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Abstract Background: Brain metastases (BMs) have a major impact on life expectancy and
quality of life for many breast cancer patients. Knowledge about treatment patterns and outcomes is limited.
Methods: We analysed clinical data of 1712 patients diagnosed with BMs from breast cancer
between January 2000 and December 2016 at 80 institutions.
Results: Median age at diagnosis of BMs was 56 years (22e90 years). About 47.8% (n Z 732)
of patients had HER2-positive, 21.4% (n Z 328) had triple-negative and 30.8% (n Z 471) had
hormone receptor (HR)epositive, HER2-negative (luminal-like) primary tumours. The proportion of patients with HER2-positive BMs decreased comparing the years 2000e2009 with
2010e2015 (51%e44%), whereas the percentage of patients with luminal-like tumours
increased (28%e34%; p Z 0.0331). Patients with BMs in the posterior fossa were more often
HER2 positive (n Z 169/314, 53.8%) than those diagnosed with triple-negative (n Z 65/314,
20.7%) or luminal-like primary breast cancer (n Z 80/314, 25.5%), (p < 0.0001). Median overall survival (OS) time after development of BMs for the overall cohort was 7.4 months (95%
confidence interval [CI]: 6.7e8.0 months). One-year survival rate was 37.7% (95% CI: 35.2
e40.1). Patients with HER2-positive tumours had the longest median OS of 11.6 months
(95% CI: 10.0e13.4) compared with 5.9 months (95% CI: 5.0e7.2) for patients with
luminal-like and 4.6 months (95% CI: 3.9e5.4) for patients with triple-negative tumours. Patients with HER2-positive tumours who received anti-HER2 treatment had longer median OS
than those without (17.1 months versus 7.2 months, p < 0.0001).
Conclusions: Prognosis of patients after developing BMs varies significantly according to the
subtype. The outcome in this cohort is similarly poor in triple-negative and HR-positive/
HER2-negative patients. Our results underline the high medical need for improvement of
treatment and prevention strategies for BMs in breast cancer patients.
ª 2018 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
About 30% of patients with metastatic breast cancer
develop brain metastases (BMs), despite systemic therapies [1]. BMs are associated not only with a very
unfavourable prognosis compared with other metastatic
sites but also with severe neurological symptoms
including cognitive and motoric impairments. In almost
all patients, this results in a severe reduction of quality
of life [2]. After lung cancer, breast cancer is the second
most common primary cancer of patients with BMs.
The incidence of BMs is higher than that of primary
brain tumours.
Improvements in systemic therapy with better control
of extracranial disease probably explain in part the rising incidence of BMs in breast cancer patients during
the last years. This also reflects insufficient control of
cerebral tumour spread and growth by current treatment strategies. Moreover, detection rates of asymptomatic BMs have increased with improved imaging
techniques by contrast-enhanced magnetic resonance
imaging (MRI) as a standard approach for the diagnosis
of BMs.
Several risk factors for the development of BMs after
breast cancer diagnosis have been identified. Younger
age, poorly differentiated primary tumours, negative
hormone receptor (HR) status and axillary nodee
positive breast cancer have been associated with

increased BM risk. Patients with HER2-positive and
triple-negative breast cancer have a higher risk of
developing BMs than patients with luminal tumours
[3,4]. In patients with metastatic HER2-positive or triple-negative disease, prevalence of BMs as high as
30e40% has been described [3e5].
Most current reports on BMs lack detailed data
about treatment patterns. Furthermore, sample sizes of
published studies are limited, and analyses with regard
to characteristics of BMs in specific subgroups are
scarce. To improve knowledge about this clinically
important cohort, we initiated the registry ‘Brain Metastases in Breast Cancer Network Germany’ (BMBC,
German Breast Group [GBG] 79).

