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Abstract. Background/Aim: To appraise the outcome of
limited brain metastasis (BMs) from HER2 breast cancer.
Patients and Methods: The study cohort included sixty-six
patients Treatments consisted of surgery followed by
radiotherapy (RT), or radiosurgery (SRS/HSRS) or whole
brain radiotherapy (WBRT). Results: Surgery followed by RT
was performed in 25.8% of patients, SRS/HSRS alone in
48.5%, and WBRT alone in 25.7%. The median follow-up
time was 23 .4 months and 32.5 months for alive patients.
Local recurrence occurred in 16 (24.2%) patients. The
median, 1-, 2-, 3-year local control were (median not
reached=nr), 87.5%, 71.2%, and 63.0%. The median I-, 2-,
3-year overall survival were 30.7 months (95%CI: 18.9-42.6
months), 78.5%, 57.4%, 43.3%. Karnofsky Performance
Scale (KPS), number of BMs, local treatment performed, the
presence of extracranial (EC) metastases at the time of BMs
diagnosis, and the administration of trastuzumab affected
survival. Conclusion: HER2BC patients with good
performance status, controlled EC disease and single BM
had better outcome. In this long-term survivor patients, local
BMs treatment can affect survival.

Breast cancer (BC) is the second most common cause of
metastatic brain metastases (BMs), and although they are rarely
found at diagnosis of primary tumor, the risk of developing
them has been reported in the range of 10-15% of cases during
the course of disease (1, 2). The advances in neuroimaging and
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the availability of biomarker based therapy has led to an
increased BMs diagnoses, to the extent of 20-25%, according
to the BC tumor phenotype. The greater incidence was
recorded in cases of triple negative (TN) or HER2BC subtypes
(3-9). TNBC have a high propensity to develop CNS disease,
already at the time of primary tumor diagnoses. The outcome
is particularly poor, and patients succumb quickly for
progressive extracranial (EC) disease, early BMs recurrence
following radiation therapy, or both, with a median survival
time of about 6 months (10, 11). On the other hand, in
HER2BC patients BMs, more commonly, arise later, while the
patient is receiving HER2-targeted therapy for EC metastases,
or whilst EC disease is well controlled, or even when its
progression may be controlled with another line of HER2-
targeted therapy. The median survival time from occurrence of
BMs is between 18 and 23 months in relation to the HR status.
Regarding this group of patients, although HER2-directed
antibodies are able to control EC disease, unfortunately they
poorly penetrate the blood brain barrier, and appear to provide
an unclear benefit for patients with BMs (12, 13). In addition,
retrospective series suggest that neurological death, for
uncontrolled metastatic intracranial disease rather than from
systemic disease, may be more common in HER2BC patients
than for the other phenotypes (14). Therefore, in this set to
identify the most effective local treatment would seem
advisable. Local treatments of BMs include surgical resection,
whole brain radiation therapy (WBRT), single dose
radiosurgery (SRS) or hypofractionated radiosurgery (HSRS).
In case of large BMs, surgical resection combined with various
RT modalities obtained a 1-year local control (LC) rate >80%,
significantly influencing survival (15, 16). Adjuvant WBRT has
proven to reduce the risk of local recurrence from 46-59% to
10-28% and the incidence of new BMs from 37-42% to 14-
23% (17, 18). Nevertheless, considering the potentially risk of
neurocognitive impairment without an improvement in
survival, localized adjuvant treatments on the tumor bed, such
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as SRS or HSRS, have been investigated and increasingly used
in place of WBRT (19-22). For small brain lesions SRS
represents the preferred local treatment, achieving a 1-year LC
rate of 90% (23, 24). Emerging data suggest that the targeted
therapies, able to control extracranial disease, combined with
local treatments, are the way forward to improve outcome (25-
28). Based on this observation, we retrospectively evaluated
HER2BC patients with limited BMs (up to 4) treated in our
institution. The primary aim of this analysis was to assess the
impact of different kinds of treatments performed (surgery,
WBRT, SRS or HSRS) on local control (LC) and overall
survival (OS) and the eventual advantage of the targeted
therapy administration.

