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Abstract Most randomized comparison trials (RCTs)
investigating treatments for brain metastases (BM) have
included BM from any origin; as a result, more than half
(52.4-77.0%) of the BM in these trials originated from the
lungs (mostly non-small-cell lung cancer, NSCLC), with
the breasts being the origin in only 6.8-19.0% of cases.
In addition, patients with poor systemic status (KPS < 70)
were not included in these trials. Hence, before we can
apply RCT-based information to the daily clinical treat-
ment of BM from breast cancers, it will be crucial to dif-
ferentiate the characteristics of BM originating from
NSCLC and BM originating from breast cancer. Although
stereotactic radiosurgery (SRS) is widely used in Japan,
level-1 evidence suggests that the benefit of using SRS in
addition to whole-brain radiation therapy (WBRT) has
been proven only for patients with a single BM. Treatment
with SRS alone, which is widely used in Japan, seems
attractive because it could avoid the risk of long-term
adverse effects of WBRT. However, level-1 evidence
suggests that the omission of WBRT results in a high
frequency of brain tumor recurrence (BTR). In an RCT
between SRS-alone and SRS + WBRT conducted in
Japan, we found that patients who had a single BM and no
extracranial metastases had a low risk of developing BTR
after initial brain management (low-risk group) compared
with those who had 2 or more BM and extracranial
metastases (high-risk group). In order to meet the criteria
of “low-risk” BTR, patients also should have good
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systemic status (KPS = 70). Epidemiologic data suggest
that the prognosis is twice as likely to be poor in patients
with BM from breast cancer (RPA III = KPS < 70) than
in patients with BM from NSCLC (40 vs. 20%); in addi-
tion, the probability of brain-only metastases in patients
with breast cancer is less than half that in patients with
NSCLC (20-25 vs. 60-75%). Considering these findings,
we should be aware that most patients with BM from breast
cancer are not good candidates for SRS alone, and, there-
fore, the role of WBRT is still important in the era of
modern radiation techniques.

Keywords Breast cancer - Brain metastases -
Radiation therapy - Stereotactic radiosurgery -
Whole-brain radiation therapy

Introduction

Brain metastases (BM) are a common complication for
patients with solid cancer; approximately 20% of cancer-
sufferers develop BM and patients with breast cancer are
not an exception. In a study based on autopsy data, it was
reported that BM was found in 193 (18.5%) of 1044 cases
of breast cancer [1]. Among patients with BM of any ori-
gin, however, the lungs are the primary tumor site,
accounting for 40-50% of all cases, whereas the breasts are
the origin in only 10-20% of cases [2-5]. In six prospective
randomized controlled trials (RCTs) investigating treat-
ment for BM (Table 1), the lungs were the predominant
tumor site, accounting for between 52.4 and 77.0% of
cases, whereas the breasts accounted for only 6.8-19.0% of
cases [6—11]. In addition, small-cell lung cancer (SCLC)
was excluded in those RCTs. Therefore, we should keep in
mind that most data on the treatment of BM are strongly
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Table 1 Level 1 evidence dealing with the treatment of brain metastases

Author, year Number of BM N Primary tumor site (%)

Median survival time (months) P

Breast Lung (NSCLC)
Treatment arms  Surgery + WBRT  WBRT alone
Patchell, 1990 Solitary 48 6.3 77.1 92 35 <0.01
Vecht, 1993 Solitary 63 190 524 10 ' 6 0.04
Mintz, 1996 Solitary 84 119 33.6 56 6.3 NS
Treatment arms SRS + WBRT WBRT
Andrews, 2004 1-3 333 102 63.4 57 6.5 NS
Treatment arms  Surgery + WBRT  Surgery alone
Patchell, 1998 Solitary 95 9.5 60.0 11.0 9.9 0.39
Treatment arms SRS + WBRT SRS alone
Aoyama, 2006 14 132 6.8 66.7 7.5 8.0 0.42

BM brain metastases, NSCLC non-small-cell lung cancer, WBRT whole-brain radiation therapy, SRS stereotactic radiosurgery

affected by the characteristics of patients with primary non-
small-cell lung cancer (NSCLC). So far, there has been no
RCT dealing exclusively with BM of breast cancer
patients. Hence, before we can apply RCT-based infor-
mation to the daily clinical treatment of BM from breast
cancers, it will be crucial to differentiate the characteristics
of BM originating from NSCLC and BM originating from
breast cancer.

Clinical features

Time interval between diagnosis of primary cancer and
the development of BM

Boogerd et al. [12] reported that the interval between
diagnosis of primary cancer and the development of BM
among patients with breast cancer was <12 months in only
11% of patients and as much as 23% of BM developed
>60 months after the initial diagnosis. A similar trend was
found in other retrospective [13, 14] or prospective [15]
studies: the median time to the development of BM from
the diagnosis of primary cancer was 30-40 months for
patients with breast cancer, which is significantly longer
than the time interval of 3-4 months [2, 14, 16] observed in
cases of NSCLC. A short interval to the development of
BM from NSCLC was also seen in a retrospective review
of 422 patients with stage IIIA/B NSCLC in the Southwest
Oncology Group (SWOG) database who received multi-
modality treatment. BM developed in 71 of 422 patients;
33 (46.5%) of these patients experienced BM within
6 months after the treatment and only 12 (17%) relapses
occurred 12 months and after [16]. As a result, a significant
difference in the cumulative incidence of BM was
observed, depending on the type of primary cancer.

@ Springer

Schouten et al. [15] reported that the 5-year cumulative
incidence of BM was as high as 29.7% in SCLC and 12.6%
in NSCLC, whereas it was only 5.0% in patients with
breast cancer.

