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Abstract

Background : CNS metastases contribute to significant morbidity and mortality 
in patients with advanced cancers. As systemic therapies for cancer continue to 
improve, it is likely that CNS metastases will become increasingly prevalent and 
control of extra–cranial disease may no longer be the limiting factor determining 
the outcome in breast cancer patients with synchronous metastases. Our purpose 
was to analyze the risk of brain metastasis in patients with human epidermal 
growth factor receptor 2 (HER-2)   positive breast cancer patients in comparison 
with HER-2 negative patients.
Patients and Methods: To determine the incidence of brain metastases in HER-
2–overexpressing patients, data was retrospectively collected and analyzed from 
the medical records of previously treated  280  HER-2 positive and 760 HER-2 
negative patients identified  between August  2005 and December 2010 at Ain 
Shams University, Department of Clinical Oncology and Nuclear Medicine.
Results : Between  August 2005 and December 2010, 1040  patients with  breast 
cancer were retrospectively analyzed and included. No adjuvant herceptin was 
given. Patients were divided into 2 groups according to HER-2 status:  Group 
A including 760 HER-2 negative  patients  and group B  included 280 HER-2 
positive patients. Both groups were matched demographically. After a median 
follow-up period of 44 months. Brain metastases  (BM) were identified in 11.4% 
(32patients) with HER-2 overexpressing breast cancer compared with only 3% 
(23patients) in the HER-2 negative patients (hazard ratio, 5.09; 95% CI, 2.9 to 
12.34; p=0.006).Comparisons of overall survival (OS), and disease-free survival 
(DFS) between group A and group B patients all favored group A. At 5-years the 
OS rates were 80% and 52% for groups A and B respectively (p=0.001), while 
DFS rates were 71% and 48% in groups A and B respectively (p= 0.001). HER-
2 positive patients had a 5-year brain metastasis–free survival of 86.6% versus 
90% for HER-2–negative patients (p=0.001). HER-2–overexpression, hormone 
receptor negativity,  tumor size larger than 2 cm, lymph node positive disease 
and lung metastases were predictors of brain metastases in univariate analysis. 
Multivariate analysis confirmed these prognostic factors to be significantly 
associated with increased risk of brain metastasis.
Conclusion: We have shown that patients with newly diagnosed breast cancer  
and HER-2 – overexpressing tumors are at increased risk for brain metastases. 
Because more than two thirds of brain metastases occur after the development 
of systemic disease, these findings prompt consideration of brain prophylaxis 
strategies with HER-2 inhibiting small molecules able to cross the blood-

brain barrier and/or serial  radiologic screening to detect asymptomatic brain 
metastases. 

Introduction

As a consequence of improvements in systemic therapy, which have allowed 
patients to live longer with advanced cancer, central nervous system  (CNS) 
metastases are emerging as an important sanctuary site, and the incidence 
may be increasing in patients with particular tumor subtypes. Unless there are 
improvements in the treatment of CNS disease, a growing proportion of patients 
may be at risk of experiencing both morbidity and mortality as a result of 
uncontrolled CNS progression, often at a time when their extra-CNS disease is 
apparently under control {1}.

Central nervous system metastases account for the majority of malignant 
brain tumors. They appear as parenchymal or leptomeningeal lesions or as a 
combination of both. Breast cancer  accounts for the second most common cause 
of brain metastasis{2}. 

The lobular type of breast cancer is more prone to developing leptomeningeal 
metastases than other histologic types of breast cancer {3-5}. Other common 
sources of CNS metastases include lung cancer, melanoma, colorectal cancer, 
renal cell carcinoma, and adenocarcinoma of unknown primary site{6}.
Patients with breast cancer rarely present with manifestations of brain metastasis 
before the detection of the primary cancer. Approximately 80% of CNS 
metastases occur only after other systemic lesions have been diagnosed. In 
most patients,  metastasis to the lungs, liver, or bone precedes CNS metastasis. 
Unfortunately, a solitary metastasis is uncommon{2}. Historically, the 1-year 
survival rate in all patients with CNS metastasis has been only 20% {7}.

