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ABSTRACT

Aim: To analyse the use of radiotherapy (RT) and factors affecting
overall survival (OS) after RT in breast cancer patients with brain

metastases.

Methods: Breast cancer patients treated from 2008 to 2018 with

whole brain RT (WBRT) or stereotactic radiosurgery (SRS) at a
large regional cancer referral center were identified from the
hospital’s RT register. Clinical variables were extracted from

medical records. OS was calculated from date of first RT until
death or last follow up. Potential factors affecting OS were
analyzed.

Results: 255 females with WBRT (n ¼ 206) or SRS (n ¼ 49) as first
RT were included. An increased use of initial SRS was observed in

the second half of the study period. The most common WBRT frac-
tionation regimen was 3 Gy � 10. SRS was most often single frac-
tions; 18 or 25 Gy between 2009 and 2016, while fractionated
SRS was mostly used in 2017 and 2018. Median OS in the

WBRT group was 6 months (CI 1–73) relative to 23 (CI 0–78)
in the SRS group. Age, performance status, initial RT technique,
extracranial disease, brain metastasis surgery, number of brain metas-

tases and DS-GPA score had significant impact on OS. Only ECOG
0 and brain metastasis surgery were associated with superior OS in
multivariate analysis.

Conclusion: WBRT was the most frequent primary RT. An
increased use of initial SRS was observed in the second half of the
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study period. Only ECOG 0 and brain metastasis surgery were asso-

ciated with superior OS in multivariate analysis.

R�ESUM�E

But : Analyser l’utilisation de la radioth�erapie (RT) et les facteurs af-
fectant la survie globale (SG) apr�es la RT chez les patientes atteintes
d’un cancer du sein avec m�etastases au cerveau.

M�ethodologie : Les patientes atteintes d’un cancer du sein
trait�ees de 2008 �a 2018 par RT au cerveau entier (WBRT) ou

par radiochirurgie st�er�eotaxique (SRS) dans un grand centre
r�egional de r�ef�erence pour le cancer ont �et�e identifi�ees �a partir
du registre de RT de l’hôpital. Les variables cliniques ont �et�e ex-

traites des dossiers m�edicaux. Le taux de survie globale (SG) a �et�e
calcul�e �a partir de la date de la premi�ere RT jusqu’au d�ec�es ou
au dernier suivi. Les facteurs potentiels affectant la SG ont �et�e
analys�es.

R�esultats : 255 femmes dont la premi�ere RT �etait la WBRT

(n ¼ 206) ou la SRS (n ¼ 49) ont �et�e incluses. Une utilisation accrue
du SRS initial a �et�e observ�ee dans la seconde moiti�e de la p�eriode
d’�etude. Le sch�ema de fractionnement du WBRT le plus courant

�etait de 3 Gy � 10. Le SRS �etait le plus souvent des fractions simples;
18 ou 25 Gy entre 2009 et 2016, tandis que le SRS fractionn�e �etait
surtout utilis�e en 2017 et 2018. La SG m�ediane dans le groupe
WBRT �etait de 6 mois (IC 1–73) par rapport �a 23 (IC 0–78)

dans le groupe SRS. L’̂age, l’�etat de performance, la technique de
cquisition, analysis, or interpretation of the data. All authors were involved in

e public, commercial, or not-for-profit sectors.

included in this retrospective study (reference no. 17/17690). The Regional

surance study, not requiring any formal approval (reference no. 2017/2535).
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RT initiale, la maladie extracrânienne, la chirurgie des m�etastases
c�er�ebrales, le nombre de m�etastases c�er�ebrales et le score DS-GPA

ont eu un impact significatif sur la SG. Seuls l’ECOG 0 et la chirur-
gie des m�etastases c�er�ebrales ont �et�e associ�es �a une SG sup�erieure
dans l’analyse multivari�ee.
2 A. Gullhaug et al./Journal of Medical Imaging
Conclusion : La WBRT �etait la RT primaire la plus fr�equente. Un
recours accru �a la RT initiale a �et�e observ�e dans la seconde moiti�e de
la p�eriode d’�etude. Seuls l’ECOG 0 et la chirurgie des m�etastases
c�er�ebrales ont �et�e associ�es �a une SG sup�erieure dans l’analyse
multivari�ee.
Keywords: Breast cancer; Brain metastases; Radiotherapy; Whole brain radiation therapy; Stereotactic radiosurgery; Overall survival; Fractionation
Introduction

Up to 30% of breast cancer patients are diagnosed with brain
metastases, depending on tumor subtype and stage at diag-
nosis.1–3 Overall, the incidence of brain metastases in breast
cancer patients is increasing due to increasing incidence of
breast cancer, improved precision and more frequent use of
imaging, and better systemic control of extracranial disease
leading to prolonged survival time.4–6 Patient involvement,
treatment guidelines and prognostic scoring systems may aid
treatment decisions in order to choose the most appropriate
brain metastasis treatment.7,8 One of the most recognized
prognostic scoring systems for brain metastasis treatment is
Diagnosis Specific Graded Prognostic Assessment (DS-
GPA).9 The DS-GPA is based on well-known prognostic fac-
tors for the specific cancer diagnoses. This facilitates therapeu-
tic decisions by classifying patients according to intermediate
and least favorable prognosis. In breast cancer, prognostic fac-
tors are genetic subtype, age and performance status.10 Other
factors previously found to impact on OS in breast cancer pa-
tients with brain metastases are number of brain metastases,11

extracranial disease activity, and factors related to the brain
metastasis treatment.9 Treatment options for brain metastases
include corticosteroids, surgery, radiotherapy (RT), systemic
treatments and best supportive care.9 As systemic treatment
of brain metastases is less effective12 against intracranial me-
tastases because of the blood-brain barrier, surgical resection
and RT are the preferred treatment options.4 In patients
with poor prognosis, best supportive care is the recommended
treatment.7

