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Purpose: Around 30% of patients with breast cancer will develop brain metastases (BM). 
We sought to characterize the disease course, treatments and outcome for our patient cohort.
Materials and Methods: We extracted clinicopathological data from electronic records 
from January 2015 to December 2020. Results were generated using SPSS statistics v27.
Results: We identified 98 patients. Median overall survival (OS) from BM diagnosis was 3 
months [hormone receptor (HR)+/human epidermal growth factor receptor 2 (HER2)–], 8 
months [HR+/HER2+], 7 months [HR–/HER2+] and 2 months [triple negative breast cancer 
(TNBC)]. Whole brain radiotherapy (WBRT) (n=48, 70%) was most frequently used fol-
lowed by surgery (n=15, 22%) and stereotactic radiosurgery (n=6, 8%). In patients who 
received WBRT alone (n=40) the median OS post WBRT was 2.6 months.
Conclusion: After BM development, half of the patients had systemic therapy and 70% had 
local therapy, but only the HER2 subgroup had a prolonged OS likely reflecting central 
nervous system (CNS) activity of anti-HER2 drugs. TNBC patients had the worst prognosis. 
Although our cohort is small, OS was >1 year for 60% of HER2+ patients who received 
trastuzumab emtansine after BM development, which is encouraging for antibody drug 
conjugates and CNS activity. Patients who received WBRT had a higher burden of CNS 
disease and had an OS of less than 3 months.
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Plain Language Summary
Around 30% of patients with breast cancer will develop brain metastases during the course of 
their disease which can have a devastating effect on prognosis, independence and quality of 
life. The aim of our retrospective study was to characterize disease course, treatments given 
and outcome for our patient cohort. We identified 98 patients with metastatic breast cancer 
and brain metastases. Patients with triple negative breast cancer had the worst prognosis. 
Overall survival was longest in the HER2-positive subgroup with this cohort receiving the 
most lines of treatment post brain metastases development. Our results support recent 
evidence demonstrating central nervous system activity for antibody drug conjugates in 
this group. Patients who received whole brain radiation had an overall survival of less than 
3 months.

Introduction
Breast cancer (BC) is a disease with a spectrum of distinct biological features that 
result in differences in effective treatment modalities, response patterns and clinical 
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outcomes. Tumours are grouped into surrogate intrinsic 
subtypes, namely Luminal A, Luminal B, human epider-
mal growth factor receptor 2 (HER2) positive and basal- 
like. Luminal A tumours are strongly hormone receptor 
(HR) positive [oestrogen receptor (ER) and progesterone 
(PR) positive], HER2 negative and have a low prolifera-
tive index. Luminal B tumours are ER positive but tend to 
have a higher proliferative index and varying degrees of 
PR and HER2 positivity. HER2 positive non-luminal BC 
are HER2 positive and HR negative while basal-like are 
triple negative with lack of HR and HER2.1

Up to 30% of patients with BC will develop brain 
metastases (BM) during the course of their disease. BM 
can have a devastating effect on prognosis, independence 
and quality of life. The incidence of BM and overall 
survival (OS) differs according to BC subtype. Patients 
with HER2 overexpression and triple negative breast can-
cer (TNBC) are at a higher predilection of developing 
BM.2 Treatment options for BC patients with BM can be 
divided into systemic and local options. The selection of 
the type of systemic treatment is guided by the BC subtype 
which include chemotherapy, antibody drug conjugates 
and HER2 targeting agents. Local therapy options include 
whole brain radiotherapy (WBRT), stereotactic radiosur-
gery (SRS) and surgery. We sought to characterize disease 
course, treatments and outcome for our patient cohort with 
BM over the last 5 years.

Materials and Methods
We extracted clinicopathological data using electronic 
records from January 2015 to December 2020 on BC, 
HR and HER2 status, time to development of BM, type 
and number of local and systemic therapies given for BM 
and OS from diagnosis of BM. All BC patients diagnosed 
with BM during that time period were included. Both 
computed tomography (CT) and magnetic resonance ima-
ging (MRI) brain imaging was used for diagnosis of BM 
and for follow up. Results were generated using SPSS 
Statistics v27.