Breast cancer metastases to the CNS include the clinically distinct situations 
of multiple brain metastases (78%), solitary brain metastasis (14%), and 
leptomeningeal metastases (8%) {2, 8}. CNS metastases occur in 10%–16% 
of stage IV patients while they are found in 30% of patients in autopsy series 
{2}. In populations of early breast cancer patients treated on adjuvant trials, 
CNS recurrence rates of 3%–6% have been observed {9, 10}. They are usually 
accompanied by neurological deficits and are considered to be the main cause of 
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death in more than half of the patients {11}. CNS recurrences have consistently 
been found to occur with increased frequency in younger and premenopausal 
patients as well as in estrogen receptor (ER) negative and/or progesterone 
receptor (PgR) negative cancers. While some series found correlations of CNS 
recurrences with nodal status, high tumor grade, tumor size, and HER2 status 
{10}, other series have described associations with high S phase, aneuploidy, 
and p53 positivity {9}. There was no correlation between CNS recurrences and 
type of adjuvant systemic treatments {10, 11}. Several groups have reported an 
increased frequency of CNS recurrence in patients with lung metastases {10, 12}. 

The apparent increase in CNS metastases in women with metastatic, HER-2 
positive breast cancer most likely is multifactorial and may include inherent 
biologic factors and treatment-related factors {13}.  

Human epidermal growth factor receptor 2 (HER-2, ErbB-2) overexpression 
defines an aggressive subtype of breast cancer characterized by rapid cell 
proliferation, increased angiogenesis, deficient apoptosis, and increased 
metastasis formation {14,15}. HER-2 amplification or/ and overexpression 
occurs in 25% of  invasive breast cancers{14-16}. Activation of  HER-2 
tyrosine kinase receptor triggers a complex array of signaling pathways that 
regulates normal cell growth and promotes tumorigenesis via cell proliferation, 
survival, migration, differentiation, and angiogenesis {14,17-19}.  HER-2– 
overexpression is a negative prognostic factor affecting the outcome of breast 
cancer patients {14}.  Population-based studies and retrospective  analyses 
have shown that HER-2 –overexpression is an unfavorable prognostic factor 
that is associated with high-grade tumors, high rate of cell proliferation, and 
lymph node involvement {20}. As well, HER-2–overexpression is associated 
with relative resistance to tamoxifen because the level of steroid receptor 
in these tumors is lower than in HER-2 negative tumors, and possibly with 
reduced sensitivity to nonanthracycline chemotherapy {21-23}. All these factors 
contribute to the greater risk of distant recurrence with a significantly worse 
overall survival among women with HER-2–overexpression than in those with 
HER-2 negative breast cancer{24}.

Treatment options include steroids (dexamethasone), surgical excision of solitary 
metastases, stereotactic radiosurgery for small (<3 cm) lesions not amenable to 
surgery, and WBRT. While the optimal combination of these options has clearly 
improved the prognosis, the median survival time of patients with CNS metastases 
is 4–6 months, and only 20%–40% of patients are alive at 1 year {11,25}. 

There is a body of evidence suggesting that the incidence of CNS metastases 
is increasing in patients with breast cancer, most likely because of the selective 
destruction of nonbrain metastases by new chemotherapy regimens that do 
not cross the blood-brain barrier, allowing subsequent development of brain 
metastases {26}.
 
It has been demonstrated that gene expression profiling can predict disease-free 
and overall survival in women with primary breast cancer, and novel cancer 
subsets have been defined {27}. Ramaswamy et al. described a metastatic 
gene-expression signature (derived from an analysis of metastatic nodules 
of various tumors) that is present in a subset of primary breast tumors {28}. 
Women whose primary breast tumors carried this signature were more likely to 
develop distant metastases. These preliminary data suggest that certain primary 
tumors inherently are capable of metastasis. Whether a reproducible profile 
that specifically predicts for brain metastases can be identified remains to be 
determined.

With this background, the current retrospective analysis was performed 
to contribute to the understanding of the relationship between HER-
2–overexpression and the risk of brain metastasis in newly diagnosed 
breast cancer patients treated in our department between August
2005 and December 2010, comparing patients with and without HER-2–
overexpression.

