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Abstract Brain metastases are a serious relatively com-
mon complication of breast cancer. We evaluated prognos-
tic factors for survival after diagnosis of brain metastases
from breast cancer in a contemporary cohort of patients.
Patients diagnosed with breast cancer brain metastases at
our institution between 1999 and March 2016 were evalu-
ated. Overall survival was defined as time from brain
metastasis diagnosis to death or last follow-up. Patients
were classified according to the Breast cancer-specific
Graded Prognostic Assessment (BS-GPA), based on age,
Karnofsky performance score and breast cancer phenotype.
181 patients were identified. Tumor phenotype distribu-
tion was as follows: triple negative (TN, 18.8%), hormone
receptor (HR)—HER2+ (16.6%), HR+HER2+ (23.2%) and
HR+HER2- (30.9%), not available (10.5%). Median over-
all survival from brain metastasis diagnosis was 7.7 mos
(95% CI 5.4-10.0 mos). Although TN patients experienced
the worse outcome, no significant difference was observed
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across tumor phenotypes (median 5.1, 7.7, 11.0 and 8.6
months in TN, HR-HER2+, HR+HER2+, HR+HER2—,
p=0.081). The BS-GPA index was significantly associated
with overall survival (median 18.8, 8.8, 6.2 and 3.6 months,
respectively, for BS-GPA categories 3.5-4, 2.5-3, 1.5-2
and 0-1, p=0.014). Increased number of local treatments
for brain metastasis (radiotherapy or neurosurgery) or the
administration of systemic therapy after brain metastasis
diagnosis were also significant predictors of better overall
survival (p<0.001) and, when evaluated in multivariate
analysis with BS-GPA, both added independent prognos-
tication beyond BS-GPA. Patient-related features, tumor
phenotype and multimodal treatments all independently
contribute to modulate prognosis of patients diagnosed
with breast cancer brain metastases.
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Introduction

Breast cancer is one of the commonest causes of brain
metastasis [1]: approximately 10-15% of patients diag-
nosed with metastatic breast cancer will eventually develop
brain metastases during the course of their disease [2]. In
addition, autopsy studies suggest that the real incidence of
brain metastases may be even higher, with rates up to 30%
[3]. Even if all breast cancer patients are at risk for brain
metastases, this event occurs more frequently in Human
epidermal growth factor receptor type 2 (HER2) positive
and triple-negative (TN) subtypes, with approximately 30
and 50% of metastatic patients developing brain metasta-
ses, respectively [4—6].
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Breast cancer brain metastases have been traditionally
viewed as a late complication of progressive metastatic dis-
ease, with poor prognosis, reported median survival histori-
cally ranging between 2 and 16 months, and few effective
treatment options [1, 7]. More recently, due to the increase
of therapeutic possibilities, the capacity to adequately
predict the outcome of patients with breast cancer brain
metastases has grown increasingly important. Several local
treatments, such as whole-brain radiotherapy, stereotactic
radiosurgery or surgical resection, are now available. In
addition, the pool of available systemic treatments has been
expanded beyond chemotherapy and endocrine therapy,
thanks to the approval of targeted treatments.

Several studies have reported profound differences in
survival after a diagnosis of brain metastasis depending on
many factors, including performance status, age, number
of brain metastases, the presence and status of extracra-
nial disease (controlled vs. uncontrolled), tumor histology,
subtypes and receipt of local or systemic therapy [8—11].
Based on these observations, several prognostic scores have
been developed, often using data from patients included
in clinical trials, with the aim to adequately predict out-
come and tailor patients’ care accordingly [8—11]. One of
the most used prognostic scores, the Graded Prognostic
Assessment (GPA), was originally developed from a cohort
of 1960 patients accrued in Radiation Therapy Oncology
Group protocols for patients with brain metastases [10]. In
a further refinement, Sperduto et al. identified molecular
tumor subtype, Karnofsky performance score (KPS) and
age as independent prognostic factors in patients receiv-
ing radiation therapy for newly diagnosed breast cancer
brain metastases and incorporated all of these factors in the
breast specific-GPA score (BS-GPA) [11].

In this context, data concerning real life patient cohorts
should be considered, since patients included in clinical tri-
als constitute a selected population, not perfectly represent-
ing patients seen in daily clinic.

