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Abstract. Brain metastases (BM) from breast cancer are 
associated with high morbidity and a poor prognosis. The 
aim of this study was to analyse the role of radiotherapy in 
treatment of BM from breast cancer in the context of modern 
local therapy modalities, current systemic treatment options 
and prognostic factors. A retrospective analysis of 86 consecu-
tive female patients treated with radiotherapy for BM from 
breast cancer between 2000 and 2010 was conducted. Patient 
and treatment characteristics were registered and survival data 
calculated. All patients received whole‑brain radiotherapy 
(WBRT) with a median dose of 36 Gy, and 19 patients were 
treated with an additional boost; this included fractionated 
schemes (median dose, 18 Gy) and radiosurgery (5 and 17 Gy). 
The median overall survival time from the start of WBRT 
was 4.1 months in the present cohort. Patients receiving a 
boost survived 19.7 months in comparison to 3.1 months for 
patients treated with WBRT alone (P<0.001). Other factors 
that improved overall survival, based on a univariate analysis, 
were dose of WBRT and number of BM. There was no statis-
tical evidence for the influence of the human epidermal growth 
factor receptor 2 status on survival in the current study. The 
administration of boost treatment following WBRT was also 
identified as a significant factor influencing survival on multi-
variate analysis (P=0.030). In conclusion, radiotherapy affects 
the survival time of patients with BM from breast cancer. In 
particular, the implementation of boost treatment following 
WBRT in selected patients seems to extend survival time.

Introduction

The most common brain tumours are intracranial metas-
tases (1). Over 20% of patients with solid malignant tumours 
develop brain metastases (BM); patients with small‑cell lung 
cancer (45%), melanomas (45%), non‑small‑cell lung cancer 
(30%), breast cancer and renal cancer (20%) have the highest 
risk for the occurrence of intracranial metastases  (2). The 
incidence of clinically detected BM in patients with meta-
static breast cancer is 16‑20%, and autopsy studies suggest a 
prevalence of BM of up to 34% (3‑6). A number of risk factors 
for cerebral metastases in breast cancer patients have been 
reported in the literature; in addition to young age (<35 years), 
large primary tumour size (>2  cm)and negative estrogen 
receptor (ER) status, the overexpression of human epidermal 
growth factor receptor 2 (HER2) has been demonstrated to be 
associated with a higher risk of BM (7‑10).

The management of BM includes radiotherapeutic, surgical 
and medical options. Consideration of a local treatment 
modality depends on the number of intracranial metastases 
and potential local complications resulting from their loca-
tion and size. Patients with multiple BM typically receive 
whole‑brain radiotherapy (WBRT), whilst neurosurgery or 
stereotactic radiosurgery (SRS) are possible treatment options 
for patients with a single BM. The application of intrathecal 
chemotherapy may be selected as the therapeutic regime in 
cases with meningeal involvement (11).

The aim of the current study was to characterise the role 
of radiotherapy in patients with BM from metastatic breast 
cancer in the context of modern local therapy modalities, 
current systemic treatment options and prognostic factors.

Patients and methods

Patients. The current retrospective analysis was conducted on 
female patients with BM from breast cancer who were treated 
at the Department of Radiation Oncology of Martin Luther 
University Halle‑Wittenberg [Halle (Saale), Germany] between 
the January 2000 and December 2010. A total of 86 consecu-
tive patients were identified. Patient charts were reviewed to 
obtain data regarding the primary tumour, including the date 
of diagnosis, ER status and HER2 status, in addition to data 
on the diagnosis of metastatic disease, including BM, as well 
as treatment and follow‑up information. Survival status was 
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determined via local registry offices for each patient. This 
retrospective analysis was performed in concordance with the 
Helsinki declaration.

Statistical analysis. Overall survival was defined as the 
time from the start of radiotherapy of BM until the date of 
mortality or last follow‑up. Patients were censored if alive at 
last follow‑up. Survival analyses were performed using SPSS 
software version 19 (IBM SPSS, Armonk, NY, USA). Survival 
times were calculated by the Kaplan‑Meier method, and 
survival of subgroups was compared by log‑rank test. P<0.050 
was considered to indicate a statistically significant difference. 
In order to identify confounding factors, the multivariate Cox 
regression method was used.

