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Biological subtypes and survival outcomes in breast 
cancer patients with brain metastases in the targeted 
therapy era

Breast cancer is typically the most common cause of brain 
metastasis in females. It accounts for 5% to 30% of all 
metastatic brain tumors in women.1,2 Approximately 10% 
to 16% of patients with metastatic breast cancer develop 

symptoms from brain metastasis during the course of their 
disease,3 but up to 30% are found to have brain metas-
tasis at autopsy.4 It typically occurs late in the course of 
metastatic breast cancer. Several risk factors have been 
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Abstract
Background. There is recognition that breast cancer is a collection of heterogeneous diseases divided in subtypes 
based on combined molecular features such as hormonal receptors (HR) and human epidermal growth factor 
receptor 2 (HER2) status. We aimed to study clinical differences among biological subtypes in brain metastasis 
from breast cancer after targeted therapy introduction.
Methods. This was a retrospective study with 406 consecutive patients with brain metastasis from breast cancer 
treated at MD Anderson Cancer Center from 1998 to 2013. Overall, 315 of these patients met the study criteria 
and were analyzed. Subtypes were classified as HER2-/HR+ (96 patients), HER2+/HR+ (57 patients), HER2+/HR- (63 
patients), and triple negative (HER2-/HR-) (99 patients). End points were time to development of brain metastasis 
(TDBM), brain metastasis-free survival (BMFS), and overall survival from start of treatment of brain metastasis 
(OSBM). Univariate and multivariate Cox proportional hazard regression models were used to analyze the data.
Results. TDBM was 41 months for HER2-/HR+; 58 months for HER2+/HR+; 30 months for HER2+/HR-; and 27 months 
for triple negative (P < .001). BMFS was 9 months for HER2-/HR+; 24 months for HER2+/HR+; 9 months for HER2+/
HR-; and 7 months for triple negative (P = .06). OSBM was 20 months for HER2-/HR+; 22 months for HER2+/HR+; 
24 months for HER2+/HR-; and 9 months for triple negative (P < .001). On multivariate analyses, triple negative 
showed lower OSBM compared with other subtypes, with a hazard ratio of 1.9 (P < .001).
Conclusion.  Comparing all breast cancer subgroups we noticed that HR and HER2 are the most significant bio-
markers in brain metastasis behavior. Patients who received targeted therapy had better outcomes, but not in the 
triple negative group. Prospective studies with different treatment modalities for each subgroup are recommended.
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implicated in the development of brain metastasis in 
patients with advanced breast cancer, such as young 
age,4,5 negative hormone receptor status,5–8 human epi-
dermal growth factor receptor 2 (HER2) amplification,5–13 
p53 overexpression, and lung metastasis as the first site of 
relapse.14

Historically, the prognosis of advanced breast cancer 
patients with brain metastasis has not been encouraging, 
with an expected overall survival after brain metastasis 
was diagnosed (OSBM) of only 20% at year 1 and 2% at 
year 2.15 However, with recent improvements in systemic 
and local therapy, the overall prognosis has improved sub-
stantially and has become more favorable than brain me-
tastasis from lung cancer,16 which holds true particularly 
for HER2+ tumors.17

There is a recognition that breast cancer is a collection of 
heterogeneous diseases that can be divided into subtypes 
based on combined molecular features that include hor-
monal receptor status (estrogen receptor [ER] and/or pro-
gesterone receptor [PR]) and HER2 amplification status.18,19 
Patients with tumors positive for hormonal receptors (HR) 
have higher risk of bone relapse, but brain relapse is less 
common.20 HER2 positivity is known to be a risk factor for 
the development of brain metastasis and has been shown 
to be a strong prognostic factor for shorter disease-free 
time and OSBM.21,22 Triple negative tumors have shown 
different clinical behavior with higher rate of distant re-
lapse and concern for brain metastasis.5,8,19 Regarding 
exclusively brain metastasis, clinical and prognostic dif-
ferences have been reported in several aspects such as 
time to develop brain metastasis, age of onset, response to 
local and systemic treatment, and OSBM.7,23,24

In 1998 the United States Food and Drug Administration 
approved the humanized anti-HER2 monoclonal antibody 
trastuzumab, which has redefined clinical practice for 
patients with HER2-positive breast cancer.25 Numerous 
large-scale, randomized studies have shown the benefits 
of trastuzumab use, including increased survival in early 
and metastatic breast cancer.26 Patients with HER2-positive 
breast cancer and brain metastasis who are treated with 
trastuzumab have better survival outcomes, probably be-
cause of better control of extracranial disease achieved 
by it.27 We aimed to study clinical differences among bio-
logical subtypes in patients with brain metastasis from 
breast cancer after targeted therapy introduction and local 
treatment of the brain disease.

