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ABSTRACT

Background: Life expectancy for patients diagnosed with metastatic breast cancer (BC) has improved
in recent years, especially due to better systemic treatment. This has led to an increased incidence of
brain metastases (BM), and BC is now the leading cause of BM in women. Treatment of BM primarily
consists of surgery and/or radiotherapy. We aimed to investigate survival time and prognostic factors
for BC patients treated with radiotherapy for BM.

Material & methods: During the period 1°* of January 2015 to 1°* of June 2020, 144 consecutive BC
patients treated for BM from one centre were retrospectively analyzed. The patients were either diag-
nosed with BM as the first metastatic lesion, or developed BM during palliative therapy for distant
non-brain metastasis. The study was approved by the Central Denmark Region.

Results: Median age at BM diagnosis was 66 years, and 90% of the patients already had extracranial
metastatic disease at BM diagnosis. Median overall survival after diagnosis of BM was 6.1 months.
Short survival was observed for patients with poor performance status, leptomeningeal metastasis or
more than three solid BM. Several of these factors were overrepresented in patients with estrogen
receptor-positive (ER+) tumours who had poorer survival than patients with different receptor status.
Conclusion: The number of metastatic BC patients developing BM is high, and survival following local
treatment remains poor. Several prognostic factors appear to influence survival after radiotherapy.
Treatment of BC patients with BM should be individualized according to performance status, lepto-
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meningeal disease, number of BM, and receptor status of the disease.

Introduction

The life expectancy for patients diagnosed with metastatic
breast cancer (BC) has increased, especially due to improved
systemic treatment options [1,2]. The prolonged survival time
among metastatic BC patients has led to an increased inci-
dence of brain metastasis (BM) [1,3]. Survival from the first
diagnosis of distant metastases depends, among other fac-
tors, on the organ(s) involved, with CNS involvement leading
to the worst prognosis [4]. BC is now the leading cause of
BM in women [5], and up to 30% of BC patients with extrac-
ranial metastatic disease eventually develop BM [5,6]. Reports
have found that young age at BC diagnosis, estrogen recep-
tor negativity (ER-), overexpression of human epidermal
growth factor (HER2+), high histological grade and nodal
involvement at primary BC diagnosis were the most impor-
tant and consistent risk factors for developing BM [7-9].

Even though systemic treatment has prolonged life
among BC patients, most systemic treatment options have
limited effect on BM, as most drugs seem unable to pass the
blood-brain barrier in sufficient amounts for establishing an
effective treatment [1].

Local treatment options such as surgery and radiotherapy
have become the predominant treatment for BM [10,11]. In
recent years, the local treatment approach has gained
increased focus due to improved surgical technique and the
rising availability of stereotactic radiosurgery (SRS), while the
use of whole brain radiation therapy (WBRT) has declined
mainly due to a growing awareness of the cognitive side
effects following radiation [5,12]. Thus, SRS is the preferred
radiotherapy option if patients fulfil the requirements.
Recently, even proton therapy has been tested for leptomen-
ingeal disease, where it seems to improve survival based on
a recent randomized phase Il study [13].

Selection of patients for WBRT or SRS is primarily based
on the performance status of the patient, BC subtype, the
extent of cranial and extracranial metastatic disease, number
and size of the metastatic lesions in the brain, and expected
lifetime [1,5,10,14]. Of these factors, the number of brain
lesions is of utmost importance. Surgical resection (SR) or
SRS is generally preferred if there are few (<3) and accessible
lesions. WBRT is preferred if lesions are excessive in size or
numbers, or surgically inaccessible [5,11,15,16]. Even though
local treatment might lead to prolonged survival for patients
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with solitary BM [17], treatment options for both localized,
multiple, or inaccessible BM remain palliative [1]. Conclusively,
effective life-prolonging treatments for BM remain scarce.
Recently, however, trials evaluating new HER2-directed thera-
pies have reported a significant improvement in overall sur-
vival compared to standard treatment, in patients with
HER2+ disseminated disease and BM [18].

There is limited data on survival following modern ther-
apy with conventional WBRT, SRS or SR either alone or com-
bined with any radiotherapy [19]. This study aims to
investigate overall survival and possible prognostic factors
after the diagnosis of BM treated with a local strategy (SRS,
SR and/or WBRT). Based on previous reports, several prog-
nostic factors were selected for investigation, as they had
been proven to impact survival in other studies [7,12,19].
These factors were age, primary BC receptor status, type of
treatment for BM, lesion characteristics (humber, location
and size), performance status, number of systemic treatment
lines received before BM diagnosis, and time interval from
diagnosis of metastatic BC to BM development.