Results

Baseline characteristics. Patient characteristics are presented 
in Table I. The age at initial diagnosis ranged from 26 to 81 years 
(median, 57.7 years) in the present cohort. In 38 cases (44.2%), 
there was detection of ER or progesterone receptor (PR) or 
both; 39 patients (45.4%) had hormone receptor (HR)‑negative 
breast cancer at diagnosis. The HER2‑overexpressing group, 
including those with HER2 expression detected at any time, 
contained 35  patients (40.7%). BM were diagnosed via 
computed tomography (29%) or magnetic resonance imaging 
(64%), whilst the type of imaging was not documented in 7%. 
The median time from diagnosis of primary tumour until 
detection of BM was 33.4 months (range, 0‑391.03 months). 
More than 3 BM were found in 55 patients (64.0%). There 
were 34 patients (39.5%) in whom the diameter of the largest 
BM was ≤20 mm.

Therapy for BM included WBRT for all patients. The 
dose ranged from 3  to 46 Gy (median dose, 36 Gy; early 
termination after 3 Gy in two cases). In addition a boost treat-
ment was applied in 19 patients (22.1%): 1 patient received 
a single‑fraction boost, 15 patients were treated with a frac-
tionated scheme and 3 patients received both types of boost. 
The median total dose of fractionated boost treatment was 
18 Gy (range, 6‑30 Gy). The doses for single‑fraction boost 
were 5 Gy (1 case) and 17 Gy (3 cases). In 53% of patients, 
systemic therapy (chemotherapy, hormonotherapy or therapy 
with the monoclonal antibody against HER2, trastuzumab) 
was applied following the commencement of brain irradia-
tion. Taxanes and capecitabine were the most frequently used 
chemotherapeutic agents, and 17 patients (19.8%) were treated 
with trastuzumab.

Survival. The median survival time from the beginning of 
radiotherapy of BM in the entire cohort was 4.14 months 
(Fig. 1). The median age at the beginning of radiotherapy 
was 58.0 years. Patients younger than 58 years survived a 
median of 4.0 months, whilst patients older than this survived 
4.14 months (P=0.592). 

There was no statistical evidence for the effect of initial 
tumour stage or grade on survival. The median survival times 
according to stage and grade were as follows: T1, 3.8 months; 
T2, 3.1 months; T3, 2.5 months; T4, 4.7 months (T‑stage, 
P=0.642); N1, 3.7 months; N2, 2.9 months; N3, 4.3 months 
(N‑stage, P=0.468); M0, 3.8 months; M1 7.7 months (M‑stage, 

P=0.265); G1/G2, 6.3  months; G3, 3.5  months (grade, 
P=0.250). Similarly, HR‑status did not influence survival in 
this study. Patients with HR‑positive breast cancer survived 
4.2  months vs.  4.1  months for women with HR‑negative 
disease (P=0.683). The median survival time in the group with 
HER2‑overexpressing metastatic breast cancer was longer 
than that of patients with HER2 non‑overexpressing disease 
(7.7 vs. 3.8 months), but this difference was not significant 
(P=0.317; Fig. 2). Localisation of distant metastases, histology 
of primary tumour, diameter of largest BM and treatment with 
trastuzumab were also factors that did not significantly influ-
ence survival.

On univariate analysis, the median survival time of patients 
who underwent surgery was significantly longer than those 
who did not undergo surgery with (26.4 months vs. 4.0 months; 
P=0.003). The investigation of WBRT‑dose revealed a median 
survival time of 2.2 months for patients treated with ≤35 Gy 
vs.  8.5  months for those treated with >35  Gy (P=0.001). 
Another significant factor was the use of boost irradiation 
subsequent to WBRT (boost vs. no boost, 19.7 vs. 3.1 months; 
P<0.001; Fig. 3; Table II).

Figure 1. Overall survival of the entire cohort (n=86) from the commence-
ment of radiotherapy of brain metastases.

Figure 2. Overall survival following brain irradiation, according to HER2 
status (light grey, HER2 positive; dark grey, HER2 negative; P=0.317). 
HER2, human epidermal growth factor receptor 2.
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The number of BM was slightly associated with survival 
time: Patients with ≤3 BM survived 7.3 months compared 
with 4.0 months in patients with >3 BM (P=0.050). Equally, 
marginally prolonged survival was observed in patients 
receiving chemotherapy following the commencement of 
radiation therapy compared with those who did not receive 
chemotherapy (2.1 vs. 1.3 months; P=0.050).

All factors that appeared to exhibit a slight trend (P<0.100) 
on univariate analysis were included in a multivariate Cox 
regression analysis (Table II). According to this analysis, only 
boost treatment following WBRT was a statistically significant 
factor affecting survival time (P=0.030).

