ANTICANCER RESEARCH 27: 2865-2870 (2007)

Brain Metastases in Patients with Advanced Breast Cancer
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Abstract. Background: The incidence of brain metastases
(BM) is apparently rising in patients with advanced breast
cancer (ABC). We performed a case control study to define
current features of breast cancer related to central nervous
system (CNS) metastases. Patients and Methods: From March
1999 to May 2006, we identified 72 patients with symptomatic
BM of breast cancer. A comparison group was randomly
selected assigning to each case two patients with primary breast
cancer and no BM, matched for year of diagnosis, age and
tumour stage (pT status and nodal status). Results: Cases had
a significantly higher rate of negative estrogen receptors (ERs)
(60% in cases vs. 29% in controls), negative progesterone
receptors (PgRs) (79% vs. 43%), HER2/neu over expression
(44% vs. 13%) and immunostaining for Ki-67 ≥20% (84%
vs. 55%), with p-value <0.001 for all four parameters in
univariate analyses. On multivariate analysis, HER2/neu over
expression and Ki-67 ≥20% were independent predictive
factors of brain relapse (Odds Ratio (OR) 2.55, 95%
confidence intervals (CI) 1.10-5.94 and OR 2.97, 95% CI
1.01-8.73, respectively). Endocrine unresponsive tumours (both
ER and PgR <10%) showed an increased risk of relapse with
BM of borderline significance (OR 1.91, 95% CI 0.87-4.12).
Conclusion: Patients with ER and PgR negative tumours either
with or without HER-2/neu over expression should be
considered at higher risk of BM.
The incidence of brain metastases (BM) is apparently rising
in patients with advanced breast cancer (ABC) (1), possibly
due to better therapeutic approaches for control of metastatic
growth in other organs. Occurrence of relapse of BM severely
affects quality of life and is associated with dire prognosis.
Median survival after the diagnosis of symptomatic central
nervous system (CNS) involvement is roughly 4 months, with

Correspondence to: Giuseppina Sanna, MD, Department of
Medicine, European Institute of Oncology, Via Ripamonti 435,
20141 Milan, Italy. Tel: +39 02 57489 460-938, Fax: +39 02
55210169, e-mail: giuseppina.sanna@ieo.it
Key Words: Advanced breast cancer, brain metastases, risk factors.

0250-7005/2007 $2.00+.40

2-year survival less than 2% (2, 3). Breast carcinoma is the
second most common cause of BM, which occurs in
approximately 10-15% of patients, although autopsy data
suggest an higher prevalence in up to 30% of patients (2, 4).
Furthermore, breast cancer (BC) is the most common solid
tumour to exhibit leptomeningeal colonization (5, 6).
A strong correlation with paclitaxel-based chemotherapy
and cerebral relapse has been observed (1). Patients with
estrogen (ER) and progesterone (PgR) receptor negative
tumours seem to be at increased risk of developing cerebral
metastases (12), possibly due to the poorer prognosis
associated with endocrine-unresponsive tumours.
Recently a higher risk of developing BM was reported for
young patients with Her-2/neu over expression (7, 8) and for
patients treated with trastuzumab-based therapy, with
observed incidence rate from 25% to 34% (9, 10). The
mechanism postulated is that trastuzumab therapy may
selectively destroy non BM, prolonging overall survival, and
therefore allowing a later development of cerebral relapse.
Patients with Her-2/neu over expressing tumours apparently
had a longer survival after the occurrence of BM, compared
with patients whose cancer did not express Her-2/neu. This
survival advantage may possibly be explained by better
control of extra-cranial disease in this subgroup of patients,
due to trastuzumab-based treatments (10). Data are not
consistent in all reports and one study did not confirm the
association between brain relapse and trastuzumab-based
therapy (11).
Because of the relatively low incidence of cerebral
metastases, standard follow-up and restaging programs do
not usually include routine brain imaging unless symptoms
are present. The possibility of identifying a subgroup of
patients at higher risk of BM may lead to target screening
and eventually prophylactic measures in order to detect
early disease or to prevent cerebral relapse.
In the Unit for Medical Care of our institution, 72
patients with ABC and symptomatic BM were identified. At
the time, these patients were receiving systemic treatment
for their disease (endocrine therapy or chemotherapy). With
the aim of better defining the features of breast cancer
metastatic to the CNS, the choice of procedures for care and
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related prognosis, we evaluated the biological characteristics
of BC at diagnosis in this group of patients in comparison
with BC in a matched control group of patients selected
among women referred to the same institute.