Whole brain radiotherapy (WBRT), given typically in 10
fractions, has been the most common method to treat patients
with short expected survival and multiple brain metastases for
decades.13 Whereas the acute toxicities after WBRT are
mostly mild and reversible, late effects such as progressive
cognitive dysfunctions may profoundly impair the patients’
quality of life and functions.14,15

Stereotactic radiosurgery (SRS) allows small intracranial le-
sions to be treated with high radiation doses in one or few
fractions. SRS is most often used for patients with a limited
number of brain metastases, typically 1–4, brain metastases
with a diameter <4 cm, or after surgical resection,15–18

increasingly used also in patients with �5 brain metasta-
ses.19,20 This technique significantly increases local control
and reduces radiation dose to healthy brain tissue compared
to WBRT.21 Hence, profound long-term side effects such as
impaired cognitive function are less common than for
WBRT.15 However, subsequent development of brain tissue
radionecrosis after SRS is a relatively rare, but clinically rele-
vant with serious late side effect that increases with dose of
RT, treated brain volume and previous RT to the same
region.22

Although overall survival (OS) for breast cancer patients
with brain metastases is considerably longer compared to
other cancer diagnoses, such as lung and melanoma, the prog-
nosis is generally poor.23 Reported median OS after brain
metastasis diagnosis in breast cancer patients varies from 7
to 15 months, although some patients live substantially
longer.6,9,11 Reported OS in breast cancer patients after treat-
ment with either WBRT alone or SRS was 4–8 and 13–16
months, respectively.9,10,24 Patients with poorly controlled
extracranial disease and poor performance status are more
often referred to WBRT23 implying a generally shorter OS
compared to patients referred to SRS. Further, studies on
the effect of WBRT and SRS in combination versus SRS
alone have not shown significant differences in OS. However,
improved quality of life and cognitive function was found af-
ter 3–4 months in patients treated with SRS alone.15,25 The
use of SRS is increasing overall, including in breast cancer pa-
tients with brain metastases.24,26 As length of survival after
brain metastasis diagnosis is increasing,8 prevention of late
side effects becomes more important. Therefore, it is relevant
to gain knowledge about clinical practice by studying changes
over time in the use of RT and survival after RT for brain me-
tastases in breast cancer patients. At Oslo University Hospital-
Radiumhospitalet (OUH), use of SRS started in 2008, and
the first breast cancer patient was treated in 2009. OUH is
the only institution providing SRS in our health care region,
covering approximately 3 million people (60% of the Norwe-
gian population). This study aimed to investigate the use of
RT and factors affecting OS in breast cancer patients treated
for brain metastases at OUH during the period of 2008–
2018.
Materials and methods
Patients
All breast cancer patients with brain metastases who
received RT to the brain from January 2008 through
December 2018 at OUH were identified from the hospital’s
RT register. Inclusion criteria were females who received
and completed RT treatment for parenchymal brain
and Radiation Sciences - (2021) 1-9



Table 1

Patient characteristics.

n (%)

Included patients 255 (100)

Median age in years at BM diagnosis [min, max] 58.8 [31.4, 89.4]

<65 years 178 (70)

�65 years 76 (30)

Missinga 1 (0.4)

Median follow-up in months [min, max] 8.2 [0.1, 75.8]

Mean follow-up in months (SD) 13.2 (�14)

Median follow-up in months in patients

alive [min, max]

21.1 [10.9, 67.2]

ECOG performance status at BM diagnosis

0 102 (40)

1 90 (35)

2 48 (19)

3 14 (6)

Unknown 1 (0.4)

Histology

IDC 240 (94)

ILC 9 (3)

Other 2 (1)

Unknown 4 (2)

Estrogen receptor status

Positive 138 (54)

Negative 109 (43)

Unknown 8 (3)

Progesteron receptor status

Positive 88 (35)

Negative 159 (62)
metastases, diagnosed by brain imaging. A total of 255 pa-
tients met the inclusion criteria.