We here report a retrospective analysis of breast cancer
patients treated for brain metastases at the Istituto Onco-
logico Veneto of Padua over 17 years. The primary aim of
the present analysis is to evaluate prognostic factors affect-
ing overall survival from the development of brain metas-
tases in a real-life cohort of patients treated with multiple
modalities.

Materials and methods
Patients
Medical records of breast cancer patients with brain metas-

tases referred to the Medical Oncology Division or Radio-
therapy Division of the Istituto Oncologico Veneto between
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Ist December 1999 and 31st March 2016 were retrospec-
tively reviewed. Inclusion criteria were: histologically
proven invasive breast carcinoma, age >18 years at the
time of breast cancer diagnosis, intradural brain metastasis
radiologically confirmed using contrast-enhanced cerebral
computed tomography scan and/or magnetic resonance
imaging of the brain. Patients with breast cancer bone
metastasis extending into the cranium were not included
in the absence of intradural brain metastasis. Patients with
diagnosis of leptomeningeal carcinomatosis concomitant
to brain metastasis diagnosis and patients with diagno-
sis of leptomeningeal carcinomatosis alone were excluded
(18 and 14 patients, respectively; Supplementary Material
Image 1). Development of leptomeningeal disease subse-
quent to brain metastasis diagnosis was allowed.

Clinical and biological parameters for each patient,
including patients demographics, primary tumor charac-
teristics (including histological subtype, grade, stage at
diagnosis, hormone receptor (HR)/HER?2 status and Ki67),
dates of diagnosis of primary breast cancer and subsequent
distant and brain metastases and treatment received for
breast cancer were included in a dedicated database.

Estrogen receptor (ER) and progesterone receptor (PgR)
expression was determined by immunohistochemistry;
positivity was defined as immunohistochemistry staining
in at least 1% of tumor cells. HER2 status was defined as
positive in case of immunohistochemistry score 34+ and/or
amplification by fluorescent in situ hybridization.

Brain metastasis-specific data was also collected, includ-
ing number of brain lesions, presence or absence of lep-
tomeningeal involvement, status of extra cranial disease
and KPS at time of diagnosis of breast cancer brain metas-
tases. Local and systemic treatments administered from
diagnosis of central nervous system metastases up to time
of last follow-up were also recorded. The cut-off date for
follow up is May 20, 2016. This study was approved by our
institution ethics committee.

Statistical analysis

Patients were classified according to immunohistochem-
istry data (primary tumor) in the following breast cancer
subtypes: ‘‘luminal type” (HR-positive/HER2-negative);
“‘luminal-HER2+  type” (HR-positive/HER2-positive);
““HER2+ type” (HR-negative/HER2-positive) and ‘‘triple
negative TN type” (HR-negative/HER2-negative).

BS-GPA score was calculated, based on age, KPS and
breast cancer subtype according to previously defined cri-
teria [11].

Time to brain metastasis was defined as the time inter-
val from diagnosis of primary breast cancer to diagnosis of
brain metastasis. Overall survival was defined as the time
from brain metastasis diagnosis to death from any cause or
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last follow-up. Patients alive without event were censored
at cut-off date of this analysis (May 20th, 2016).

Descriptive statistics were performed for the patient
demographics and clinical characteristics. For continuous
variables median and range values were computed.

The Pearson’s Chi-2 test was used to study the associa-
tion between categorical clinicopathological variables.

Median time to brain metastasis and overall survival
were estimated using the Kaplan—-Meier method and
reported with their 95% confidence intervals (95% Cls).
Kaplan—-Meier curves were used to present time to brain
metastasis and overall survival for patients in each group.
Univariate and multivariate Cox regression modelling for
proportional hazards was used to calculate HR and 95% CI.
All reported p values are two-sided, and significance level
was set at 5% (p <0.05).

Analyses were performed using IBM SPSS (version 22).

Results

Patients characteristics at the time of primary breast
cancer diagnosis

A total of 181 patients were included in this analysis.
Patient and tumor characteristics at the time of primary
breast cancer diagnosis are detailed in Table 1.