Material and methods

This is a single-institution retrospective study. We followed
the EQUATOR guidelines for formatting, using the SQUIRE
2.0 checklist for quality improvement studies [20].

Consecutive patients were identified by a retrospective
review of patient records at the Department of Oncology at
Aarhus University Hospital. Patients were included if they
were diagnosed with BC, and were treated with radiotherapy
for BM during the period from 1% of January 2015 to 1°* of
June 2020. The study was approved by the Central Denmark
Region.

Details on the radiotherapy delivered were not collected,
but the institutional guideline for WBRT was to use 20 Gy/4fr
(5 Gy/fr) or 30Gy/10fr/5 weekly fractions. Most patients had
20 Gy/4fr, whilst 30 Gy/10fr was preferred if the patient was
expected to have a relatively long survival (good perform-
ance status, several remaining systemic treatment options
and HER2+ disease). If SRS was selected, 27 Gy/3fr on non-
consecutive days was used, independently of the size of the
largest tumor. Patients with extensive disease, poor perform-
ance status and short expected remaining survival time were
not offered radiotherapy. For patients with limited BM, the
decision on SRS vs WBRT and fractionation was made in a
multidisciplinary team with the participation of a radiologist,
a neurosurgeon, and an oncologist. Most patients were dis-
cussed in a multidisciplinary team, however, patients with
leptomeningeal carcinomatosis or 5 or more solid tumours
were referred directly for radiotherapy. The date of death
and prognostic factors were retrieved from patient records
and radiologic reports. The vast majority of patients had an
MRI of the brain. In cases where a previous CT-scan had
shown multiple metastases (>5) the MRI scan was omitted.
In some cases, performance status was not stated explicitly
in patient records but could be estimated from descriptions;
these assessments were made by the study group. Study

data were collected and managed using REDCap (Research
Electronic Data Capture).

Statistical analysis

The survival length was defined as the time from BM diagno-
sis until death and presented as Kaplan Meier curves.
Longer-term survival was defined as the percentage of
patients surviving for at least 2years after the diagnosis
of BM.

The distribution of the different potential prognostic fac-
tors is presented as frequencies.

For each prognostic factor, patients were divided into pre-
defined categories, and Kaplan-Meier curves were used to
present survival length. Median survival ratios and Log-rank
models were used to compare survival length between dif-
ferent patient groups. A multivariate Cox regression was
used to adjust for potentially interacting covariates.

Chi-square tests were used to analyze differences between
the different groups.

A level of significance at 0.05 was used throughout the
analyses.

Results

In the study period, 144 BC patients were treated for BM.
The median waiting time from BM diagnosis to the start of
brain RT was 14 days (range 1 to 98 days). Patient characteris-
tics showed that 93 patients had ER+/HER2—, 30 had HER2+
regardless of ER status, and 21 had triple-negative (TNBC)
disease, respectively (Supplementary Table 1).

Table 1 shows patient characteristics at BM diagnosis
regarding extracranial metastatic status, performance status,
total number of completed and ongoing treatment lines, and
BM characteristics. Due to a low number of patients, per-
formance status 3 and 4 were categorized together.

Median age at BM diagnosis was 66 (range 31 to 90)
years. Most patients (90%) had extracranial metastases at BM
debut. Bones, lymph nodes, and liver were the most frequent
metastatic sites. Concerning BM, 58 patients (40%) had more
than 3 solid metastatic lesions, while 22 (15%) and 38 (26%)
had 2-3 lesions or 1 lesion, respectively. In total, 26 patients
(18%) had leptomeningeal carcinomatosis without the pres-
ence of solid brain tumors.

A Kaplan-Meier survival curve for the total patient popu-
lation is shown in Figure 1. The median overall survival (OS)
after diagnosis of BM for all patients was 6.1 months, with
12% of the patients surviving longer than two years.

Kaplan—Meier curves with regard to age, performance sta-
tus, anatomical localization, number of lesions, treatment
type and receptor status are shown in Figure 2. Median OS
in months in the entire cohort and subgroups are shown in
Table 2.

