J Neurooncol (2016) 127:103-110
DOI 10.1007/s11060-015-2014-8

=
@ CrossMark

CLINICAL STUDY

Breast cancer subtype as a predictor for outcomes and control
in the setting of brain metastases treated with stereotactic

radiosurgery

Christopher S. Grubb' - Ashish Jani' - Cheng-Chia Wu' - Shumaila Saad" -

Yasir H. Qureshi’ - Tavish Nanda' - Andrew Yaeh! - Tzlil Rozenblat' -

Michael B. Sisti** - Jeffrey N. Bruce®* - Guy M. McKhann II** - Sameer A. Sheth®* -
Jeraldine Lesser' - Simon K. Cheng'* - Steven R. Isaacson'” - Andrew B. Lassman®” -

Eileen P. Connolly'” - Tony J. C. Wang'®

Received: 10 September 2015/ Accepted: 22 November 2015/ Published online: 28 November 2015

© Springer Science+Business Media New York 2015

Abstract We investigated effects of breast cancer subtype
on overall survival (OS), local and distant control, and time
from initial diagnosis to brain metastases (BM). We also
investigated advances in graded prognostic assessment (GPA)
scores. A cohort of 72 patients treated for BM from breast
cancer with Gamma Knife stereotactic radiosurgery at our
institution from 2000 to 2014 had subtyping available and
were used for this study. Median follow up for OS was
12 months and for control was 6 months. OS for luminal,
HER2, and triple negative subtypes were 26, 20, and
22 months. OS when stratified by Sperduto et al. (J Clin Oncol
30(4):419-425, 2012) and Subbiah et al. (J Clin Oncol
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33(20):2239-2245, 2015) GPAs were similar (p = 0.087 and
p = 0.063). KPS and treatment modality were significant for
OS (p = 0.002; p = 0.034). On univariate analysis, triple
negative subtype and >3 BM were trending and significant for
decreased OS (p = 0.084; p = 0.047). On multivariable
analysis HER2, triple negative, and >3 BM were significant
for OS (p = 0.022; p = 0.040; p = 0.009). Subtype was
significant for response on a per lesion basis (p = 0.007).
Subtype was trending towards significance when analyzing
time from initial diagnosis to BM treatment (p = 0.064).
Breast cancer subtype is an important prognostic factor when
stratifying breast cancer patients with BM. The addition of
number of BM to the GPA is a useful addition and should be
further investigated. Subtype has an effect on lesion response,
and also on rate of development BM after initial diagnosis.

Keywords Brain metastases - Breast cancer - Subtype -
Stereotactic radiosurgery - Graded prognostic assessment
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Introduction

Breast cancer is responsible for 14.0 % of all new cancer
diagnoses and 6.8 % of cancer deaths in the US. For those
with distant metastases, the 5-year survival rate is 6 % [1].
Breast cancer is the second leading cause of brain metas-
tases (BM), and patients who develop BM have a partic-
ularly poor prognosis [2-5]. Estimates of the rate of BM in
breast cancer range from 10 to 15 % in all cases to 30 % in
those patients with stage IV disease. Patients with the
human epidermal growth factor receptor 2 (HER?2) or triple
negative subtypes have been shown to be especially sus-
ceptible to the development of BM [5-13]. In recent
studies, the role of breast cancer subtype on survival in
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brain metastases has begun to be examined and included in
prognostic assessments [3, 4].

The original work in development of prognostic indexes
for patients with BM dates back to 1997, with the devel-
opment of Recursive Partitioning Analysis (RPA) from the
Radiation Therapy Oncology group [14]. In current clinical
practice, there are graded prognostic assessments (GPA)
for each type of cancer. The most commonly used for BM
from breast cancer was published by Sperduto et al. in
2011, and updated by the same group in 2012 [3, 15]. Both
of these scoring systems included breast cancer subtype as
a prognostic factor for survival. The most recent update for
breast cancer specific BM, published by Subbiah et al.,
included the number of brain metastases in the GPA [4].

The purpose of this study was to determine if breast
cancer subtype affects OS, local control, or distant brain
control in breast cancer patients treated with Gamma Knife
stereotactic radiosurgery (SRS) at our institution. Further-
more, we sought to evaluate the advance of the breast
cancer-specific GPA and its effectiveness at predicting
outcomes in our patients [3, 4].