Materials and Methods 

Data for this retrospective study were collected by examining medical records  
of  previously treated 1400 breast cancer  patients who were treated at Clinical  
Oncology Department, Ain-Shams University Hospitals between August 2005 
and December 2010. All patients presenting with prior cancer diagnosis, ductal 
carcinoma in situ or other cancer other than breast or unknown Her2/neu status  
were excluded from the study. HER-2–assessement was done for only 1040 
patients, 280 HER-2 positive and 760 HER-2 negative patients.  Information 
obtained for analysis included: each patient’s age, tumor characteristics as 
histopathologic type, tumor grade, tumor size and nodal involvement as 
determined from pathology report or radiological studies (US, CT scan, or MRI ), 
hormone receptor status (ER,PR). Her2/neu status (HER-2 status was determined 
by either immunohistochemistry (IHC) or fluorescent in situ hybridization 
(FISH). Tumors with a score of 3+ were with immunohistochemistry considered 
HER-2 positive. Tumors with IHC scores of 1+ or 2+ were assayed with FISH. 
Details of treatment including: type of surgery; breast conserving surgery 
(BCS) versus modified radical mastectomy (MRM), radiotherapy, type of 
chemotherapy, hormonal therapy. Date of last follow-up, date of death, time and 
site of first recurrence, and time and site of subsequent metastatic progression. 
CNS metastasis was defined as the presence of metastatic disease in the brain. 
The diagnosis was made either by imaging studies (magnetic resonance or 
computed tomography).

The following guidelines for postoperative adjuvant treatment were used in 
our department during the study period: post operative radiotherapy (PORT) 
was proposed to all patients who underwent BCS, for those who had MRM 
radiotherapy was recommended for T3 tumors, ≥4 positive LNs, and positive 
resection margin.  

Regarding chemotherapy, it was proposed for patients with T ≥ 2cm, LN 
positive disease, HR-ve tumors, and G3 tumors. Hormonal therapy was 
prescribed to patients with HR+ve tumors (either alone in low risk patients or 
after chemotherapy in intermediate or high risk patients according to St Gallen 
consensus 2005) {29}.

Chemotherapy regimens used during the study period included: CMF 
(cyclophosphamide 600mg/m2, methotrexate 40mg/m2, and 5-FU 600 mg/m2 all 
given on day 1/21 days for six cycles), FAC ( 5-FU 500 mg/m2, doxorubicin 
50 mg/m2, and cyclophosmamide 500 mg/m2 all drugs given on day 1/21 days 
for six cycles, FEC ( the same as FAC but with epirubicin 100mg/m2 instead of 
doxorubicin).Toxicity was evaluated according to Standard Common Toxicity 
Criteria (CTC), version 2 {30}.

We divided patients into two groups: group A comprised 760 patients with 
HER-2 negative tumors  and group B which included 280 patients with HER-2– 
overexpressing tumors  in order to determine the incidence of  brain metastases 
in HER-2–overexpressing patients and to evaluate the association between 
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histologic features and the occurrence of brain metastases with univariate and 
multivariate Cox regression analysis.    

Statistical Analysis

The collected data was revised, coded, tabulated and introduced to a PC using 
Statistical Package for Social Science (SPSS 15.0.1 for windows; SPSS Inc, 
Chicago, IL, 2001).  Data was presented and suitable analysis was done according 
to the type of data obtained for each parameter. The disease-free survival (DFS) 
was measured from the date of primary breast cancer diagnosis to the date of 
first metastasis at any site, the brain metastasis- free survival was measured 
from the date of primary breast cancer diagnosis to the date of diagnosis of CNS 
metastasis. Overall survival  was defined as the interval between diagnosis of 
primary breast cancer  and death resulting from any cause or date of last follow-
up.  Survival curves for HER-2 positive and  negative patients were  calculated 
using the Kaplan-Meier method {31}. Survival curves were compared in 
univariate analysis using  the Log rank test (two sided P values). All factors 
with a p-value of ≤ 0.05 at univariate analysis were entered into multivariate 
cox-regression analysis {32}. Hazard ratios and 95% confidence intervals were 
calculated. Significance level of ≤ 0.05 was used throughout all statistical tests 
in this study.

