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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-speci�c
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 signi�cantly better in SRT1 than in the following SRT. The number
of BMs was not signi�cantly 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 classi�ed as high, intermediate, and low BMV, respectively, 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.

Purpose
Brain metastases (BMs) are the most common intracranial 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 management of new or recurrent BM. In contrast to tumoral cells, few systemic treatments cross the blood-brain
barrier, explaining the low e�cacy 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 to 40% of patients will require salvage treatment
after an initial SRT [3]. Different treatment options are available for recurrent cranial metastatic disease, including repeated SRT,
whole-brain radiotherapy (WBRT), surgery, systemic therapy, and supportive care. The main bene�ts of repeated SRT are to delay
WBRT, which causes cognitive toxicities and a reduction in quality of life [4–6]. The factors in�uencing 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 intercalated 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.
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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 cerebral or local
recurrences for a single or multiple BMs. Patients who had previous WBRT or WBRT after only one SRT session were excluded.
We identi�ed 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 two days (n = 659; 72%) on the 70% isodose line[9]. Treatments were
delivered using volumetric modulated arc therapy (VMAT) or dynamic conformal arc treatment (DCA). Each SRT was carried out
under cover of corticosteroid therapy, with a decreasing dose over a fortnight. If the patient was receiving intermittent systemic
treatment, SRT was ideally performed during free intervals to avoid stopping it. If the patient was receiving continuous systemic
treatment, stop of treatment was done for some drugs within 48 to 72 hours before the �rst day of irradiation, and then resumed
the day after irradiation.

For each patient and at each SRT session, age, WHO, Karnofsky performance status (KPS), ECP, administration 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-speci�c 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 �nal 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 con�rmed the validity of BMV in predicting overall survival (OS) after the
second SRT but also after the third and after the fourth [11, 12]. Final BMV was calculated 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 classi�ed into low-, intermediate-, or high-risk groups if the number of new BMs was strictly < 4, 4–13 and > 13,
respectively.

Statistical analysis
The quantitative variables were described using standard position and dispersion statistics, namely, the mean, median, variance,
minimum, maximum and quantiles. The qualitative data were described along with the numbers and proportions of each
modality. Cumulative proportions were also calculated for variables with more than two modalities. Gaussian distributions of the
quantitative 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 correlation test was
performed. For the comparison of a quantitative variable between several subgroups, an analysis of variance was used. For the
comparison of a quantitative 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
variables, 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 primitive 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 �ve sessions, and one (0.5%) received six sessions, totaling 461 administered
treatments and 915 treated BM. Twenty-six percent of BMs were irradiated with a monofractionated, 72% of BMs were irradiated
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with a trifractionated regimen, and the last 2% of BMs were irradiated with other hypofractionated schedules. 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 Table 2.
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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%

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%
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Characteristics   Number Percentage

  Unknown 49 26.6%

Initial metastasis stage 0 81 44.0%

  1 90 48.9%

  Unknown 13 7.1%
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Table 2
Patient characteristics at each session of SRT and before-after comparison between each consecutive session

    SRT 1
(n = 
184)

  SRT 2
(n = 
184)

  p SRT
3 (n 
= 
61)

  p SRT 
≥ 4
(n = 
31)

  p

Age Median 61   61.5   < 
0.001

60.6   < 
0.001

61.9   < 
0.001

  Range 24–
88

  25–
89

    32–
79

    47–
78

   

