RPA at SRT2 (p < 0.001), but their analysis showed 
that RPA does not adequately reflect the changes in 
patient conditions. In fact, 95% of their cohort had the 
same RPA score between SRT1 and SRT2. We found 
comparable results, with 75% of patients having a sta-
ble RPA between SRT1 and SRT2, 15% having a greater 
RPA and 10% having a lower RPA. Most of the stable RPA 
(89%) patients were classified as RPA II.

Base on two major prognostic factors, Zindler et  al. 
[20] developed DBR-RPA prognostic score. Our study 
shows survival results comparable with the outcomes 
of Zindler et  al. with notably a survival of more than 
10 months after the first cerebral recurrence in patients 
in the favorable group. Although the BMs characteristics 
are comparable to those of other series in the literature 
that study repeated courses of SRT [22–28], none of these 
studies investigated their evolution over time. Based on 
these findings, BMs treated in SRT1 were larger, more 
numerous and more frequently operated on than BMs 
in subsequent SRTs. More than half of synchronous 
brain metastatic patients had lung cancer, followed by 
kidney cancer and melanoma. Shibahara et  al. studied 
471 patients treated for BMs of any primary origin; 20% 
were included in the precocious group, 16% in the syn-
chronous group and 64% in the metachronous group 
[33]. The diameter of BMs was significantly higher in the 
precocious-group, followed by the metachronous-group 
and synchronous-group (p < 0.001). A systematic and 
close brain follow-up could decrease the size and number 
of metachronous BMs and avoid the loss of a treatment 

opportunity. For cancers for which brain monitoring is 
not systematic, risk prediction models can be used to jus-
tify the prescription of brain imaging in a given patient 
[34, 35].

A few studies have looked at prognostic factors dur-
ing salvage treatment, and the main factors found were 
the number of BMs, time interval between SRT sessions, 
KPS, ECP status and, more recently, the BMV grade 
[11, 25, 36]. We observed an almost perfect correlation 
between the BMV grade calculated at the first cerebral 
relapse and the BMV grade calculated at the last treat-
ment session. Among the 6% of patients who had changes 
in BMV grade, more than half of the group changed 
because they were close to 4 of 13 BMs per year at SRT2, 
and they changed groups because of a small change in 
BMV.

We found no link between the use of systemic therapy 
and overall survival or multiple sessions as other studies 
in the literature. Nevertheless, IT and TT have revolu-
tionized patient management and outcomes, particularly 
in lung cancer, melanoma, triple-negative or HER2-pos-
itive breast cancer [37–42]. Further studies including 
more patients are needed to explain the decrease in the 
rate of spread of new tumor cells and new distant BMs 
with repeated courses of SRT in patients on immuno-
therapy or targeted therapy.

Selection of the best candidates for repeated SRT and 
avoiding WBRT as much as possible is essential, espe-
cially for patients who will benefit from 3 SRTs or more. 
Patients who have reached the third SRT session remain 
clinically, oncologically and neurologically stable at each 
treatment session, whereas their condition changes 
between SRT1 and SRT2. Although our study focuses on 
a specific and well-selected population, brain reirradia-
tion under stereotactic conditions is becoming increas-
ingly common.

Conclusion
In this retrospective study including 184 patients treated 
with repeated postoperative stereotactic radiosurgery 
or SRT for cerebral or locally recurrent BM, we studied 
the evolution of patient characteristics over time. Patient 
characteristics seem to be different between SRT1 and 
SRT2, and then stable during all repeated SRT sessions, 
especially KPS, ECP and BM volume, number, and sur-
gical management. However, the KPS was maintained 
over 70% for more than 95% of patients during all SRTs. 
Repeated SRT is a feasible treatment modality, and fur-
ther studies are needed to define the optimal evolution of 
patients with recurrent brain metastases.
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