Patients and Methods

The present retrospective study includes patients with limited brain
metastases (<4) from primary HER2BC treated in our institution. All
patients received at the time of primary diagnosis neo-adjuvant or
adjuvant chemotherapy followed by HER2 antibodies (trastuzumab).
The most frequent chemotherapeutic agents used were adriamicina,
ciclophosfamide and docetaxel. In case of HER2HR positive,
hormone therapy was administered too. Local treatments consisted of
combined approaches, surgery plus HSRS or surgery plus WBRT,
SRS or HSRS alone, and WBRT only. Surgical resection was
performed in case of patients with KPS =70, controlled extra-cranial
disease, single large brain lesion or presence of multiple BMs of
which one conditioning mass effect and progressive neurological
deficits, refractory to medical therapy. SRS alone in case of small and
multiple BMs; HSRS or WBRT alone in case of large BMs in patients
with KPS <70, and not controlled extra-cranial disease. To define the
appropriate therapy, each patient was evaluated by a multidisciplinary
team including oncologists, radiation oncologists and neurosurgeons.
A “supramarginal resection”, defined as a microsurgical tumor
excision with an extension at least 5 mm larger than enhancing T1
weighted MRI sequences borders, was performed. In case of dural
attachment the dura mater removal was carried out at least 2 cm from
the stalk in each direction. In order to precisely delineate the target
volume for SRS or HSRS plans, enhanced T1-MRI sequences and
post-contrast CT scans were used and co-registered. The clinical
target volume (CTV) corresponded to the lesion or the tumor bed; a
planning target volume (PTV) was generated adding an isotropic
expansion of 2 mm from CTV. All plans were optimized on PTV. The
prescribed total doses were 24 Gy/lfraction for lesions <3 cm in
maximum diameter and 30 Gy (range=24-40 Gy) in 3-10 fractions
for lesions >3 cm or located in close proximity to visual apparatus
(optic chiasm or optic nerves). After local treatments, trastuzumab
and/or hormonal therapy were used.

Outcome evaluation. Clinical outcome was evaluated by brain MRI
performed two months after RT and then every 3 months. Local
progression was defined as radiographic increase of the enhancing
abnormality in the irradiated volume, and brain distant failure
(BDF) as the presence of new BMs outside the irradiated volume.
Systemic disease was evaluated by post-contrast total body CT-scan,
18-FDGCT-PET and CA 15.3 blood quantification. Prognostic
factors analyzed were age, KPS, stage at diagnoses, primary tumor
subtype, interval time between primary tumor diagnoses and
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appearance of BM, RPA class, breast specific GPA score (8), and
presence of other metastatic sites at time of BMs, number.

Statistical analysis. Standard descriptive statistics (mean, standard
deviation and cross tabulation analysis) were used to describe the
general data behavior. Survival and recurrence time observations
were plotted according to the Kaplan-Meier method, starting from
the date of BMs diagnosis. The log-rank test was used to carry out
the univariate analysis, in order to investigate the prognostic role of
individual variables. Groups were defined according to discrete
volume of each variables. Multivariate Cox model was used as a
method to estimate the independent association of a variable set with
overall survival, local control, and brain distant failure. Statistical
software used was SPSS v.22 (IBM Corp, Armonk, USA).