  95%CI 43–
77

  43.5–
77.4

    41-
77.8

    /    

WHO Median 1   1   0.39 1   0.07 1   0.64

  0–1 151 82% 149 81%   49 80%   25 81%  

  2–3 33 18% 35 19%   12 20%   6 19%  

KPS Median 90%   80%   0.02 90%   0.16 90   0.07

  < 70% 8 4% 10 5%   4 7%   3 10%  

  ≥ 70 127 69% 129 70%   41 68%   17 55%  

  Unknown 49 27% 45 24%   16 26%   11 35%  

DS-GPA Median 2.5   2.5   0.52 2.5   0.89 3   0.5

  0–1 15 8% 21 11%   8 13%   2 6%  

  1.5-2 47 26% 44 24%   10 16%   3 10%  

  2.5-3 53 29% 54 29%   17 28%   11 35%  

  3.5-4 20 11% 20 11%   10 16%   4 13%  

  Unknown 49 27% 45 24%   16 26%   11 35%  

RPA Median 2   2   0.37 2   0.09 2   1

  1 19 10% 29 16%   9 15%   5 16%  

  2 108 59% 100 54%   32 52%   12 39%  

  3 8 4% 10 5%   4 6%   3 10%  

  Unknown 49 27% 45 24%   16 26%   11 35%  

ECP Yes 117 64% 55 30% < 
0.001

14 23% 1 7 23% 1

No 67 36% 129 70%   47 77%   24 77%  

Systemic
treatment

Yes 129 70% 126 68% 0.88 47 77% 0.37 19 61% 0.48

No 55 30% 57 31%   14 23%   12 39%  

  Chemotherapy 76 59% 63 50%   20 43%   8 42%  

  Immunotherapy 14 11% 19 15%   7 15%   1 5%  

  Hormonotherapy 2 2% 1 1%   0 0%   0 0%  

  Targeted therapy 30 23% 28 22%   15 32%   9 47%  
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    SRT 1
(n = 
184)

  SRT 2
(n = 
184)

  p SRT
3 (n 
= 
61)

  p SRT 
≥ 4
(n = 
31)

  p

  Combined
therapy

3 2% 9 7%   4 9%   1 5%  

  Unknown 4 3% 6 5%   1 2%   0 0%  

Number of
BM per
patient

Median 1.5   1   0.06 1   0.48 1   0.8

Mean 2.18   1.9     1.79     1.84    

Range 1–10   1–9     1–8     1–8    

  95%CI 1.0–
6.0

  1.0–
5.0

    1.0–
4.0

         

GTV of all
BM (mL)

Median 6.2   0.9   < 
0.01

0.6   0.34 1   0.62

Mean 8.5   5.0     3.1     5.1    

  Range 0.1–
48.6

  0.1–
59.7

    0.1–
32.2

    0.1–
36.5

   

  95%CI 7.01–
9.9

  3.3–
6.8

    1.3–
4.8

    0.1–
10.2

   

Number of
tumor bed
metastases
per patient

0 114 62% 166 90% < 
0.001

57 93% 1 29 94% 1

1 66 36% 18 10%   3 5%   2 6%  

2 4 2% 0 0%   1 2%   0 0%  

Number of
recurrent
BM

0 /   157 85% / 51 84% 1 23 74% 0.45

1 /   26 14%   9 15%   8 26%  

2 and more /   1 1%   1 2%   0 0%  

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, respectively, 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 signi�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 session. The median RPA was 2 ± 0.44 at SRT1, 2 
± 0.51 at 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 percent 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 kidney cancer cases, 20.8% of melanoma
cases and 18.8% of digestive cancer cases but not in any breast cancer cases. Figure 1 represents the evolution of oncological
status at each SRT. There was no statistically signi�cant 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 signi�cant difference in ECP between SRT1 and
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noninitial brain metastatic 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 succeeding session. By comparing patients with no extracerebral synchronous BM with
others at SRT1, there was no signi�cant 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 signi�cantly more likely to
receive three or more SRT sessions than those with ECM at diagnosis (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 primary 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 and/or SRT3
were more likely to receive systemic therapies 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 signi�cant difference in
the use of the different classes of treatments between SRT1 and SRT2 or between SRT2 and SRT3 (p = 0.8 and p = 0.8,
respectively). Fifty-nine percent, 50%, 43% and 26% of patients received CT at SRT1, SRT2, SRT3 and SRT4 and above,
respectively, and there was no signi�cant 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 signi�cant 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 signi�cant 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 associated 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
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 session 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 signi�cant difference in the before-after analysis 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 treatment 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%). Seventy 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 signi�cantly 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)
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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 provided 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 diagnosis (p = 0.43).

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 �rst session, 26.8% after the second session, 4.3%
after the third session, 4.3% after the fourth session, and 1% after the �fth session (p < 0.001). 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 reirradiated 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�ed as having high, intermediate, and low BMV, respectively; 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 calculated at SRT2 (r = 0.89; p < 0.001). Salvage
WBRT was used in 18.5% 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 intermediate 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% ultimately 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). Patient outcomes according to BMV grade at SRT2 are
summarized in Fig. 1.