Methods

From November 2000 to May 2014, we evaluated all of the
patients with brain metastases from breast cancer treated
with Gamma Khnife stereotactic radiosurgery at Columbia
University Medical Center. 72 patients had enough infor-
mation available to be included. Subtype, age, number of
metastases, KPS, and survival data were all required. The
following variables were collected from medical records due
to their potential prognostic significance: subtype (HER2
type, triple-negative, Luminal A, or Luminal B), age at SRS
treatment, age at original breast cancer diagnosis, time
between breast diagnosis and first BM treatment, clinical
stage at primary diagnosis, Karnofsky Performance Status
(KPS), chemotherapy history, number of brain metastases,
presence of extracranial metastases, status of primary tumor
(controlled or uncontrolled), and treatment modality (SRS
only, SRS and surgery, SRS and whole brain radiotherapy
[WBRT], or SRS, WBRT, and surgery). Patients received
20 Gy if tumor was 2 cm or less, 18 Gy if 2-3 cm, and
16 Gy 34 cm [16]. Local and distant brain failures were
assessed by reviewing follow up brain imaging. For those
patients where follow up imaging was not available, infor-
mation on local and distant failures was taken from radiology
reports. For patients where follow up brain imaging was
available, response was classified according to the Response
Evaluation Criteria in Solid Tumors (RECIST) [17]. In-field
local tumor failure was defined as an increase of >20 % in
tumor volume. Distant brain failure was defined as any new
lesion appearing on follow up MRI that had not been
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previously diagnosed or seen on SRS planning MRIs. For
response to treatment, complete response for a lesion was
defined as no residual tumor appearing on follow up MRIs,
partial response was a decrease in tumor size >30 %, pro-
gression was an increase in tumor volume >20 %, and
stable was all other tumors [18]. We calculated two Graded
Prognostic Assessment scores (0—4) for each patient by
totaling the scores for the individual prognostic indicators.
The first based on Sperduto et al. included KPS (<50—0
points, 60—0.5 points, 70-80—1 point, or 90-100—1.5
points), subtype (triple-negative—O0 points, Luminal A—1
point, HER2—1.5 points, or Luminal B—2 points), and age
(=60—0 points or <60—0.5 points) [3]. The second based
on Subbiah et al. included KPS (<50—0 points, 60—0.5
points, 70-80—1 point, or 90-100—1.5 points), subtype
(triple-negative—0 points, Luminal A—0.5 points, Luminal
B—1 point, and HER2—1.5 points), age (>50—0 points
or <50—0.5 points), and number of brain metastases (1-3—
0.5 points, or >3—0 points) [4]. Patients were also stratified
into 3 groups based on subtype alone: triple-negative, HER2
type, and Luminal types (combining Luminal A and Luminal
B). Overall survival (OS) was calculated from the first
treatment for BM. Patients were excluded if there was
incomplete information on dates of treatments, death, follow
up, or subtyping. The study was approved by the institutional
review board of Columbia University Medical Center.

Statistical analysis

For baseline characteristics, summary statistics were calculated
using frequencies and proportions for categorical data. A Chi
square test was used to determine significance between baseline
characteristics. Column proportions were compared and the
p-values were adjusted at the 0.05 level using the Bonferonni
method. Survival curves were calculated using the Kaplan—
Meier method. Hazard ratios (HR) and 95 % confidence
intervals were determined using the Cox proportional hazards
model and log-rank tests were used to assess significant dif-
ferences between groups. Patients lost to follow-up were cen-
sored for survival at the time of last visit. To identify baseline
variables associated with OS time, multivariable analysis was
performed with the Cox proportional hazards model, including
those variables on univariate analysis with a p value <0.1. All
statistical analysis was performed using IBM SPSS version 23.

