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Abstract

Purpose of the Review The purpose of this review is to address the rising incidence of cerebral metastases in breast cancer
patients, which is now estimated to affect 30-40% of advanced breast cancer (ABC) patients.

Recent Findings Magnetic resonance imaging (MRI) remains the gold standard for brain metastases (BM) diagnosis, with
follow-up scans recommended every 3 months. Treatment options for BM include neurosurgery, stereotactic radiosurgery
(SRS), stereotactic fractionated radiation therapy (SFRT), or whole brain radiation therapy (WBRT), selected based on BM
number, size, and location. Local therapies like SRS or neurosurgery are preferred for single or oligo metastases, while SRS
or WBRT may be used for multiple BM. Concurrent systemic treatment tailored to tumor biology is crucial, particularly
with recent advancements in HER2-positive patient management..

Summary Symptomatic BM warrants local treatment alongside systemic therapy, considering patient condition and

prognosis.
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Introduction

Breast cancer is the most frequent malignancy in women
worldwide. Relative 5-year survival rate of patients suffering
metastatic breast cancer is currently 30% [1]. The most com-
mon localization for metastases is bone, lung, and liver, but
breast cancer also metastasizes in the brain [2]. Following
lung cancer, breast cancer is the second most common cause
for brain metastases (BM) [3].
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BM can be asymptomatic or symptomatic, with neuro-
logical symptoms, such as headaches, vomiting, nausea or
epileptic seizures [4]. Furthermore, motor deficits such as
hemiparesis, hemisensory loss, personality changes, aphasia,
visual disturbances or symptoms and other signs of raised
intracranial pressure can occur [5]. The symptoms essen-
tially depend on the location of the metastases and the size
or number. The metastases are most often located at the
cerebral hemispheres (75%), more rarely in the cerebellum
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(21%) or brain stem (3%) [5]. When BM occur, more than
50% of the patients already have multiple cerebral lesions
[6]. The treatment and prognosis of BM has drastically
changed in recent years. While only whole-brain radiation
therapy (WBRT) and treatment with corticosteroids were
standard in the 1970s, today the diagnostic and therapeutic
options are manifold [7]. In the current review, we want to
summarize the incidence, histological subtypes, as well as
diagnostics, therapy options, and current research for breast
cancer patients with BM.

Main Text
Incidence

The incidence of BM in breast cancer patients is increas-
ing in recent years and it is currently assumed that nearly
30-40% of all advanced breast cancer patients will develop
BM in the course of their disease [3, 8]. Whereas 7% of met-
astatic breast cancer patients already suffer of BM at diag-
nosis [9]. One possible explanation for the increasing num-
ber of BM might be the prolonged disease-free and overall
survival in patients due to new drugs and more effective
treatment strategies [10, 11]. On the other hand, increasing
availability and quality of imaging (especially MRI), might
lead to earlier discovery of BM [12].

Overall survival with BM was classified as extremely
poor in former studies, with a median survival rate of 1 to 2
months if the patient was not treated at all [3]. The survival
rate increased up to six months if the patient was treated
accordingly [3]. Due to new medications and treatment strat-
egies, survival rates increased depending on the source up to
a median overall survival of 9 to 16 months [13-15].

A tool to estimate survival in patients with BM, was
established with the diagnosis-specific Graded Prognostic
Assessment (GPA) [13, 16]. The score predicts median
overall survival dependent on tumor biology, Karnofsky
performance status scale, age, disease burden, number of

BM and extracranial metastasis in breast cancer patients,
see Table 1 [13]. However, the score has also its limitations,
as it does not consider the extracranial tumor burden, e.g.,
diffuse liver metastases. It just asks if extracranial metastases
are present. In a validation of the GPA on the German Breast
Cancer (BMBC) registry, it was further demonstrated that
the GPA had low sensitivity in prediction of short-term OS
(<3 months), and long-term (> 12 months) OS [14].