Demographic patient data including age, date of brain
metastasis diagnosis, number of brain metastasis lesions,
Eastern Cooperative Oncology Group (ECOG)27 perfor-
mance status at time of initial RT, extracranial disease, histo-
logic subgroup and data on brain metastasis treatment, both
RT and surgery were collected from the electronic medical re-
cords. Histologic information and receptor status were
collected from the primary tumor in most patients, and
from brain metastases in patients who had had brain metas-
tasis surgery (n ¼ 41). In patients with no information on
ECOG, performance-status at the time of initial RT was esti-
mated based on the clinical information in the medical re-
cords. DS-GPA scores were calculated in patients with
available data (236/255) on genetic subtype, Karnofsky’s Per-
formance Status (KPS) and age. DS-GPA incorporates KPS,
therefore, ECOG status was converted to KPS: ECOG
0 ¼ KPS 90–100, ECOG 1 ¼ KPS 80 and ECOG
�2 ¼ KPS�70.28 Further, four DS-GPA groups were
defined (Table 2) based on the sum of scores given by the
following scores: Age �60 ¼ 0, <60 ¼ 0.5. KPS
�50 ¼ 0, 60 ¼ 0.5, 70–80 ¼ 1, 90–100 ¼ 1.5. Genetic sub-
type Basal ¼ 0, Luminal A ¼ 1, HER2 ¼ 1.5, Luminal
B ¼ 2.29 Groups were created for scores 0–1.0, 1.5–2.0,
2.5–3.0 and 3.5–4.0.
Unknown 8 (3)

HER2 status
Radiation treatment planning and delivery

Positive 94 (37)

Negative 146 (57)

Unknown 15 (6)

Genetic subtype

Basal 57 (22)

Luminal A 86 (34)

Luminal B 53 (21)

HER2 41 (16)

Unknown 18 (7)

Number of BM at time of BM diagnosis

1 64 (25)

2-4 71 (28)

�5 120 (47)

Extracranial disease

Yes 191 (75)

No 62 (24)

Unknown 2 (1)

Alive at end of follow-up

Yes 27 (11)

No 228 (89)

Radiation therapyb

Initial WBRT 206 (81)

Initial SRS 49 (19)

BM surgeryb

Before initial RT 35 (14)

After initial RT 6 (2)

Abbreviations: BM ¼ Brain Metastasis, SD ¼ Standard

Deviation, ECOG ¼ Eastern Cooperative Oncology Group, IDC

¼Intraductal Carcinoma, ILC ¼ Intralobular Carcinoma, HER2
Patients receiving WBRT were immobilized in thermo-
plastic masks and had a RT plan with two laterally opposed
treatment fields created in Oncentra Masterplan v.4.5.3
(Elekta, Stockholm, Sweden) on the base of a RT planning
CT. Treatment fields covered all brain tissue, treatment deliv-
ery was 5 fractions/week. The treatment planning and delivery
of WBRT remained consistent throughout the study period.

Patients receiving SRS were immobilized in framed ther-
moplastic masks and treatment planning was performed in
iPlan RT Dose v.4.5.5 (BrainLab, Munich, Germany) or
Raystation v.9.a (Raysearch, Stockholm, Sweden) based on
co-registered CT and Magnetic Resonance images.

Prescribed doses and fractionation were due to Radiation
Therapy Oncology Group (RTOG) and European Associa-
tion of Neuro-Oncology (EANO) guidelines, taking into ac-
count localization, size and number of brain metastasis
lesions, dose to healthy brain tissue and prior WBRT or brain
metastasis surgery. Fractionated SRS was delivered with at
least one day between fractions to reduce the risk of brain
edema. For SRS, a consistent treatment planning was em-
ployed during the study period. Moreover, SRS was delivered
using a Varian Clinac linear accelerator with 5 mm multi leaf
collimators (MLC) until 2013. From 2013, treatment was
delivered by a Varian TrueBeam STx with 2.5 mm MLC.
¼ human epidermal growth factor 2, RT ¼ Radiation Therapy,

WBRT ¼ Whole Brain Radiation Therapy, SRS ¼
Statistical analysis

Stereotactic RadioSurgery.

a Date of BM diagnosis unknown.
b For details, see Fig. 1.
Standard descriptive statistics were used for patient charac-
teristics. OS was analyzed from date of the first RT treatment
A. Gullhaug et al./Journal of Medical Imaging and Radiation Sciences - (2021) 1-9 3



until death or date of final data collection (October 1, 2019),
using the Kaplan–Meier method. Groups were compared
based on clinical and treatment related factors by the log-
rank test. All tests were two-sided, and a statistic level of sig-
nificance was set to p < 0.05. Multivariate Cox regression
analysis was performed using those covariates that were statis-
tically significant in the univariate analysis, excluding DS-
GPA, to calculate effect sizes given as hazard ratios. Statistical
analyses were carried out using IBM SPSS Statistics for Win-
dows, version 26.0. (IBM Corporation, Armonk, NY, USA).
Ethics
The Data Protection Officer at OUH approved the review
of data included in this retrospective study (reference no. 17/
17690). The Regional Committees for Medical and Health
Research Ethics considered this as a quality assurance study,
not requiring any formal approval (reference no. 2017/
2535). As most patients had died at the time of data collec-
tion, informed consent was waived after consideration by
the Norwegian Directorate of Health (reference no. 18/
5770). Patients alive at the time of final data collection
received written information about the study with opportu-
nity to withdraw from participation, which no one did.

Results

Demographic characteristics for the 255 included patients
are shown in Table 1. The mean follow-up time from diag-
nosis of brain metastases was 13.2 months. An overview of
local brain metastasis treatment is illustrated in Fig. 1.