Table I. Descriptive analysis and comparisons between cases and controls.

Patients and Methods

Age†
<35 years
35-50 years
51+ years
pT†
pT1
pT2
pT3 or pT4
pN†
Negative
Positive
Estrogen receptors
<10%
≥10%
Progesteron receptors
<10%
≥10%
Her2/neu
Overexpressed
Not overexpressed
Er and Pgr <10%
Her2/neu
Overexpressed
Not overexpressed
Er and/or Pgr
≥10% Her2/neu
Overexpressed
Not overexpressed
Ki-67
<20%
≥20%

Patient populations. Data on 72 consecutive patients with ABC and
BM were collected. All cases were diagnosed with BC from January
1986 to October 2003 and were non-metastatic at diagnosis (M0).
Cerebral relapse was diagnosed at the European Institute of
Oncology from March 1999 to May 2006. The following parameters
were recorded at BC diagnosis: age of patient, staging (TNM
UICC), ER, PgR, Her2/neu and Ki-67 expression and treatment
modality. Recorded follow-up variables were tumour recurrence
and patient survival.
Patients in the control group were selected from all M0 BC
patients without BM referred to the same institute and included in
a centralized database. The variables used to make the randomly
assigned matches were as follows: year of diagnosis (within 3 years);
age at diagnosis (within 5 years); tumour size (pT1 versus pT2 versus
pT3-4); nodal status (node-negative versus node-positive).
For 8 cases we were able to match only one control, leading to
a comparison group of 136 patients. Each control patient had a
follow-up time at least as long, as the time between breast cancer
diagnosis and the occurrence of brain metastases of the
corresponding case.
Specimen analysis and immunohistochemistry. All the included
patients had pathological evaluation performed at the European
Institute of Oncology. All records were reviewed retrospectively.
Immunostaining specimens for the localization of ER and PgRs,
Her-2/neu protein and Ki-67 antigen were performed on
consecutive tissue section biopsies obtained from the primary
tumour, and in distant metastases, where available.
The expression of ER and PgR and the tumor proliferative
fraction were evaluated immunohistochemically as previously
reported (12). Results were recorded as the percentage of cells
showing definite nuclear immunoreactivity over ≥2000 neoplastic
cells in 10 randomly selected high power fields (HPF = x 400) at
the periphery of the tumor. Steroid hormone receptor status was
classified as negative (ER and/or PgR <10% of the cells), or
positive (ER and/or PgR ≥10% of the cells).
HER-2/neu over expression was also investigated
immunohistochemically, using a specific polyclonal antiserum
(Dako A/S [Carpinteria, CA, USA], working dilution 0.05 mol/L)
and the Envision detection reagent (Dako A/S), according to the
manufacturer's instructions. The staining results were recorded in
a four-tier scale, from 0 to 3+, according to the percentage of
immunoreactive cells, and to the intensity and completeness of
membrane staining as recommendend by the Food and Drug
Administration (13). Only an intense and complete membrane
staining >10% of the tumor cells was taken as evidence of Her2/neu over-expression (3+). In unclear cases (moderate staining)
Her-2/neu amplification was evaluated through FISH test.
Statistical methods. The primary aim of the study was to find which
factors could have a significant prognostic impact on BM from BC.
The Chi-square test or the Fisher exact test were used in the
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Classification

P-value*

Cases
No=72
No. (%)

Controls
No=136
No. (%)

13 (18)
33 (46)
26 (36)

23 (17)
62 (46)
51 (37)

0.970

31 (47)
23 (35)
12 (18)

60 (48)
45 (36)
20 (16)

0.929

35 (49)
36 (51)

63 (47)
71 (53)

0.756

42 (60)
28 (40)

38 (29)
92 (71)

<0.001

55 (79)
15 (21)

56 (43)
74 (57)

<0.001

30 (44)
38 (56)

14 (13)
93 (87)

<0.001

22 (55)
18 (45)

8 (29)
20 (71)

0.031

8 (31)
18 (69)

6 (8)
73 (92)

0.006

7 (16)
37 (84)

51 (45)
63 (55)

<0.001

†Matching

variable; *Differences among cases and controls were tested
using the Chi-square test or Fisher’s exact test.

univariate analysis to assess differences between cases and controls
in the distribution of prognostic variables.
A multivariate conditional logistic regression model for matched
pairs was fitted to assess the independent prognostic significance
of the variables differently distributed between the two groups. The
secondary aim was to study case overall survival (OS), calculated
from BM diagnosis to death from any cause. Survival curves were
estimated using the Kaplan-Meier method and the log-rank test
was used to assess survival differences between groups.
All analyses were performed with the SAS software (SAS
Institute, Cary, NC, USA). All tests were two-sided.