Results
We identified 98 patients. Median age was 49 with a range 
from 27 to 89 years. Interquartile range (IQR) was 40 to 
57 years old. Of the BC subtypes, 39 (40%) were HR 
+/HER2–; 44 (45%) were HER2 positive which were 
further divided into 29 (30%) HR+/HER2+, 15 (15%) 
HR–/HER2+ and 15 (15%) triple negative breast cancer 
(TNBC). The main histology subtype was invasive ductal 

carcinoma (IDC) at 97%, with the other 3% consisting of 
invasive lobular cancer (ILC). Around 60% of patients had 
a poorly differentiated tumour (Grade 3), with the remain-
ing 40% being moderately differentiated (Grade 2). The 
median tumour size at initial breast surgery was 40 mm 
with a IQR of 22–55 mm. A total 64% of patients had 
node positive disease with a median of 1 positive node at 
initial breast surgery. Of the patients who had node nega-
tive disease, 42% were HER2+ and 17% were TNBC. 
Despite HR+/HER2– being the most common breast can-
cer subtype, in our cohort most patients with BM had 
HER2-positive metastatic breast cancer (MBC). Almost 
20% presented with de novo MBC of which 4 had BM 
at presentation, and 80% had relapsed MBC of which 22 
had BM at presentation (Table 1).

At first presentation with MBC (relapsed and de novo) 
74% of patients had no BM, 18% had BM with extracra-
nial disease and 8% had BM only with no extracranial 
disease (5 had HER2+, 2 had TNBC and 1 had HR 
+/HER2–). TNBC patients had the highest incidence 
(40%) of presentation of BM at MBC diagnosis. Median 
time to BM development from early BC diagnosis was 69 
months (HR+/HER2–), 47 months (HR+/HER2+), 49 
months (HR–/HER2+) and 19 months (TNBC). Median 
time to BM development from MBC diagnosis was 17 
months (HR+/HER2–), 10 months (HR+/HER2+), 12 
months (HR–/HER2+) and 3 months (TNBC). A total 
22% of patients developed leptomeningeal disease 
(LMD) (5 had HER2+, 5 had TNBC and 12 had HR 
+/HER2–). Three patients developed LMD after BM diag-
nosis, while 19 presented with concurrent BM and LMD. 
Median OS was 1.5 months after development of LMD 
irrespective of tumour subtype.

A total 71% of patients had systemic treatment prior to 
developing BM, with a median of 3 lines of treatment 
(range 1–7). Almost half (45%) of patients had systemic 
treatment after developing BM with a median of 1 line of 
treatment. HER2+ patients received the most lines of 
treatment post BM development with a median of 2 lines 
of treatment (range 1–6). A total 70% of patients (n=69) 
received local therapy for BM with a median of 1 line of 
treatment (Table 2). WBRT (n=48, 70%) was the most 
frequently used modality in the first line followed by 
surgery (n=15, 23%) and SRS (n=6, 7%) (Table 3). 
Patients with HER2+ BM had the highest incidence of 
receiving SRS or surgery in the first line (57%). In patients 
who received WBRT alone (n=40) the median OS post 
WBRT was 2.6 months, while in those who received 
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surgery or SRS (n=21) the median time to death was 12 
months.

Median OS from BM diagnosis was 3 months (HR 
+/HER2–), 8 months (HR+/HER2+), 7 months (HR–/ 
HER2+) and 2 months (TNBC) (Figure 1). The median 
Breast Graded Prognostic Assessment score (Breast-GPA) 
was 1.0 (HR+/HER2–), 2.5 (HR+/HER2+), 2.5 (HR–/ 
HER2+) and 0.5 (TNBC). In the overall cohort, the per-
centages of patients with a GPA of 0 to 1.0, 1.5 to 2.0, 2.5 

to 3.0 and 3.5 to 4.0 were 38%, 36%, 23% and 3% 
respectively. The median OS was 1, 6, 10 and 19 months 
for a GPA of 0 to 1.0, 1.5 to 2.0, 2.5 to 3.0 and 3.5 to 4.0 
respectively (Figure 2). A total 17% of patients died from 
extracranial disease progression and their BM were con-
trolled at time of death. A total 34% died from intracranial 
progression alone, and 49% died from progression of both 
intracranial and extracranial disease. Twelve patients with 
HER2+ BC who received trastuzumab emtansine (T-DM1) 