Histological Subtypes

It is already known that the tumor subtype influences the
prognosis of breast cancer patients and that some tumor
subtypes are more likely to metastasize in the brain than
others [8]. For example, hormone receptor (HR) positive
tumors metastasize in the bone more frequently than in other
organs, while HER2 positive and triple negative tumors are
more likely to metastasize in lung, liver, or brain [17]. A
2021 meta-analysis of 41,958 patients proved, that especially
HER?2 positive patients and triple negative patients have a
high incidence of BM with nearly one third of these subtypes
developing BM (31% for HER2 positive patients and 32%
of triple negative patients) [8]. In contrast, patients with HR
positive, HER2 negative advanced breast cancer develop
BM in only 15% of cases [8]. One possible explanation for
the high incidence in HER?2 positive patients might be the
longer progression and overall survival due to antibody treat-
ment strategies including trastuzumab and several others
that changed the treatment landscape in the last years [18].
However, trastuzumab has a limited blood brain penetration
and this might lead to the increase in BM in HER?2 positive
patients [18].

Another problem might be the receptor discordance
between primary tumor and BM. Multiple studies reported
receptor switch between primary tumor and BM in up to
20-35% [19-22]. Therefore, patients might not receive
adequate therapy depending on histological subtype. A
gain of hormone receptor was reported in up to 25%, and

Table 1 Graded Prognostic

Prognostic factor
Assessment (GPA) score

Karnofsky performance status scale (%) <60

Age (years)
Number of brain metastases
Extracranial metastases

Subtype*

GPA

0 0.5 1.0 1.5 2.0
70-80 90-100 - -

>60 <60 - - -

>2 1 - - -

present absent - - -

Triple negative ~ Luminal A - Her2 positive -

*Breast cancer subtypes: triple negative (ER/PR/HER?2 negative); Luminal A (ER/PR positive, HER2 neg-
ative); HER?2 positive (HER2 positive and ER/PR positive or negative)

Prognosis varies dependent on the score from 4.0 (best) to 0.0 (worst) prognosis. The score is the summary
of the GPA values for each category. In a registry analysis, median survival for GPA score 0.0-1.0 was 6
months, for GPA 1.5-2.0: 13 months, for GPA 2.5-3.0: 24 months, and for GPA 3.5-4.0: 36 months [13]
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a gain in HER2 was reported in up to 13%, respectively
[19]. Whereas a loss of hormone receptor occurred in 24 %,
and HER2 loss in 7% of patients [19]. However, not only a
change in the subtype has been described, but new mutations
at the molecular level have also been discovered in BM com-
pared to the primary tumor [23]. This makes it even more
difficult to find an effective therapy for the patients, as the
tumor cells might have already developed various resistance
mechanisms. However, with new detected mutations, there
are also possible future drug targets [23].

Diagnostics

The gold standard for detecting and evaluating primary,
as well as metastatic brain tumors is magnetic resonance
imaging (MRI) with and without contrast agent admin-
istration carried out with at least 1.5 T-fold strength [5,
12]. There have been great advances in MRI diagnostics
in recent years. However, challenges in the discrimination
of metastases from primary brain tumors or infections,
detection of small metastases or in discriminating treat-
ment response from tumor recurrence and progression,
remain [12]. At minimum, the diagnostic should include
a cranial MRI with pre- and post-contrast T1-weighted,
T2-weighted and/or T2-fluid-attenuated inversion recov-
ery (FLAIR) and diffusion-weighted imaging (DWI)
sequences [5]. Additional information can be achieved by
magnetic resonance spectroscopy or functional MRI [24].
In case of contraindications for MRI, a cranial computed
tomography (CT) or a positron emission tomography using
['8F]-2-fluoro-2-deoxy-D-glucose (FDG-PET) can be

performed [5]. Nevertheless, sensitivity of CTs and PET is
reduced compared to MRI. As FDG uptake in normal brain
tissue is high, detection of BM is more difficult [5]. With
the use of new tracers, like amino acids, sensitivity of PET
increased [25]. But still, PET is limited in the detection of
small metastases- especially if they are smaller than one
centimeter [25].