2. Material and methods
We retrospectively identified patients diagnosed with
BMs between January 2000 and December 2016 at 80
participating institutions in Germany. The presence of
BMs was defined based on appropriate imaging and/or
histological findings since the year 2000. Patients were
excluded if they had a history of other malignant diseases, no histological verification of the diagnosis of
breast cancer or a history of a neurologic disease.
The project is a collaborative study of the University Medical Center Hamburg-Eppendorf, the German
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Breast Group (GBG), the German Gynecological
Oncology Working Group-Breast (AGO-B) and the
Working Group Translational Research (AGO-Trafo).
Data were captured in a web-based remote data entry
system, which were also used for clinical trials
(MedCodes). The BMBC registry was approved by all
local ethics committees. Patients still under treatment
at the institution gave their informed consent. Of the
80 participating study sites that contributed patients
for this analysis, 16 (20%) were in a university setting,
53 (66%) were non-university clinical institutions and
11 (14%) were in outpatient practice setting. All
participating study sites were either located in departments of gynaecology, or oncology. Patients were
documented from the patient records, and plausibility
and completeness were checked by the GBG study
team. Overall, we analysed the data set of 1712
patients.
2.1. Definition of subtypes
A tumour was considered to be HER2 positive if
immunohistochemistry yielded a score of 3þ or if fluorescence in situ hybridisation showed amplification of
the HER2 gene. A patient was considered to have HRpositive disease if the study site considered the tumour
to be HR positive. Based on immunohistochemical
staining findings of the primary tumour, we defined
breast cancer subtypes as follows: ‘luminal like’: HRpositive and HER2-negative tumours; ‘HER2 positive’:
all HER2-positive tumours; ‘triple negative’: HR-negative and HER2-negative tumours.
2.2. Statistical analysis
Associations between clinicopathologic characteristics
and treatment were evaluated using Fisher’s exact and
chi-square test for categorical variables. Differences in
continuous variables between subgroups were investigated using WilcoxoneManneWhitney test or KruskalWallis test. Brain metastasesefree interval (BMFI) was
calculated as the time interval (months) from histological confirmation of breast cancer to the date of the first
BM. Overall survival (OS) was defined as the time interval (months) from the diagnosis of BMs until death.
Time-to-event curves were estimated using the
KaplaneMeier method and compared between subgroups with a two-sided log-rank test. Univariate and
multivariate Cox proportional hazards regression
models were used to assess the effects of treatment and
other predictive factors.
All reported p-values are two-sided, and the significance level was set to 0.05. No adjustment for multiple
testing was performed. The results are to be considered
explorative. The analyses were performed using SAS
Enterprise Guide, 4.3, (SAS 9.02; SAS Institute Inc.,
Cary, NC, USA).
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3. Results
3.1. Patient characteristics, diagnostic procedures and
systemic therapy
In this analysis, 1712 patients were included (Table 1).
Median age at diagnosis of BMs was 56 years (22e90
years). About 47.8% (n Z 732) of patients had HER2positive, 21.4% (n Z 328) had triple-negative and 30.8%
(n Z 471) had luminal-like primary tumours.
In 343 patients (20.0%), BMs were the first manifestation of metastatic disease without extracranial disease.
With computed tomography, 30.8% of patients
(n Z 528) were diagnosed for BMs and with MRI
(combination of procedures was possible), 73.8% of
patients (n Z 1264) were diagnosed for BMs; 15.6% of
patients (n Z 267) had no clinical symptoms of BMs at
diagnosis. Regarding the number of BMs, 30% of patients (n Z 458) had one, 26.8% (n Z 408) had two or
three and 43.2% (n Z 659) had four or more BMs. The
most frequent manifestations of extracranial disease
were bone metastases (45%), followed by lung (37%) and
liver metastases (36%). The majority of patients received
chemotherapy during the course of their further disease
(74.8%, n Z 666), 27.9% of patients (n Z 248) received
endocrine treatment and 53.6% (n Z 477) received targeted therapy.
3.2. Localisation of BMs
Localisations of BMs were the anterior fossa (31.1%),
followed by the posterior fossa (22.7%) or both (30.6%)
and leptomeningeal disease (8.6%; Table 1). Patients
with BMs in the posterior fossa more often had HER2positive (n Z 169/314, 54%) than triple-negative
(n Z 65/314, 21%) or luminal-like primary breast cancer
(n Z 80/314, 26%), (p < 0.0001). Patients with leptomeningeal disease more often had luminal-like (66/
111, 60%) than triple-negative (28/111, 25%) or less
frequent HER2-positive tumours (17/111, 15%;
p < 0.0001) (Table 2). In addition, patients with leptomeningeal disease more often had lobular histology
than ductal histology (p < 0.001, data not shown). No
correlation between the number of BMs and subtype
was observed, but HER2-positive patients had a larger
maximum size of the largest metastasis than other subtypes (HER2 positive median 23 mm compared with 18
or 19 mm, p < 0.0001, Supplement Table 1).
3.3. Treatment of BMs
In 91% of patients (1554/1712), at least one local treatment for BMs was documented (Fig. 1). In 438 patients
(28%), surgery was the first treatment for BMs. Ten
percent of those patients (35/342) received further stereotactic radiotherapy, 75% (256/342) received wholebrain radiotherapy and 9% (30/342) received both.
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Table 1
Patients’ characteristics (n Z 1712).
Parameter