A total of 206 of 255 patients (81%) received initial
WBRT (Table 2 and Fig. 1). Of these 206 patients, 178
(87%) received WBRT as the only RT treatment, while the
remaining 28 also received salvage SRS after prior WBRT.
Twenty-eight in this group had brain metastasis surgery
before (n ¼ 23) or after (n ¼ 5) initial WBRT (Fig. 1).
Fig. 1. An overview of local RT treatment of breast

4 A. Gullhaug et al./Journal of Medical Imaging
Seventy-seven breast cancer patients were treated with SRS.
Of these, 49 patients received SRS as initial RT as shown in
Figs. 1 and 2 and Table 2. Of the 49 patients with SRS as
initial RT, 36/49 (73%) were treated with SRS alone while
13 received salvage WBRT and 4 patients received SRS twice
(Table 2, Fig. 1). The first SRS was given in 2009 with var-
iations in use during the following years, and SRS as initial
RT became more common in the second half of the study
period as presented in Fig. 2. The only year more patients
were treated with SRS (n ¼ 17) compared to WBRT
(n ¼ 13) was 2018 (Fig. 2).

Fractionation in 94% of patients treated with WBRT was
3 Gy � 10. Single fraction was most often used in patients
receiving SRS treatments in the period 2009–2016, frequently
used doses were 18 Gy (39%) and 25 Gy (20%) (Table 2 and
Fig. 3). Fractionated SRS was most common in 2017 and
2018 and was delivered with 3 fractions of 6–9 Gy per frac-
tion (Figs. 2 and 3).

Of the patients receiving initial WBRT, 42% had �4
brain metastases, whereas all patients treated with SRS
(both initial SRS and salvage SRS) had � 4 brain metastases
(Table 2). Fig. 2 demonstrates a reduction in the use of initial
WBRT for patients with �4 brain metastases from 44% in
2008–2015 to 30% in 2016–2018.

Median OS for the 255 patients was 8.6 months (Table 2).
Median OS was 5.6 and 23.3 months (p < 0.001) for patients
treated with initial WBRT or initial SRS, respectively. For the
total patient cohort, 12-months survival was 41%, with 15%
alive after 24 months (Table 2, Fig. 4).

Median OS after initial RT for patients with DS-GPA 0–
1.0, 1.5–2.0, 2.5–3.0 and 3.5–4.0 was 7.2, 6.6, 10.2 and 17.4
months, respectively. Furthermore, one year OS was 19%,
37%, 46% and 61%, respectively (Table 2, Fig. 4).

In addition to RT technique, other factors significantly
associated with OS in the univariate analyses were age, perfor-
mance status, extracranial disease, brain metastasis surgery
cancer patients after brain metastasis diagnosis.

and Radiation Sciences - (2021) 1-9



Table 2

OS and factors associated with OS after BM radiation treatment.

Parameter No of patients Median overall

survival

months

[min, max]

Univariate

p-value

(95% CI)

Multivariate 3 months

survival

n¼ (%)

6 months

survival n¼ (%)

12 months

survival n¼ (%)

24 months

survival n¼(%)
HR (95% CI) p-value

Included patients 255 8.2 [0.1, 75.8] (7.1–12.3) 190 (74.5) 156 (61.2) 100 (41.1 40 (15.7)

Age at BM diagnosis (years) <.001

<65 179 10.6 [0.3, 75.8] (7.9–13.3) Referencea 143 (79.9) 122 (68.2) 85 (47.4) 44 (21.0)

�65 76 4.1 [0.1, 46.7] (2.3–5.8) 1.3 (1.0–1.8) .083 46 (60.5) 33 (43.4) 19 (25.0) 10 (14.1)

ECOG-status at BM diagnosis <.001

0 102 16.5 [0.1, 71.3] (12.4–20.6) Reference 90 (88.2) 81 (79.4) 58 (56.9) 23 (22.5)

1 90 8.1 [0.3, 75.8] (6.6–9.5) 1.1 (0.8–1.4) <.001 74 (82.2) 54 (60.0) 32 (35.6) 14 (15.6)

2 48 2.2 ([0.1, 66.0] (1.6–2.8) 1.8 (1.2–2.7) <.001 21 (43.8) 18 (37.5) 8 (16.7) 3 (6.3)

3 14 2.2 [0.6, 13.0] (1.4–3.0) 3.2 (1.7–5.8) .03 4 (28.6) 2 (14.3) 1 (7.1) 0 (0.0)

Extracranial disease present at

BM diagnosis

.008

Yes 191 6.4 [0.1, 71.3] (5.0–20.8) Reference 131 (68.6) 107 (56.0) 67 (35.1) 28 (14.7)

No 62 12.8 [0.4, 75.8] (5.9–9.0) 0.8 (0.6–1.2) .40 57 (91.9) 47 (75.8) 32 (51.6) 12 (19.4)

Initial type of RT <.001

SRS 49 23.3 [0.1, 49.1] (15.6–31.0) Reference 45 (91.8) 43 (87.8) 28 (57.1) 14 (28.8)

WBRT 206 5.6 [0.5, 71.3] (3.9–7.4) 1.4 (0.9–2.0) .11 145 (70.4) 113 (54.9) 72 (35.0) 26 (12.6)

BM surgery before or after

initial RT

<.001

Yes 41 23.2 [1.5, 75.8] (17.2–29.2) Reference 39 (95.1) 36 (87.8) 27 (65.8) 14 (34.1)

No 214 7.4 [0.1, 71.3] (6.0–8.9) 1.9 (1.2–3.0) .004 151 (70.6) 120 (56.1) 73 (34.1) 26 (12.1)