Discussion

In the present study of patient with BM from breast cancer, the 
median overall survival time for the entire group of patients 
was 4.14 months. In comparison to other data in the literature, 
this interval is slightly shorter; median survival times between 
4.5 and 10 months have been reported (12‑16).

A number of studies have reported a significantly longer 
survival time for patients with BM in HER2‑overexpressing 
breast cancer (17‑19). In the present analysis, a non‑significantly 

Table I. Continued.

Parameter	 Value

WBRT, total dose
  30 Gy	 25 (29.1%)
  36 Gy	 40 (46.5%)
  40 Gy	 5 (5.8%)
  Other	 16 (18.6%)
Boost treatment
  Single	 1 (1.2%)
  Fractionated	 15 (17.4%)
  Single+fractionated	 3 (3.5%)
  No boost	 67 (77.9%)

aAny HER2‑status (primary tumour, metastasis or relapse). BM, 
brain metastases; n.a, not available; ER, estrogen receptor; PR, pro-
gesterone receptor; HR, hormone receptor; HER2, human epidermal 
growth factor receptor 2; WBRT, whole‑brain radiotherapy
 

Table I. Patient characteristics (n=86).

Parameter	 Value

Age at diagnosis of BM, years
  Median	 58
  Range	 26‑81
T stage of primary tumour
  T1	 20 (23.3%)
  T2	 32 (37.2%)
  T3	   9 (10.5%)
  T4	 19 (22.1%)
  Tx/n.a.	 6 (6.9%)
N stage of primary tumour	
  N0	 28 (32.5%)
  N1	 40 (46.5%)
  N2	 4 (4.7%)
  N3	 5 (5.8%)
  Nx/n.a.	   9 (10.5%)
M stage of primary tumour	
  M0	 50 (58.1%)
  M1	 21 (24.4%)
  Mx/n.a.	 15 (17.5%)
Grade of primary tumour	
  G1	 2 (2.3%)
  G2	 33 (38.4%)
  G3	 40 (46.5%)
  Gx/n.a.	 11 (12.8%)
HR status of primary tumour
  ER‑positive	   9 (10.5%)
  PR‑positive	 2 (2.3%)
  ER+PR‑positive	 27 (31.4%)
  HR‑negative	 39 (45.4%)
  n.a.	   9 (10.4%)
HER2‑statusa

  Positive	 35 (40.7%)
  Negative	 39 (45.3%)
  n.a.	 12 (14.0%)
Extracranial disease
  Bone only/no visceral metastases	 13 (15.1%)
  Bone+visceral or only visceral metastases	 70 (81.4%)
  n.a.	 3 (3.5%)
BM: number of lesions
  ≤3	 20 (23.3%)
  >3	 55 (63.9%)
  n.a.	 11 (12.8%)
BM: diameter of largest lesion
  ≤20 mm	 34 (39.5%)
  >20 mm	 22 (25.6%)
  n.a.	 30 (34.9%)
BM: type of therapy
  Surgery	 6 (6.9%)
  WBRT	 86 (100%)
  Boost	 19 (22.1%)

Table II. Results of univariate and multivariate analyses.

	 P‑value
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Log‑rank	 Cox
Variable	 test	 regression

Number of brain metastases	 0.050	 0.200
Surgery	 0.003	 0.164
Whole‑brain radiotherapy dose	 0.001	 0.063
Boost treatment	 <0.001	 0.030
Chemotherapy	 0.050	 0.433
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prolonged median survival time of patients with HER2‑posi-
tive disease was observed. These findings may be explained 
by the so‑called HER2‑paradigm  (20). Thereby, specific 
therapy against HER2 with trastuzumab, typically combined 
with other chemotherapeutic agents, leads to improved extra-
cranial tumour control compared to HER-2-negative patients, 
potentially increasing the risk of intracranial metastasis, since 
the brain may become a sanctuary site for tumor cells (21). 
Le Scodan et al (15) determined survival times in the groups 
HER2 non‑overexpressing patients, HER2‑overexpressing 
patients without trastuzumab treatment and HER2‑overex-
pressing patients with trastuzumab treatment of 5.9, 5.6 and 
19.53  months, respectively (P<0.004). The corresponding 
survival times in a study by Church et al (22) were 3.8, 3.0 
and 11.9 months. In the present cohort, a similar trend was 
observed (3.8 vs. 3.5 vs. 9.7 months, respectively).