Results
Patient attributes

72 patients were included in this study for analysis. The
median age was 54 years with a range of 30-83. Median
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follow up time was 12 months for overall survival. 48
patients with 150 individual lesions were included in the
control analysis, with a median follow-up time of
6 months. On baseline characteristics stratified by subtype,
KPS and treatment modality had significant differences.
Luminal patients were more likely to have a higher KPS
[n =47 (98 %)] when compared with HER2 type and
triple negative patients [n = 8 (67 %) and n = 11 (92 %)
respectively]. 27 patients (37 %) received only SRS, 15
(21 %) received SRS and surgery, and 30 (42 %) received
either SRS and WBRT or all 3 treatment modalities.
Luminal patients were most likely to get SRS alone
[n = 21 (44 %)] when compared with HER2 and triple-
negative patients [n=2 (17 %) and n=4 (33 %)
respectively]. Luminal patients were also more likely to get
SRS and surgery alone [n = 13 (27 %)] when compared
with HER2 and triple-negative patients [n = 1 (8.3 %) for
both]. HER2 and triple-negative patients were most likely
to get some combination of treatments including WBRT
[n =9 (75 %) and n =7 (58 %)] when compared with
luminal patients [n = 14 (29 %)] (Table 1). Histology
from initial breast surgery was available for 58 patients. 46
(79 %) patients had invasive ductal carcinoma, with 3
(5.2 %), 7 (12 %), and 2 (3.4 %) having lobular ductal
carcinoma, mixed IDC/LDC, and other or unidentifiable
respectively. GPA scores of 0.0-2.0, 2.5-3.0, or 3.5-4.0
were calculated for all 72 patients based upon both Sper-
duto et al. and Subbiah et al. [3, 4].

Control

48 patients with 150 individual lesions had follow up brain
imaging or radiology reports available for determination of
local and distant brain failures. 35 (73 %) patients were
luminal subtype, 6 (13 %) were HER2, and 7 (15 %) were
triple negative. Of the 150 lesions, 121 (81 %) were
luminal, 12 (8.0 %) were HER2, and 17 (11 %) were triple
negative. There was a significant difference in response to
treatment by lesion based on subtype (p = 0.01). There
were no significant differences in local failure by patient,
local failure by lesion, or distant failure by patient between
the different subtypes (p = 0.96; p =0.69; p = 0.64
respectively). Luminal subtype lesions were more likely to
have a complete response [n = 58 (48 %)] when compared
with HER?2 and triple negative lesions [n = 0 (0.0 %) and
n =6 (35 %)] (Table 2).

Survival

On univariate analysis, having more than 3 BM was a
significant predictor of lower OS (HR 1.985; 95 % CI
1.008-3.907; p = 0.05). Triple negative subtype also
showed a trend towards worse OS (HR 1.992; 95 % CI

0.911-4.354; p = 0.08). Age at initial breast cancer diag-
nosis, age at SRS treatment, time between breast cancer
diagnosis and BM, KPS, type of BM, chemotherapy,
extracranial metastases, primary control, and treatment
modality were not significant predictors of OS (Table 3).
Based on univariate results, number of brain metastases
and breast cancer subtype were included in multivariable
analysis. On multivariable analysis, having more than 3
BM was still a significant predictor of decreased OS (HR
2.668; 95 % CI 1.276-5.578; p = 0.01). Triple-negative
and HER2 subtypes became significant predictors of
decreased OS (HR 2.355; 95 % CI 1.040-5.332; p = 0.04
and HR 2.638; 95 % CI 1.154-6.034; p = 0.02) (Table 4).

On Kaplan—-Meier analysis for OS from first BM treat-
ment, neither subtype nor either GPA showed a significant
difference between groups. Median OS for the entire cohort
was 25 months. Median OS for luminal, HER2, and triple-
negative subtypes was 26, 20, and 22 months respectively
(p = 0.11). For the Sperduto et al. GPA, median OS was
25, 22, and 36 for scores of 1.0-2.0, 2.5-3.0, and 3.5-4.0
respectively (p = 0.09) [3]. For the Subbiah et al. GPA,
median OS for scores of 0.5-2.0, 2.5-3.0, and 3.5-4.0 was
25, 20, and 25 (p = 0.06) (Online Resource 1) (Fig. 1) [4].

In addition to OS from first BM treatment, Kaplan—-Meier
analysis was performed to determine time from initial breast
diagnosis to first treatment for BM, and to analyze overall
survival from initial breast cancer diagnosis stratified by sub-
type. Median time from initial breast cancer diagnosis to first
BM treatment was 6, 2, and 3 years, for luminal, HER2, and
triple negative patients respectively (p = 0.06) (Table 5)
(Online Resource 2) (Online Resource 3). There was a signif-
icant difference between subtypes with median overall sur-
vivals of 53,90, and 159 months for HER2, triple-negative, and
luminal subtypes respectively (p = 0.00) (Online Resource 4).