Category

Overall

Age at diagnosis of breast cancer (years)
Age at diagnosis of BMs (years)
Tumour subtype (primary breast cancer)

Median (range)
Median (range)
TNBC
Luminal like
HER2 positive
Missing
TNBC
Luminal like
HER2 positive
Missing
Ductal
Lobular
Others
Missing
Only clinical
Only CT
Only MRI
Clinical and CT
Clinical and MRI
CT and MRI
Clinical and CT and MRI
Missing
Only anterior fossa
Only posterior fossa
Only meninges
Anterior/posterior fossa
Anterior fossa/meninges
Posterior fossa/meninges
All
Missing
1
2e3
4
Missing
0 (100%)
1 (80e90%)
2 (60e70%)
3 (40e50%)
4 (10e30%)
Missing
No
Yes

51 (20e87)
56 (22e90)
328 (21.4)
471 (30.8)
732 (47.8)
181
59 (17.6)
63 (18.8)
214 (63.7)
1376
1243 (73.2)
126 (7.4)
330 (19.4)
13
58 (3.5)
301 (18.0)
961 (57.5)
49 (2.9)
125 (7.5)
141 (8.4)
37 (2.2)
40
482 (31.1)
352 (22.7)
133 (8.6)
475 (30.6)
35 (2.3)
31 (2.0)
42 (2.7)
162
458 (30.0)
408 (26.8)
659 (43.2)
187
101 (14.5)
313 (45.0)
197 (28.3)
64 (9.2)
20 (2.9)
1017
1369 (80.0)
343 (20.0)

Bone metastases
Liver metastases
Lung metastases
Skin metastases
No
Yes

779 (45.5)
616 (36.0)
637 (37.2)
102 (6.0)
1445 (84.4)
267 (15.6)

Tumour subtype of BMs

Histologic subtype of primary tumour

Diagnostic method

Localisation of BMs

Number of BMs

ECOG (Karnofsky status) at diagnosis of BMs

BMs without extracranial metastases at time of BM diagnosis
Localisation of extracranial disease

Asymptomatic BMs
Systemic treatment after the diagnosis of BMs (combination possible)
Chemotherapy

Anthracycline
Taxane based
Taxane and anthracycline
Others
Endocrine treatment
Tamoxifen
Aromatase inhibitor
GnRH analogues
Others
Targeted therapy
Trastuzumab
Trastuzumab and pertuzumab
Lapatinib

1163 (50.1)
110 (4.7)
256 (11.0)
23 (0.99)
774 (33.3)
324 (14.0)
58 (2.5)
165 (7.1)
28 (1.2)
73 (3.1)
836 (36.0)
267 (11.5)
35 (1.5)
177 (7.6)
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Table 1 (continued )
Parameter

Category

Overall

T-DM 1
Bevacizumab others

70 (3.0)
58 (2.5) 229 (27.3)

BMs, brain metastases; TNBC, triple-negative breast cancer; MRI, magnetic resonance imaging; CT, computed tomography; ECOG, Eastern
Cooperative Oncology Group; GnRH, gonadotropin-releasing hormone.

Table 2
Tumour subtypes and localisation of BM.
Localisation of BM

Anterior
fossa (n Z 413)

Posterior
fossa (n Z 314)

Subtype

N (%)

N (%)

TNBC
HER2 positive
Luminal like

79 (19.1)
199 (48.2)
135 (32.7)

65 (20.7)
169 (53.8)
80 (25.5)

Leptomeningeal disease
(cytologically confirmed) (n Z 111)

Multiple locations
(n Z 513)

P-value

N (%)

N (%)

<0.0001

28 (25.2)
17 (15.3)
66 (59.5)

123 (24.0)
235 (45.8)
155 (30.2)

BMs, brain metastases; TNBC, triple-negative breast cancer.

