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Abstract 

Purpose:  Evaluate risk factors for subsequent development of 
brain metastasis in metastatic breast cancer patients and to esti-
mate the time to occurrence of brain metastases. 
Patients and methods: The medical files of the 211 patients 
were retrospectively reviewed for demographic, clinicopatho-
logical and treatment characteristics.  
Results: Significant risks include age <40y 28.6% patients 
compared to22.8% for age 40 – 50y and 11.3% for age >50y 
(P= 0.031), 25% premenopausal patients compared to 12.1% 
for postmenopausal (P= 0.013), Her2/neu overexpression 
(50% patients) and triple negative (35.3% patients) compared 
to 11.3% patients with ER positive (P= 0.0001, 0.003 ), high 
grade compared to low grade tumors (37.9 % vs 14.8% P= 
0.005). Patients with N2, 3 had higher risk than N0, 1 (46% vs 
15.8%) (P= 0.01), 30.9% patients with disease free duration 
(DFD) <2 years developed brain metastasis compared to 
23.1% for M1 patients and 11.1% patients with DFD >2years 
(P= 0.019, 0.033). 4.3% patients with bone only metastasis de-
veloped brain metastasis compared to 21.6% patients with vis-
ceral only metastasis and 28.4% patients with both bone and 
visceral metastasis (P= 0.036, 0.014). 33.3% patients with lung 
containing metastasis developed brain metastasis compared to 
58.3% patients with lung and liver containing metastasis and 
10% of patients with liver containing metastasis (P= 0.038, 
0.022).  
Conclusion: young patients with lung metastases, Her2/neu 
overexpression or triple negative with disease free duration < 
2years carries the highest risk for brain metastases. Such pa-
tients may be candidate for screening or prophylactic strategies.  

Introduction 

Breast cancer (BC) is the second most common brain metasta-
sis-leading cancer among all types and it is the most common 
solid tumor causing leptomeningeal involvement in the brain 
(1). 

Metastasis to the central nervous system (CNS) is diagnosed in 
5% to 15% of women with breast cancer. However, autopsy 
studies of patients with breast cancer show that the incidence 
of brain metastasis reaches as high as 30% (2). Approximately 
80% of CNS metastases occur only after the diagnosis of other 
systemic metastatic lesions. CNS metastases include multiple 
brain metastases (78%), solitary brain metastasis (14%), and 
leptomeningeal metastases (8%) (3, 4)

. 

 

The incidence of brain metastasis (BM) from BC increases due 
to improved neuroimaging, increasing numbers of BC patients, 
and prolonged survival as a result of improved systemic thera-
pies (5).  
 
Brain metastasis results in a significant reduction in overall sur-
vival (6, 7). The median survival time for patients with untreated 
brain metastasis is 4 weeks; this time can be increased from 4 
to 6 months with whole brain radiotherapy or up to 16 months 
if solitary metastases can be surgically removed or treated with 
stereotactic radiosurgery (for lesion <3 cm). The one year over-
all survival rate is only 20%–40% (8, 9). 
 
According to this dismal prognosis, new treatment approaches- 
either prophylactic or therapeutic- are extremely needed. 
Prophylactic cranial irradiation, high-dose methotrexate, or 
lapatinib exhibit interesting antitumor activity in brain metasta-
ses and could therefore be evaluated as a preventative treat-
ment for brain metastases. However, these approaches are usu-
ally toxic and could not therefore be applied to all patients (10). 
 
So, In order to detect early or to prevent brain metastases in a 
well-selected population, the need to better identify patients 
with metastatic breast cancer, who are at higher risk for subse-
quent development of brain metastases, has emerged.  
 
The role of early brain metastases detection has been investi-
gated as well as the possibility of its leading to survival im-
provement and better quality of life. A series of 155 patients 
with metastatic disease were screened for occult CNS involve-
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ment and 23 of them (14.8%) had occult disease. Although the 
prognosis for patients is less than those without occult CNS 
disease, there is no evidence that earlier treatment of CNS dis-
ease is beneficial (11). 
 
The present study aims to evaluate risk factors that have an im-
pact on subsequent development of brain metastasis in meta-
static breast cancer patients and to estimate the time to occur-
rence of brain metastases (TTBM) which is defined as the time 
interval from initial diagnosis of first metastasis relapse to the 
diagnosis of brain metastasis.  