Discussion

BM are the most common malignant type of intracranial
tumors in adults, with breast cancer being the second
leading cause behind only NSCLC [2, 5, 19, 20]. Breast
cancer subtype is a powerful predictor of prognosis in the
localized setting and was incorporated into the diagnosis-
specific GPA for breast cancer in 2011 [10, 15, 21, 22]. We
sought to investigate whether these subtypes were predic-
tive of OS, local and distant brain failures, and to assess the
updates to the breast cancer-specific GPA by analyzing
patients treated with SRS at our institution.

On baseline characteristics, we found significant dif-
ferences between KPS and treatment modalities between
the subtypes (p = 0.00 and p = 0.03 respectively). The
HER?2 and triple negative patients were more likely to
present with a KPS < 70 than luminal patients, and were
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Table 1 Baseline characteristics

Total Luminal HER2 Triple-negative p value
Age at GKRS treatment 72 48 12 12 0.945
<50 32 (44 %) 22 (46 %) 5 (42 %) 5 (42 %)
>50 40 (56 %) 26 (54 %) 7 (58 %) 7 (58 %)
Age at initial breast cancer diagnosis 70 47 11 12 0.902
<50 42 (60 %) 29 (62 %) 6 (55 %) 7 (58 %)
>50 28 (40 %) 18 (38 %) 5 (46 %) 5 (42 %)
Time between breast diagnosis and first CNS Tx 68 45 11 12 0.232
<5 years 37 (54 %) 22 (49 %) 8 (73 %) 7 (58 %)
>5 years 31 (46 %) 23 (51 %) 3 (27 %) 5 (42 %)
Clinical stage at initial diagnosis 56 39 9 8 0.491
I 18 (32 %) 11 (28 %) 2 (22 %) 5 (63 %)
I 18 (32 %) 13 (33 %) 3 (33 %) 2 (25 %)
I 8 (14 %) 5 (13 %) 2 (22 %) 1 (13 %)
v 12 21 %) 10 (26 %) 2 (22 %) 0 (0.0 %)
KPS 72 48 12 12 0.002
<70 6 (8.3 %) 1 2.1 %) 4 (33 %) 1 (8.3 %)
>70 66 (92 %) 47 (98 %) 8 (67 %) 11 (92 %)
Chemotherapy 69 48 11 10 0.365
Yes 67 (97 %) 47 (98 %) 10 91 %) 10 (100 %)
No 229 %) 1 2.1 %) 1 (9.1 %) 0 (0.0 %)
Type of brain metastases 72 48 12 12 0.322
Single 33 (46 %) 19 (40 %) 7 (58 %) 7 (58 %)
Multiple 39 (54 %) 29 (60 %) 5 (42 %) 5 (42 %)
Number of brain metastases 72 48 12 12 0.480
1 34 (47 %) 19 (40 %) 8 (67 %) 7 (58 %)
2-3 16 (22 %) 12 (25 %) 2 (17 %) 2 (17 %)
>3 22 (31 %) 17 (35 %) 2 (17 %) 3 (25 %)
Extracranial metastases 72 48 12 12 0.276
No 28 (39 %) 16 (33 %) 7 (58 %) 5 (42 %)
Yes 44 (61 %) 32 (67 %) 5 (42 %) 7 (58 %)
Controlled primary 72 48 12 12 0.131
No 22 31 %) 18 (38 %) 3 (25 %) 1 (8.3 %)
Yes 50 (69 %) 30 (63 %) 9 (75 %) 11 (92 %)
GPA (Sperduto et al.) 72 48 12 12 0.000
0.5-2.0 21 (29 %) 7 (15 %) 2 (17 %) 12 (100 %)
2.5-3.0 29 (40 %) 19 (40 %) 10 (83 %) 0 (0.0 %)
3.5-4.0 22 (31 %) 22 (46 %) 0 (0.0 %) 0 (0.0 %)
GPA (Subbiah et al.) 72 48 12 12 0.000
1.0-2.0 25 (35 %) 12 (25 %) 3 (25 %) 10 (83 %)
2.5-3.0 26 (36 %) 15 31 %) 9 (75 %) 2 (17 %)
3.5-4.0 21 (29 %) 21 (44 %) 0 (0.0 %) 0 (0.0 %)
Treatment modality 72 48 12 12 0.034
SRS only 27 (36 %) 21 (44 %) 2 (17 %) 4 (33 %)
SRS and WBRT with SRS, surgery, and WBRT 30 (42 %) 14 (29 %) 9 (75 %) 7 (58 %)
SRS and surgery 15 21 %) 13 27 %) 1 (8.3 %) 1 (8.3 %)