Table 1 Baseline Patient Characteristics and OS

All Subtypes 
n=98

HR+HER2– 
n=39

HR+HER2+ 
n=29

HR–HER2+ 
n=15

TNBC 
n=15

Median age at breast cancer diagnosis (range) – years 49 (27–89) 48 (29–89) 51 (28–70) 50 (27–80) 48 (35–75)

Relapsed MBC – no (%) 79 (100) 30 (38.0) 24 (30.4) 12 (15.2) 13 (16.4)

De novo MBC – no (%) 19 (100) 9 (47.4) 5 (26.3) 3 (15.8) 2 (10.5)

Median time to BM from diagnosis of MBC (range) – 

months

17 (0–130) 10 (0–78) 12 (0–49) 3 (0–30)

Median Breast-GPA score 1.0 2.5 2.5 0.5

Median OS from diagnosis of BM (range) – months 3 (1–47) 8 (1–118) 7 (1–46) 2 (1–26)

Abbreviations: BM, brain metastases; GPA, Graded Prognostic Assessment; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; MBC, metastatic 
breast cancer; OS, overall survival; TNBC, triple negative breast cancer.

Table 2 Treatment Received After Diagnosis of BM

All Subtypes 
n=69

HR+HER2– 
n=26

HR+HER2+ 
n=23

HR–HER2+ 
n=12

TNBC 
n=8

Patients who received systemic treatment after diagnosis of 

BM – no (%)

45 (100) 16 (35.6) 16 (35.6) 9 (20.0) 4 (8.8)

Median no. of systemic treatments after diagnosis of BM 

(range)

2 (1–5) 2 (1–3) 1 (1–6) 1 (1–3)

Patients who received local treatment after diagnosis of 

BM – no (%)

69 (100) 26 (37.7) 23 (33.3) 12 (17.4) 8 (11.6)

Median no. of local treatments after diagnosis of BM (range) 1 (1–2) 1 (1–3) 1 (1–2) 1 (1–3)

Abbreviations: BM, brain metastases; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple negative breast cancer.

Table 3 Types of Local Treatment for BM in the First Line

First Line Local Treatments for BM – no (%) All Subtypes 
n=69

HR+HER2– 
n=26

HR+HER2+ 
n=23

HR–HER2+ 
n=12

TNBC 
n=8

WBRT 48 (69.6) 22 (84.7) 16 (69.6) 7 (58.3) 3 (37.5)

SRS 6 (8.7) 1 (3.8) 3 (13.0) 0 (0) 2 (25.0)

Surgery 15 (21.7) 3 (11.5) 4 (17.4) 5 (49.7) 3 (27.5)

Abbreviations: BM, brain metastases; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; SRS, stereotactic radiosurgery; TNBC, triple negative 
breast cancer; WBRT, whole brain radiotherapy.
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prior to BM appearance had a median time of 10 months 
to BM development (IQR 6–17 months). For the 13 
patients with HER2+ BC given T-DM1 after BM devel-
opment 60% had a progression free survival (PFS) of at 
least 1 year on T-DM1. Nine patients in that cohort pro-
ceeded to get subsequent systemic therapies after progres-
sing on T-DM1. Five patients received palbociclib after 
BM in the first line and all had progression of disease 
within 3 months. Considering the OS for the full cohort 
was so short it is interesting that almost 50% of patients 
went on to have further systemic chemotherapy (median 1). 
This is also noted in the 70% who received WBRT in the 
first line of local therapy after which 56% of that cohort 
went on to receive further systemic therapy.