Number of BM lesions <.001

1 64 12.2 [0.3, 75.8] (7.2–17.2) Reference 56 (87.5) 52 (81.3) 33 (53.2) 14 (21.9)

2–4 71 9.0 [0.1, 67.2] (5.8–12.1) 1.3 (1.0–1.6) .74 50 (70.4) 42 (59.2) 29 (40.1) 15 (21.1)

�5 120 6.2 [0.6, 71.3] (2.4–8.0) 1.8 (1.3–2.3) .67 84 (70.0) 62 (51.7) 38 (31.7) 11 (9.2)

No of BM lesions treated with

initial WBRT

.16

1 33 8.7 [0.9, 75.8] (6.4–11.0) 30 (91.0) 25 (75.8) 13 (39.4) 7 (21.2)

2–4 53 4.5 [0.5, 67.2] (0.0–9.2) 31 (58.0) 25 (47.2) 18 (34.0) 4 (7.5)

�5 120 6.5 [0.6, 71.3] (4.4–8.5) 82 (68.3) 61 (50.8) 41 (34.2) 14 (11.7)

No of BM lesions treated with

initial SRS

.72

1 31 22.5 [0.3, 49.1] (8.1–37.0) 28 (90.3) 28 (90.3) 17 (54.8) 9 (29.0)

2–4 18 24.3 [0.1, 45.6] (15.4–33.3) 15 (83.3) 15 (83.3 11 (61.1) 5 (27.8)

�5 0 – – – – – – – –

DS-GPA .016

0–1.0 21 7.2 [0.8, 15.2] (2.1–12.4) 16 (76.2) 11 (52.4) 4 (19.0) 2 (9.5)

1.5–2.0 82 6.6 [0.1, 75.8] (3.8–9.4) 53 (65.4) 43 (53.1) 28 (36.9) 10 (17.4)

2.5–3.0 88 10.2 [0.6, 71.3] (6.2–14.2) 73 (82.0) 62 (69.7) 40 (46.0) 18 (23.0)

3.5–4.0 45 17.4 [0.6, 13.0] (13.6–21.2) 37 (84.1) 33 (75.0) 25 (61.4) 9 (25.1)

Fractionation scheme WBRT .98

3Gy � 10 205 7.8 [0.5, 78.5] (6.5–9.2) 147 (71.7) 117 (57.1) 72 (35.1) 30 (14.6)

(continued on next page)
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before or after RT, number of brain metastasis lesions and
DS-GPA group (p < 0.05, Table 2). However, in the multi-
variate regression analysis, ECOG �1 and no brain metastasis
surgery remained associated with inferior OS as shown by the
HR in Table 2. DS-GPA was left out of the multivariate anal-
ysis as it is a combination of factors included in the univariate
analyses.
Discussion

In this study, the use of RT and factors affecting OS were
investigated in 255 breast cancer patients receiving RT for
brain metastases from 2008 to 2018 at OUH. The majority
of the patients (81%) received initial WBRT. The use of
SRS as initial RT was not common in the period from
2009 to 2014 but increased from 2015. Patients receiving
initial SRS had longer OS than those treated with initial
WBRT. Additional treatment with brain metastasis surgery
and ECOG ¼ 0 were significantly associated with longer
OS in multivariate analyses.

WBRT is reported as the most common RT technique in
treatment of brain metastases in breast cancer patients in the
studies carried out by Znidaric et al.,9 Pasquier et al.24 and
Kim et al.,30 covering patients treated between 2000 and
2015. The results of the current study (Table 2) agree with
these findings. Bentley and colleagues31 found that SRS was
the most frequently used local therapy in a retrospective audit
from the UK for the years 2016–2017. In our study the use of
SRS as initial RT peaked in 2018, also showing a greater
number of patients treated with SRS compared to WBRT.
Our results also show that during 2015–2018, the preferred
choice of RT treatment in patients with �4 brain metastasis
lesions was SRS, and this change in choice of RT might be
associated with experience in using SRS, more specific guide-
lines and knowledge about the late side effects after WBRT.
Still, about 42% of the patients with �4 brain metastases
received initial WBRT in our study indicating that traditions
may still play a role in clinical practice when deciding RT
technique for brain metastases.

A Swedish cohort study by Frisk et al. (17) reported that
fractionation schemes of 4 Gy � 5 and 3 Gy � 10 were
used in 88% and 12% of 241 breast cancer patients treated
with WBRT, respectively. Another study have reported a me-
dian total dose of 30 Gy and 3 Gy � 10 fractionation regime
as the most employed fractionation in WBRT treatment of
breast cancer patients.9 Studies have shown that the use of
4 Gy � 5 or 3 Gy � 10 do not seem to have statistically
significantly different impact on symptom relief or neurologic
function and OS after WBRT is not affected by fractionation,
as most patients do not decease from brain metastases.7,32,33

In our study, 3 Gy � 10 was the most commonly used frac-
tionation. This result reflects the fractionation recommenda-
tion of 3 Gy � 10 described in treatment guidelines by the
Norwegian Breast Cancer Group.34 When using SRS, a single
fractionation of 18–20 Gy is most commonly reported,9,35,36

corresponding with our finding with 18 Gy � 1 as the most
and Radiation Sciences - (2021) 1-9



Fig. 2. Use of RT treatment in breast cancer patients with brain metastases during 2008–2018.
common fractionation. However, the results of our study
show an increase of using fractionated SRS in the period
2016–2018. An increased awareness of the risk factors of ra-
dionecrosis following SRS, change of local treatment tradition
and or the EANO guidelines7 together might have contrib-
uted to make fractionated SRS more common.

