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Abstract
Background—The aim of this retrospective study was to define the incidence of brain
metastases as a first site of recurrence among women with triple receptor-negative breast cancer
(TNBC).

Methods—2448 patients with stage I–III TNBC diagnosed between 1990 and 2010 were
identified. We computed the cumulative incidence of developing brain metastases as a first site of
recurrence at 2 and 5 years. Cox proportional hazards models were fitted to determine factors that
could predict for the development of brain metastases as a first site of recurrence. Kaplan-Meier
product limit method was used to compute survival following a diagnosis of brain metastases.

Results—At a median follow up of 39 months 115 (4.7%) patients had developed brain
metastases as a first site of recurrence. The cumulative incidence at 2 and 5 years was 3.7% (95%
CI 2.9%–4.5%) and 5.4% (95% CI 4.4%–6.5%), respectively. Among patients with stage I, II and
III disease, the 2-year cumulative incidence of brain metastases was 0.8%, 3.1% and 8%,
respectively (p<0.0001). 5-year cumulative incidence was 2.8%, 4.6% and 9.6% among patients
with stage I, II and III disease, respectively (p<0.0001). In the multivariable model, patients with
stage III disease had a significant increase in the risk of developing brain metastases as a first site
of recurrence (HR = 3.51; 95% CI 1.85 – 6.67; p = .0001) compared to patients with stage I
disease. Those with stage II disease had a non significant increased risk of developing brain
metastases as a first site of recurrence (HR = 1.61; 95% CI 0.92 – 2.81; p = .10) compared to
patients with stage I disease. Median survival following a diagnosis of brain metastases was 7.2
months (range 5.7 to 9.4 months).

Conclusion—Patients with non metastatic TNBC have a high early incidence of developing
brain metastases as a first site of recurrence, which is associated with subsequent poor survival.
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Patients with stage III TNBC in particular would be an ideal cohort to research preventive
strategies.

Introduction
It is estimated that in the year 2010 207,090 women were diagnosed with breast cancer in
the USA, with approximately 39,840 deaths attributed to this disease (1). Of these women
diagnosed with breast cancer, approximately 6% had de novo stage IV disease and 20% to
50% diagnosed with primary breast cancer will go on to develop metastatic disease with an
estimated five year survival of 26% (2). One of the biggest clinical challenges faced by
women with metastatic breast cancer is the development of brain metastases, with a reported
incidence ranging from 10% to 30% (3–5) and typically associated with an approximately
80% mortality within one year of diagnosis (2). Over the last decade evidence has emerged
that the incidence of brain metastases appears to be increasing, probably attributed to the
fact that with the introduction of newer chemotherapeutic and targeted agents (e.g
trastuzumab) women with breast cancer are living long enough to develop brain metastases
coupled with superior imaging techniques leading to improved detection rates (6–9).

It has firmly been established that breast cancer is not a homogenous disease with gene
expression profiling identifying at least four distinct subtypes including luminal A, luminal
B, HER2-positive and basal-like subtypes (10–13). Each subtype is associated with a
distinct prognostic outcome and unique predilections for sites of recurrence highlighted by
the fact that the incidence of brain metastases among women with HER2-positive and basal-
like subtype cancer exceeds one third of patients, while the incidence is notably lower
among women with breast cancer of luminal subtype (2). Despite the high incidence of brain
metastases among women with HER2-positive breast cancer, the recent introduction of
trastuzumab into their treatment protocols has not only increased the time to development of
brain metastases but has significantly improved survival following the development of brain
metastases (14,15). Unfortunately the same trend has not been observed among women with
triple receptor-negative breast cancer (TNBC) (a subtype not expressing estrogen receptors
and progesterone receptors and not exhibiting over expression and/or gene amplification of
HER-2/neu that typically accounts for approximately 85% of basal-like tumors).

TNBC is typically associated with an early risk of distant recurrence, a high incidence of
brain metastases and an overall poor survival outcome (16, 17). Lin et al (16) reported that
nearly 46% of women with metastatic TNBC developed brain metastasis that was associated
with a median survival time of 4.9 months. Robust nomograms have also been developed
that can help risk stratify women with metastatic breast cancer helping to identify groups
most likely to develop brain metastases (18). However, with the relatively high overall
incidence of brain metastases and the associated poor survival following its diagnosis among
women with TNBC, a more practical and clinically meaningful research direction would be
to identify groups of women with early stage TNBC who are at high risk of developing brain
metastases. Our own group reported an overall 2- and 5-year cumulative incidence of brain
metastases of 5.6% and 9.6%, respectively, among women with non metastatic TNBC (19).
In this study we take this one step further, looking at a larger cohort of women with TNBC
with longer follow up treated at the MD Anderson Cancer Center (MDACC), with the goal
of determining the incidence of brain metastases as a first site of recurrence and identifying
factors that can predict specific groups who are at particularly high risk.
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Patients and Methods
Patient Population