Thousand patients (64%) received only radiotherapy.
Stereotactic radiotherapy was applied in 7% (73/980),
whole-brain radiotherapy in 89% (873/980) and both in
3% (34/980) of patients. An association between the
number of metastases and treatment was observed. Patients with one BM (n Z 394) received more often surgery with or without radiotherapy (256/394, 64%) than
patients with four and more BMs (n Z 565) who
received more often only radiotherapy (513/565, 91%;
p < 0.0001), while this difference was not significant for
patients with two or three BMs (data not shown).
3.4. Survival analysis
Median BMFI from diagnosis of primary breast cancer
to the diagnosis of BMs for the entire patient group was
35.0 months (95% confidence interval [CI]: 33.0e37.4

months). In univariate analysis, patients with triplenegative tumours had the shortest BMFI with 21.0
months (95% CI 18.5e23.7) compared with HER2positive tumours (32.4 months, 95% CI: 29.6e36.1) and
luminal-like tumours (43.4 months, 95% CI: 38.4e50.1;
p < 0.0001; Table 3).
Median OS after development of BMs for the entire
cohort was 7.4 months (95% CI: 6.7e8.0 months). Oneyear survival rate was 37.7% (95% CI: 35.2e40.1), and
3-year survival rate was 9.6% (95% CI: 8.0e11.3).
Regarding subtypes, patients with HER2-positive tumours had the longest median OS with 11.6 months
(95% CI: 10.0e13.4) compared with 5.9 months (95%
CI: 5.0e7.2) for patients with luminal-like and 4.6
months (95% CI: 3.9e5.4) for patients with triplenegative tumours (Fig. 2 and Table 3). HER2-positive
patients had a significantly lower risk of death compared

Fig. 1. Local treatment after the diagnosis of BMs. BMs, brain metastases; WBRT, whole-brain radiotherapy; SRT, stereotactic
radiotherapy.
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Table 3
Brain metastasesefree interval (BMFI) and overall survival (OS) for subtypes and the whole cohort.
Survival

TNBC

HER2 positive

Luminal like

All

BMFI
Median survival (months, 95% CI)
BMFI at 12 months (%, 95% CI)
BMFI at 36 months (%, 95% CI)
OS
Median survival (months, 95% CI)
OS at 12 months (%, 95% CI)
OS at 36 months (%, 95% CI)

21.0 (18.5e23.7)

32.4 (29.6e36.1)

43.4 (38.4e50.1)

35.0 (33.0e37.4)

76.5 (71.3e80.8)
27.5 (22.6e32.5)
4.6 (3.9e5.4)

85.3 (82.3e87.8)
46.5 (42.6e50.3)
11.6 (10.0e13.4)

84.7 (81.0, 87.8)
56.9 (52.2e61.4)
5.9 (5.0e7.2)

84.1 (82.1e85.8)
48.9 (46.4e51.4)
7.4 (6.7e8.0)

21.0 (16.5e26.0)
2.5 (1.0e5.1)

49.5 (45.3e53.4)
16.1 (13.0e19.6)

33.0 (28.5e37.5)
6.7 (4.4e9.7)

37.7 (35.2e40.1)
9.6 (8.0e11.3)

TNBC, triple-negative breast cancer; CI, confidence interval.

with patients with other subtypes (hazard ratio Z 0.493,
95% CI: 0.426e0.572; p < 0.0001). Patients with HER2positive tumours receiving anti-HER2 treatment after
the diagnosis of BMs had longer median OS of 17.1
months (95% CI: 14.4e19.5) versus 7.2 months without
treatment (95% CI: 5.8e8.7; p < 0.0001).
Regarding localisation of BMs, patients with leptomeningeal disease had the shortest survival (median
survival 3.9 months, 95% CI 3.0e5.0) compared with
parenchymal metastases (anterior fossa: 8.6 months,
95% CI 7.1e10.9, posterior fossa 11.6 months, 95% CI
8.9e13.6; p < 0.0001).
Patients with no evidence of extracranial disease
showed a longer OS than patients with extracranial
metastases (median 10.8 months, 95% CI: 9.1e12.7,
versus 6.7 months, 95% CI: 6.0e7.4; p < 0.0001). In
addition, the number of BMs was associated with OS.
Patients with singular BM had the longest median survival of 11.2 months (95% CI: 9.2e14.0) compared with
7.7 months (95% CI: 6.2e9.8) for patients with two or
three BMs and 5.7 months (95% CI: 4.9e6.7) for patients with four or more BMs (p < 0.0001). Patients
diagnosed with asymptomatic BMs showed a longer
median survival of 11.9 months (95% CI: 9.1e13.6)
versus 6.7 months (95% CI: 6.0e7.4) (p < 0.0001). Also,