The median age at breast cancer diagnosis was 51 years
(range 24-80 years). Most patients presented tumors with
invasive ductal histology (n 158, 87.3%) and grade 3 (n
122, 67.4%). The majority of patients (n 103, 56.9%) had
positive axillary lymph nodes at diagnosis. In addition,
29.3% (n 53) of patients had stage III disease and 19.9% (n
36) had metastases at time of diagnosis.

HR and HER2 status was known in 99 and 89% of
patients, respectively. Among patients with known status,
63.5% (n 115) were HR positive, 39.8% (n 72) were HER2
positive.

Overall, 34 patients (18.8%) were categorized as tri-
ple negative, 30 (16.6%) as HR—HER2+, 42 (23.2%) as
HR+HER2+ (luminal-HER2+type) and 56 (30.9%) as
HR +HER2— (luminal type).

Time to brain metastasis

Median time to brain metastasis was 41.4 months (CI 95%
32.5-50.3 months). Breast cancer subtype significantly
influenced time from breast cancer diagnosis to brain
metastasis occurrence: median time to brain metastasis
was 27.3, 31.8, 42.1 and 45.7 months in TN, HR—HER2+,
HR+HER2+, HR4+HER2—, respectively (p=0.041)
(Fig. 1).

Table 1 Patients and tumor characteristics at breast cancer diagnosis

N. of patients Median (range)

Age at breast cancer diagno- 181 51 (24-80)
sis, years
AJCC stage at diagnosis
I-1I 92 50.8%
I 53 29.3%
v 36 19.9%
Tumor histology
Ductal 158 87.3%
Lobular 18 9.9%
Other histology 2 1.1%
NA 3 1.7%
Grade
G1-G2 54 29.8%
G3 122 67.4%
NA 5 2.8%
HR status
Negative 64 35.4%
Positive 115 63.5%
NA 2 1.1%
HER?2 status
Negative 90 49.7%
Positive 72 39.8%
NA 19 10.5%
Molecular subtype
N 34 18.8%
ER—-/HER2+ 30 16.6%
ER+/HER2+ 42 23.2%
ER+/HER2—- 56 30.9%
NA 19 10.5%
Neo/adjuvant CT
No 58 32%
Yes 123 68%
Adjuvant HT
No 97 53.6%
Yes 84 46.4%
Adjuvant trastuzumab
No 164 90.6%
Yes 17 9.4%

AJCC American Joint Committee on Cancer, CT chemotherapy, ER
estrogen receptor, HER2 human epidermal growth factor receptor
2, HR hormone receptor, HT hormonal therapy, N. number, NA not
available, RT radiotherapy, TN triple-negative

Patients characteristics at the time of brain metastasis
diagnosis

Patients characteristics at time of brain metastasis diagno-
sis are detailed in Table 2.

Median age was 56 years (range 31-84 years). Brain was
the first site of recurrence in 17.7% (n 32) of patients, but
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Breast Cancer Subtype

TN:

HR-HER2+:
HR+HER2+:
~I1 HR+HER2-:

n=34; med=27.3 months
n=30; med=31.8 months
n=42; med=42.1 months
n=56; med=45.7 months
p=0.041
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only 18 of them had isolated brain involvement at time of
brain metastasis diagnosis. Overall, 40 patients presented
with a single brain metastasis, while 113 patients had more
than 3 brain lesions. Extra-cranial disease was under con-
trol at time of brain metastasis progression in 68 patients
(37.8%). 14 patients presented leptomeningeal involvement
at some point during their clinical history.

Information on Performance Status at time of brain
metastasis diagnosis was available for 169 out of 181
patients. Among these, 92 (50.8%) patients showed a dete-
riorated performance status evaluated as <70 according to
the KPS scale, while 77 (42.5%) had a KPS >70.

BS-GPA score was calculated for 152 patients with
available data (Table 2), only 11.5% of them were classified
in the more favorable BS-GPA category (score 3.5-4).

Treatment modalities

Most patients received multimodality treatments (Table 2).
Nevertheless, 30 patients (16.6%) did not receive neither
local nor systemic treatment after the diagnosis of brain
metastases. For one patient complete data regarding treat-
ment was missing.