Patients and methods 

The medical files of the 211 patients have been retrospectively 
reviewed for clinical and pathological features, prognostic and 
predictive factors and information about the therapy (surgery, 
chemotherapy, radiotherapy, hormonal or targeted therapy) 
during the period from 2008 to 2013 in Clinical Oncology De-
partment, Alexandria Faculty of Medicine. Patients are classi-
fied into two groups, the 1 st group includes metastatic breast 
cancer patients without brain metastasis and the 2nd group in-
corporates metastatic breast cancer patients with brain metasta-
sis.  
 
Exclusion criteria 
Patients presented with brain metastases as first relapse are ex-
cluded. Brain as first site of metastasis is defined as the pres-
ence of brain metastases in the absence of other synchronous 
metastases. 
 
Statistical analysis 
Univariate and multivariate analysis using chi square test is 
used to test the association between brain metastasis and (1) 
patients characteristics including patient age, menopausal status 
and body mass index (BMI) (2) tumor characteristics including 
tumor size, axillary lymph node involvement, histological type 
and grade, lymphatic vascular invasion, ER, PR, andHER2sta-
tus (3) metastasis characteristics including site of first metasta-
sis (visceral vs bone), number of non brain metastatic sites, me-
tastasis free duration defined as the time between initial diag-
nosis and the first relapse, (4) treatment related factors as type 
of surgery, systemic and loco regional therapy received.  

Results 

Patients demographic and clinico pathological characteristics 
are summarized in table 1. The median age was 50 years. 45.5% 
of the cases (n=96) were premenopausal whereas 54.5% 
(n=115) were postmenopausal. 30.8% of patients (n=65) had 
BMI < 30 compared to 69.2% (n=146) with BMI > 30. Most 
cases had unilateral disease (97.2%). 73% patients (n=154) had 
modified radical mastectomy, 12.8% patients (n=27) had BCS, 
and the remaining 14.2% (n=54) were inoperable. Most of pa-
tients 87.2% (n=184) had infiltrating ductal carcinoma. 24.6% 
patients (n=52) had metastatic disease at presentation com-
pared to 75.4% patients (n=159) presented with loco regional 
disease, the majority were T2 and T3 (61.1% and 24.2% re-

Table 1 Patient characteristics 

 Total  
(211) 

% 

Age.  
< 40 y. 
40 – 50 y. 
> 50 y. 

 
35 
70 

106 

 
16.6% 
33.2% 
50.2% 

Menopausal status 
Premenopausal 
Postmenopausal 

 
96 

115 

 
45.5% 
54.5% 

BMI 
≤ 30 
> 30 

 
65 

146 

 
30.8% 
69.2% 

Breast cancer 
unilateral 
Bilateral 

 
205 

6 

 
97.2% 
2.8% 

Type of Surgery 
BCS 
MRM 
Inoperable 

 
27 

154 
30 

 
12.8% 
73.0% 
14.2% 

Histology 
Ductal carcinoma 
Lobular carcinoma 
Mixed ductal & lobular 
Other carcinomas 

 
184 
16 
10 
1 

 
87.2% 
7.6% 
4.7% 
0.5% 

TNM 
T1 
T2 
T3 
T4 

 
25 

129 
51 
6 

 
11.8% 
61.1% 
24.2% 
2.8% 

No 
N1 
N2 
N3 

22 
101 
56 
32 

10.4% 
47.9% 
26.5% 
15.2% 

M0 
M1 

159 
52 

75.4% 
24.6% 

Histologic grade 
low (1, 2) 
high (3) 

 
182 
29 

 
86.3% 
13.7% 

L.V.I  
Yes 
No 

 
190 
21 

 
90.0% 
10.0% 

ER and HER2 status 
ER +ve and HER2 +ve or -ve 
HER2 over expressed and ER - ve 
Triple negative 

 
168 
26 
17 

 
79.6% 
12.3% 
8.1% 

Locoregional treatment 
Surgery 
XRT 
Surgery & XRT 
No 

 
25 
1 

155 
30 

 
11.8% 
0.5% 

73.5% 
14.2% 

Disease free duration 
< 2 y 
≥ 2 y 
M1 (at presentation) 