Results

From June 2005 to November 2015, 66 patients with limited
BMs from primary HER2BC, were treated. The median age
was 52 years (range=31-83 years). At the time of primary
HER2BC diagnosis 16 (24.2%) patients were in stage IV and
50 (75.8%) in stage I-1II; regarding tumor subtype 27 (40.9%)
had HR-positive status and 39 (59.1%) negative status. For
the entire cohort, the median interval time between the
diagnosis of primary HER2BC and the appearance of BMs
was 39.8 months (range=3.8-189.1 months), 41.8 months
(range=8.4-146.4 months) for HER2HR positive, and 38
months (range=3.8-189.1 months) for HER2HR negative. At
the time of BMs, 48 (72.7%) patients had other extra-cranial
metastases and 18 (27.3%) BMs only. The majority of
patients had a KPS 90-100 (65.0%), were in RPA class II
(72.7%), and had 1-2 BMs (71.2%). Details about patients
and tumor characteristics are shown in Table I. Seventeen
patients (25.8%) underwent surgical resection followed by
HSRS on the tumor bed or adjuvant WBRT, 32 (48.5%)
received SRS alone, and 17 (25.7%) WBRT alone. Systemic
therapy was performed in 43 (65.2%) cases after local BMs
treatment. Characteristic of patients and tumor in relation to
the undergone treatment are shown in Table II.

Local control (LC), distant brain failure (DBF) and overall
survival (OS) analysis. The median follow-up time for the
whole cohort from BMs diagnoses was 23.4 months
(range=0.5-70.1 months) and 32.5 months (range=12.6-
70.11 months) for alive patients. Sixteen (24.2%) patients
had local recurrence in site of treatment. The median LC
time, and the 1, 2, 3 years LC rate were (median not
reached=nr), 87.5%, 71.2%, and 63.0% as shown in Figure
la. The only factor detected as conditioning LC was the
breast specific GPA score; the median LC time, the 1, 2, and
3 years LC rate were 28.1 months (95%CI=2.0-54.2 months,
81.2%, 44.9%, and 0.0% for GPA 2.5-3, nr, 91.3%, 80.1%,
and 72.8% for GPA score 3.5-4 (p-value=0.04). BDF
occurred in 38 (42.4%) patients. The median BDF time, and
the 1, 2, 3 years BDF rate were 19.7 months (95%CI=9.0-
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Table 1. Patients and tumor characteristics.

Patients N. %
66 100
Median age years (range years) 52 (31-83)
Stage at diagnosis of primary tumor
I-111 50 75.8
v 16 242
Molecular subtype HER2
HR (ER/PR) positive 27 40.9
HR (ER/PR) negative 39 59.1
KPS
90-100 43 65.1
70-80 22 333
60 1 1.6
RPA class
1 15 22.7
II 48 72.7
I 3 4.6
Breast specific GPA score
2.5-3 28 424
3.5-4 38 57.6
Other metastatic site at diagnosis of BMs 48 72.7
Total number of BMs 130 100
BMs treated
1 lesions 33 50
2 lesions 14 21.2
3 lesions 7 10.6
4 lesions 12 18.2

BMs: Brain metastases; KPS: Karnofsky performance status; RPA:
recursive partial analyses; GPA: graded prognostic assessment; HR:
hormonal receptor.

30.5 months), 29.6%, 55.6%. and 70.0% as shown in Figure
1b. Prognostic factor impacting on BDF was the presence
of a single BM compared to more than 1 lesion; the median
BDF time, and the 1, 2, 3 years BDF rate were 27.9 months
(95%C1=20.5-35.2 months), 15.5%, 41.3%, and 57.3% for
patients with single BM versus 13.7 months (95%CI=7.3-
20.0 months), 46.1%, 71.8%, and 75.9% (p-value=0.04).
The median OS time, and the 1, 2, 3 years OS were 30.7
months (95%CI=18.9-42.6 months), 78.5%, 57.4%, 43.3%
as shown in Figure lc. On univariate and multivariate
analysis, several factors were identified as influencing
survival: KPS, number of BMs, the local treatment
performed, the presence of EC metastases at the time of
BMs diagnosis, and the administration of trastuzumab more
or less combined with a single chemotherapeutic agent.
Details about factor conditioning survival are shown in
Table III. At the last observation time 24 (36.4%) patients
were alive and 42 (63.6%) had deceased. Among deceased
patients, the cause was EC progression in 18 (42.9%), EC
plus brain disease progression in 19 (45.2%), and brain
progression only in 5 (11.9%).