@ Springer



J Neurooncol (2016) 127:103-110 107
CT;ll::tr Zsutl;t (;Cpil failure by breast Total Luminal HER2 Triple-negative p value
Baseline control characteristics by patient
Local failure 48 35 6 7 0.96
Yes 25 (52 %) 18 (51 %) 3 (50 %) 4 (57 %)
No 23 (48 %) 17 (49 %) 3 (50 %) 3 (43 %)
Other CNS failure 48 35 6 7 0.64
Yes 32 (67 %) 24 (69 %) 3 (50 %) 5 (71 %)
No 16 33 %) 11 31 %) 3 (50 %) 2 (29 %)
Baseline control characteristics by lesion
Lesion local control 150 121 12 17 0.69
No failure 110 (73 %) 90 (74 %) 9 (75 %) 11 (65 %)
Failure 40 (27 %) 31 (26 %) 3 (25 %) 6 (35 %)
Response 150 121 12 17 0.01
Complete response 64 (43 %) 58 (48 %) 0 (0.0 %) 6 (35 %)
Partial response 35 (23 %) 23 (19 %) 6 (50 %) 6 (35 %)
Stable 17 (11 %) 12 (9.9 %) 4 (33 %) 1 (5.9 %)
Progression 34 (23 %) 28 (23 %) 2 (18 %) 4 (24 %)

also more likely to receive WBRT as part of their treatment
modality. These results are not entirely surprising, as
common clinical practice indicates that BM patients with
poor KPS are more likely to receive WBRT.

When analyzing local and distant control, we found a
significant difference in the response to treatment on a per
lesion basis when stratified by subtype (p = 0.01). Almost
half of the luminal lesions (48 %) showed a complete
response at an average follow up time of 6 months, com-
pared with none of the HER2 lesions (0.0 %) and fewer of
the triple-negative lesions (35 %). When looking at the
lesions that progressed, the luminal (23 %), HER2 (18 %),
and triple-negative (24 %) subtypes have similar results.
This can partially be explained by the longer median OS
time for luminal patients. It is possible that the longer
median OS allows for longer follow up, and therefore an
increased likelihood of lesion progression. We found no
difference in local or distant control on a per patient basis.

On univariate analysis we found that having greater than
3 BM was significant for decreased OS (p = 0.05). In
addition, triple-negative and HER2 patients had a trend
towards worse OS (p = 0.08 and p = 0.12 respectively).
On multivariable analysis, greater than 3 BM, triple-neg-
ative, and HER2 types were all significant for decreased
OS (p = 0.01; p = 0.04; p = 0.02). This decrease in OS of
triple-negative patients concurs with the previous GPA
studies in the literature [3, 4, 15]. On Kaplan—-Meier
analysis, the difference in OS between the subtypes did not
reach significance (p = 0.12), but showed a trend for worse
survival in the HER?2 type and triple negative patients when
compared with the luminal patients. As has been shown in
the literature, adding other prognostic factors to subtype,
such as in the GPA, can improve predictive value [3].

When compared to the Sperduto et al. GPA, median OS
in our patients was longer, but the overall predictive value
in stratification of patients via this method was confirmed.
Sperduto et al. reported median OS of 3.4, 7.7, 15.1, and
25.3 months for GPA scores of 0.0-1.0, 1.5-2.0, 2.5-3.0,
and 3.5-4.0 respectively. The median OS for the entire
cohort was 13.8 months (95 % CI 11.53-15.87). In our
cohort, median OS was 25.1, 21.7, and 36.3 months for
GPA values of 1.0-2.0, 2.5-3.0, and 3.5-4.0 respectively
(p = 0.09; no patients in our study had GPA values of 0.0
or 0.5). Upon univariate cox regression, these findings were
confirmed. GPA scores of 1.0-2.0 and 2.5-3.0 were both
found to have decreased OS (HR 2.047; 95 % CI
1.099-5.271; p=10.03 and HR 2.181; 95% CI
0.960-4.956; p = 0.06 respectively) when compared with
the 3.4-4.0 reference group. The differences in median OS
is most likely exaggerated by the difference in patient
selection. Firstly, this study includes only patients who had
SRS as part of their treatment modalities, while Sperduto
et al. included all treatment modalities. Secondly, Sperduto
et al. used a large database with patients dating from 1985
to 2007. The changes in treatment of BM between 1985
and the start of this study are numerous, and could result in
a substantial effect on the median OS times [3]. Addi-
tionally, the systemic therapy options available to these
patients have drastically changed and improvement in
extracranial metastases control may have contributed to
increase OS.