 
42 

117 
52 

 
19.9% 
55.5% 
24.6% 
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spectively), 22 patients (10.4%) were N0 while 189 (89.6%) had 
N +ve disease. Most cases had low grade (86.3%) (n=182). 
Lymphatic vascular invasion has been detected in 90% of pa-
tients. ER positive has been observed in 168 patients (79.6%), 
HER2 over expressed with ER – ve was detected in 26 patients 
(12.3%) and triple negative in 17 patients (8.1%). The majority 
of patients (73.5%) were treated by surgery followed by radio-
therapy.19.9% patients had DFD < 2 years, 55.5% patients had 
DFD ≥ 2 years and 24.6% patients were presented with meta-
static disease. Bone metastasis only occurred in only 33.2% pa-
tients (n=70), visceral metastasis only developed in 35.1% pa-
tients (n=74) while bone and visceral metastasis developed in 
31.7% patients (n=67). Most of patients 197 patients (93.4%) 
had multiple metastatic sites. Most of patients (71.1%) received 
chemotherapy with or without hormonal treatment while the 
remaining 28.9% patients (n=61) received hormonal therapy 
alone.  
 
The median duration of follow up is calculated from the time 
of diagnosis of relapse till the last visit or death which was 22 
months (range: 9 – 70 months). 38 out of 211 patients devel-
oped brain metastasis with an incidence of 18%. For the 38 pa-
tients who developed brain metastasis, time to brain metastasis 
(TTBM) was less than 1 year for 23 patients (60.5%), between 
1 – 2 years for 8 patients (21%) and more than 2 years for 7 pa-
tients (18.5%). The median time to brain metastasis was 10 
months. 
 
Correlation between different demographic, clinicopathological 

data and the development of brain metastasis has been evaluat-
ed. The highest incidence of brain metastasis was observed in 
the age group less than 40 years 10/35 patients (28.6%) com-
pared to 16/70 patients (22.8%) between 40 – 50 years and 
12/116 patients (11.3%) more than 50 years with statistically 
significant difference (P= 0.031). Also 24/96 premenopausal 
patients (25%) had brain metastasis compared to14/115 pa-
tients (12.1%) postmenopausal patients with statistically signifi-
cant difference (P=0.013) (Table 2). No statistically significant 
difference was observed between BMI less or more than 30, 
20% versus 17.1% respectively (P=0.374). In addition, no sta-
tistically significant difference was noted whether the patient 
had unilateral or bilateral disease (P= 0.299).  
Concerning the relation between the type of surgery and the 
development of brain metastasis, the incidence was 7/27 pa-
tients (25.9%) for BCS, 24/154 patients (15.6%) for MRM and 
7/30 patients (23.3%) for no surgery group without statistically 
significant difference between the three groups (P= 0.311). 
11/29 patients (37.9%) with high grade tumor developed brain 
metastasis compared to 27/182 patients (14.8%) for low grade 
tumor. The difference was statistically significant (P=0.005) 
(Table 2). Higher incidence of brain metastasis for patients 
with lymphatic vascular invasion (37/190) (19.5%) compared 
to 1/21 patients (4.8%) for patients without lymphatic vascular 
invasion, however the difference was not statistically significant 
(P= 0.076). 
Regarding TNM classification, the incidences of brain metasta-
sis were 3/25 patients (12%) for T1, 22/129 patients (17%) for 
T2, 11/51 patients (21.5%) for T3 and 2/6 patients (33.3%) for 
T4. There was no statistically significant difference (P=0.55). 
For nodal involvement, no patients with N0 developed brain 
metastasis (0/22) compared to 16/101 patients (15.8%) for 
N1, 17/56 patients (30.4%) for N2 and 5/32 patients (15.6%) 
for N3. The difference was statistically significant (N0, 1 vs 
N2, 3) (P= 0.01) (Table 2). 25/159 patients (15.7%) presented 
with M0 had brain metastasis compared to 13/52 patients 
(25%) presented with M1. The difference was not statistically 
significant (P=0.098). 
Higher incidence of brain metastasis was observed in patients 
with Her 2/neu over expression (13/26 patients) (50%) and 
triple negative patients (6/17 patients) (35.3%) compared to 
19/168 patients (11.3%) with ER positive. The difference was 
statistically significant comparing Her2/neu +ve to ER+ve (P= 
0.0001) and for triple – ve vs ER +ve (P = 0.003). There was 
no statistically significant difference between Her2/neu +ve 
and triple – ve. (Table 2). 
There was not statistically significant difference regarding the 
incidence of brain metastasis for patients treated with surgery 
alone (3/25 patients) (12%), radiotherapy alone (1/1 patient) 
(100%), both surgery and radiation (28/155 patients) (18%) or 
did not receive loco regional treatment (6/30 patients) (20%) 
(P=0.155). Also, no statistically significant difference regarding 
the histological type, 34/184 patients (18.5%) had brain metas-
tasis for invasive ductal carcinoma, 0/16 patients (0%) for in-
vasive lobular carcinoma, 4/10 patients (40%) for mixed ductal 
and lobular carcinoma and 0/1 patient (0%) for medullary car-