Results

Between August 2005 and December 2010, 1040 patients with  newly diagnosed 
breast cancer fulfilled the eligibility criteria for inclusion in this study. Patients 
were divided into 2 groups according to HER-2 status:  Group A including 760 
HER-2 negative patients and group B included 280 HER-2 positive patients. 
Median follow-up of patients from diagnosis to death or last follow-up was 44 
months (range from 12-60 months). The mean age of the patients at the time of 
diagnosis of breast cancer was 48 years (range, 26–75 years). Premenopausal 
and postmenopausal patients were distributed equally. Most patients in group 
A and group B had invasive ductal histology (95% v 96.4%; p=0.733).   There 
were a similar number of lymph node positive patients in group A and group 
B (69% v 71.4%; p=0.55). Group B patients had tumors with significantly 
greater size (≥2cm) ( p= 0.001) and were more likely to be ER negative, (53% 
v 37%; p = 0.001) and PR negative (58.2% v 40%; p= 0.001) compared with 
group A patients. There were no significant difference between both groups as 
regards type of definitive surgery performed and radiation therapy received. 
Significantly more patients in group B received chemotherapy ( 96% v 80.7% 
; p= 0.05). Significantly fewer patients in group B received tamoxifen (32.1% 
v 46.6%; p =0.05). Demographic and clinical characteristics among the study 
patients groups by HER-2 Status are outlined on Table 1.

Table 1. Baseline demographic and clinical characteristics among the  study 
patients groups by HER-2 Status

Group A
HER-2 Negative

(n=760)

Group B
HER-2 Positive

(n=280)

Characteristic No. % No. % P

Mean age,years 48 45 0.672

       Range (26-72) (27-70)

Menopausal status

   Premenopausal 304 40 117 41.8 0.43

   Postmenopausal 410 54 142 50.7

   Perimenopausal 46 6 21 7.5

Histology

   Ductal 722 95 270 96.4 0.733

   Lobular 30 4 6 2.2

   Mixed 8 1 4 1.4

Nodal status 

  Negative 236 31 80 28.6 0.55

  Positive 524 69 200 71.4

Tumor size, cm 

     < 2 cm 373 49 79 28.2 0.001

     ≥ 2 cm 387 51 201 71.8

Tumor grade 

     1 40 5.3 18 6.4 0.111

     2 528 69.5 177 63.2

     3 152 19.9 63 22.6

     Unknown 40 5.3 22 7.8

ER status 

Negative 282 37 148 53 0.001

Positive 478 63 132 47

 

PR status
Negative 304 40 163 58.2 0.001

Positive 456 60 117 41.8
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Type of surgery
   None
   BCS
   MRM

Radiation therapy
  No
  Yes

Adjuvant systemic 
therapy
Chemotherapy
Tamoxifen
Anastrozole

15
220
525

91
669

613
354
76

2
29
69

12
88

80.7
46.6
10

9
74
197

26
254

269
90
10

3.2
26.4
70.4

9.3
90.7

96
32.1
3.5

0.111

0.12

0.05

Abbreviations: HER-2, human epidermal growth factor receptor 2; ER, 
estrogen receptor; PR, progesterone receptor. BCS,breast conservative surgery. 
MRM,modified radical mastectomy. 

The cumulative incidence of local recurrence or metastatic disease was 24.8% 
(258 of 1040). More HER-2 positive patients in group B developed disease 
progression (38.9 v 19.6%; p= 0.001). Among those patients, brain metastasis 
were recorded in  a total of 32 patients (11.4%) in HER-2 positive patients 
compared with 23  events ( 3%) in the HER-2 negative patients (hazard ratio, 
5.09; 95% CI, 2.9 to 12.34; p=0.006). Among the 32 patients who developed 
CNS metastases in group B patients, the CNS was the initial site of metastases 
in seven patients (22%), and in 25 patients (78%) the CNS metastases were 
diagnosed subsequent to metastatic disease at other sites. In group A patients 
who developed CNS metastases, it was the initial site of relapse in 17.4% (4 of 
23), with 82.6% occurring after systemic disease progression. Twenty four out of 
41 patients (58.5%) ( hazard ratio, 5.3 ; 95% CI, 2.6 to 11; p= 0.001) presenting 
with lung metastases as the first site of relapse subsequently developed brain 
metastases during the follow-up and the median time from lung metastasis to 
CNS metastasis was 12.6 months (range, from 3 month to 62.3 months).  Fifteen 
out of 59 patients (25.4%)  (hazard ratio, 0.75 ;95% CI, 0.32 to 1.78; p= 0.52) 
presenting with bone metastases, and the median time from bone metastasis 
to CNS metastasis was 14.6 months (range, from  9 months to 60.6 months), 
and  5 out of  28 patients (17.6%) (hazard ratio, 1.00 ;95% CI, 0.99 to 1.03; p= 
0.49)  presenting with liver  metastases as the first site of relapse, subsequently 
developed brain metastases during the follow-up, and the median time from 
liver metastasis to CNS metastasis was 10.7 months (range, from 2 months to 
61.8 months. The time from first metastasis to CNS metastasis did not differ 
significantly between patients with lung, bone, or liver as their first site of 
metastasis (p =0.74). The patterns of recurrence  are detailed in Table 2 and 3.