Using an electronic database maintained at the Breast Medical Oncology department of the
MDACC we identified a cohort of women with stage I to III TNBC. We excluded patients
who were male, those with de novo stage IV disease and those with more than one primary
cancer. Variables extracted from the database included those pertaining to patient
demographics, tumor characteristics, stage of disease, and first site of disease recurrence.
Stage of disease was coded based on the 6th of edition of the American Joint Committee on
Cancer (20). Histological classification and grade of the primary tumor was coded according
to the World Health Organization classification system (21) and the modified Black’s
nuclear grading system (22), respectively. TNBC was defined as breast tumors that were
negative for HER2, estrogen receptor and progesterone receptor. Negative status for HER2
was defined as those breast tumors that either did not exhibit gene amplification by FISH
and/or were 0 or 1+ by immunohistochemistry.

Statistical analysis
Patient and tumor characteristics were tabulated and grouped by whether or not patients had
developed brain metastases as a first site of recurrence and compared across groups using
chi square test. Time to brain metastases was computed from the date of diagnosis of
primary breast cancer to the date of development of brain metastases as a first site of
recurrence or last follow up. The cumulative incidence of brain metastases as a first site of
recurrence was calculated considering death or metastases at other sites as competing risks.
Cumulative incidence of brain metastases as a first site of recurrence at 2 and 5 years were
computed. Among patients who developed brain metastasis as a first site of recurrence,
survival following brain metastases was computed from the date of diagnosis of brain
metastases as a first site of recurrence to the date of death or last follow up. Both survival
end points were computed using the Kaplan–Meier product limit method and compared
across groups using log rank statistic. Cox proportional hazards models were then fitted to
examine the association of factors with time to brain metastases. Variables included in the
model were those deemed to be clinically important rather than statistically significant. The
multivariable Cox proportional hazards model for time to brain metastases was adjusted for
age, race, stage of disease, lymphovascular invasion, type of chemotherapy, and adjuvant
radiation therapy. P-values less than 0.05 were considered statistically significant; all tests
were two-sided. Statistical analyses were carried out using SAS 9.1 (SAS Institute Inc.,
Cary, NC), S-Plus 7.0 (Insightful Corporation, Seattle, WA) and the contributed package
cmprsk (23) in R 2.9.0.

Results
Patient and tumor characteristics

We identified 2448 patients diagnosed between 1990 and 2010 with stage I to III TNBC.
Table 1 summarizes patient demographics and tumor characteristics stratified by brain
metastases development. Median age at diagnosis for the whole cohort was 50 years (range
21–97 years). Six hundred and sixteen (25.2%) patients had stage I disease, 1256 (51.3%)
patients had stage II disease, and 576 (23.5%) patients had stage III disease. One thousand
nine hundred and fifty (79.6%) patients received anthracyclines and 1614 (65.9%) patients
received taxanes as part of pre operative and/or adjuvant treatment. One hundred and fifteen
(4.7%) patients had brain metastases as a first site of recurrence and tended to have higher
initial stage of disease and lymphovascular invasion in the primary.
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Development of Brain metastases as a first site of disease recurrence
Median follow up for the whole cohort was 39 months (range 1 to 233 months). At the time
of this analyses, overall 805 (32.9%) patients had developed distant recurrences of whom
115 (4.7%) had developed brain metastases as a first site of distant recurrence. Overall
cumulative incidence of a distant recurrence at 2 and 5 years was 24.9% (95% CI 23.0% –
26.8%) and 38.5% (95% CI 36.2% – 40.8%), respectively. Table 2 summarizes the results of
2- and 5-year cumulative incidence of brain metastases as a first site of disease recurrence.
Cumulative incidence of brain metastases as a first site of recurrence was 3.7% (95% CI
2.9%–4.5%) and 5.4% (95% CI 4.4%–6.5%) at 2 and 5 years, respectively. Among patients
with stage I, II and III disease, the 2-year cumulative incidence of brain metastases was
0.8%, 3.1% and 8%, respectively (p<0.0001). 5-year cumulative incidence of brain
metastases was 2.8%, 4.6% and 9.6% among patients with stage I, II and III disease,
respectively (p<0.0001) (Figure 1). The presence of lymphovascular invasion was also
found to be associated with a significantly higher cumulative incidence of brain metastases.