There was a non-significant trend toward longer survival
in younger (<66 years) versus older patients: median OS was
7.6 months versus 4.8 months respectively. Long-term survival
was 14% and 8%, respectively.
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Table 1. Patient characteristics at BM diagnosis.
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N (%) for patients

N (%) for patients

Factor Variable N (%) selected for WBRT* selected for SRS*
Age median at BM diagnosis 66 (SD = 14) 67 (SD = 13) 60 (SD = 16)
N=144 N=113 N=31
Extracranial metastatic sites
Yes 129 (90%) 104 (92%) 25 (81%)
No 15 (10%) 9 (8%) 6 (19%)
Distribution of extracranial metastatic sites** 129 104 25
Liver 75 (58%) 61 (59%) 14 (45%)
Lungs 66 (51%) 56 (54%) 8 (26%)
Bones 87 (67%) 74 (71%) 13 (42%)
Lymph nodes 79 (61%) 67 (64%) 12 (39%)
Other 37 (29%) 34 (33%) 3 (10%)
Number of commenced systemic treatment lines before BM
0 28 (19%) 6 (5%) 22 (71%)
1 38 (26%) 33 (29%) 5 (16%)
2-3 35 (24%) 33 (29%) 2 (6%)
>3 43 (30%) 41 (36%) 2 (6%)
Performance status at BM diagnosis 143 113 30
0 27 (19%) 14 (12%) 13 (43%)
1 57 (40%) 47 (42%) 10 (33%)
2 43 (30%) 37 (33%) 6 (20%)
3or4 16 (11%) 15 (13%) 1 (3%)
Number of solid BM lesions
0 26 (18%) 26 (23%) 0
1 38 (26%) 19 (17%) 19 (61%)
2to3 22 (15%) 10 (9%) 12 (39%)
>3 58 (40%) 58 (51%) 0
Localization of BM
Cerebrum 56 (39%) 37 (33%) 19 (70%)
Cerebellum 11 (8%) 7 (6%) 4 (15%)
Cerebrum + cerebellum 41 (29%) 37 (33%) 4 (15%)
Leptomeningeal 26 (18%) 26 (23%) 0
carcinomatosis
Leptomeningeal 10 (7%) 10 (9%) 0
carcinomatosis +***
Treatment for BM
WBRT 106 (74%) 106 (94%) 0
SRS 27 (19%) 0 27 (87%)
Surgery + WBRT 7 (5%) 7 (6%) 0
Surgery + SRS 4 (3%) 0 4 (13%)

*Seven in the WBRT group and 4 in the SRS group received surgery before radiotherapy.

**Number of patients with metastasis to each specific organ.

***Leptomeningeal carcinomatosis + at least one lesion in either cerebrum, cerebellum, or both.
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Figure 1. Kaplan-Meier survival Plot for all patients.

60

Median OS for patients with performance status 0, 1, 2
and 3-4 was 20.1, 7.2, 3.8 and 1.6months respectively,
p < 0.0001.

Patients with leptomeningeal carcinomatosis had a signifi-
cantly shorter OS compared with patients with only solid
metastatic lesions (3.5 versus 7 months, p=0.007). Notably,
only 3% of patients with leptomeningeal carcinomatosis
were alive after 2 years, compared with 15% in the solid
tumor group.

For patients with solid brain tumors the median OS was
12.7 months in the presence of only one lesion, which was
not significantly longer compared with the 6.3 months in
cases with 2-3 tumors present - but significantly longer com-
pared with the 5.0months in patients with >3 tumors
(p=0.0001).
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Figure 2. Kaplan—Meier survival Plots for the selected prognostic factors.

Survival was shorter for patients receiving SRS (median OS
9.5 months) compared to those having surgery (median OS
20.1 months, p=0.008), and the WBRT-group had an even
shorter survival than the SRS group (median OS 4.7 months,
p=0.009). Furthermore, 2-year survival for those treated with
surgery, SRS and WBRT was 45%, 14% and 7%, respectively.

At the time of BM diagnosis, 106 (74%) patients were
receiving systemic treatment. Of those, 66 (62%) discontin-
ued their treatment. The median OS for those who continued
and discontinued their treatment was 5.9 and 4.7 months,
respectively.