The 5-year disease free survival was 71% and 48 % for group A and group B 
patients respectively (p = 0.001; Fig 1). The 5-year overall survival was 80% 
for group A patients versus 52% for group B patients (p=0.001; Fig 2). Group B 
patients with HER-2 positive tumors had a 5-year brain metastasis–free survival 
of 86.6% versus 90 % for group A patients (p=0.001; Fig 3).

Table 2. Patterns of Recurrence among the study patients groups  
by HER-2 Status.

Group A
HER-2 Negative

(n=760)

Group B
HER-2 Positive

(n=280)

Recurrence No. % No. % P

All*

Local

Distant (including BM)
    Bone
    Lung
    Liver
    Skin
    LNs 

    Brain metastasis

149

53

96
39
28
20
5
18

23

19.6

7

12.6
5.13
3.68
2.63
0.7
2.4

3

109

26

83
20
13
8
3
7

32

38.9

9.3

29.6
7.14
4.64
2.9
1.1
2.5

11.4

0.001

0.023

0.001
0.121
0.34
0.59
0.07
0.42

0.001
Abbreviation: HER-2, human epidermal growth factor receptor 2.
BM,brain metastasis.
*Includes local and distant recurrences.

Table 3.  First site of metastases among the study patients population.

 First Site of  metastases No. of patients 
developed  brain 
metastases

No. of patients 
without  brain 
metastases

P value

Lung  (41 patients) 24 (58.5%) 17(41.5%) 0.001

Bone (59 patients) 15(25.4%) 44(74.6%) 0.52

Liver (28 patients)   5(17.6%) 23 (82.4%) 0.42

Fig. 1: DFS in both groups by HER-2 status
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Fig. 2: OS in both groups by HER-2 status

Fig. 3: Brain metastasis–DFS in patients with BM in both groups.

Analysis of other prognostic factors (HER-2 status, hormonal status, tumor size, 
tumor grade, lymph node status, first metastatic sites) was done.  In univariate 
analysis HER-2–overexpression (p=0.001), ER and PR negativity (p=0.028), 
tumor size larger than 2 cm (p=0.001), lymph node positive  disease (p=0.005) 
and  lung metastases (p= 0.001), were associated with higher risk of development 
of  brain metastasis. Multivariate analysis confirmed these prognostic factors to 
be significantly associated with increased risk of brain metastasis.

As regards characteristics of patients with CNS relapse, over a median follow-up 
of 44 months, 55 patients developed brain metastasis. Thirty two patients (11.4%) 
from the total HER-2 positive patient population, developed brain metastasis 
compared with 23 patients (3%) of the HER-2 negative patients (p=0.001).  
No significant difference was reported in the histologic characteristics, such as 
lymph node involvement, tumor size, grade, hormone receptor status and first 
metastatic sites, between HER-2 positive and negative patients who developed 
brain metastasis. 

Discussion

Different  reviews and comparisons  with reports over the past 30 years 
highlights the still grave prognosis for patients with breast cancer who develop 
CNS metastases and emphasizes the need to develop more effective therapeutic 
tools and novel methods of early diagnosis. It is also important for physicians to 
be aware of warning signs for CNS metastases and to initiate diagnostic studies 
sooner rather than later {33}. 

The past 20 years have seen a 24% decrease in breast cancer mortality rates 
that has been attributed to earlier detection by mammography screening as 
well as improvements in adjuvant systemic therapy {34}. Despite advances in 
survival for patients with early stage disease, brain metastases (BM) remain 
an important cause of morbidity and mortality in patients with advanced 
disease. Approximately 15% to 20% of patients with metastatic breast cancer 
will be affected by BM during the course of their disease. In earlier studies, 
median survival after the diagnosis of BM ranges from 3 months to 6 months, 
regardless of the type of primary cancer, with cause of death divided equally 
between neurologic and systemic disease progression. Known prognostic factors 
of survival after BM include age, functional status, number of BM, systemic 
disease status, and the interval between the primary cancer diagnosis and the 
development of BM. For patients with newly diagnosed breast cancer, hormone 
receptor and HER-2 status have established prognostic value {11,35}. 