Median time to brain metastases was 31 months (range 0 to 214 months). After adjusting for
age, race, stage of disease, lymphovascular invasion, type of chemotherapy, and adjuvant
radiation therapy, patients with stage III disease had a significant increase in the risk of
developing brain metastases as a first site of recurrence (HR = 3.51; 95% CI 1.85 – 6.67; p
= .0001) compared to patients with stage I disease. Those with stage II disease had a non
significant increased risk of developing brain metastases (HR = 1.61; 95% CI 0.92 – 2.81; p
= .10) compared to patients with stage I disease (Table 3). Compared to patients who were
of white race the risk of developing brain metastases as first site metastases was not
significantly different among those of black (HR = 0.61, 95%CI 0.34–1.09, p=0.09) and
other race (HR = 0.80, 95% CI 0.48–1.35, p=0.41).

Survival following brain metastases
Median follow up following a diagnosis of brain metastases was 6.5 months (0 – 165
months). At the time of these analyses 94 (81.7%) of the 115 patients with brain metastases
had died. Median survival following a diagnosis of brain metastases based on the Kaplan-
Meier product limit method was 7.2 months (95% CI 5.7 – 9.4 months) (Figure 2). Fifty-
three percent (n=61) of patients with brain metastases had a median survival greater than 6
months. Patients with distant metastases at sites other than the brain had a significantly
longer median survival than patients with brain metastases as a first site of recurrence (11.6
months vs. 7.2 months, p =0.006). Table 4 summarizes factors associated with survival
following a diagnosis of brain metastases as a first site of recurrence. Initial stage of breast
cancer did not significantly affect survival following a diagnosis of brain metastases.

Discussion
The goal of this large, single-institution retrospective study was to define the incidence of
brain metastases as a first site of recurrence among women with stage I to III TNBC. Our
results confirm what is already known about early stage TNBC in that this subtype has a
high early incidence of distant recurrence with a cumulative incidence at 2 and 5 years of
24.9% and 38.5% observed in our cohort. The cumulative incidence of brain metastases as a
first site of recurrence for the whole cohort at 2 years was observed to be 3.7% and was 8%
for women with stage III TNBC.

Several studies have looked at the incidence of brain metastases among women with early
stage breast cancer and have attempted to identify risk factors for this site of metastases (7,
24–29). Looking at a cohort of more than 9000 women with early stage breast cancer who
were enrolled into the International Breast Cancer Study Group clinical trials between 1978
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and 1999 Pestalozzi et al (24) reported an overall 2-year incidence of CNS metastases as a
first site of recurrence of 0.5% with women who had estrogen receptor negative disease (2-
year incidence of 1.1%) and those having HER2 positive disease (2-year incidence 1.2%)
being at higher risk. In a single institution study of over 3000 women Hietz et al (29)
reported a higher odds of developing brain metastases among women with TNBC (OR:4.16;
95%CI:2.26–7.64; p<0.001) compared to other breast tumor subtypes. Following a diagnosis
of brain metastases, several studies have documented poor survival outcomes across all
subtypes of breast cancer with TNBC exhibiting a worse outcome (16, 19, 30–33). Looking
at a cohort of 99 patients with breast cancer and brain metastases, Carey et al (33) reported
that patients with TNBC had the shortest survival (0.24 years) compared to other subtypes.
Our own group recently reported an overall survival of 2.9 months following a diagnosis of
brain metastases at any time point among women with TNBC and 5.8 months among
women with this subtype who developed brain metastases as a first site of recurrence (19).

It is obvious from the studies discussed that TNBC is a subtype of breast cancer that is
associated with high risk of developing brain metastases, with an associated subsequent poor
survival outcome making it an ideal cohort to look at exploring newer targeted agents and
other modalities geared to preventing the development of brain metastases. In order to
explore such options it will first be important to further identify a specific subgroup of
patients with TNBC at highest risk of developing brain metastases. Graesslin et al (18)
developed a robust nomogram that is able to identify women with metastatic breast cancer at
high risk of developing brain metastases. However, the current evidence, although
retrospective in nature, indicates that women with TNBC have a high early risk of relapse
including the development of brain metastases. Indeed, in this study we report a 2–year
cumulative incidence of brain metastases of 3.7% as a first site of recurrence. These results
allow us to hypothesize that the better group to target preventive strategies would be early
stage TNBC rather than established metastatic TNBC. We further report that the women
with non metastatic TNBC at highest risk of developing brain metastases as a first site
recurrence are those with stage III disease at diagnosis, with a cumulative incidence of 8% at
2-years. Our results further indicate that the risk there after plateaus with a cumulative
incidence of brain metastases increasing only slightly to 9.6% at five years for women with
stage III TNBC. Other variables such as age at diagnosis, menopausal status, race,
lymphovascular invasion and type of chemotherapy received for non metastatic TNBC did
not significantly impact the risk of developing brain metastases.