Results
Age distribution, pT staging and nodal involvement were
similar in the two groups (p-value of 0.97, 0.929, 0.756,
respectively). Median age was 47 years for both groups
(Table I).
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Table II. Multivariate analysis.
OR (95% C.I.)*

P-values*

Her2/neu Overexpressed

2.55 (1.10; 5.94)

0.029

Estrogen and Progestinic
Receptors <10%

1.91 (0.87; 4.12)

0.109

Ki-67 ≥20%

2.97 (1.01; 8.73)

0.048

*From conditional logistic regression model for matched pairs.

Focusing on biological variables, 42 patients (60%) of the
study group had negative ER expression compared to 38
patients (29%) of the matched cohort (p-value <0.001). The
same trend was observed when analyzing PgR status, with
55 patients (79%) of cases, compared with 56 (43%) of
controls with negative PgR expression (p-value <0.001).
When considering Her2/neu, 30 patients in the study
group (44%) compared to 14 patients in the control one
(13%) had Her2/neu over expression (p<0.001). As
expected, when considering ER/PgR negative with
Her2/neu over-expression tumours in the two groups, the
difference maintained a highly statistical significance: in
the study group, Er/PgR <10% and c-erbB2 over
expression was observed in 22 patients (55%), compared
to 8 patients (29%) in the matched group, with a p-value
of 0.031.
The proliferation index was significantly higher at
diagnosis in the study cohort with 37 tumours (84%) with
Ki 67 ≥20%, compared with 63 (55%) in the control group
(p<0.001) (Table I).
Performing a multivariate analysis, according to a
conditional logistic model for matched pairs, Her2/neu over
expression was found to be an independent biological
variable predictive of brain relapse, with an Odds Ratio
(OR) of 2.55 (95% CI 1.10-5.94) and p-value of 0.029. The
same result was observed when considering the proliferation
index: ki-67 ≥20% translated into an OR of 2.97 (95% CI
1.01-8.73), with a p-value of 0.048 (Table II).
Focusing on endocrine unresponsive tumours (both ER
and PgR <10%), the OR was 1.91 (95% CI 0.87-4.12), with
a p-value of borderline statistical significance (p=0.109).
First events in the study group included lung metastases
in 12 patients (17%). Other sites of progression were: liver
(9 patients, 13%), bone (9 patients, 13%), skin (10 patients
14%) and regional nodes (9 patients, 13%). Five patients
developed brain metastasis as the first site of relapse.
At a median follow-up of 55 months (range 13-200) we
observed 63 deaths in the study group (88%) and at a
median follow-up of 60 months (range 24-204), 8 deaths
were reported in the matched cohort.

Figure 1. Overall-survival after brain metastasis.

Median overall survival (OS) after brain relapse diagnosis was
9 months (Figure 1). No differences in survival were observed
considering patients with Her2-neu over expressing tumours,
with highly proliferating or with endocrine unresponsive cancer
(log-rank p-value of 0.62, 0.79, 0.22, respectively).
Considering systemic treatment, among the 72 cases, 2
patients received taxane-based therapy in the neoadjuvant
setting, 3 patients as adjuvant therapy and 28 patients for
metastatic disease. Therefore nearly 50% of patients
underwent taxane-based therapy before cerebral relapse
occurred (33 patients, 46%).
Focusing on biological therapy, 19 patients with Her2-neu
over expressing tumours (63%) received trastuzumab-based
therapy before symptomatic BM diagnosis.