application of systemic treatment after the diagnosis of
BMs was associated with better survival (13.0 months
[95% CI: 11.4e14.1] versus 3.4 months [95% CI:
3.1e3.8], p < 0.0001).
In multivariate analysis, younger age at first diagnosis
of BMs, triple-negative subtype of the primary tumour,
four or more BMs and low performance status (Eastern
Cooperative Oncology Group  2) remained predictors
of shorter OS (Supplement Table 2).
3.5. Treatment and outcomes in different time periods
To detect potential changes in the diagnosis and treatment of BMs over time, we analysed the data of patients
who were diagnosed with BMs until the end of 2015 and
analysed two different time periods (time period 1:
diagnosis between 2000 and 2009, time period 2:
Table 4
Subtype, diagnosis, treatment of BMs and survival in two different
time periods.
Parameter

Subtype
TNBC
Luminal like
HER2 positive
Diagnostic method
Clinical
CT
MRI
CT and MRI
First treatment
Surgery only
Surgery and
radiotherapy
Radiotherapy
only
Median overall
survival

Fig. 2. Overall survival in months after the diagnosis of BMs for
subgroups of patients. TNBC, triple-negative breast cancer.

Year of diagnosis

p-value

2000e2009

2010e2015

N (%)

N (%)

N Z 507

N Z 893

105 (20.7)
144 (28.4)
258 (50.9)
N Z 623

198 (22.2)
303 (33.9)
392 (43.9)
N Z 967

32 (5.1)
150 (24.1)
382 (61.3)
59 (9.5)
N Z 552

26 (2.7)
183 (18.9)
649 (67.1)
109 (11.3)
N Z 817

0.0027

36 (6.5)
125 (22.6)

55 (6.7)
200 (24.5)

0.7093

391 (70.8)

562 (68.8)

Months (95% CI)
7.6 (6.5e9.2)

Months (95% CI)
5.8 (5.0e6.5)