Patients and Methods

Objectives and Patient Selection

The study end point was to analyze survival outcomes 
among biological subtypes in brain metastasis from 
breast cancer patients. After FDA approval trastuzumab 
therapy was readily incorporated in routine practice at 
MD Anderson Cancer Center. We therefore reviewed the 
Neurosurgery Department database at MD Anderson 
Cancer Center from September 1998 to December 2013 
to identify patients with breast cancer who were treated 
for newly diagnosed brain metastasis. Demographic and 

clinical data were extracted from electronic individual 
medical records. Image data (MRI) were reviewed by a 
neurosurgeon and a neuroradiologist. Patients with incom-
plete clinical and/or molecular information, leptomenin-
geal disease, lack of follow-up information, male gender, 
and ongoing treatment for disease recurrence in the brain 
were excluded from the study. The study was approved by 
the Institutional Review Board at our institution. Informed 
consent was waived by the IRB for all patients enrolled in 
the study.

Data Collection and Statistical Analyses

Clinical and demographic data were acquired at the time of 
brain metastasis diagnosis, including age, KPS, presence 
of extracranial disease, control of primary tumor, histology, 
and molecular features of the primary tumor. Systemic 
treatment modalities (targeted therapy, hormonal therapy, 
conventional therapy, alone or combined) were acquired at 
the time of diagnosis of brain metastasis and at the subse-
quent follow-ups. MRI scans were reviewed at diagnosis of 
brain metastasis for number of brain lesions, size, and ana-
tomic and functional location (according to Sawaya et al28), 
and at each follow-up looking for local and distance recur-
rence. Data on local treatment (surgery alone, surgery plus 
stereotactic radiosurgery [SRS], SRS alone), use of adju-
vant whole brain radiation therapy (WBRT), and resection 
technique were also collected.

Univariate and multivariate Cox proportional hazard 
regression models were used. We defined time to devel-
opment of brain metastasis (TDBM) as the interval from 
breast cancer diagnosis to the development of brain metas-
tasis, excluding patients that had initially discovered breast 
cancer simultaneously with brain metastasis. We further 
analyzed the brain metastasis-free survival (BMFS) as the 
interval from treatment of brain metastasis to local or dis-
tant recurrence. The OSBM was defined as the length of time 
from the first treatment of brain metastasis until the date of 
death or last contact on follow-up. TDBM, BMFS, and OSBM 
were estimated by the Kaplan-Meier product-limit method.

Patient characteristics were compared between groups 
using the χ2 test. Univariate and multivariate Cox propor-
tional hazard regressions models were used to assess 
the effects of treatment (local and systemic) and other 
predictive and prognostic factors. The analyses were per-
formed using SPSS ver. 21 (SPSS Inc., Chicago, IL, USA). 
P values of less than .05 were considered statistically 
significant.

Classification of Groups

Patients were categorized based on the receptor status of 
their primary tumor as follows: HER2-/HR+ (ER+ or PR+ and 
HER2-), HER2+/HR+ (ER+ or PR+ and HER2+), HER2+/HR- 
(ER- and PR- and HER2+), and triple negative (ER- and PR- 
and HER2-). ER and PR status were determined on the basis 
of immunohistochemistry (IHC) staining. Tumors were only 
considered HER2+ if they were either scored 3+ by IHC 
or if they were scored 2+ by IHC and also HER2 amplified 
(ratio > 2.0) on the basis of fluorescence in situ hybridization 
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(FISH). In the absence of positive FISH data, tumors scored 
2+ by IHC were considered negative for HER2.

Treatment Plan and Follow-up

The screening for brain metastasis in patients with initial 
or metastatic disease was done according to local protocol, 
with brain imaging with MRI most frequently performed 
when symptoms of CNS metastasis occurred or when the 
patient presented with signs of CNS metastasis.