The results of the current study show a median OS of 8.6
months corresponding with median OS from 7.6 months to
9.1 months as reported in other breast cancer studies.9,11,24,37

Furthermore, our results along with the results of two earlier
studies (10, 32) show a significant difference in OS in patients
treated with initial WBRT versus those treated with initial
Fig. 3. Fractionation schemes using WB

A. Gullhaug et al./Journal of Medical Imaging
SRS (p < 0.001). Most likely, this difference in OS is due
to patient selection rather than the radiation technique itself,
as initial RT technique was not associated with OS in the
multivariate analyses. Furthermore, the initial SRS group
(n ¼ 49) in our cohort was much smaller compared to initial
WBRT group (n ¼ 206) and thirteen of the SRS patients had
surgery before or after RT. This might have an impact on the
estimated OS after initial SRS.

Our results show that 30% of the patients died within 3
months after start of WBRT. Moreover, 25% of the included
patients had ECOG �2 at start of RT. This indicates that RT
treatment was given to patients with a limited life expectancy,
RT and SRS during 2008–2018.

and Radiation Sciences - (2021) 1-9 7



Fig. 4. Overall survival by initial RT and DS-GPA.
and a relatively poor performance status. Hence, there is
reason to believe that a proportion of these patients had little
benefit of the RT and might have been better off with best
supportive or specialized palliative care. In this respect, assess-
ment of patient preferences and patient-reported symptom
burden should guide treatment decisions and must be part
of all consultations prior to start of treatment. These factors
are essential outcomes but there is a paucity of studies con-
ducting longitudinal follow-up conducting longitudinal
studies, resulting in a lack of data to support improved OS
or quality of life in patients receiving WBRT over best sup-
portive care.38

The DS-GPA is designed to aid in the treatment decisions
by providing a prognostic score for OS based on age, perfor-
mance status and here; subtype of breast cancer. In our study,
median OS in the most favorable DS-GPA groups of 3.5–4
and 2.5–3 was 17 and 10 months, respectively. In the less
favorable DS-GPA groups of 0–1 and 1.5–2 an inferior OS
of approximately 7 months was observed. The OS in group
3.5–4 corresponds to findings by Znidaric et al.9 and Sper-
duto et al.,10 reporting median OS of 24 and 25 months,
respectively, while group 0–1 had shortest OS of 3 months
in both studies. The difference in OS in our study versus
above mentioned studies might be due to the fact that our
study had a cohort size of about 60% of the above-
mentioned studies, and they also included patients with lepto-
meningeal disease.

The impact of other univariate individual factors such as
age, performance status, surgery, extracranial disease and
number of lesions on OS in our study is in agreement with
the results of other relevant studies.9–11,23,30,31,36,37 Further-
more, our results of the multivariate regression analysis indi-
cating an inferior OS in patients with ECOG �1 and no
brain metastasis surgery as shown by the HR in Table 2 corre-
spond with the results of earlier studies.9,10,24,37

There are several limitations to this retrospective study.
One of the limitations was the lack of information on sys-
temic treatment which leaves the impact of systemic
8 A. Gullhaug et al./Journal of Medical Imaging
treatments on OS unknown, however, all patients received
treatment according to standard guidelines. Additionally,
the statistical analyses were not adjusted for the time factor
showing improved OS over time.8 Also, the number of pa-
tients in some groups (e.g. initial SRS, or patients treated
with surgery) were small, and the estimates regarding OS in
these groups must be interpreted with caution. Another lim-
itation noted was the ECOG estimation in patients with
lack of ECOG evaluation. Furthermore, the results of the
multivariate analyses including brain metastasis surgery
should be interpreted with caution due to the small number
of this patient group. On the other hand, the population
investigated covers more than half of Norway’s population,
and this gives detailed information on the clinical practice
regarding use of RT in breast cancer patients with brain me-
tastases for more than a decade.

Conclusion

WBRT was the most commonly used RT technique, but
increased use of SRS was observed in the second half of the
study period. The longest OS was observed in patients treated
with initial SRS, but can probably be associated with patient
selection. ECOG 0 and brain metastasis surgery were associ-
ated with superior OS in multivariate analysis. As 30% of pa-
tients died within 3 months after RT, this may indicate that
the use of RT in brain metastasis patients with poor perfor-
mance status may be of little benefit to the patients and
must be seriously considered.

References

1. Chamberlain MC, Baik CS, Gadi VK, Bhatia S, Chow LQ. Systemic

therapy of brain metastases: non-small cell lung cancer, breast cancer,

and melanoma. Neuro Oncol. 2017;19:i1–i24.
2. Lin NU. Breast cancer brain metastases: new directions in systemic ther-

apy. Ecancermedicalscience. 2013;7:e307.
3. Gil-Gil MJ, Martinez-Garcia M, Sierra A, et al. Breast cancer brain me-

tastases: a review of the literature and a current multidisciplinary manage-

ment guideline. Clin Transl Oncol. 2014;16:436–446.
and Radiation Sciences - (2021) 1-9

http://refhub.elsevier.com/S1939-8654(21)00002-3/sref1
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref1
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref1
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref2
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref2
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref3
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref3
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref3


4. Tabouret E, Chinot O, Metellus P, Tallet A, Viens P, Goncalves A.

Recent trends in epidemiology of brain metastases: an overview. Anti-
cancer Res. 2012;32:4655–4662.