0.0331

<0.0001

TNBC, triple-negative breast cancer; CI, confidence interval; TNBC,
triple-negative breast cancer; CI, confidence interval.
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diagnosis between 2010 and 2015; Table 4). We found a
decrease in patients with HER2-positive BMs (51%e
44%) and an increase in patients with luminal-like primary tumours (28%e34%; p Z 0.0331) in our sample.
Since 2010, patients were more often diagnosed with
MRI (61e67%, p Z 0.027). First-documented local
treatment for BMs did not change between the two time
periods. Also, the proportion of patients with no evidence of extracranial disease did not change (18% in
2000e2009 versus 20% in 2010e2015, p Z 0.2923).
Interestingly, the median survival time in the overall
cohort decreased between the two time periods with a
median survival of 7.6 months in 2000e2009 versus 5.8
months in 2010e2015 (p < 0.0001).
4. Discussion
In this large cohort of breast cancer patients with BMs,
we could show that the subtype of the primary tumour
influences the localisation of BMs and has a high impact
on prognosis.
It might seem surprising that despite improved local
and systemic treatment for metastatic breast cancer,
survival rates of patients with BMs did not improve
during the last years but in contrast, seem to have
slightly decreased. One explanation could be a better
control of extracranial disease which has led to longer
survival so patients develop BMs as a sign of more
advanced disease. In addition, when comparing two
time intervals, we could show that the proportion of
HER2-positive patients has decreased, whereas the
proportion of luminal-like patients has increased. This is
in line with other studies that describe increasing survival rates for patients with HER2-positive primary
breast cancer [6] and prolonged time between initial
breast cancer diagnosis and diagnosis of BMs [7]. In our
study, HER2-positive patients with BMs had a better
prognosis compared with other subtypes, and therefore,
the decrease of HER2-positive BMs over the time might
have influenced the survival rates for the whole cohort.
The decrease in survival time might also be explained by
the increase in luminal patients who metastasised more
frequently into the leptomeninges and, thus, had an
impaired prognosis. Therefore, one could hypothesise
that improvements in the adjuvant treatment of breast
cancer have led to a time-dependent change of the
proportion of BM patients with different subtypes of the
primary tumour.
Survival rates after BMs differ depending on prognostic factors, tumour subtype, performance status and
treatment [2]. We observed that the subtype of the primary tumour has high impact on survival rates. As for
other metastatic settings, patients with a triple-negative
tumour had the worst prognosis. In a retrospective
analysis of 740 patients with BMs at the time of initial
breast cancer diagnosis between 2010 and 2013, triplenegative subtype was associated with a median survival
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time of 6 months compared with 22 months for patients
with HER2-positive subtype [8]. In the retrospective
study by Niikura et al. with 1256 patients diagnosed
with BMs and treated in 24 Japanese institutions, an
impact of subtype on survival was also observed with a
median survival of 4.9 months for patients with triplenegative subtype [9].
In our cohort, patients with asymptomatic BMs and
a lower number of BMs had longer survival rates, but
this survival benefit could be a result of an earlier
diagnosis. From this, it cannot be concluded that early
detection by screening of BMs is beneficial for all patients. However, intensive effort should be given in the
attempt to set up a prospective trial evaluating BM
screening in a subgroup of patients with breast cancer
and a high risk of developing BMs.
The high long-term risk of BMs in the HER2 subtype
has been described by several groups [10]. Recently, more
evidence on different localisation patterns in the brain
depending on subtypes was published. In a small cohort,
HR-negative/HER2-positive breast cancer patients with
BMs were more likely to present with occipital metastases
[11]. Laakmann et al. have published results on brain
imaging of 400 breast cancer patients with BMs, of whom
102 had HER2-positive primary tumours, and observed
also a correlation between HER2 positivity and metastases in the posterior fossa [12]. Here, we could confirm
this finding in 314 patients with HER2-positive breast
cancer in the BMBC registry. In contrast to others, we
could not observe an association between the number of
BMs and subtype. However, we found that HER2 positivity was associated with a larger diameter of the largest
metastasis in the brain. Arvold et al. described that triplenegative and luminal-like tumours were associated with
larger sizes of the BM in a cohort of 1434 primary breast
cancer patients, but only 24 patients developed BMs [13].
In addition, we observed that luminal-like tumours metastasised more frequently into the leptomeninges. This
was also described in a case series of patients with leptomeningeal disease [14]. In our cohort, we could confirm
that invasive lobular subtype was more frequently associated with leptomeningeal disease [14,15]. The high
proportion of patients with leptomeningeal disease in the
group of patients with luminal tumours might also
explain the short OS for luminal-like patients with BMs in
our cohort.
Whole-brain radiotherapy (WBRT) in comparison to
stereotactic radiotherapy is not associated with improved
survival in patients with a limited number of BMs but is
associated with negative neurocognitive effects [16e18].
As a consequence, stereotactic radiotherapy without
WBRT for patients with a limited number of BMs,
mostly defined as up to four lesions, is currently the
preferred treatment strategy [19,20]. However, in our
data set, the majority of patients received WBRT. Only a
minority of patients (less than 10%) received stereotactic
radiotherapy, which is lower than in other published
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cohorts [21]. This could be explained by the fact that most
of the data were collected retrospectively and that patients were treated before guidelines changed. There is
increasing evidence that WBRT has negative impact on
survival. In a Swedish cohort of 241 breast cancer patients with BMs treated with WBRT in a single institution
between 1999 and 2012, median survival time was 2.9
months (2.0 months for triple-negative, 3.5e3.9 months
for luminal and 4.1 months for HER2-positive patients)
[22]. Authors explain short survival rates with the inclusion of patients who might have been judged unfit under
different conditions. In a Dutch trial of 1962 breast
cancer patients with BMs treated in 15 different institutions with WBRT, median survival was also only 3.7
months [23]. This is in line with our data showing lower
survival rates in a real-world setting compared with other
trials with a WBRT rate of 70% (1193/1721 patients).
A potential limitation of our study is that data were
not documented prospectively, providing a risk of bias.
As patients with HER2-positive breast cancer with BMs
have a better prognosis, there may be a documentation
bias leading to a higher registration of these patients
compared with other subgroups with poorer survival. In
addition, in Germany, one could expect 2000 breast
cancer patients with BMs yearly. Therefore, the study
only represents data of a limited number of patients with
BMs in this study period, which may bias the results.
Despite the large size of the cohort, the number of patients in subgroups such as HER2-positive patients with
current treatment strategies still remains relatively low.
However, either it would take several years to set up a
prospective registry or a pooled analysis of multinational data would be required.

5. Conclusions
Taken together, we present data of the largest cohort of
breast cancer patients with BMs described so far. Results indicate a time-dependent change of BMs. The
multicenter setting is likely to be representative also for
other European countries.
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