 Total  
(211) 

% 

Sites of metastasis 
Bone only 
Visceral only 
Lung only 
Liver only 
Lung & Liver 
Other visceral (S.C nodules, mediastinal 
LN, pleural effusion) 
Lung and other visceral 
Liver and other visceral 
Bone and visceral 
Bone and Lung 
Bone and Liver 
Bone, Lung and Liver 
Bone and other visceral 

  
70 
74 
25 
16 
12 
12 

  
5 
4 

67 
18 
30 
12 
7 

  
33.2% 
35.1% 
11.8% 
7.6% 
5.7% 
5.7% 

  
2.4% 
1.9% 

31.7% 
8.5% 

14.2% 
5.7% 
3.3% 

Number of non brain metastasis 
Solitary 
Multiple 

 
14 

197 

 
6.6% 

93.4% 

Systemic treatment for metastasis 
Chemotherapy. 
Hormonal treatment. 
Chemotherapy & Hormonal. 
Chemotherapy & targeted. 

 
39 
61 

110 
1 

 
18.5% 
28.9% 
52.1% 
0.5% 
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cinoma (P= 0.071). 
 
According to the disease free duration (DFD), 13/42 patients 
(30.9%) with DFD < 2years had brain metastasis compared to 
13/117 patients (11.1%) with DFD > 2years, the difference 
was statistically significant (P=0.019). Also, the difference was 
statistically significant for M1 patients 12/52 patients (23.1%) 
compared to patients with DFD > 2years (13/117) (11.1%) 
(P= 0.033) (table 2). No significant difference was observed be-
tween patients with solitary or multiple non brain metastasis 
(7.1% vs 18.8% respectively P=0.243). 
 
Correlation between the sites of metastasis and brain metastasis 
revealed that 3/70 patients (4.3%) with bone only metastasis 
developed brain metastasis compared to 16/74 patients 
(21.6%) with visceral only metastasis and 19/67 patients 
(28.4%) with both bone and visceral metastasis. The differ-
ences were statistically significant for bone only vs visceral only 
(P= 0.036) and for bone only vs bone and visceral (P = 0.014) 
(table 2).  
 
Regarding the sites of visceral metastasis, 16/48 patients 
(33.3%) with lung containing metastasis developed brain me-
tastasis compared to 14/24 patients (58.3%) with lung and liver 
containing metastasis and 5/50 patients (10%) with liver con-
taining metastasis, the differences were statistically significant 
(P= 0.038 and 0.022) (table 2). None of patients with other vis-
ceral metastasis 0/19 (0%) developed brain metastasis.  
 
Concerning the systemic treatment received for metastatic dis-
ease, 18/39 patients (46.1%) treated with chemotherapy alone 
developed brain metastasis compared to 19/110 patients 
(17.3%) treated with chemotherapy and hormonal and 1/61 
patients (1.6%) treated with hormonal therapy alone. The dif-
ference was statistically significant (P= 0.0001).  
 
In multivariate analysis, high histological grade (G3), +ve LN 
(N2,3), lung containing metastasis and Her2 +ve or triple –ve 
tumor subtypes were associated with an increased risk for brain 
metastases with statistically significant P values (P= 0.028, P = 
0.0214, P = 0.0001 and P = 0.0225 respectively).  

Discussion 

The development of brain metastasis in breast cancer is a seri-
ous fatal condition which is difficult to treat. Therefore, it is 
important to predict which patients with metastatic breast can-
cer that may develop brain metastasis. This study tries to reveal 
the risk factors that might have an effect on the development 
of brain metastasis and therefore can select candidates for clini-
cal trials designed for early detection or preventive measures. 
Many studies of breast cancer have demonstrated risk factors 
for brain metastasis. 
 