Moreover several previous studies indicated that CNS metastases tend to develop 
in younger patients with ER negative tumors, larger tumors  size with more 
aggressive histologic features. Those patients with ER-negative tumors tended to 
have a worse prognosis than patients with ER-positive tumors {2,36,37}. They 
also reported that prior lung metastases predicted brain metastases in patients 
with breast cancer{38}.

Several studies have addressed the incidence of brain metastasis in HER-
2–overexpressing MBC {39,40-42} and  suggest an increased risk of brain 
metastasis in HER-2–overexpressing tumors, but this may be a consequence of 
patient selection because these studies do not have a control group without HER-
2– overexpression {26,43}.  Brain metastases are clinically associated with a 
significantly detrimental impact on survival {44,7}. Several factors are reported 
to increase the risk of brain metastasis, including poor performance status, lung 
metastases, estrogen receptor  negative tumors, and high burden of metastatic 
disease {45,12}.

In a study by Slimane  etal  2004, they reported that the presence of lung 
metastases and negative hormone receptor status are strong predictive factors 
for the occurrence of a brain relapse in two prospective series of patients with 
metastatic breast cancer. Previous studies in the same population reported that 
negative hormonal receptor status {12,46, 47} and, more recently, Her2-neu–
overexpression {48, 42} may be associated with a higher risk of developing 
brain metastases. HER-2– overexpression endows tumor cells with increased 
metastatic aggressiveness to sites such as the lung and liver, and may similarly 
augment metastatic propensity to the brain {49}.

In the current study, it was found that more HER-2 positive patients developed 
disease progression (38.9 v 19.6%; p=0.001). We characterized the frequency of 
development of brain metastasis among patients with newly diagnosed HER-2 
positive breast cancer and compared them with concurrently diagnosed HER-
2–negative breast cancer patients. We  reported that newly diagnosed HER-2–
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overexpressing breast cancer patients are at significantly increased risk for brain 
metastasis as 11.4% of HER-2–overexpressing breast cancer patients developed 
brain metastases compared with 3% of  HER-2–negative patients (p=0.001). 
Comparisons of overall survival, and disease-free survival between group A and 
group B patients all favored group A. At 5-years the OS rates were 80% and 
52% for groups A and B respectively (p=0.001), while  the DFS rates were 71% 
and 48% in groups A and B respectively (p= 0.001).  HER-2 positive patients 
had a 5-year brain metastasis–free survival of 86.6% versus 90 % for HER-
2 negative patients (p=0.001).  In our study  ER and PR negativity, HER-2–
overexpression, tumor size larger than 2 cm, lymph node positive  disease, lung 
metastases were confirmed as significant prognostic factors associated with 
higher risk of development of  brain metastasis. The time from first metastasis to 
CNS metastasis did not differ significantly between patients with lung, bone, or 
liver as their first site of metastasis (p =0.74).

Likewise in the study by Gabos et al, they reported that the  proportion of 
patients with brain metastasis is higher than  historic experience would suggest; 
approximately 40% of HER-2– overexpressing patients with metastatic disease 
developed brain metastasis at some point in their  study, whereas only 15% of 
HER-2  negative MBC patients developed brain metastases. This study showed 
that newly diagnosed HER-2 –overexpressing breast cancer patients are at 
significantly increased risk for brain metastasis as 9.0% of HER-2–overexpressing 
breast cancer patients developed brain metastases compared with 1.9% of HER-
2–negative patients (p=0.0001). Of all patients who developed CNS metastases 
in HER-2–positive patients (n =27), in eight patients (30%) the CNS was the 
initial site of metastases, and in 19 patients (70%) the CNS metastases were 
diagnosed subsequent to metastatic disease at other sites. They found that the  
5-year disease free survival was 85% and 64% for HER-2 negative and positive 
patients respectively (p=0.001). The 5-year overall survival was 87% for HER-
2 negative patients versus 73% for HER-2 positive patients (p=0.001). HER-2 
positive patients had a 5-year brain metastasis–free survival of 91% versus 97% 
for HER-2–negative patients (p=0.001).  In this study, HER-2– overexpression 
emerges as the most significant prognostic factor for the development of brain 
metastasis and outperforms all other known prognostic factors in early breast 
cancer {49}.    