For follow-up diagnostic, a 3-month interval is recom-
mended or at any clinically indicated time with progressive
neurological symptoms [5]. For response and progression
assessment the RANO group (Response Assessment in
Neuro-Oncology Brain Metastases) has defined several crite-
ria (see Table 2), based on the RECIST 1.1 criteria [26, 27].
Nevertheless, distinction between therapy-related changes
and pseudo-progression, radionecrosis or tumor progression
is not always clear [26].

Regarding the screening for BM in asymptomatic
patients, no additional benefits have been demonstrated
[28, 29]. Though early treatment of BM with radiotherapy
led to a numeric decrease in brain metastases in asympto-
matic patients, it did not prolong overall survival compared
to symptomatic patients [28, 29]. Therefore, national, and
international guidelines do not currently recommend per-
forming cerebral imaging in asymptomatic patients in clini-
cal routine [30, 31]. Nevertheless, a low threshold for MRI
diagnostics is recommended in special subtypes, for example
in HER?2 positive patients [32]. Multiple prospective trials
are currently underway to evaluate routine cerebral imaging
in breast cancer patients and verify previous study results.
For example, the randomized controlled trial from the Dana-
Farber Cancer Institute (NCT04030507). The trial contains

Table 2 Response assessment criteria for brain metastases: proposal from the RANO group

Complete response Partial response

Stable disease Progressive disease

Target lesions None >30% decrease in sum <30% decrease relative to >20% increase in sum longest
longest distance relative to baseline but <20% increase distance relative to nadir*
baseline in sum longest distance rela-

tive to nadir

Non-target lesions None Stable or improved Stable or improved Unequivocal progressive

disease*

New lesions** None None None Present*

Corticosteroids None Stable or decreased Stable or decreased Not applicable***

Clinical status Stable or improved Stable or improved Stable or improved Worse*

Requirement for response  All All All Any #**

Recreated with permission from Elsevier

*Progression occurs when this criterion is met

**A new lesion is one that is not present on prior scans and is visible in minimum two projections. If a new lesion is equivocal, for example
because of its small size, continued therapy can be considered, and follow-up assessment will clarify if the new lesion is new disease. If repeat
scans confirm there is definitely a new lesion, progression should be declared using the date of the initial scan showing the new lesion. For
immunotherapy-based approaches, new lesions alone do not define progression

***Increase in corticosteroids alone will not be taken into account in determining

This table was previously published: [26]

@ Springer



392

Current Breast Cancer Reports (2024) 16:389-401

four cohorts: 1. Triple negative, 2. HR positive / HER2 nega-
tive, 3. HER2 positive and 4. inflammatory breast cancer
patients. The cohorts 2 & 3 will be randomized to cerebral
MRI yes/no, whereas cohort 1 & 4 will undergo cerebral
MRI as a routine care [33]. Another trial is conducted by the
Yonsei University (NCT03617341). Metastatic HER2 posi-
tive and triple negative patients are screened with cerebral
MRI at time of diagnosis, as well as at time of first- and
second-line treatment failure in order to detect BM before
onset of symptoms [34].

In addition to neuroimaging, neurological symptoms and
clinical assessment of the symptoms should be considered
and checked during follow-ups. For this purpose, Neurologic
Assessment in Neuro-Oncology (NANO) scale, evaluating 9
relevant neurologic domains (e.g., muscle strength, vision)
can be used [35].

Prognostic Factors for OS with Cerebral Metastasis

In an analysis of 968 breast cancer patients with BM from the
SEER (Surveillance, Epidemiology, and End Results) data-
base of the National Cancer Institute in the United States,
triple negative patients showed the worst survival rate (6
months) [15]. Whereas HR positive HER2 positive subtype
showed the best median survival of 21 months [15]. Simi-
lar results have been demonstrated by another retrospective
study. It showed worse median overall survival (7months)
in triple negative patients compared to other tumor sub-
types (16—26 months) [36]. Besides tumor biology, other
identified prognostic factors for metastatic disease are high
histological grade [37], size and location of extracerebral
metastases [38, 39], as well as young age (diagnosis of meta-
static breast cancer before 35/40 years) [39, 40] and short
time from diagnosis of cancer to metastatic disease [39].
Furthermore, Ryberg et al. showed an elevated risk for BM,
when lactate dehydrogenase (LDH) concentration in serum
was above the upper normal limits before start of treatment
[41]. Another important factor is the general condition of
the patient. It could be shown that a Karnofsky Performance
Status <60 was associated with a significantly poorer PFS,
compared to a score > 60 [42¢]. As a prognostic tool, the
diagnosis-specific Graded Prognostic Assessment (GPA)
was established, which takes these values into account (see
Table 1) [13, 16].