Discussion
BC is the third most common cancer associated with BM 
in the United States after lung cancer and melanoma.3 

Overall, 10–30% of patients with MBC will develop BM 
during the course of their disease which is often the factor 
that limits survival.4 This is seen in our cohort in which 
over 80% died from intracranial disease progression. 
Several risk factors for developing BM have been 

identified, which include overexpression of HER2, HR 
negativity, young age at diagnosis and high tumour grade.5

The incidence, time to development and prognosis of 
BM is influenced by tumour subtype. For the HR 
+/HER2– subtype the incidence of BM is 14% with 
a median OS of 10 months.6 A total 34% of patients 
with HER2+ breast cancer will develop BM, however 
median OS is longer at 17 months (HR–/HER2+) and 22 
months (HR+/HER2+).7 The incidence of BM is high at 
46% among patients with TNBC with the poorest median 
OS of 4.9 months.8 This is mirrored in a recent study by 
Kim et al which showed that there was a higher incidence 
of BM in HER2 and TNBC patients (28.0 and 30.8%) 
with a median OS of 12 months (HR+/HER2–), 23 
months (HR+/HER2+), 10 months (HR-/HER2+) and 6 
months (TNBC) respectively.9 The OS for our entire 
cohort appears shorter than some international data series 
but this may be due to the relatively small number of 
patients in our cohort. However, a similar pattern is seen 
with TNBC patients faring the worst and HER2+ patients 
having the best prognosis.

The Breast Graded Prognostic Assessment (Breast- 
GPA) is a tool to gauge the prognostic index for patients 
with BM. The higher the GPA (maximum score 4.0), the 

Figure 1 Kaplan–Meier curve for survival by tumour subtype. 
Abbreviations: BM, brain metastases; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; mo, month; OS, overall survival; TNBC, triple negative 
breast cancer.
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better the prognosis. For BC, the main prognostic factors 
are tumour subtype, age, number of BM, presence of 
extracranial disease and Karnofsky Performance status. 
Median OS was 6, 13, 24 and 36 months respectively for 
GPA categories 0 to 1.0, 1.5–2.0, 2.5–3.0 and 3.5–4.10 

This is mirrored in our cohort with patients with higher 
GPA scores having a better prognosis.

Most of our patients had HR+HER2– disease which 
makes sense as this is the most common breast cancer 
subtype. The median time to development of BM for HR 
+/HER2–, HR+/HER2+, HR–HER2+ and TNBC from 
initial diagnosis of BC is 54.4, 47.4, 35.8 and 27.5 months 
respectively.11 TNBC has the highest incidence of BM at 
presentation with MBC which is seen in our cohort (40%). 
This is likely due to TNBC having increased risk of pre-
senting with early distant metastases and having the high-
est risk of developing BM as the first site of recurrence 
(4.7%).12

LMD arises in 11–20% of diagnosed CNS metastases 
in BC and has a median OS of 4.5 to 6 months which does 
not seem to differ according to tumour subtype.13 

A similar result was seen in our patient cohort with 22% 
patients developing LMD with a median OS of 1.5 months 
which was similar across all subtypes. None of our 

patients received intrathecal chemotherapy with literature 
showing no added survival advantage.14

As MBC patients are progressively living longer, they 
are at risk for additional occurrences of BM or progression 
of BM. Over the recent years patients with HER2+ disease 
have access to multiple new systemic options that have 
CNS efficacy, but unfortunately in patients with other 
subtypes like TNBC there has been less progress in treat-
ment options for BM.

Patients with BM have an unmet need as they been 
traditionally excluded from clinical trials, due to the fact 
that most of them have a poor prognosis and that many 
systemic treatments penetrate the blood–brain barrier 
poorly.15 However, with improved treatment efficacy, 
some patients remain in good clinical condition which 
has allowed a select MBC cohort with BM to participate 
in trials.

TNBC patients have limited options of treatment, and 
the activity of chemotherapy for BM is disappointing with 
a varied median response rate of about 7 months.16 

A phase 1 study with capecitabine showed an objective 
response rate of 18% with a median response duration of 8 
weeks.17 Immunotherapy has been a recent exciting new 
treatment option with improved OS, however these trials 

Figure 2 Kaplan–Meier curve for survival by GPA category. 
Abbreviations: BM, brain metastases; GPA, Graded Prognostic Assessment; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; mo, month; OS, 
overall survival; TNBC, triple negative breast cancer.
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exclude patients with active BM and thus are unable to 
comment on the efficacy of immunotherapy on BM.18