Olivier et al conducted a study to Predict Subsequent Brain 
Metastasis in Patients with Metastatic Breast Cancer, of 2136 
patients with breast cancer, 362 developed subsequent brain 

metastasis. Age, grade, negative status of estrogen receptor and 
human epidermal growth factor receptor 2, multiple metastatic 
sites, and short disease-free survival were significantly and in-
dependently associated with subsequent brain metastasis.(12) 

 Another trial, carried out by K. Slimane et al showed that the 
presence of lung metastases (P = 0.0003) and negative hor-
mone receptor status (P = 0.002) were the only predictive fac-
tors associated with the occurrence of brain metastases, 
prophylactic treatment should be evaluated in these subsets of 
patients. All of these factors proved to be significantly associat-
ed with increased risk of brain metastasis in the present study. 
Moreover, longer time to tumor progression and possibly over-
all patient survival may actually heighten the risk of brain me-
tastasis in breast cancer (13 – 16). Most anticancer drugs, and par-
ticularly large molecules such as antibodies, cross the blood-
brain barrier very poorly. In a carefully studied animal model of 

Table 2. Summary of risk factors associated significantly with 
CNS metastasis using univariate analysis 

 

variables   
CNS metastasis 

(no= 38) 
P  

value 

Age <40 10/35 (28.6%) 

0.031 40-50 16/70 (22.8%) 

>50 12/106 (11.3%) 

Menopausal state Pre 24/96 (25%) 
0.013 

post 14/115 (12.1%) 

Grading Low 27/182(14.8%) 
0.005 

High 11/29 (37.9%) 

N stage N0 0 /22(0.0%) 

0.01 
N1 16/101(15.8%) 
N2 17/56(30.4%) 

N3 5/32(15.6%) 

Receptor status ER +ve 19/168(11.3%) 
0.0001 

& 
0.003 

Her 2 +ve, 
ER-ve 

13/26(50%) 

Triple - ve 6/17(35.3%) 

DFD < 2y 13/42(30.9%) 0.019  
& 

0.033 
>2 y 13/117(11.1%) 

M1 12/52(23.1%) 

Sites of non brain 
metastasis 

Bone only 3/70(4.3%) 

0.036  
& 

0.014 

Visceral 
only 

16/74(21.6%) 

Bone & 
visceral 

19/67(28.4%) 

Sites of visceral me-
tastasis 

Lung con-
taining 

16/48 (33.3%) 

0.038 & 
  

 0.022 

Liver con-
taining 

5/50 (10%) 

Lung & 
liver con-
taining 

14/24 (58.3%) 

Other 0/19 (0.0%) 
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breast cancer cells selected for their propensity to metastasize 
to the CNS, paclitaxel levels in normal brain ranged from 10 to 
80 ng/g and in CNS metastases from 100 to 1000 ng/g, both 
values far lower than the 10,000- to 100,000-ng/g range found 
in systemic metastases.(17) 

 
Trastuzumab-based chemotherapy for metastatic breast cancer 
or trastuzumab-based adjuvant chemotherapy for early breast 
cancer appears to manifest an increased risk of brain metastasis 
in some studies, but others could not confirm these results (18-

21).  
 
About 30% to 35% of women with HER2-positive metastatic 
breast cancer develop brain metastases. Trustuzumab based 
treatment which is considered as the standard of care and have 
been shown to prolong progression free survival and overall 
survival significantly compared to chemotherapy or hormonal 
treatment alone. This observed survival benefit was attributed 
to better control of extracranial disease, as trastuzumab pene-
trates the blood–brain barrier poorly. Prolonged survival ex-
poses those patients to higher risk for brain metastasis (22). 
Lapatinib, a small-molecule, dual HER-1/HER-2 inhibitor, 
which can potentially cross the blood–brain barrier, was ap-
proved for treating HER2-positive metastatic breast cancer pa-
tients with brain metastasis (23). 
 
A retrospective study was conducted on HER2-positive breast 
cancer patients diagnosed with brain metastasis between Janu-
ary 2006 and December 2008 in six Asian countries. Data from 
280 patients were analyzed before brain metastasis, 63% re-
ceived anti-HER2 treatment. These patients had significantly 
longer TTBM than those without anti-HER2 treatment 
(median 33 vs 19 months; P< 0.002). After brain metastasis, 
93% received radiotherapy, 57% received chemotherapy, and 
41% received anti-HER2 treatment (trastuzumab and/or lapa-
tinib). Use of anti-HER2 agents, after brain metastasis demon-
strated the longest survival after brain metastasis and was asso-
ciated with a significant survival benefit over no anti-HER2 
treatment (median 26 vs 6 months; hazard ratio 0.37; 95% CI 
0.19–0.72) (24). 
 