Therapy Options

Treatment of brain metastasis is very complex and there
are different options with surgery, stereotactic radiosurgery
(SRS), stereotactic fractionated radiotherapy (SFRT), whole
brain radiation therapy (WBRT), and systemic therapy, like
chemotherapy, molecularly targeted therapeutics, and immu-
notherapy. Also, a combination of therapies is possible.

@ Springer

Therefore, an interdisciplinary therapy recommendation
should be made. Every patient should receive the best treat-
ment depending on localization, size and number of BM, but
also depending on previous illnesses and previous therapy
lines [31]. Patients should be informed about the disease
and the prognosis so that a participative decision can be
made. Delay of neurological deterioration and prolonged
survival with good quality of life are the main treatment
goals [5]. In general, one or multiple local therapies (SRS,
SFRT, surgery) should be offered to patients suffering from
symptomatic brain metastases [9]. When disease progression
occurs, change in systemic therapy is recommended as well.
However, it can be omitted if it is the initial diagnosis of
BM, extracranial disease is stable, and adequate local treat-
ment of BM seems feasible [30]. Switching systemic therapy
alone (without adding local therapy) is only an option for
patients with HER2-positive, asymptomatic brain metastases
and should be decided in an interdisciplinary tumor board
[30].

Furthermore, as survival of patients with BM increased
in recent years, patients should be encouraged for participa-
tion in clinical trials- especially if they have an expected
survival of at least 50% for one year calculated by the GPA
(see Table 1) [13].

Single and Oligo Metastases

The number and localization of BM has an important
influence on therapy recommendation. Oligo metastases
is defined as four or less BM or a cumulative tumor vol-
ume of < 15 ml in 5 to 10 BM, respectively [30]. The most
common therapy approach for single, or oligo BM are SRS,
SFRT or surgery. It has been shown that additional WBRT
had an unnecessary negative impact on the neurocognitive
function and quality of life, whereas overall survival did
not increase [43, 44]. Therefore, additional WBRT is not
recommended in patients suffering single or oligo BM (one
to four metastases) [43]. The individual therapy options and
their use depending on the size, number (single / oligo /
multiple) and localization of metastases are presented sepa-
rately below.

Surgery

Especially patients with controlled systemic disease may
benefit of neurosurgical resection of single brain metastases
[5, 9]. Regarding the extinct of resection, complete resection
correlates with better local control and en bloc resection may
result in lower recurrence rates [45, 46]. In patients with
multiple BM, surgical resection might only be a choice if a
large BM causes increased intracranial pressure or neuro-
logical symptoms with significant limitations for the patient
[5]. Another indication for a surgical intervention might be
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big size (>4cm), cystic or necrotic BM, since SRS does not
work so well in these patients compared to solid tumors [45,
47]. Additional radiotherapy after neurosurgical resection
is recommended as significant lower local recurrence rates
were shown [48]. In these cases, stereotactic radiotherapy
should be preferred as it showed a better cognitive function
and similar overall survival compared to adjuvant WBRT
after surgical resection [49, 50]. Another reason for neuro-
surgical treatment is obtaining new histology. For example,
when a switch in tumor type or new mutations are suspected
and systemic therapy can be adjusted accordingly [5].