Concerning receptor status, median OS was shortest
among patients with ER+/HER2— tumors (4.8 months) com-
pared to both TNBC (7.4 months, non-significant), and espe-
cially HER2+ tumors (12.7 months, p=0.0001). Table 3
illustrates the distribution of potential prognostic factors
based on receptor status. Regarding performance status, it
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should be noted that only 14% of ER+ patients had perf-
ormance status 0, contrary to 24% in the TNBC and 30% in
the HER2+ groups (p<0.0001). In total, 34 out of
the 36 patients with leptomeningeal carcinomatosis had
ER+/HER2— BC, whilst two had TNBC (p < 0.0001). The distri-
bution of number of lesions was not related to receptor sta-
tus. Patients with ER + disease had a significantly longer time
interval from the first metastatic event to BM development
compared with TNBC patients (median 20.7 vs 3 months,
p=0.001), while no difference was detected when compar-
ing patients with ER+and HER2+ disease (median 20.7 vs
16.7 months, non-significant), Figure 3, Table 4.

The results of a multivariate Cox regression comparing
performance status, anatomical localization, type of treat-
ment and receptor status can be seen in Supplementary
Table 3. In this analysis, performance status and receptor sta-
tus remain significant prognostic factors, while type of
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Table 2. Median survival and longer-term survival (all patients) from diagnosis of brain metastasis.

Variable n Median survival (months) Median survival ratio Log-rank p-value* >2 years survival
All patients 6.1 12%
Age

Below median (<66) 72 7.6 1 14%

Above median (>66) 72 4.8 0.63 0.08 8%
Performance status 143 <0.0001*

0 27 20.1 1 37%

1 57 7.2 0.35 0.0001 10%

2 43 3.9 0.19 <0.0001 0%

3-4 16 1.6 0.08 <0.0001 6%
Anatomical localization 144

No carcinomatosis 108 7.0 1 15%

Carcinomatosis 36 35 0.50 0.007 3%
Number of lesions 108 0.0003*

1 36 12.7 1 17%

2-3 20 6.3 0.49 0.96 25%

>3 52 5.0 0.39 0.0002 7%
Treatment type 144 <0.0001*

Surgery 1 20.1 1 45%

SRS 27 9.5 0.46 0.008 14%

WBRT 106 4.7 0.23 <0.0001 7%

SRS 27 9.5 1 14%

WBRT 106 47 0.53 0.009 7%
Time from BC diagnosis to BM in months 144

Below median (<61) 72 6.4 1 11%

Above median (>61) 72 5.4 0.85 0.21 1%
Receptor status 144 0.0005*

HER2+ 30 12.7 1 31%

ER+/HER2— 93 4.8 0.37 0.0001 5%

HER2-+ 30 12.7 1

Triple negative 21 74 0.58 0.08 10%

Triple negative 21 74 1

ER+/HER2— 93 4.8 0.65 0.15

*Log-rank p for the subgroup.

Table 3. Distribution of prognostic factors by receptor status.

Variable (N) (Percentage) HER2+ Triple negative ER+/HER2— Chi? p-value
Median age at BM debut 61 58 67
All patients = 66, SD = 14 SD =15 SD =19 SD =12
Performance status (n = 143) N=30 N=21 N=92 <0.0001
0 (27) (19%) 9 (30%) 5 (24%) 13 (14%)
1 (57) (40%) 13 (43%) 7 (33%) 37 (40%)
2 (43) (30%) 6 (20%) 4 (19%) 33 (36%)
3-4 (16) (11%) 2 (7%) 5 (24%) 9 (10%)
Localization (n = 144) <0.0001
No carcinomatosis (108) (75%) 30 (100%) 19 (91%) 59 (63%)
Carcinomatosis (36) (25%) 0 (0%) 2 (9%) 34 (37%)
Number of lesions (n = 108) N=30 N=19 N=59 0.12
1 (36) (33%) 12 (40%) 8 (42%) 16 (27%)
2-3 (20) (19%) 7 (23%) 5 (26%) 7 (14%)
>3 (52) (48%) 11 (37%) 6 (32%) 35 (59%)

radiotherapy and presence of leptomeningeal carcinomatosis

do not seem to impact survival.

Discussion

Several of the investigated prognostic factors, mainly per-
formance status, presence of leptomeningeal carcinomatosis,

and number of BM’s, had an impact on survival time.
Differences in survival were also related to receptor status,
and the findings here were different than what has been
found in other studies.