Risk factors of developing BM among patients with
breast cancer

A number of patient and tumor characteristics, including
younger age (premenopausal or <50 years) [17], the pres-
ence of lung or liver metastases [17], negative hormone-
receptor (HR) status [{8], larger tumor size [19, 20], larger
number of involved lymph nodes [20, 21], and positivity
for human epidermal growth factor receptor 2 (HER2) [19,
22], have been identified as risk factors for developing BM
[18, 20, 21, 23-25]. Regarding the relationship between
HER?2 status and the incidence of BM, patients with HER2-
positive breast cancer are at risk of developing BM, with
cumulative incidence as high as 30-50% [17, 22, 24, 26,
27]. Duchnowska et al. [22] reported that the median time
from treatment of the primary tumor to brain relapse for
HER2-positive patients was 15 months, which is much
shorter than that for all breast cancer patients [2, 13], and
the cumulative 1-year, 3-year, and 5-year risks for those
patients were 17, 42, and 55% respectively [22]. This trend
of shorter duration until the development of BM in HER2-
positive compared with HER2-negative patients was con-
firmed in another series [28]. In relation to HER2 status and
the incidence of BM, it remains a matter of controversy
whether trastuzumab, a recombinant humanized monoclo-
nal antibody targeted against the extracellular domain of
HER2, actually increases the risk of BM. In a meta-anal-
ysis of five RCTs in which the outcomes of adjuvant
trastuzumab freatment for HER2-positive early breast
cancer were compared, the likelihood of developing BM



Breast Cancer

was 1.82-fold higher (95% CI: 1.16-2.85) in patients who
received trastuzumab treatment [29]. However, none of
these comparison studies showed a significant difference in
the incidence of BM between patients who received and
those who did not receive trastuzumab therapy [27, 28, 30].
In a recent review of the literature, the incidence of CNS
metastases in trastuzumab-treated patients was found to be
similar to that in patients with HER2-positive disease [24].

The incidence and the pattern of BM in relation to
hormone receptor and HER2 status was investigated in
further detail by Niwinska et al. [31]. They divided patients
into three subtypes: triple-negative (ER/PgR negative,
HER?2 negative), HER2-positive (any ER, any PgR, HER2
positive), or luminal (ER/PgR+, HER2 negative) patients.
Patients classified in the triple-negative subtype experi-
enced BM as the first site of dissemination more frequently
(26%) than those in the HER2-positive (6%) or luminal
(12%) subtypes.

Number of brain metastases (Table 2)

In their 1996 retrospective study, Nussbaum et al. [2]
reported that there seemed to be no significant difference in
the number of BM between patients with NSCLC and those
with breast cancer; the pattern of BM was single in 50% of
NSCLC, 44% of SCLC, and 49% of breast cancer patients
with BM. In more recent retrospective studies, the fre-
quencies of single BM among breast cancer patients with
BM were around 40% [32-34] (Table 2), which seems to
be smaller than the value in the older series reported in the
1990s; however, a similar trend could be seen in patients
with BM of NSCLC, as shown in Table 2. In a prospective

clinical study by Socinski et al. [35] designed to evaluate
the safety of bevacizumab in 115 patients with BM from
NSCLC, the number of BM was single in 31 patients
(27.0%), 2—4 in 43 patients (37.4%), and 5 or more in 41
patients (35.7%). This trend toward a reduction in the rate
of single BM may be partially attributable to advances in
the imaging technologies [36].

Prognosis and related factors

The most widely accepted prognostic classification for
patients with overt BM has been recursive partition anal-
ysis (RPA), which was proposed by Gaspar et al. [37]
on the basis of the review of three RTOG studies. In
this RPA classification, patients were divided into three
prognostic groups based on age, KPS, and extracranial
disease status. The best survival (RPA class I), with a
median of 7.1 months, was observed in patients who were
aged <65 years, whose KPS was >70, and whose primary
tumor was controlled, with the brain as the only site of
metastasis. The worst survival (RPA class III), with a
median of 2.3 months, was seen in patients with KPS < 70.
The remaining patients (RPA class II) had a median sur-
vival of 4.2 months [37]. In this analysis, however, only
12% of patients had BM from breast carcinoma; therefore,
it remains uncertain whether the RPA classification can be
safely applied to BM from breast cancer. The results of my
literature review regarding the distribution and prognosis
of patients with BM according to RPA class, the type of
primary tumor and the predominant treatment method
(whole-brain radiation therapy (WBRT), stereotactic radi-
osurgery (SRS), or surgery) are summarized in Table 3.

Table 2 Number of brain metastases among patients with breast cancer and other types of cancer

Author Publication Origin Number of brain metastases

year - .

N Single (%) Multiple (%)

Nussbaum 1996 Breast 121 49 51
Goyal 2005 43 40 60 (24 lesions 58%, 5 lesions 2%)
Liu 2006 48 44 56
Viani 2007 174 38 62
Akyurek 2007 49 47 53 (2-3 lesions 39%, 4 or more 14%)
Lee 2008 198 28 72
Nussbaum 1996 Lung (NSCLC) 178 50 50
Socinski 2009 115 27 73 (24 lesions 37%, 5 or more 36%)
Mehta 2003 Any (Breast 18.7%) 401 20 79 (2-3 lesions 34%, 4 or more 45%)
Andrews 2004 Any (Breast 9.5%) 333 56 44 (2 lesions 26%, 3 lesions 18%)
Aoyama 2006 Any (Breast 6.8%) 132 48 52
Fraizer 2009 Any (Breast 14%) 237 42 58 (2-3 lesions 36%, 4 or more 22%)
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