Radiotherapy

Stereotactic radiosurgery (SRS) is the gold standard in
today’s clinical practice [9, 51]. Using stereotactic and
image guidance, the target accuracy is around one millimeter
[5]. In most cases, single fraction technique using 15 to 24
Gy is applied [5]. Multiple fractions (27 Gy in three frac-
tions or 30 Gy in five fractions) are not commonly used, only
in patients with larger BM, pre-irradiation or lesions close
to risk structures (e.g., brain stem) [5, 52]. SRS alone is nor-
mally recommended in oligo (one to four), unresected BM or
after surgical resection in the surgical cavity [9, 53]. Further-
more, especially patients with BM smaller than 4cm seem to
benefit of SRS compared to WBRT [54]. An analysis from
Harvard medical school further showed, that re-treatment
with WBRT or SRS after initial SRS is only necessary in
55% of patients and takes place after 6 months on average
[55]. The authors therefore conclude that the initial treat-
ment of oligo BM with SRS is very efficient as only 11% of
patients died due to cerebral disease progression during the
study period [55].

As alternative, WBRT (20-30 Gy in 5-10 fractions) can
be used as a primary therapy especially in patients with mul-
tiple BM who are not eligible for SRS [5, 9]. Furthermore,
WBRT still plays an important role in the treatment of lep-
tomeningeal metastases [56]. In contrast, the use of post-
operative WBRT after neurosurgical resection or after SRS
should not be done routinely as no survival benefit could be
seen [43, 44, 57, 58]. A randomized clinical trial in patients
with oligo BM (1 to 3 metastases) showed, that additional
WBRT after SRS compared to SRS alone had higher rates of
cognitive deterioration while overall survival did not differ
between the two groups [43].

While treatment recommendations with SRS for single
and oligo BM are relatively “clear”, examination of SRS
efficacy in patients with multiple BM (more than four BM)
is subject of current research. Dana-Farber Cancer Institute
carries out a phase III randomized trial, comparing WBRT
with hippocampal sparing to stereotactic radiation in patients
with 5-20 BM (NCT03075072) [59]. Quality of life and
overall survival will be recorded [59]. The results are eagerly

awaited as they may indicate a switch from standard therapy
(WBRT) in patients with multiple BM (5-20 BM) to ste-
reotactic radiation. A Japanese study (JLGKO0901), already
showed promising results and proved the non-inferiority of
SRS compared to WBRT in patients with multiple BM [60].

If WBRT is indicated, hippocampal area should be
avoided since cognitive function and patient-reported
symptoms are improved compared to “classic” WBRT [53,
61]. Furthermore, it was previously shown that memantine,
a NMDA -receptor antagonist, can lead to better cognitive
function and delayed cognitive decline in patients undergo-
ing WBRT [62]. In order to increase local tumor control, a
simultaneous or sequential dose escalation to the metastases
may also be performed alongside hippocampal sparing [63].

Nevertheless, the therapy decision should be made on
an individual basis, considering all different aspects like
size, number, and localization of the BM as well as the
general condition and neurological symptoms of the patient
[9]. Therefore, international guidelines recommend that no
radiotherapy in asymptomatic patients should be carried out,
when Karnofsky Performance Status is <50, or <70 and no
systemic therapy options are available for additional treat-
ment [9].

Medication

The systemic therapy of BM seems challenging due to
multiple factors. Since many patients only metastasize cer-
ebrally at an advanced stage, it is possible that patients have
already received several previous therapies [13]. Therefore,
poor respond rates and drug resistance must be considered.
Furthermore, the blood—brain and brain-tumor penetrability
can be responsible for reduced drug efficacy in BM [64].
Since systemic treatment essentially depends on the tumor
subtype, we would like to consider this separately below.
Furthermore, Table 3 presents studies that have significantly
changed the treatment of ABC patients with BM.

HER2 Positive

New advances in drug therapy were recently made in HER2
positive patients. Namely, the HER2Climb study which
compared the combination of trastuzumab and capecitabine
with or without tucatinib in HER2 positive, ABC patients
[65, 66ee, 67]. A total of 291 patients with stable and active
brain metastases at baseline were enrolled in the study [65,
66ee]. The combination showed an improved intracranial
objective response rate, as well as improved progression free
survival (5.7 months) and a longer median overall survival
of 9.1 months [65, 66ee].