Table II. Patients and tumors characteristics in relation to treatment
performed.

Characteristics Surgery + SRS/HSRS ~ WBRT
RT only only
17 pts 32 pts 17 pts
n pts % n pts % npts %
Median age years
(range years) 47 (31-78) 56 (31-83) 52 (35-81)
KPS
90-100 13 76.5 24 75 6 353
70-80 4 235 8 25 10 589
60 0 0 0 0 1 5.8
RPA
I 8 47.1 3 93 4 235
1I 9 529 28 875 11 647
111 0 0 1 32 2 118
Tumor subtypes
ER/PR positive 6 353 12 375 9 529
ER/PR negative 11 64.7 20 625 8 47.
Breast specific GPA score
2.5-3 6 353 14 437 8 47.1
3.5-4 11 64.7 18 563 9 529
Extracranial metastases
Yes 7 412 26 813 15 882
No 10 58.8 6 187 2 118
Number BMs
1 14 823 532 2 118
2 1 59 11 344 2 118
3 1 59 2 62 4 235
4 1 59 2 62 9 529
Targeted therapies
Yes 10 58.8 24 75 9 529
No 7 412 8 25 8 47.1

SRS: Stereotactic radiosurgery; HSRS: hypofractionated stereotactic
radiosurgery; WBRT: whole-brain radiotherapy; BMs: brain metastases;
KPS: Karnofsky performance status; RPA: recursive partitioning
analyses; GPA: graded prognostic assessment; HR: hormonal receptor.

Salvage treatment for intracranial/local progression. Among
16 local brain relapsed patients, 12 underwent further
treatments consisting of surgical resection plus HSRS on the
tumor bed in 7, WBRT in 3, SRS in 1 and HSRS alone in 1.
Of 38 patients with BDF, 14 (36.8%) received SRS, 14
(36.8%) WBRT and 10 (26.4%) did not undergo further local
treatment for synchronous EC progression. Systemic therapy
was performed in 12 (31.6%) patients.

Discussion

Breast cancer phenotype strongly influences the outcome of
patients with brain metastases, however specific evidence for
the management are still lacking (3-6). The published papers
are principally population based studies or reviews, regarding
all breast cancer subtypes (25-28). The optimal local treatment
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Figure 1. Actuarial analysis: a) Local control (LC), b) Brain distant
failure (BDF), c) Overall Survival (OS) for HER2 breast patients with
brain metastases (less than 4).