Discussion
In the present study, we retrospectively reviewed data
from 72 patients with advanced breast cancer diagnosed
with symptomatic brain metastases. These patients were
able to receive systemic treatment for their disease.
Observed median overall-survival after cerebral relapse
was nine months, significantly longer than in other
reports, possibly due to the selection of patients (2, 3). In
the univariate analysis about 60% of patients in the study
group were ER-negative compared with 29% of the
matched cohort (p-value <0.001). The same trend was
observed when analyzing PgR status, with 80% of cases,
compared with 43% of controls, with negative PgR
expression (p-value <0.001).
These data are consistent with other studies. Several
authors reported a correlation between the absence of ER
and PgR and the development of brain metastases (9, 1419). Slimane et al. (15) underlined that the occurrence of
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lung metastases may be a risk factor for brain relapse. In
our report, 17% of patients had lung metastases as the first
site of progression, so it does not appear as a major
predictive variable.
The proliferation index was significantly higher at
diagnosis in the study group with 37 tumours (84%) with Ki
67 >20%, compared with 63 (55%) in the control group
(p<0.0001). This observation may eventually represent an
epiphenomenon of increased Her-2 over expression, which
is often correlated with ER/PgR negativity and poorly
differentiated cancers.
Her-2/neu over expression seems to be another marker
for risk of developing brain metastases.
In our report, when considering Her2/neu as a variable, 30
patients in the study group (44%) compared to 14 patients in
the control one (13%) had Her2-neu over expression
(p<0.0001). On multivariate analysis, Her2/neu over
expression and ki67 ≥20% were independent predictive
factors of brain relapse (OR 2.55, 95% CI 1.10-5.94 and OR
2.97, 95% CI 1.01-8.73, respectively). Endocrine unresponsive
tumours (both ER and PgR <10%) reflected an increased
risk of brain relapse of borderline significance (OR 1.91, 95%
CI 0.87-4.12).
Many potential molecular mechanisms have been
suggested to explain the tumour aggressiveness phenotype
of Her-2 over expressing tumours. Increased activation of
Her-2/neu signalling has dramatic effects on cell
proliferation, apoptosis resistance and cell survival,
migration, and invasion (20).
Our data are consistent with the results of several
reports, with an observed increased incidence of brain
relapse in Her-2/neu over expressing tumours or in patients
under trastuzumab-based therapy, often despite visceral
control of the disease (8-9, 21-22). Her-2/neu overexpression may endow tumour cells with increased
metastatic potential to sites such as the lungs and may
similarly increase metastatic propensity to the CNS (23,
24).The development of brain metastastic models for breast
cancer may permit direct testing of this hypothesis through
transfection experiments. Another theory is that
trastuzumab may allow micrometastatic brain metastases to
become symptomatic as a natural consequence of an
extended life-span. Trastuzumab, as well as cytotoxic
agents, seems to be active against systemic metastases but
relatively ineffective against CNS localizations due to its
poor penetration of the blood-brain-barrier (25, 26). In our
report, 63% of Her2-neu over expressing tumour received
trastuzumab-based therapy before symptomatic BM
diagnosis; nearly 50% of patients underwent taxane-based
therapy before cerebral relapse occurred. The use of
trastuzumab-based therapy and taxane-based chemotherapy
have been increasing in patients with breast cancer, both in
the adjuvant (27, 28) and in the advanced setting (29, 30).
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It would be interesting to prospectively evaluate the
incidence of brain relapse in patients receiving both taxane
or trastuzumab-based therapy.
Brain metastases seem to mantain Her2/neu over
expression, therefore targeting Her2/neu with drugs that
penetrate the blood-brain barrier may eventually lead to
clinical cerebral response. There are ongoing studies with
lapatinib, an oral tyrosine kinase inhibitor with potent
anti-Erb1 and Erb2 activity, in patients with brain
metastases and Her-2/neu over expressing tumours.
Results from clinical trials are pending. Recently at ASCO
2006, Lin et al. presented the preliminary results of a
phase II trial of lapatinib for brain metastases in patients
with HER2-neu over expressing cancer. Two women
achieved a partial response according to RECIST criteria.
Four of the 16 women with measurable non-CNS disease
achieved partial response (31). Although the study failed
to demonstrate the hypothesized level of activity, there is
sufficient evidence that lapatinib can penetrate the bloodbrain barrier.

Conclusion
The current staging system does not include brain imaging,
due to the relatively low incidence of the condition. Diagnosis
of brain metastases is based on patient symptoms and neuroimaging. In high-risk patients, the possibility of screening for
brain metastases may avoid the occurrence of neurological
symptoms. Whether early diagnosis would improve quality of
life and prolong survival remains to be seen.
The design of therapeutic and preventive approaches to
brain relapse would further benefit from an increased
understanding of the blood-brain and blood-tumour barriers
as well as other host-tumour interactions in the CNS. In
high-risk patients, the use of adjuvant therapies potentially
active against cerebral metastases should be prospectively
investigated (31).
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