5. Possanzini M, Greco C. Stereotactic radiotherapy in metastatic breast

cancer. Breast. 2018;41:57–66.
6. Rostami R, Mittal S, Rostami P, Tavassoli F, Jabbari B. Brain metastasis

in breast cancer: a comprehensive literature review. J Neuro Oncol.
2016;127:407–414.

7. Soffietti R, Abacioglu U, Baumert B, et al. Diagnosis and treatment of

brain metastases from solid tumors: guidelines from the European As-

sociation of Neuro-Oncology (EANO). J Neuro Oncol. 2017;19:162–
174.

8. Sperduto PW, Mesko S, Li J, et al. Beyond an updated graded prognostic

assessment (breast GPA): a prognostic index and trends in treatment and

survival in breast cancer brain metastases from 1985 to today. Int J Radiat
Oncol Biol Phys. 2020;107:334–343.

9. Znidaric T, Gugic J, Marinko T, et al. Breast cancer patients with brain

metastases or leptomeningeal disease: 10-year results of a national cohort

with validation of prognostic indexes. Breast. 2019:1117–1125.
10. Sperduto PW, Kased N, Roberge D, et al. Effect of tumor subtype on

survival and the graded prognostic assessment for patients with breast

cancer and brain metastases. Int J Radiat Oncol Biol Phys.
2012;82:2111–2117.

11. Subbiah IM, Lei X, Weinberg JS, et al. Validation and development of a

modified breast graded prognostic assessment as a tool for survival in pa-

tients with breast cancer and brain metastases. J Clin Oncol.
2015;33:2239–2245.

12. Lassman AB, DeAngelis LM. Brain metastases. Neurol Clin. 2003;21:1–
23. vii.

13. Brown PD, Ahluwalia MS, Khan OH, Asher AL, Wefel JS, Gondi V.

Whole-brain radiotherapy for brain metastases: evolution or revolution?

J Clin Oncol. 2018;36:483–491.
14. Mulvenna P, Nankivell M, Barton R, et al. Dexamethasone and support-

ive care with or without whole brain radiotherapy in treating patients

with non-small cell lung cancer with brain metastases unsuitable for

resection or stereotactic radiotherapy (QUARTZ): results from a phase

3, non-inferiority, randomised trial. Lancet. 2016;388:2004–2014.
15. Brown PD, Jaeckle K, Ballman KV, et al. Effect of radiosurgery alone vs

radiosurgery with whole brain radiation therapy on cognitive function in

patients with 1 to 3 brain metastases: a randomized clinical TrialSRS

with or without WBRT and cognitive function in patients with brain

MetastasesSRS with or without WBRT and cognitive function in patients

with brain metastases. J Am Med Assoc. 2016;316:401–409.
16. Owonikoko TK, Arbiser J, Zelnak A, et al. Current approaches to the

treatment of metastatic brain tumours. Nat Rev Clin Oncol.
2014;11:203–222.

17. Brown PD, Ballman KV, Cerhan JH, et al. Postoperative stereotactic ra-

diosurgery compared with whole brain radiotherapy for resected metasta-

tic brain disease (NCCTG N107C/CEC$3): a multicentre, randomised,

controlled, phase 3 trial. Lancet Oncol. 2017;18:1049–1060.
18. Mahajan A, Ahmed S, McAleer MF, et al. Post-operative stereotactic ra-

diosurgery versus observation for completely resected brain metastases: a

single-centre, randomised, controlled, phase 3 trial. Lancet Oncol.
2017;18:1040–1048.

19. Limon D, McSherry F, Herndon J, et al. Single fraction stereotactic ra-

diosurgery for multiple brain metastases. Adv Radiat Oncol. 2017;2:555–
563.

20. Kraft J, Zindler J, Minniti G, Guckenberger M, Andratschke N. Stereo-

tactic radiosurgery for multiple brain metastases. Curr Treat Options Neu-
rol. 2019;21:6.
A. Gullhaug et al./Journal of Medical Imaging
21. Nieder C, Grosu AL, Gaspar LE. Stereotactic radiosurgery (SRS) for

brain metastases: a systematic review. Radiat Oncol. 2014;9:155.
22. Korytko T, Radivoyevitch T, Colussi V, et al. 12 Gy gamma knife radio-

surgical volume is a predictor for radiation necrosis in non-AVM intra-

cranial tumors. Int J Radiat Oncol Biol Phys. 2006;64:419–424.
23. Frisk G, Tinge B, Ekberg S, et al. Survival and level of care among breast

cancer patients with brain metastases treated with whole brain radio-

therapy. Breast Cancer Res Treat. 2017;166:887–896.
24. Pasquier D, Darlix A, Louvel G, et al. Treatment and outcomes in pa-

tients with central nervous system metastases from breast cancer in the

real-life ESME MBC cohort. Eur J Cancer. 2020;125:22–30.
25. Chang EL, Wefel JS, Hess KR, et al. Neurocognition in patients with

brain metastases treated with radiosurgery or radiosurgery plus whole-

brain irradiation: a randomised controlled trial. Lancet Oncol.
2009;10:1037–1044.