A total of 127 patients (70.2%) underwent local treat-
ment for brain metastases. A minority of patients (n 21,
11.6%), were treated with neurosurgery. Most patients (n
124, 68.5%) received radiotherapy, in the form of either
stereotactic radiotherapy or extensive radiotherapy fields
such as whole brain radiation therapy, as primary treatment
or after localized treatment. Most patients (n 104, 57.5%)
received whole brain radiotherapy, while 16 (8.8%) patients
received stereotactic radiotherapy and 13 (7.2%) patients
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received other kinds of radiotherapy, such as semi-localized
boosts to the site of previous neurosurgery.

A total of 120 patients (66.3%) received at least a sys-
temic treatment, namely chemotherapy, endocrine ther-
apy or target therapy for 101 (55.8%), 36 (19.9%) and 50
(27.6%) patients, respectively. The median number of lines
of systemic treatment received by patients after the diagno-
sis of brain metastases was one line per patient (range 0-9).

Prognostic factors for overall survival after brain
metastasis diagnosis

At time of last follow-up, 159 patients (87.8%) had died.
Median overall survival from brain metastasis diagnosis in
the study cohort was 7.7 mos (95% CI 5.4-10.0 mos).

The impact of several known prognostic factors on over-
all survival from brain metastasis diagnosis was investi-
gated using univariate Cox regression modeling (Table 3).

Overall survival after brain metastasis diagnosis was not
significantly affected by breast cancer phenotype, although
TN patients experienced the worse outcome. Median over-
all survival was 5.1 (95% CI 3.0-7.2), 7.7 (95% CI 4.1-
11.2), 11.0 (95% CI 4.6-17.3) and 8.6 (95% CI 2.7-14.5)
months in TN, HR-HER2+4, HR+HER2+, HR+HER2—-
subgroups, respectively (p=0.081).

Among clinical parameters evaluated at time of brain
metastasis diagnosis, only KPS showed to significantly
affect patients’ prognosis; patients with a KPS >70 had a
significantly longer median overall survival than patients
whose KPS was <70 (16.2 and 4.2 months respectively,
p<0.001).
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Table 2 Characteristics at brain metastasis diagnosis and treatment

N. of patients %

Age at brain metastasis diagnosis (years)

<60 133 73.5

>60 48 26.5
Central nervous system as first site of relapse

No 149 82.3

Yes 32 17.7
Number of brain metastases

1 40 22.1

2 20 11.5

3 7 39

>4 113 62.4

NA 1 0.6
Control of extra-cranial disease

Yes 68 37.6

No 113 62.4
Performance status (KPS)

>70 77 42.5

<70 92 50.8

NA 12 6.6
Breast specific-GPA

3.5-4 20 11.5

2.5-3 69 38.1

1.5-2 45 24.9

0-1 18 9.9

NA 29 16.0
Systemic treatment received

No 59 32.6

Yes 120 66.3

NA 2 1.1
Local treatment received

No 53 29.3

Yes 127 70.2

NA 1 0.6

GPA graded prognostic assessment, KPS karnofsky performance sta-
tus, N. number, NA not available

Nevertheless, the BS-GPA score [11], which is cal-
culated combining tumor phenotype with patient-related
features (age and KPS), was significantly associated with
overall survival after brain metastasis (p=0.014) (Fig. 2;
Table 3).

Treatment received also appeared to influence patient
outcome. Increased number of local treatments received
(radiotherapy or neurosurgery) or the administration of sys-
temic treatment after brain metastasis diagnosis were sig-
nificantly associated with better overall survival after brain
metastasis (Table 3).

In consideration of the fact that the parameters com-
bined in the BS-GPA index (age, KPS, tumor phenotype)

may affect the physician’s therapeutic approach, we tested
if there was an association between BS-GPA categories
and the administration of local or systemic treatment. As
expected, patients in the less favorable BS-GPA category
(BS-GPA index <1) were less likely to receive systemic
treatment after brain metastasis diagnosis compared to
other BS-GPA categories (44% vs. 71%, p=0.021). On the
contrary, no significant association was observed between
BS-GPA category and local treatment (80, 74, 71 and
61% of patients received at least 1 local treatment in BS-
GPA categories 3.5-4, 2.5-3, 1.5-2, 0.5-1, respectively,
p=0.264).