In patients with the HR+/HER2– subtype, hormonal 
therapy has poor efficacy with isolated case reports show-
ing modest responses.19,20 The focus has shifted to newer 
targeted therapies, like CDK4/6 and PIK3CA inhibitors. 
A phase II study with Abemaciclib (a CDK4/6 inhibitor) 
in heavily pre-treated MBC patients with active BM has 
shown an intracranial clinical benefit rate of 24% and an 
intracranial response rate of 5.2%.21 There is an ongoing 
trial evaluating the response of buparlisib (a PIK3CA 
inhibitor) with capecitabine in MBC with BM.22

In our cohort patients with BM and HER2+ disease 
was noted to have a higher likelihood of receiving SRS or 
brain surgery, more lines of systemic therapy and a better 
OS. There have been recent breakthroughs in systemic 
treatments of HER2+ BC with new agents being able to 
delay or to stabilize BM. A BM-focused analysis of the 
CLEOPATRA trial reported a significantly delayed onset 
of BM in the pertuzumab arm of 3 months (hazard 
ratio=0.58, P=0.0049).23 T-DM1 has shown promising 
activity in the ongoing KAMILLA trial, with 126 patients 
with measurable BM showing a best overall response rate 
and clinical benefit rate of 21.4% and 42.9% respectively. 
Median PFS and OS were 5.5 months and 18.9 months in 
the 398 patients with baseline BM.24 In our HER2+ cohort 
30% (n=14) got T-DM1 after BM development with 60% 
of them reaching 1 year of OS while being on T-DM1. 
New antibody drug conjugates like trastuzumab deruxte-
can which has a higher drug-to-antibody ratio than T-DM1 
(8 versus 3.5) and a great bystander antitumour effect due 
to high membrane permeability of the released payload has 
shown promising results in phase II trials.25 One can 
hopefully expect an even greater CNS effect and phase 
III trial results are eagerly awaited.26

The HER2CLIMB study is notable for allowing patients 
with untreated BM to be enrolled. A total 291 patients with 
BM in heavily pre-treated HER2+ MBC derived a 4.5 month 
benefit in OS with tucatinib plus trastuzumab/capecitabine. 
Among the patients with BM PFS at 1 year was 24.9% in the 
tucatinib-combination group and 0% in the placebo- 
combination group (P<0.001).27 Alternative options include 
lapatinib/capecitabine which was seen in the phase II 
LANDSCAPE trial to have an objective CNS response in 
65% of enrolled patients.28 Neratinib/capecitabine have also 
shown intracranial activity in a phase II trial with an objec-
tive CNS response of 49% in lapatinib naive patients and 
33% in patients who had previously received lapatinib.29 

Recent new systemic therapies like tucatinib were not avail-
able to our cohort due to lack of reimbursement although it 
has been approved by the European Medicines 
Agency (EMA).

Patients with a favourable prognosis of good perfor-
mance status with controlled or absent extracranial metas-
tasis should be treated aggressively with local therapy. 
Patients who had surgery for a single BM versus no treat-
ment were found to have improved OS of 40 versus 15 
weeks.30 WBRT has traditionally been the treatment for 
unresectable BM. It has the advantages of decreasing the 
possibility of developing further BM and is more readily 
available, however is associated with a lack of OS advan-
tage (2.9–4.5 months) and significant neurocognitive 
toxicity.31 SRS is a preferred treatment option in patients 
with ≤4 BM and has been shown to improve overall 
survival with a HR of 0.46.32 Yamamoto et al found no 
difference in OS of 10.8 months between patients with 2–4 
or 5–10 BM who received SRS.33 This could be 
a tantalizing option for patients who have multiple BM 
and thus points the way to considering SRS over WBRT 
even in patients with a greater number of brain metastases.

Conclusion
Patients with TNBC BM had the shortest prognosis with 
poor OS and those with HER2-positive BM had the best 
prognosis and received more systemic and local therapies 
after BM diagnosis. Recent drugs such as trastuzumab 
deruxtecan have shown promising activity and should 
improve outcome for our patients in the future. Although 
our cohort is small, OS was >1 year for 60% of HER2+ 
patients who received T-DM1 after BM development 
which is encouraging for antibody drug conjugates and 
CNS activity. Overall survival was poor at less than 3 
months for patients who received WBRT indicating these 
patients had a higher burden of disease in the CNS.
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