ASCO 2012 study, by Anna Azvolinsky et al, evaluates the val-
ue of gene signature to predict the development of brain me-
tastasis among HER2-positive and ER negative advanced 
breast cancer patients. RNA samples from 87 breast cancer pa-
tients were analyzed for differential gene expression of 502 
known cancer genes, identifying both up- and down-regulated 
genes in primary tumors. A 13-gene signature was identified to 
be associated with higher risk of brain metastasis and includes 
four HER2-associated genes, cyclin dependent kinase 4 
(CDK4), and three genes involved in double-stranded DNA 
repair (RAD51, FANCG, and BARD1). Patients in “low risk 
signature” groups had significantly better brain metastasis free 
survival as compared to “high risk signature group” (77 
months vs. 41 months; P = 0.02) (25,26). 
 

Prophylactic cranial irradiation (PCI) is currently recommended 
for patients with small-cell lung cancer resulting in reduced in-
cidence of brain metastasis and improved cause-specific surviv-
al and overall survival rates. However, the available data from 
breast cancer patients does not support this approach. PCI has 
been over feared and underutilized as a treatment modality in 
breast cancers. There has been concern with regard to the pos-
sible neuropsychological sequel of radiation, although data 
from 2 prospective randomized trials assessing toxicity and 
quality of life after radiation for small-cell lung cancer have 
failed to confirm any significant neurocognitive deterioration 
sequels (27). 
 
In a Prospective Randomized Phase III Clinical Trial Testing 
the Role of Prophylactic Cranial Radiotherapy in Patients 
Treated with Trastuzumab for Metastatic Breast Cancer, pa-
tients were randomized 1:1 to no PCI or PCI delivered at 
around 6 weeks after study entry at a dose of 30 Gy in 10 frac-
tions. Cognitive function was assessed prospectively. In total, 
51 patients were randomized over a 3 year period; 25 received 
PCI and 26 patients did not. Patients underwent screening with 
magnetic resonance imaging or computer-assisted tomography 
of the brain after randomization to exclude patients with sub-
clinical central nervous system disease. Neurocognitive func-
tion (NCF) assessment was done at baseline and at 3, 6, and 9 
months following randomization using various psychological 
studies to assess quality of life (QOL), anxiety, depression, and 
cognition (remembering, thinking and concentration). The re-
sults showed that prophylactic cranial irradiation did not pro-
duce cognitive dysfunction or deterioration of QOL any great-
er than other women who did not have radiotherapy. Although 
there was no overall survival difference at 2 years , the cumula-
tive incidence of CNS metastases at 2 years was 32.4% 
(standard error = 9.8%) on the no PCI arm and 21.0% 
(standard error = 8.6%) on the PCI arm; the associated hazard 
ratio was 0.57 (95% confidence interval 0.18-1.74; P = 0.32) 
(28).  
 
The association of lung and brain metastases is a striking event, 
the finding that brain metastases occur mainly in patients pre-
senting with lung metastases is in line with the ‘seed and soil’ 
theory. This theory has been developed to illustrate the fact 
that the site of metastasis is not random with respect to the site 
of the primary tumor (29). This theory has supported the hy-
pothesis that the homing of tumor cells is determined by bio-
logical factors of the environment. It has been suggested re-
cently that the interaction between chemokines and chemokine 
receptors could drive the homing of tumor cells and be the bi-
ological basis of the seed and soil theory (30). CXCR4 is a chem-
okine receptor that leads to metastases in the lung. This chem-
okine receptor is expressed in tumor tissues, including breast 
and lung tumors. Of interest, the ligand for CXCR4 (SDF1) is 
widely expressed in the brain where it plays a role in the migra-
tion of astrocytes (31, 32).  
 
 

http://www.cancernetwork.com/authors/anna-azvolinsky-phd
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Conclusion 

The present study identifies that, young patients with lung con-
taining metastases, Her2/neu over expression or triple negative 
receptor status with disease free duration < 2years carry the 
highest risk for brain metastases. Such patients may be candi-
dates for early screening or potential prophylactic strategies.  
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