In our study, the median age at BM diagnosis was
66 years, and 90% of patients already had metastatic disease.
This number has previously been reported as around 80%
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[21-23]. The median time elapsed from the first metastatic
event to BM development in our study was 17 months, thus
more than half of the patients developed CNS disease within
1.5years from diagnosis of metastatic disease. Other studies
report a median interval of between 1-3years of metastatic
disease before developing BM, similar to our findings
[5,21,22,24]. WBRT was the most common treatment in our
cohort (74%), followed by SRS (19%) and surgery + radiation
(7%), reflecting that a large percentage had either >3 lesions
(40%) or leptomeningeal carcinomatosis (25%). Other studies
have found the presence of carcinomatosis at BM debut
between 10-20% [24-27], thus our finding of carcinomatosis
in 25% of patients was relatively high, maybe reflecting an
increased frequency of patients with carcinomatosis due to
improved survival time of patients with metastatic disease
[10,25,28]. However, differences in the diagnostic workup
could also play a role. In our study, most patients had an
MRI scan of the brain, which increases the likelihood of
detecting eventual leptomeningeal carcinomatosis. The pres-
ence of leptomeningeal carcinomatosis was expected to lead
to poor survival, and our findings showed a median OS of
only 3.5months, similar to previous studies (median OS 1.8-
4.5 months) [25,29].

Tumor composition by receptor status showed a different
pattern than reported in the majority of previous studies. A
report by Witzel et al. comprising 1712 BC patients with BM
showed that after the introduction of HER2-targeted thera-
pies, the percentage of HER2+ BM patients decreased from

Time from first metastatic event to first BM

-
[=3
o

NI AN AN A AN AN A AT A AN AN B A A A A}

Probability of developing BM

50 - Triple negative
- HER2+
- ER+/HER2-
0 50 100

Time (months)

Figure 3. Time interval from first metastatic event to BM diagnosis by receptor
status.

Table 4. Time elapsed between first metastatic event and BM diagnosis.

51% (2000-2009), to 44% (2010-2015), while the proportion
of luminal A or B (HER2 negative and positive with positive
ER, respectively) subtypes significantly rose from 28 to 34%
[30]. In another large study (4118 patients) from 2019°, 45%
were ER+/HER2—, 15% ER+/HER2+, 15% ER-/HER2+, and
25% TNBC. In our study, while using slightly different group
definitions, 65% were ER + with negative or unknown HER2
status, 21% were HER2+, and 15% had TNBC. This is in line
with the previously reported tendency that due to better sys-
temic HER2-targeted treatment, HER2+ BC patients more
rarely develop metastatic disease, more rarely develop BM
after developing metastatic disease, and live longer after BM
development if treated with HER2-targeted therapy [5,31].
Additionally, our results support the findings in recent years
that patients with ER+ tumors constitute a larger part of BC
patients developing BM.

Overall, our finding of a median OS of 6.1 is in line with
previous reports showing a median OS after BM diagnosis
from 4-12months [14,19,24-27,32-36].

Other studies have identified age as a prognostic factor
for survival after BM [14,25,26,37], but we were not able to
confirm those findings in our study.

Performance status was an important prognostic factor for
survival as also demonstrated earlier [14,37,38]. With worse
performance status the median OS declined, and for patients
with performance status, 3-4 the median survival of only
1.6 months was barely longer than the duration they spent
receiving radiotherapy. Thus, our findings suggest that it
should be carefully considered if patients in poor perform-
ance status are candidates for radiotherapy, or if they would
be better served with medical palliation.

As demonstrated in previous studies [24,26,29,39], the
presence of leptomeningeal carcinomatosis significantly
impacted the median OS of patients, leading to a halving of
remaining lifetime expectancy compared to patients with
only solid tumors.

The median OS for the groups with 1 vs 2-3 vs >3 lesions
was around 12 vs 6 vs 5months, respectively, similar to pre-
vious reports. A study reported the respective median OS in
months for these groups as 11.2, 7.7 and 5.7 months [30],
while another found a median OS of 13.2 and 6.2 months for
patients with 1-3 and >3 solid lesions, respectively [14].

As a type of treatment is partially based on survival time
expectancy [12], it was no surprise that survival was better
for patients receiving surgery than SRS, and that WBRT was
correlated with worse survival than SRS. WBRT is the

Median months elapsed

Median months elapsed ratio

Log-rank P value % with >60 months elapsed

All patients (n=144) 17.0

ER-+/HER2— (93) 20.7 1
HER2+ (30) 16.7 0.81
ER-+/HER2— (93) 20.7 1
Triple-negative (21) 3.0

HER2+ (30) 16.72 1
Triple-negative (21) 3.0

0.14

0.18

0.003* 13%

0.16 16%

7%

0.001
0%

0.09

*Log-rank p value for comparison of all groups.



treatment of choice when lesions are excessive in number or
when leptomeningeal carcinomatosis is present, which may
explain the difference in survival based on radiation type.
These findings strongly support the current algorithms for
treatment selection. However, as WBRT resulted in a median
OS of only 4.7 months and is expected to cause more severe
cognitive impairment than SRS [7], remaining life expectancy
should be a crucial factor when deciding between perform-
ing or abstaining from treatment since hospital stays can
constitute a large part of a short remaining lifetime.