Metastatic breast cancer patients with brain metastasis 
were treated according to the current evidence-based 
standard of care within MD Anderson’s Breast Cancer 
Group protocols, which included targeted therapy for 
HER2+ patients, endocrine therapy for HR+ patients, as 
well as the current protocol for systemic therapy in place 
during treatment. They were evaluated for neurosurgical 
procedures by the neurosurgeons from the Neurosurgery 
Department. Systemic therapy included chemotherapy, 
endocrine treatment, and targeted therapy (anti-HER2), 
combined or alone. Therapy for brain metastasis included 
surgery, SRS, and WBRT, combined or alone. Follow-up 
was conducted every 3 months with MRI scans, or when-
ever judged necessary by the oncology or neurosurgical 
teams. If a patient was found to have brain metastasis re-
currence, she would be evaluated by a neurosurgeon who 
would make a decision on which treatment option was 
more appropriate for the case.

Results

Overall, we identified 406 consecutive patients diag-
nosed with brain metastasis from breast cancer in the 
Department of Neurosurgery. Ninety-one patients had no 
follow-up available and therefore were excluded from this 
study, resulting 315 patients who met the inclusion crite-
ria. Patients with HER2+ tumors comprised 38% of the 
cohort (n = 120), whereas patients presenting with ER+ 
tumors comprised 44% (n = 139). When analyzing mo-
lecular subtypes, HER2-/HR+ and triple negative subtypes 
were the most frequent (30% and 31%, respectively), fol-
lowed by HER2+/HR- (20%) and HER2+/HR+ (18%). Table 1 
summarizes clinicopathologic characteristics at the time of 
diagnosis of brain metastasis. Table 2 summarizes demo-
graphic and clinical information stratified by each subtype. 
At the time of diagnosis of brain metastasis, the majority 
of patients were 50 years old or older (57%), had a KPS 
equal or higher than 70 (93%), and had a single brain lesion 
(50%). Table 3 shows local and systemic therapy stratified 
by each subtype. For localized therapy, 42% had only SRS 
as the first treatment to their local metastasis, 17% had sur-
gery alone, 30% had surgery plus WBRT, 5% had surgery 
plus SRS, and 55% had SRS plus WBRT.

The median TDBM was 35  months (95% CI, 29–40). 
Patients with HER2+/HR+ tumors had the longest 
TDBM (58  months), followed by those with HER2-/HR+ 
(47 months), HER2+/HR- (30 months), and triple negative 
(27  months) tumors (P  <  .01) (Figure.  1). The local recur-
rence rate was 25% and the median time to local recur-
rence was 40 months; no statistical difference was found 

regarding biological subtype, local treatment, or use of 
WBRT upfront in univariate and multivariate analyses. The 
distant recurrence rate was 54.1% and the median time to 

Table 1  Patients’ clinicopathologic characteristics at the time of  
diagnosis of brain metastasis

Type Number %

HER2

  Positive 120 38

  Negative 195 62

Estrogen Receptor

  Positive 138 44

  Negative 177 56

Progesterone Receptor

  Positive 111 35

  Negative 204 65

Biological Subtype

  Triple Negative 101 32

  HER2-/HR+ 100 32

  HER2+/HR+ 51 16

  HER2+/HR- 63 20

Inflammatory Subtype

  Yes 38 12

  No 277 88

Diameter of larger brain metastasis

  <1 cm 64 21

  1–2 cm 68 22

  2–3 cm 74 24

  >3 cm 104 33

Tumor Location

  Supratentorial 184 58

  Infratentorial 56 18

  Infra- and 
Supratentorial

75 24

Functional Location

  Eloquent 103 33

  Non-Eloquent 143 45

  Near-Eloquent 69 22

Extracranial Metastasis Location

  Lungs 31 12

  Bones 15 6

  Lymph nodes 27 10

  Others 15 7

  Liver + Lungs 11 4

  Liver + Other 29 12

  Lungs + Other 45 17

  2 Other Locations 21 8

  Lungs + Liver + Other 19 7

  3 or More Other Locations 45 17
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local recurrence rate was 12 months (95% CI, 9–15). No dif-
ferences were found between biological subtypes or local 
treatment modalities when analyzing distant recurrence, 