In our study and in that one conducted  by Gabos et al, trastuzumab was not 
used, as the use of trastuzumab appears to have improved the natural history of 
HER-2 positive breast cancer.  Early results from adjuvant trastuzumab trials 
show improved disease-free survival and overall survival in HER-2 positive 
breast cancer and unmasked  CNS metastases as a potential sanctuary site 
{50,51,52,53,54}. More improvements  in survival outcomes was reported in 
Gabos et al. study than in ours which may be explained by the more aggressive 
histologic features of our patients population manifested by the  large number 
of patients presented by large tumor size ≥ 2 cm, grade 2-3 disease, ER 
negative tumors, lymph nodes positivity and more recurrences including BM in 
comparison with Gabos etal. study.   

Only a few studies specifically evaluated the correlation between the first sites of 
metastases and the subsequent development of brain metastases. Crivellari et al. 
reported similar results as ours, that 11 out of 28 breast cancer patients presenting 
a brain relapse had lung metastases as the first site of relapse. The presence of 
lung metastases was associated with a higher risk of further developing brain 
metastases in this series {26}.  Miller et al. reported  as well that the presence of 
lung metastases was associated with a 2.4-fold increased risk of brain metastases (p 
= 0.07) in a series of 155 consecutive patients with metastatic breast cancer {42}.

Authors of a previous study reported that prior lung metastases predicted brain 
metastases in patients with breast cancer{38}. This also was true for another 
study by Kadri et al, in which 84 patients had lung as the primary metastatic 
site. Moreover,the median time from first metastatic site to CNS metastasis was 
shorter for patients who had lung as the first metastatic site than for patients 
who had bone as the first metastatic site {33}. This may be explained partly by 
the assumption that metastatic breast cancer cells lodged in lung parenchyma 
can go more readily to the brain than those lodged in other sites{ 55}.They also 
supported in their study  the broad perception that positive HER-2 status is a risk 
factor for CNS metastases.

More recently, a retrospective analysis of 9,524 women with early stage breast 
cancer, who were enrolled in 10 adjuvant trials led by the International Breast 
Cancer Study Group reported similar results as ours, has identified HER2 
as a risk factor for the development of CNS relapse {56}. These trials were 
conducted between 1978 and 1999, at a time when adjuvant trastuzumab was not 
in use. The 10-year cumulative incidence of CNS disease as site of first relapse 
was 2.7% in patients with HER2-positive primary tumors, compared with 1.0% 
in patients with HER2-negative tumors (p < 0.01). The 10-year cumulative 
incidence of CNS metastasis as either first or subsequent event was 6.8% versus 
3.5% (p < 0.01), again with a higher incidence seen in patients presenting with 
HER2-positive primary tumors. The results strongly suggest that HER-2 positive 
tumors carry a biological predisposition to metastasize to the CNS. 

In conclusion, although this study has a major limitation, being of retrospective 
design with lack of control over confounding variables and although CNS 
recurrence or metastases was not considered to be a common follow-up finding in 
patients with breast carcinoma, we can derive some important points. Our study 
showed that newly diagnosed HER-2 overexpressing breast cancer patients are 
at significantly increased risk for brain metastasis. Of all patients who developed 
CNS metastases in HER-2 positive patients (n =32), in seven patients (22%) 
the CNS was the initial site of metastases, and in 25 patients (78%) the CNS 
metastases were diagnosed subsequent to metastatic disease at other sites.  We 
have shown that patients with lung metastases and/or negative hormone receptor 
status present a high risk for brain metastases. Given this extremely high-risk 
population for brain metastases, studies of serial radiologic screening and/or 
prophylactic cranial irradiation (PCI) in HER-2–overexpressing MBC patients  
with lung metastases and/or negative hormone receptor status are warranted. 
In patients with both early-stage and HER-2–overexpressing breast cancer, 
evaluation of prophylactic strategies with HER-2  inhibiting small molecules 
able to cross the blood-brain barrier should be also investigated.  The use of 
a systemic drug able to penetrate across the unaltered meningocerebral barrier 
could be another strategy to prevent the occurrence of metastases. Detailed 
molecular characterization of CNS metastases from breast cancer may lead 
to a more in-depth understanding of the biologic abnormalities that drive this 
malignant behavior and also may lead to the discovery of new therapeutic targets 
with improved therapeutic indices.
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