Some unexpected results were observed when comparing
receptor status subgroups. Earlier reports found that luminal
subtypes (hormone receptor-positive) had a median OS of
5.9-18.9 months; HER2+ (with negative ER) had a median OS
of 11.6-17.9months; and median OS for TNBC was 4.4-
4.9 months from BM diagnosis [5,28,30,36,40,41]. Despite our
slightly different subgroup definition it was unexpected that
median OS was worst among patients with ER+tumors - a
result conflicting with most previous studies, albeit some
newer studies are in harmony with our results [9,36,42]. As
patients with metastatic ER+BC have a better prognosis
than other groups before developing BM due to - among
other factors - multiple systemic treatment options [1,28],
they appear to be in a more advanced disease state when
developing BM. Our findings suggest that they are of older
age, have had metastatic disease for a longer time when
developing BM, are (partly as a consequence of these factors)
in a worse performance status, and are more likely to
develop leptomeningeal carcinomatosis than the other two
molecular subgroups. In concordance with previous studies,
HER2+ patients had the longest survival [36,40,43,44]. Based
on recent data including the HER2CLIMB trial, it is recom-
mended to start with systemic therapy with capecitabine,
tucatinib and trastuzumab in patients with HER2-positive dis-
ease, as it seems to improve overall survival and offer the pos-
sibility to delay local therapy [45]. In addition, several ongoing
studies are investigating how treatment with chemotherapy
or HER2-targeted treatment in addition to radiotherapy affects
patients with BM regarding central nervous system response
and survival. Due to a growing awareness of the cognitive
side effects following radiation [5,12], cognitive decline follow-
ing radiotherapy has gained more focus in recent studies and
ongoing clinical trials. Thus, several ongoing clinical trials are
investigating the survival and cognitive impact of SRS versus
WBRT in patients with oligometastatic BM. Recent studies sug-
gest that there is an emphasis for treating patients with mem-
antine to reduce radiation-induced effects on brain tissue [46].

In the multivariate survival analysis, all of the aforemen-
tioned prognostic factors but presence of leptomeningeal
carcinomatosis and the type of radiotherapy remain signifi-
cantly impactful. However, due to few events and a small
study population, the results of the multivariate analysis
should be interpreted with great caution.

Our results underline the need for a more individualized
approach to radiotherapy taking factors as receptor status,
size and number of brain metastases, performance status,
time since diagnoses and metastatic disease into account, as
also stated in the recent ASCO guidelines [47,48].
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Strengths of this study include that patients were treated
relatively recently and within a 5.5-year period, where the
institutional treatment guidelines did not change. No
patients were excluded due to a lack of data. Finally, the
sample included the entire BC-patient population treated for
BM in our department.

Limitations of this study include the limited generalizability
of our subgroup analyses due to the low number of patients.
Subgroup definitions used in this study were not exactly simi-
lar to those used in previous analyses (i.e. subgroup defini-
tions by receptor status), limiting comparability. The inclusion
criteria aimed at patients treated with RT, thus BC patients
with BM not considered eligible for RT are not accounted for
in this analysis. No information on blood tests was available.
As in all retrospective studies, a selection bias may be present.

Conclusion

The number of metastatic BC patients developing BM
appears to increase, likely due to prolonged survival time for
patients with metastatic BC caused by more effective sys-
temic therapy of extracranial metastatic disease. It appears
that HER2+ patients constitute a still smaller fraction of
metastatic BC patients due to improved HER2-targeted treat-
ment. The median survival time for all patients in this study
was 6.1 months. Worse survival was observed for patients of
poor performance status, presence of leptomeningeal carcin-
omatosis or more than 3 solid BM. Patients with ER 4 tumors
had surprisingly poor survival and appeared to be in a more
advanced disease state when developing BM, especially
regarding performance status, presence of leptomeningeal
carcinomatosis, and time between primary metastatic disease
and BM development.
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