but interestingly, patients with HER2-positive recep-
tors had a longer time for distant recurrence (median 
24  months; 95% CI, 12–35) compared to patients with 
HER2-negative receptors (median 9 months; 95% CI, 7–11) 
(P = .025) (Figure. 2A). The presence of HR did not show any 
statistical significance for distant recurrence. Use of adju-
vant WBRT increased the BMFS (Figure 2B), and local treat-
ment without adjuvant WBRT showed a hazard ratio of 1.5 
(95% CI, 1.1–2.1) for brain metastasis recurrence, but no dif-
ference in OSBM was found. The median overall BMFS was 
9 months (95% CI, 7–10). HER2+/HR+ was associated with 
the longest BMFS (median 24 months), followed by HER-/
HR+ and HER2+/HR- (both with median of 9 months); triple 
negative was associated with the worst BMFS (7 months) 
(P = .018) (Figure. 3A). Patients with HER2-amplified tumors 

Table 3  Cox model for OSBM stratified for each biological subtype

Variable Hazard Ratio 95% CI P

HER2+/HR- 1

Triple Negative 1.9 1.3–2.7 .001

HER2-/HR+ 1.1 0.78–1.6 .486

HER2+/HR+ 1.0 0.65–1.53 .998

Table 2  Patient’s demographic, clinical, systemic, and local therapy information at diagnosis of brain metastasis stratified by subtype

Type HER2-/HR+ (%) HER2+/HR+ (%) HER2+/HR- (%) Triple Negative (%)

Age

  <40 years 9 (9) 5 (10) 10 (16) 12 (12)

  40–49 years 32 (32) 19 (37) 17 (27) 30 (29)

  50–59 years 33 (33) 15 (29) 22 (35) 35 (35)

  60–69 years 19 (19) 10 (20) 10 (16) 17 (17)

  >70 years 7 (7) 2 (4) 4 (6) 7 (7)

Local Control

  Yes 87 (87) 44 (86) 54 (86) 83 (82)

  No 13 (13) 7 (14) 9 (14) 18 (18)

KPS

  <70 3 (3) 6 (12) 4 (6) 9 (9)

  >70 97 (97) 45 (88) 59 (94) 92 (91)

Number of Brain Metastasis

  1 53 (53) 22 (43) 30 (48) 54 (54)

  2–3 38 (38) 22 (43) 24 (38) 35 (35)

  >3 9 (9) 7 (14) 9 (14) 12 (12)

Number of Extracranial Metastasis

  0 19 (19) 5 (10) 15 (24) 15 (15)

  1 23 (23) 10 (20) 16 (25) 42 (41)

  2 32 (32) 22 (43) 23 (37) 28 (28)

  >3 26 (26) 14 (27) 9 (14) 16 (16)

Brain Metastasis Treatment

  Surgery 19 (19) 5 (10) 12 (19) 19 (19)

  SRS 43 (43) 23 (45) 21 (33) 45 (45)

WBRT + Surgery 26 (26) 16 (31) 25 (40) 29 (28)

  SRS + Surgery 7 (7) 3 (6) 1 (2) 6 (6)

  SRS + WBRT 5 (5) 4 (8) 4 (6) 2 (2)

Anti-HER2 Treatment

  Yes 2 (2) 45 (88) 54 (86) 2 (2)

  No 98 (98) 6 (12) 9 (14) 99 (98)

Hormonal Therapy

  Yes 84 (84) 47 (92) 2 (3) 2 (2)

  No 16 (16) 4 (8) 61 (97) 99 (98)
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presented with a longer BMFS (median 12 months; 95% CI, 
7–17) when compared to those with tumors with no HER2 
amplification (median 7  months; 95% CI, 5–8) (P  =  .027) 
(Figure 3A).

At 60  months follow-up, the median OSBM was 
17 months (CI 95%, 14–19). At 12 months the OSBM was 
58%, at 24 months 39%, at 36 months 26%, at 48 months 
17%, and at 60  months 13%. HER2+/HR- subtype was 
associated with the longest OSBM (median 24  months), 
followed by HER2+/HR+ (median 23  months) and HER2-/
HR+ (19 months). The triple negative subtype was associ-
ated with the worst OSBM (median 9 months) (P =  .013) 
(Figure  3B). To assess for confounding factors, we ran a 
multivariate analysis among the 4 subtypes regarding 
OSBM. It showed a hazard ratio of 1.9 attributable to triple 
negative tumors (CI 95%, 1.3–2.7, P < .001), highlighting the 
importance of HR and HER2 status.