and its association with systemic therapy able to influence
patient’s outcome remains controversial but it is increasingly a
challenge for the large number of long-term survivors. Based
on these observations we retrospectively analyzed the outcome
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of HER2BC patients with limited BMs (<4) treated in our
institution with surgery and/or RT associated with targeted
therapy. Our series appraisal confirmed most recent published
data that the greater number of patients (98.5%) developed
BMs during the course of their disease with a median
occurrence time of 40 months from diagnosis of primary
HER2BC. In addition, although the large number of patients
deceased from EC progression, fatal brain progression only
occurred in a discreet number of patients (12%). However, this
knowledge about the HER2BC behavior did not yet allow to
define a shared treatment for HER2BC with limited BMs.
Several local treatments were used and systemic therapy
employed with different results was recorded (15-22).
Regarding our cohort, patients with single, large BM, good
KPS and controlled EC disease underwent surgical resection
followed by WBRT at the first time and HSRS on the tumor
bed subsequently, and among these more than half of patients
received second line targeted therapy. Conversely, patients with
small BMs, poor general condition, and EC progressive disease
received SRS or HSRS. Using these criteria comparable results
in terms of LC were achieved, confirming the correct treatment
choice in relation to clinical and radiological patient’s
assessment, in the majority of patients. Local control was
obtained in about 80% of patients; relapse in site of treatments
occurred in 16 patients at a median time of 12 months from
SRS; among these 7/16 underwent surgical resection followed
by RT and/or II line targeted therapy, and all were alive at the
last follow-up time. These data suggest that in HER2BC
patients, with potentially better prognosis, compared to other
phenotypes, a more aggressive combined treatment could be
considered up front. The survival rate was also highly
satisfactory with about 45% of patients alive at 3 years,
favorably compared with previous reports (26, 28). As well
recognized in several published papers, the KPS and the
presence of EC metastases have been recorded as prognostic
factors impacting on outcome (6, 8). Although there is no
literature considering the number of BMs as a factor affecting
survival, in our series of patients with a single brain lesion
showed a longer OS compared to a number >1 (p=0.05). These
data could be related with the fact that patients with a single
BM received a most radical treatment, surgery and/or
radiosurgery. More relevant, the treatment performed has been
demonstrated to significantly impact on survival both on
univariate and multivariate analysis. In detail, in patients that
had underwent surgery plus RT the median and 3 years OS
were 38.3 months and 59.2% vs. 37.5 months and 52.8% for
SRS vs. 14.5 months and 10.6% for WBRT (p=0.002); these
data could be closely related to the patients selection, more
unfavorable for those that received WBRT alone, both for
general condition than for brain and EC disease status.
Notwithstanding, no consolidate evidences are available
regarding the sequential employ of targeted therapy, more than
half of our patients received trastuzumab or trastuzumab
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Table III. Factors evaluated as conditioning survival in univariate and multivariate analysis.

Overall Survival (OS)

Factors analyzed Univariate analysis Multivariate analysis HR
Age n.s. n.s. -
Stage at diagnosis 0.6 n.s. -
Breast specific GPA score 0.09 n.s. -
KPS <0.001 0.004 2.53
RPA 0.2 n.s. -
Hormonal Receptor status 0.9 n.s. -
Interval time between BC diagnosis and BM occurrence ns. n.s. -
Number of brain metastases 0.04 n.s. -
Extra cranial metastases at BM diagnosis 0.006 0.02 0.39
Local treatments performed 0.002 0.03 0.50
Targeted therapy after local treatments 0.03 n.s. -

KPS: Karnofsky performance scale; BC: breast cancer; BM: brain metastases; SRS: stereotactic radiosurgery; HSRS: hypofractionated stereotactic
radiosurgery; BMs: brain metastases; RPA: recursive partitioning analyses; GPA: graded prognostic assessment; OS: overall survival; BDP: brain

distant progression; LC: local control.

emtansine (TDM1) after BMs treatments. This strategy was
found to be effective with 49% of patients alive at 3 years
compared to 33% of patients that did not receive it (p=0.03).
To validate even more the need to keep on systemic therapy
even after the local treatments we have to consider the
relevance of the presence of EC metastases in affecting
outcome. We are aware that our analysis has several and typical
limitations related to their retrospective nature in terms of
different treatments assessed, the heterogeneity of population,
and treatment at recurrence. Nevertheless, considering the lack
of literature about the treatment of BMs according to histology
or phenotype, and the fair number of patients treated, our study
could make a contribution on this topic.

Conclusion

Patients with limited BMs from primary HER2BC are
potentially long-term survivor patients. The control of brain
disease is pivotal to allow an optimal control of neurological
functions preserving QoL. Our results suggested that the best
local strategy seems to be a focalized treatment followed by
targeted therapy after local approach. Patients with good KPS,
controlled EC disease and single BM could be considered for
surgical treatment in first instance. A careful evaluation of
prognostic and predictive factors as well as a multidisciplinary
evaluation is a valid aid to manage the optimal therapeutic
strategy for HER2BC patients with BMs.

Clinical Practice Points
e The role of local treatments for HER2 breast cancer

patients with brain metastases
* 60 patients and 130 brain metastases

* 3-years LC was 63% and 3-years survival was 43%
* HER2BC patients with good KPS, controlled EC disease
and single BM had better outcome.
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