Prior studies have reported that compared to Caucasian women African American women
with breast cancer have an overall worse prognostic outcome and have a higher risk of
developing TNBC (34). In our study we noted that among women with non metastatic
TNBC race did not significantly impact the incidence of brain metastases (2-year cumulative
incidence of 3.9% vs. 2.6% among white vs. black women) nor did it impact survival
following a diagnosis of brain metastases (median survival 8.9 months vs. 7.7 months
among white vs. black women). This is consistent with results recently reported by Carey et
al (33) where ethnicity was not found to be associated with a differential prognostic outcome
following a diagnosis of brain metastases across all subtypes of breast cancer.

Having identified a subgroup of women with TNBC at highest risk of developing brain
metastases the next question is whether we can further risk stratify. In terms of clinical
variables, the presence of residual disease following pre operative chemotherapy has been
shown to predict a higher risk of recurrence among women with TNBC compared to women
with non TNBC who did not achieve a pathological complete response rate (17, 35).
Although the terms TNBC and basal-like subtype are often used interchangeably,
approximately 25% of TNBC are not basal-like on gene expression arrays (36). Basal-like
tumors haves been shown to be better characterized by using five immunohistochemistry
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markers that include, in addition to the estrogen, progesterone and HER2 receptors,
cytokeratin 5/6 and EGFR (36). Using this method, Cheang et al (37) were able to identify a
group of women with TNBC who had inferior prognostic outcome when their tumors in
addition were positive for cytokeratin 5/6 and/or EGFR. A subset of TNBC has also been
identified that although not exhibiting over expression of HER2 by immunohistochemistry,
exhibits gene expression signatures of the HER2 enriched subtype on gene expression
profiling and may thus identify a subgroup of TNBC that portends a worse prognostic
outcome. The interesting question for this subtype is whether agents directed against HER2
would be of any benefit (38). Another recently identified subgroup of TNBC is the claudin
low subgroup that typically represents 5% of tumors, is characterized by expression of stem
cell features and is associated with poor prognostic outcome (36, 38).

In summary, our results indicate that women with stage III TNBC have a high early risk of
developing brain metastases as the first site recurrence. We acknowledge that the study has
several limitations including the fact that it is retrospective in design and is from a single
institution and thus subject to referral bias. However, our results are hypothesis generating,
indicating that perhaps the best group of women with TNBC to target preventive strategies
is the group of women with stage III disease. As described above, TNBC in itself is a
heterogeneous disease encompassing a number of poor prognostic subgroups including the
basal-like, HER2 enriched and claudin low subtypes that could perhaps further refine high-
risk TNBC groups. Regardless, preventive strategies such as prophylactic cranial radiation
therapy and/or novel targeted agents that can cross the blood barrier need to be explored.
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Figure 1.
Estimates of cumulative incidence of brain metastases with 95% confidence intervals for a)
all patients (cumulative incidence at 2 and 5 years 3.7% and 5.4% respectively) and b)
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stratified by stage (cumulative incidence at 2 and 5 years for stage I 0.8% and 2.8%
respectively; stage II 3.1% and 4.6% respectively; stage III 8% and 9.6% respectively)
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Figure 2.
Kaplan–Meier plots illustrating survival following development of metastases among
patients who developed brain metastases and those who developed metastases at other sites.
Median survival among those who developed brain and other metastases was 7.2 months
[95% CI 5.7–9.4 months] and 11.6 months (95% CI 10.6 – 13.0 months), respectively.
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Table 3

Multivariable Cox proportional hazards model for time to brain metastases

HR 95% CI P

Age: ≥ 50 v. < 50 0.75 0.52 – 1.10 0.14

Race: black v. white 0.61 0.34 – 1.09 0.09

Race: other v. white 0.80 0.48 – 1.35 0.41

Stage: II v. I 1.61 0.92 – 2.81 0.10

Stage: III v. I 3.51 1.85 – 6.67 0.0001

LVI: positive v. negative 1.29 0.87 – 1.93 0.21

Adjuvant radiation: yes v. no 0.93 0.61 – 1.42 0.74

Taxane: yes v. no 1.04 0.66 – 1.65 0.86

Anthracycline: yes v. no 0.71 0.40 – 1.24 0.23
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