Regarding multimodality local treatment, univariate and 
multivariate analyses were performed, assessing OSBM, 
time to local recurrence, and BMFS. No difference was 
found between SRS, surgery, or a combination of both, re-
gardless of single or multiple metastases.

Discussion

Breast cancer subtypes differ not only in tumor characteris-
tics, but also in metastatic behavior.29 The use of anti-HER2 
regimens during the last 15  years has achieved remark-
able progress in managing HER2+ breast cancer and has 
changed the natural history of metastatic disease, although 
central nervous system (CNS) disease is still a major con-
cern with continued risk of disease progression.10 Recently 
the American Society of Clinical Oncology released an 
expert-consensus recommendation on disease manage-
ment for patients with advanced HER2+ breast cancer and 
brain metastasis, recognizing the importance of this sub-
type, its adverse clinical behavior, and targeted therapy.17

The presence of HER2+ amplification occurs in 20% of 
primary breast carcinomas and has been associated in 
the past with a decreased overall survival22 and more re-
cently with a higher propensity for development of brain 
metastasis.30 The use of the anti-HER2 monoclonal anti-
body trastuzumab has also been identified as a potential 
risk factor for CNS metastasis in a series of retrospective 
studies, with CNS recurrence rates of 25% to 40%.11,12 Four 
meta-analyses have evaluated the incidence of CNS me-
tastasis in adjuvant trastuzumab trials, reporting rates 
that vary from a 1.3- to 1.8-fold risk increase.31,32 A retro-
spective analysis of prospectively collected cancer registry 
data from 1458 patients with stage I to III invasive breast 
cancer showed that the administration of trastuzumab ei-
ther as adjuvant therapy or for metastatic disease was 
associated with an increased risk in CNS involvement. The 
authors concluded that HER2-positive breast cancers have 
a significantly higher incidence of CNS metastasis after 
being treated with trastuzumab.33 A  recent multicenter 
retrospective study with 588 patients with HER-positive 
early-stage breast cancer receiving adjuvant trastuzumab 
showed an increase risk of brain metastasis as the first 
site of disease recurrence.34 One possible explanation is 

that the use of trastuzumab improves the systemic control 
and overall survival, but has a limited penetration on CNS 
creating the opportunity for brain metastasis to become a 
major clinical problem.35

However, there is increasing recognition that breast 
cancer tumors with HER2 positivity are not a homoge-
neous group. Studies have shown that the ER status 
defines 2 distinct subtypes within HER2+ breast cancer, 
including patterns of recurrence and OSBM.21,36 Preclinical 
studies suggest a cross-talk between HER2 and ER sign-
aling pathways. Breast cancer patients with ER-positive 
status (ER+) and resistance to endocrine therapy, showed 
a restoration in endocrine sensitivity after HER2 targeted 
therapy.37,38 Similarly, with sustained HER2 inhibition, the 
ER functions as a key escape/survival pathway in ER+/
HER2+ cells,39,40 suggesting interdependence of the 2 
signaling pathways when co-expressed in breast cancer 
cells. In the present study, the HER2+/HR- subtype had 
BMFS similar to the triple negative subtype, and the best 
OSBM among the 4 subtypes (mean of 24 months). This is 
in agreement with the most updated literature that shows 
patients with metastatic HER2+ breast cancer treated with 
targeted therapy directed to HER2 have a median sur-
vival time that exceeds 3 years.9,10 HER2-positive patients 
presented with a longer time for distant recurrence. Also, 
patients with the HER2+/HR+ subtype had the longest 
BMFS. But HER2+/HR- and HER2-/HR+ patients had BMFS 
rates comparable to triple negative patients, which further 
suggests some interdependence of the 2 signaling path-
ways when co-expressed in breast cancer cells. Fifty per-
cent of all HER2-positive breast tumors also express ER.36 
With sustained HER2 inhibition, ER might function as a 
key survival pathway in tumor cells.39 On the other hand 
HER2 overexpression has been associated with endocrine 
therapy resistance.37,40 Clinically, the ER has a major impact 
on breast cancer characteristics, retaining its impact when 
co-expressed with HER2. Also there is evidence that HER2 
modulates ER+ breast cancer making it more aggressive.36 
Based on growing evidence of cross-talk between HER2 
and ER, Vaz-Luis et al, proposed that the ER status defines 
two distinct subtypes within HER2-positive breast cancer.41 
Thus the combined blocking of both receptors might con-
tribute to the current study findings.