Patients undergoing increased lines of local treatments
where more likely to receive systemic therapy (43, 77
and 77% of patients treated respectively with 0, 1, and 2
or more local treatments also received systemic therapy,
p<0.001).

Therefore, to correct the prognostic role of treatments
for patient-related features (resumed in the BS-GPA) avoid-
ing potential bias, we performed two separate analyses: (a)
Overall survival from brain metastasis diagnosis according
to number of local treatments, corrected for BS-GPA cat-
egory; (b) Overall survival from brain metastasis diagno-
sis according to systemic treatments corrected for BS-GPA
category (patients with BS-GPA index <1 excluded). Both
local and systemic treatment added independent prognosti-
cation beyond BS-GPA (Table 3).

Discussion

Consistently with prior studies [12—14], in our cohort of
181 patients diagnosed with breast cancer brain metasta-
ses, most patients had high-grade tumors (grade 3, 67.4%)
with positive nodal status (56.9%) at time of breast cancer
diagnosis.

The proportions of patients with HER2-positive (39.8%)
and TN (18.8%) tumors in this cohort were higher than
those commonly described in a general population of breast
cancer patients not selected for brain metastasis [15, 16].
This is in agreement with the common notion that HER2-
positive and TN status constitute risk factors for the devel-
opment of breast cancer brain metastases [2, 5, 6, 17].
Consistently, breast cancer subtype also significantly influ-
enced time from breast cancer diagnosis to brain metastasis
occurrence, with shorter time to brain metastasis intervals
in the TN and HER2+ subgroups. However, this result did
not reflect in a difference in overall survival after brain
metastasis diagnosis. Even if TN patients experienced the
worse outcome, tumor phenotype alone was an insufficient
predictor of overall survival after brain metastasis diag-
nosis in this cohort of patients, thus suggesting that other
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Table 3 Impact of known

. Median overall survival Univariate Corrected for
prognostic factorsi on overall. months (95% CI) BS-GPA cat-
sgrvwal' from brain metastasis egory?
diagnosis

HR (95% CI) p HR (95% CI)
Molecular subtype
ER+/HER2—- 8.6 (2.7-14.5) ref. 0.082
TN 5.1(3.0-7.2) 1.59 (1.00-2.53)
ER—-/HER2+ 7.7 (4.1-11.2) 1.35 (0.85-2.16)
ER+/HER2+ 11.0 (4.6-17.3) 0.90 (0.58-1.39)
Age at brain metastasis diagnosis
<60 yrs 9.2 (5.5-12.9) ref. 0.070
>60 yrs 4.6 (1.2-7.9) 1.40 (0.97-2.00)
KPS
>70 16.2 (10.7-21.6) ref. <0.001°
<70 4.2 (3.3-5.1) 2.03 (1.46-2.83)
Number of brain metastases
<4 8.2 (4.3-12.2) ref. 0.312
>4 7.4 (4.9-9.9) 1.18 (0.85-1.64)
Control of extra-cranial disease
Yes 11.4 (3.3-19.6) ref. 0.070
No 6.0 (3.4-8.5) 1.35 (0.98-1.87)
BS-GPA index
3.5-4 18.8 (15.2-22.5) ref. 0.014
2.5-3 8.8 (3.8-13.8) 1.58 (0.91-2.74)
1.5-2 6.2 (2.2-10.2) 1.86 (1.04-3.34)
0-1 3.6 (0.75-6.4) 2.97 (1.49-5.93)
Number of local treatments
0 3.0 (1.6-4.3) ref. <0.001 ref.
1 8.8 (6.1-11.6) 0.50 (0.35-0.72) 0.52 (0.35-0.77)
2 21.0 (15.0-27.0) 0.34 (0.19-0.63) 0.48 (0.25-0.92)
3 35.1(33.0-37.1) 0.19 (0.07-0.48) 0.14 (0.05-0.42)
Systemic treatment received
No 3.1(1.1-5.0) ref. ref.
Yes 13.8 (9.9-17.6) 0.41 (0.29-0.57) <0.001 0.47 (0.31-0.70)

Statistically significant p values are highlighted in bold

#Two separate multivariate models: (a) overall survival from brain metastasis diagnosis according to num-
ber of local treatments, corrected for BS-GPA category; (b) overall survival from brain metastasis diag-
nosis according to systemic treatments corrected for BS-GPA category (patients with BS-GPA index <1

excluded)

®No multivariate analysis including KPS and other significant prognostic factors was performed, since KPS
information is already included in the BS-GPA index

factors may contribute to the prognosis from the develop-
ment of brain metastasis.