Besides medical treatment of metastatic breast cancer, 
surgical and radiotherapeutic options are available. In the 
present cohort, surgical resection was typically performed 
in patients with a solitary brain metastasis. It is well estab-
lished that a smaller number of BM is associated with longer 
survival  (7,14,15,23). In the present cohort, the group of 
patients that underwent surgical resection was very small. 
Several reports in the literature focused on the comparison 
of local therapy (surgery/radiosurgery) of BM in combination 
with WBRT vs. WBRT alone; a survival benefit was observed 
for selected patients treated with combinations of local therapy 
and WBRT  (24,25). In addition, the application of local 
therapy alone may be justified. A randomised trial reported 
by Kocher et al (16) compared patients with ≤3 BM of distinct 
solid tumours who were treated with surgery/radiosurgery  
with or without WBRT. The published data indicated that there 
is a reduction of intracranial relapse and neurological deaths in 
patients with a limited number of BM if treatment with local 
therapy plus WBRT is administered. SRS and surgery also 
seemed to produce similar results (26).

WBRT alone is used in cases with multiple BM or in 
patients with a limited number of BM when surgery or 
SRS is not possible  (2). A dose of 30‑36 Gy is commonly 
applied. The present analysis revealed a survival advantage 
for patients treated with a higher dose of WBRT (>35 Gy). 
This topic is controversial in the literature. Certain authors 
evaluated various radiation schemes and were unable to detect 
improved survival if patients were treated with a total dose 
>30 Gy  (27‑29). By contrast, two retrospective studies by 
Mahmoud‑Ahmed et al (30) and Meyer et al (31) observed a 
survival benefit in patients who were treated with a WBRT 
dose of >30 Gy. It is unclear whether these findings are associ-
ated with a selection bias. If a dose of >30 Gy is used, it may 
be given preferentially to patients with a better prognosis due 
to younger age, limited number of BM and higher Karnofsky 
performance status  (2). On the other hand, higher WBRT 
doses may be used for patients who are not candidates for a 
boost due to higher number of metastases.

Multivariate analysis conducted in the current study 
identified only boost irradiation following WBRT as having 
an significant effect on survival. In comparison to other trials, 
the median survival time of 19.7 months for this subgroup is 
relatively long. For example, Hsu et al (32) reported a median 
survival time in patients with metastatic cancer from different 

tumour entities of 12.1 months if they were treated with stereo-
tactic boost irradiation following WBRT. Another analysis by 
Kondziolka et al (33) revealed a survival time of 11 months 
following a combination of WBRT and SRS treatment. In a 
study by Andrews et al (34), survival subsequent to WBRT 
plus boost irradiation was 6.5 months in patients with a single 
BM. Furthermore, Assouline et al (35) reported that patients 
with ≤3 BM from lung cancer, breast cancer or melanoma 
survived significantly longer if treated with WBRT plus boost 
treatment compared with WBRT alone (8.9 vs. 4.0 months; 
P=0.002). Despite the significant association of boost treat-
ment with improved survival in the present study, the findings 
must be interpreted with caution. Patients who received boost 
treatment subsequent to WBRT were those with a limited 
number of BM. Considering the studies discussed, survival is 
improved in breast cancer patients with a limited number of 
BM who are treated with boost following WBRT.

Recently, the application of WBRT in patients with single 
BM has been discussed controversially in the literature. In 
summary, local control is improved, but there is no effect 
on overall survival time if patients are treated with WBRT 
following surgery or SRS  (16,36). In addition, SRS plus 
WBRT affects learning and memory function more than SRS 
alone  (37). Patients with multiple cerebral metastases are 
seldom treated with boost irradiation. Whether a local enhance-
ment of dose is considered reasonable depends on the number, 
localisation and size of the BM. To date, no randomised clinical 
trials have examined the effects of SRS on survival in patients 
with multiple BM. However, a prospective observational study 
by Yamamoto et al (38) revealed no inferiority for the manage-
ment of ≤10 BM with SRS; the median overall survival time was 
similar in the groups with 2‑4 BM vs. 5‑10 BM (10.8 months for 
both), as was the documented toxicity.

In conclusion, within the constraints of a retrospective 
analysis, the results of the present study inform about the 
current efficacy of brain irradiation in patients with BM 
from metastatic breast cancer. In particular boost irradiation 
following WBRT improved survival times in selected patients. 
Although there was no statistical evidence for the effect of 
HER2 in this data set, it appears to be a relevant variable 
affecting survival in larger cohorts.

Figure 3. Overall survival following brain irradiation, according to boost 
treatment (light grey, boost; dark grey, no boost; P<0.001).
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