Another promising HER2 antibody drug conjugate is
trastuzumab deruxtecan (T-DXd). T-DXd showed prom-
ising results in HER2 positive, heavily pretreated, ABC
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patients with progression-free survival of 16.4 months (95%
CI, 12.7 to not reached) [68]. Furthermore, T-DXd showed
high intracranial response rate (73.3%) in TUXEDO-1 trial
in stable asymptomatic brain metastases [69]. Neverthe-
less, in this phase 2 trial, only 15 patients were included
[69]. In comparison of T-DXd to trastuzumab emtansine
(T-DM1), patients treated with T-DXd had significantly bet-
ter PFS [70e]. The study contained 114 patients with BM,
see Table 3 [70e]. A retrospective study further showed a
promising activity of T-DXd in active BM and leptomenin-
geal carcinomatosis [71]. An overall response rate of 64% in
patients with asymptomatic BM, receiving T-DXd was seen
in a systematic meta-analysis in 2022 [72].

Other drugs and drug combinations, like T-DM1 [73],
lapatinib plus capecitabine [74], neratinib plus capecitabine
[75], neratinib plus paclitaxel [76], were examined in ABC
with BM. Unfortunately, these combinations were not able
to show overwhelming results, for example T-DM1 only
showed a best overall response rate of 21.4% in patients
with BM [73]. Moreover, PATRICIA trial, a phase 2 study,
assessed the combination of high dose trastuzumab with per-
tuzumab [77]. Patients had only a cerebral overall response
rate of 11% [77].

Further research is needed, and new trials are already
ongoing, as the DESTINY-B12 (NCT04739761), a mul-
ticenter, phase 3b/4 study analyzing the use of T-DXd in
patients with ABC (with or without baseline BM) who were
previously treated with more than 2 regimens for HER 2 pos-
itive ABC [78]. Moreover, HER2Climb-05 (NCT05132582),
evaluating the combination of tucatinib or placebo with
pertuzumab and trastuzumab [79]. The trial is recruiting
HER?2 positive advanced breast cancer (ABC) patients with
or without asymptomatic BM [79]. Another phase II trial is
planning to test the combination of tucatinib with T-DXd
(NCT04539938) in patients with HER2 positive ABC and
BM [80]. The results are eagerly awaited as they might con-
tribute to new guideline recommendations.

HER2 Negative

Regarding the subtypes of triple negative and HR positive,
HER?2 negative patients, fewer clinical studies have been
conducted and less therapeutic successes have been achieved
compared to the group of HER2 positive patients. Further-
more, most studies have not been conducted exclusively
on patients with BM. Next to “traditional” chemotherapy
in combination with bevacizumab, a VEGF inhibitor (if
applicable), targeted therapies, e.g., PARP inhibitors for
BRCA positive patients or immunotherapy for PD-L1 posi-
tive tumors play an important role for the treatment of triple
negative ABC.

For example, the EMBRACA study who led to the
approval of talazoparib, a PARP inhibitor, included patients

with brain metastases (see Table 3) [81]. Patients with HER2
negative ABC and BRCA mutation were randomized to tala-
zoparib or standard therapy and the study showed a higher
progression free survival (PFS) in the talazoparib group
(8.6 versus 5.6 months) [81]. Regrading triple negative
patients, immunotherapy has gained importance in recent
years, with the approval of atezolizumab and pembroli-
zumab for treatment of ABC [82, 83]. Both approval studies
contained patients with asymptomatic BM (pembrolizumab
27 patients, atezolizumab 61 patients) [82, 83]. Currently,
Weill Medical College of Cornell University evaluates the
use of pembrolizumab in combination with SRS in patients
with BM (NCT03449238). Patients with 2—10 BM will be
included and tumor response rate, as well as OS will be
assessed [84].

Regarding HR positive, HER2 negative ABC patients,
therapy with CDK4/6 inhibitors is the standard first-line
therapy. The effectiveness and safety was demonstrated in
the approval studies and in the real-world setting [85, 86].
Of the three available CDK4/6 inhibitors, only abemaci-
clib was tested in a phase II study in 58 patients with active
BM or leptomeningeal disease [87]. Primary endpoint was
not met, with a low intracranial objective response rate of
5.2% [87]. However, intracranial clinical benefit rate was
24% and therapeutic concentrations of Abemaciclib in brain
metastases tissue was demonstrated [87]. Currently, a new
trial examining the combination of Abemaciclib and SRS is
recruiting patients (NCT04923542). Intracranial, as well as
extracranial PFS and OS will be analyzed in patients with
less than 15 BM, eligible for SRS [88].