26. Barbour AB, Jacobs CD, Williamson H, et al. Radiation therapy practice

patterns for brain metastases in the United States in the stereotactic radio-

surgery era. Adv Radiat Oncol. 2020;5:43–52.
27. de Kock I, Mirhosseini M, Lau F, et al. Conversion of Karnofsky perfor-

mance status (Kps) and eastern cooperative oncology group performance

status (ecog) to palliative performance scale (Pps), and the interchange-

ability of Pps and Kps in prognostic tools. J Palliat Care.
2013;29:163–169.

28. Ma C, Bandukwala S, Burman D, et al. Interconversion of three mea-

sures of performance status: an empirical analysis. Eur J Cancer.
2010;46:3175–3183.

29. Sperduto PW, Kased N, Roberge D, et al. Summary report on the graded

prognostic assessment: an accurate and facile diagnosis-specific tool to es-

timate survival for patients with brain metastases. J Clin Oncol.
2012;30:419–425.

30. Kim JS, Kim K, Jung W, et al. Survival outcomes of breast cancer pa-

tients with brain metastases: a multicenter retrospective study in Korea

(KROG 16-12). Breast. 2019;49:41–47.
31. Bentley R, O’Cathail M, Aznar-Garcia L, Crosby V, Wilcock A,

Christian J. Defining patterns of care in the management of patients

with brain metastases in a large oncology centre: a single-centre retrospec-

tive audit of 236 cases. Eur J Cancer Care. 2019:e13059.
32. Tsao MN, Lloyd N, Wong RK, et al. Whole brain radiotherapy for the

treatment of newly diagnosed multiple brain metastases. Cochrane Data-
base Syst Rev. 2012:CD003869.

33. Gaspar LE, Mehta MP, Patchell RA, et al. The role of whole brain radi-

ation therapy in the management of newly diagnosed brain metastases: a

systematic review and evidence-based clinical practice guideline. J Neuro
Oncol. 2010;96:17–32.

34. Norsk Bryst Cancer Gruppe. Nasjonalt Handlingsprogram Med Retning-
slinjer for Diagnostikk, Behandling Og Oppfølging Av Pasienter Med Brystk-
reft. Oslo: Helsedirektoratet; 2018.

35. Armstrong K, Ward J, Dunne M, et al. Linac-based radiosurgery for pa-

tients with brain oligometastases from a breast primary, in the trastuzu-

mab era-impact of tumor Phenotype and Prescribed SRS dose. Front
Oncol. 2019;9:377.

36. Bilger A, Frenzel F, Oehlke O, et al. Local control and overall survival

after frameless radiosurgery: a single center experience. Clin Transl Radiat
Oncol. 2017;7:55–61.

37. Griguolo G, Jacot W, Kantelhardt E, et al. External validation of Modi-

fied Breast Graded Prognostic Assessment for breast cancer patients with

brain metastases: a multicentric European experience. Breast.
2018;37:36–41.

38. Spencer K, Parrish R, Barton R, Henry A. Palliative Radiotherapy. vol.
360. 2018:k821.
and Radiation Sciences - (2021) 1-9 9

http://refhub.elsevier.com/S1939-8654(21)00002-3/sref4
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref4
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref4
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref5
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref5
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref6
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref6
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref6
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref7
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref7
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref7
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref7
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref8
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref8
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref8
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref8
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref9
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref9
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref9
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref10
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref10
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref10
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref10
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref11
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref11
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref11
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref11
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref12
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref12
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref13
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref13
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref13
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref14
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref14
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref14
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref14
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref14
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref15
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref15
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref15
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref15
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref15
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref15
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref16
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref16
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref16
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref17
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref17
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref17
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref17
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref17
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref18
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref18
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref18
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref18
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref19
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref19
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref19
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref20
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref20
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref20
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref21
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref21
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref22
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref22
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref22
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref23
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref23
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref23
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref24
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref24
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref24
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref25
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref25
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref25
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref25
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref26
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref26
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref26
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref27
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref27
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref27
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref27
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref27
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref28
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref28
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref28
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref29
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref29
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref29
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref29
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref30
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref30
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref30
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref31
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref31
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref31
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref31
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref32
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref32
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref32
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref33
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref33
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref33
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref33
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref34
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref34
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref34
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref34
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref35
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref35
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref35
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref35
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref36
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref36
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref36
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref37
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref37
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref37
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref37
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref38
http://refhub.elsevier.com/S1939-8654(21)00002-3/sref38

	Use of radiotherapy in breast cancer patients with brain metastases– a retrospective 11-year single center study
	Introduction
	Materials and methods
	Patients
	Radiation treatment planning and delivery
	Statistical analysis
	Ethics

	Results
	Discussion
	Conclusion
	References