Discussion
Patients diagnosed with a limited number of BMs may bene�t from repeated SRT. Because the brain is not very accessible to
systemic therapies, brain relapse is frequent [13]. Indeed, approximately 50% of patients treated for an initial SRT develop new
BM one year after the �rst irradiation [14]. 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
investigated 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 homogeneity, 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 calculable, there was little missing
information.

Patients’ initial demographic characteristics are comparable with those of other series in the literature that study repeated
courses of SRT [15–21].

Our study suggests that the KPS and the characteristics of BMs at the SRT1 are signi�cantly different from those at SRT2. At the
subsequent SRT, the KPS and the characteristics of the BMs remained statistically comparable. 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, classi�ed as WHO grade 0 or 1. The
KPS is a �ner score, and good general condition patients will be classi�ed from 100% KPS to 70%, which makes the difference
easier to show. Kotecha et al. studied 59 patients who underwent at least three SRT sessions for a total of 765 BMs [16]. The
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.
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With a median RPA of 2 and a median Ds-GPA of 2.5 without a signi�cant difference between each consecutive session, RPA
and Ds-GPA can be considered stable during repeated SRT. Indeed, the median RPA was 2 at all sessions without a signi�cant
difference between each consecutive session, and the median Ds-GPA was 2.5 at all sessions without a signi�cant difference
between each consecutive session. RPA and Ds-GPA are validated prognostic scores for OS in patients with BMs [22–24]. 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 metastases, and to our knowledge, no prognostic score has been validated for the management of
local or distant recurrence of BM. Yamamoto et al. studied �ve prognostic indices, including RPA, GPA and other brain-speci�c
scores, among 804 patients who underwent repeat SRT [25]. They found a signi�cant difference between RPA at SRT1 and RPA
at SRT2 (p < 0.001), but their analysis showed that RPA does not adequately re�ect 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 stable RPA between SRT1 and SRT2, 15% having a greater RPA and 10% having a lower RPA. Most of the stable RPA (89%)
patients were classi�ed as RPA II.

Although the BMs characteristics are comparable to those of other series in the literature that study repeated courses of SRT
[15–21], none of these studies investigated their evolution over time. Based on these �ndings, 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 synchronous group and 64% in the metachronous group
[26]. The diameter of BMs was signi�cantly 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 justify the prescription of brain imaging in a given patient [27, 28].

A few studies have looked at prognostic factors during 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, 18, 29]. We observed an almost
perfect correlation between the BMV grade calculated at the �rst cerebral relapse and the BMV grade calculated at the last
treatment 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 revolutionized patient management and outcomes, particularly in lung cancer, melanoma, triple-
negative or HER2-positive breast cancer [30–35]. 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 immunotherapy or
targeted therapy.

Selection of the best candidates for repeated SRT and avoiding WBRT as much as possible is essential, especially for patients
who will bene�t 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 speci�c and well-selected population, brain reirradiation under stereotactic conditions is becoming increasingly
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 surgical 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 further studies are needed to de�ne the optimal evolution of patients with
recurrent brain metastases.
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Abbreviations
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Brain metastasis
BMV
Brain metastases velocity
CT
Chemotherapy
DCA
Dynamic conformal arc treatment
DS-GPA
Diagnosis-Speci�c Graded Prognostic Assessment
ECM
Extracranial metastasis
ECP
Extracerebral progression
GTV
Gross tumor volume
HT
Hormonotherapy
IT
Immunotherapy
KPS
Karnofsky Performance Score
OS
Overall survival
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
Fourth session of stereotactic radiotherapy
TT
Targeted therapy
VMAT
volumetric modulated arc therapy
WBRT
whole-brain radiotherapy
WHO
WHO Performans status
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Figure 1

Evolution of oncological status at each SRT

BM: Brain metastases, ECP: extracerebral progression, SRT1: �rst session of stereotactic radiotherapy, SRT2: second session of
stereotactic radiotherapy, SRT3: third session of stereotactic radiotherapy, SRT4: fourth session of stereotactic radiotherapy