Breast cancer is an example of a hormone-dependent 
cancer. Estrogen plays a major role in development and 
progression of the disease. Seventy percent of breast 
tumors express the ER and/or PR. In the current study, 44% 
of the tumors were ER positive. Comprising 32% of the 
molecular subtypes, the HER2-/HR+ subtype had a TDBM 
comparable to but shorter than the HER2+/HR+ subtype. 
OSBM was also shorter than HER2+/HR- and HER2+/HR+ 
subtypes. In the last 30 years, endocrine therapy has been 
the cornerstone therapy for breast cancer with tamoxifen 
responsible for improved survival in early breast cancer, 
as well as in metastatic disease.42 However predictive bio-
markers to guide clinicians through the wide variety of dif-
ferent treatment options are still needed. In the setting of 
CNS metastasis, the brain is capable of endogenous bio-
synthesis of estrogen and progesterone43 and the extrag-
onadal production tends to increases with age.44 This 
highlights the importance of endocrine therapy in patients 
with brain metastasis even after menopause.
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Fig. 1  Kaplan-Meier Time to Development of Brain Metastasis (TDBM) curves for biological subtypes (P < .001).
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Among the 4 subtypes, triple negative had the shortest 
time to development of brain metastasis after the diagnosis 
of the primary tumor. Several studies have demonstrated 
that triple negative patients have a higher rate of brain 
metastasis than other patients and the prognosis after CNS 
relapse is particularly poor for those patients.13,23 The peak 
risk of recurrence of this subtype is greater between the 
first and third year following initial diagnosis.45 Even after 
adjustment for age, stage, race, adjuvant chemotherapy, 
tumor size, grade, and lymph node status, this subtype 
was still associated with worse OSBM.13 Our study con-
firmed that the triple negative subytpe was associated with 
the worst OSBM, with a median of only 9 months, and was 
an independent risk factor for short OSBM, with a hazard 
ratio of 1.9 on multivariate analyses.

The present study has numerous limitations. It is a retro-
spective study, with patients who underwent some form 
of treatment in the Neurosurgery Department, namely 
surgery and/or radiosurgery, therefore comprises a more 
selected group, with overall higher KPS and, in a number 
of cases, more limited disease. Also, due to the time span 
of this case series, several systemic treatments were used, 
which increases the heterogeneity of the group of patients 
analyzed. Nonetheless, our results demonstrated that the 
presence of molecular targets such as HER and HR poses 
as important predictive factors contributes expressively to 
a longer OSBM. In the case of HER2+/HR- patients, despite 
the fact that these patients have a shorter TDBM and BMFS, 
the OSBM was not negatively impacted. This should bring 
awareness to the fact that these patients are more prone to 
CNS recurrence, which requires a close surveillance. These 
findings should also encourage aggressive treatment 
of the brain metastasis since longer OSBM is expected. 

Unfortunately, little advance has been achieved in systemic 
control for triple negative tumors, which still remains the 
subtype with the worst prognosis despite advances in sys-
temic therapy. These patients should have a low threshold 
for cranial imaging, especially if symptoms develop, not-
ing their relatively poor prognosis.

In conclusion future prospective trials should differen-
tiate between the molecular subtypes in order to address 
the true clinical importance among them. HR and HER2 
are the most significant biomarkers that drive breast 
cancer behavior, including in brain metastasis. Patients 
who received targeted therapy had better outcomes, but 
not in the triple negative group. Prospective studies with 
different treatment modalities for each subgroup are 
recommended.
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Fig. 3  Kaplan-Meier curves for: A) Brain metastasis-free survival (BMFS) by biological subtype (P = .027); B) Overall survival from start of treat-
ment of brain metastasis (OSBM) stratified by molecular subtype (P < .001).
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