After publication of DESTINY-Breast04 trial, T-DXd is
a new option for HER2 low ABC patients (HER2 low is
defined as a score of 1+ on immunohistochemical [IHC]
analysis or as an IHC score of 2+ and negative results on
in situ hybridization) [89]. This might be especially interest-
ing for HER2 low ABC patients with BM, as Krabaji et al.
found inhibition of tumor growth and longer survival rates
due to T-DXd in HER2 low orthotopic PDX models of breast
cancer brain metastases [90]. Clinical studies investigating
T-DXd in HER2 low ABC patients with BM are already on
the way, like the HER2 low cohorts of the DEBBRAH trial
(NCT04420598) [91].

Symptomatic therapy

Symptomatic therapy, symptom-related interventions, as
well as psychosocial and supportive care are one of the main
components in the treatment of ABC patients with BM [31].
When symptoms of intracranial pressure occur, therapy with
corticosteroids is recommended. By EANO/ESMO corticos-
teroids should be used in the lowest dose and in the shortest
time possible while the use of anticonvulsants is limited to
the occurrence of seizures and should not be used as routine
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treatment [5]. Radiation necrosis is a side effect that can
occur after radiotherapy. Application of bevacizumab in
these patients as a symptomatic therapy is part of current
phase I studies in different tumor entities [92, 93]. Results
are promising and showing improved neurological symp-
toms compared to placebo, but further research is needed
before bevacizumab can be incorporated as a routine care in
these patients [92, 93].

Conclusion

To date, it has not been demonstrated that screening for
BM in asymptomatic patients is beneficial [28, 29]. Though
early treatment of BM with radiotherapy led to a numeric
decrease in brain metastases in asymptomatic patients but
did not prolong overall survival compared to symptomatic
patients [28, 29]. Therefore, it is currently not recommended
to perform cerebral imaging in asymptomatic patients [30,
31]. Nevertheless, especially triple negative and HER?2 posi-
tive patients are at risk to develop BM, so the threshold to
perform cerebral imaging should be low [32]. New studies
are currently evaluating this clinical practice.

Therapy of BM consists of local and systemic treatment.
Treatment decisions should always consider the patients’
general condition, as well as Karnofsky Performance Status
and should be made by an interdisciplinary tumor board,
considering the patients prognosis [31]. When symptomatic
BM occur, local treatment is recommended [9]. For single
or oligo BM, surgery or SRS are the treatment of choice,
depending on localization and size of metastases [9]. When
multiple BM occur, until now, WBRT with hippocampal
sparing is mostly used. However, SRS is on the rise with
new randomized controlled trials evaluating the safety and
outcome of SRS in patients with multiple BM and showing
promising results [59, 60]. Depending on the location and
number of BM, SRS can therefore be a possible alterna-
tive for the treatment of multiple BM and could potentially
replace WBRT in some categories of patients in the next
few years.

Regarding systemic therapy, especially advances in HER2
positive tumors were achieved in recent years. The combina-
tion of trastuzumab, capecitabine and tucatinib showed the
efficacy of a systemic therapy in active BM in breast cancer
patients [65, 66ee]. Furthermore, intracranial response rate
of T-DXd seems to be very promising [69].

Abbreviations BM: Brain metastases; HR: Hormone receptor;
ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epi-
dermal growth factor 2; ABC: Advanced breast cancer; T-DXd: Trastu-
zumab deruxtecan; TDM-1: Trastuzumab emtansine; PFS: Progression
free survival; GPA: Graded prognostic assessment; MRI: Magnetic res-
onance imaging; CT: Computed tomography; PET: Positron emission
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tomography; SRS: Stereotactic radiosurgery; SRT: Stereotactic radio-
therapy; WBRT: Whole brain radiation therapy
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