Median overall survival from brain metastasis diag-
nosis of patients in our study cohort was shorter (7.7
mos vs. 13.8 mos) than that reported by Sperduto et al.
in their original publication [11], highlighting differ-
ences between a real-life unselected group of patients and
selected cohorts of patients used to develop prognostic
scores. In fact, patients were included in the original BS-
GPA development cohort if receiving treatment for brain
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metastasis diagnosis, thus probably selecting a better
prognosis cohort of patients. On the contrary, 30 patients
(16.6%) in our cohort did not receive neither local nor
systemic treatment after the diagnosis of brain metasta-
sis, probably due to deteriorated general conditions and
rapid unfavorable evolution. Consistently, a larger num-
ber of patients presented with a less favorable BS-GPA
score (BS-GPA index <1) (9.9% vs. 6%) and a smaller
number of patients presented with a more favorable BS-
GPA score (BS-GPA index 3.5-4.0) (11.5% vs. 33%) than
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reported by Sperduto et al. [11]. This observation is con-
firmed by literature data from other real-life institutional
databases. In fact, the largest published real-life mono-
istitutional database, including 1552 patients treated at
the MD Anderson Cancer Center, recently reported a
median overall survival from brain metastasis diagnosis
of 9.4 mos and a higher proportion of patients with less
favourable BS-GPA scores (21.6% of patients having a
BS-GPA index <1 and 12.1% of patients having a BS-
GPA index 3.5-4.0) [12].

Nevertheless, despite these differences in patient popula-
tion and treatment, the BS-GPA score maintained its prog-
nostic value for post-brain metastasis overall survival even
in our unselected cohort of patients (p=0.014).

Even if patient-related factors, resumed in the BS-GPA
index, at least partially influenced treatment (less favora-
ble BS-GPA score patients being less likely to receive sys-
temic treatment after brain metastasis diagnosis) both local
and systemic treatment added independent prognostication
beyond BS-GPA.

In fact, the number of local treatments received (radio-
therapy or neurosurgery) and the administration of systemic
treatment after brain metastasis diagnosis were signifi-
cantly associated with better post-brain metastasis survival
and this result was confirmed in multivariate analysis.

Although its mono-institutional, retrospective design and
the long period of time covered (1999-2016) might limit
the general applicability of these results, this observation
should at least question our therapeutic attitude when fac-
ing a patient with breast cancer brain metastasis diagnosis.

When considering breast cancer related brain metasta-
ses, the past philosophy of fatalistic futileness of treatment
has been progressively abandoned in the last decades, leav-
ing place to the notion that breast cancer brain metastasis
patients represent an extremely heterogeneous group of
patients from both a clinical and biological point of view.
This is reflected by the increasing number of publica-
tions concerning breast cancer brain metastasis prognostic
indexes and their refinement [9-12]. However, it should
be kept in mind that multimodality treatment itself con-
tributes to patients’ prognosis; a notion that is particularly
significant when considering recent advances in systemic
therapies for some breast cancer subtypes and in radiation
therapy techniques, which might be underestimated by
prognostic indexes constructed using data from old, often
selected, cohorts of patients.

Concluding, although brain metastasis remains a feared
event in breast cancer patients, a body of evidence is
now available supporting individualization of treatment
for selected good-prognosis patients and several prog-
nostic tools have been proposed to aid clinicians in these
decisions.

Even if this unselected real-life cohort of breast can-
cer brain metastasis patients showed some significant dif-
ferences in baseline characteristics when compared to the
original BS-GPA development cohort, BS-GPA score con-
firmed its prognostic significance, corroborating its appli-
cability to every-day clinic patients.

Moreover, in addition to patient-related features and
tumor phenotype (summarized by BS-GPA), treatments,
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both local and systemic, independently contributed to
modulate the prognosis of breast cancer brain metastasis
patients. This highlights the relevance of adequately tai-
lored multimodality treatment in patients with breast can-
cer brain metastases.
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