Subbiah et al. sought to improve the existing breast
cancer specific GPA by adding an additional factor: num-
ber of BM. This was appropriate for our study as an
increased number of BM was shown to have decreased OS
on both univariate and multivariable analysis. This
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Table 3 Univariate analysis for
(O

HR 95 % CI (lower) 95 % CI (upper) p value

Univariate Cox regression
Age at GKRS treatment

<50 1 Reference

>50 1.569 0.846 2.907 0.15
Age at original breast cancer diagnosis

<50 1 Reference

>50 1.064 0.588 2.027 0.85
Time between breast diagnosis and CNS metastases

>5 years 1 Reference

<5 years 1.099 0.601 2.009 0.76
Subtype

Luminal 1 Reference

HER2 type 1.822 0.864 3.843 0.12

Triple-negative 1.992 00911 4.354 0.08
KPS

>70 1 Reference

<70 1.118 0.438 2.853 0.82
Type of brain metastases

Single 1 Reference

Multiple 1.404 0.764 2.581 0.27
Number of brain metastases

1 1 Reference

2-3 1.124 0.484 2.609 0.79

>3 1.985 1.008 3.907 0.05
Chemotherapy

Yes 1 Reference

No 1.800 0.429 7.554 0.42
Extracranial metastases

No 1 Reference

Yes 1.305 0.702 2.427 0.40
Controlled primary

Yes 1 Reference

No 1.511 0.780 2.928 0.23
Treatment modality

SRS and surgery 1 Reference

SRS and WBRT/SRS, WBRT, and Surgery 1.476 0.608 3.585 0.39

SRS only 1.596 0.706 3.611 0.26

modified GPA trended towards being a better stratification
method for predicting patient outcomes in our cohort.
While not statistically significant from the Sperduto et al.
GPA, the addition of number of BM did improve the
prognostic stratification of our patients. The lack of sig-
nificance is possibly attributable to the difference in patient
selection in this study. Subbiah et al. reported median OS
of 3.1, 6.3, 15.5, and 26 months for GPA scores of 0.0-1.0,
1.5-2.0, 2.5-3.0, and 3.5-4.0 respectively. The median OS
(months) for the entire patient population was 9.4 months.
When stratifying patients by this method, we found median

@ Springer

OS to be 25.1, 20.0, and 25.1 months for GPA scores of
0.5-2.0, 2.5-3.0, and 3.5-4.0 respectively (p = 0.06; no
patients in our study had a GPA value of 0.0). This was
confirmed via univariate cox regression with scores of
0.5-2.0 and 2.5-3.0 showing decreased OS (HR 2.342;
95 % CI 1.037-5.288; p = 0.04 and HR 2.160; 95 % CI
0.945-4.939; p = 0.07 respectively) when compared with
the 3.5-4.0 reference group. The differences in OS and
stratification can again be partially explained by differ-
ences in patient selection. Like Sperduto et al., Subbiah
et al. includes patients who received any treatment
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Table 4 Multivariable analysis
y HR 95 % CI (lower) 95 % CI (upper) p value
for OS
Multivariate Cox regression
Number of brain metastases
1 1 Reference
2-3 1.685 0.671 4.230 0.27
>3 2.668 1.276 5.578 0.01
Subtype
Luminal 1 Reference
HER2 type 2.638 1.154 6.034 0.02
Triple-negative 2.355 1.040 5.332 0.04
Overall Survival by B Overall Survival by Breast Cancer Specific (o] Overall Survival by Breast Cancer Specific
Breast Cancer Subtype GPA - (Sperduto et al.) GPA (Subbiah et al.)
109 4 S 10 9 1 opa s el Sintiah st
3 HER2 —105:20 —71.0-20
L Triple Negative H 2530 N §-§'3-‘;
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Fig. 1 Kaplan-Meier method for determining OS: a survival outcomes stratified by subtype (p = .11); b survival outcomes stratified by GPA
(Sperduto et al.; p = .09); ¢ survival outcomes stratified by GPA (Subbiah et al.; p = .06)

Table 5 Time from initial

diagnosis to BM Subtype Median time (years) 95 % CI (lower) 95 % CI (upper) Log-rank p value
Luminal 6 4.548 7.452 0.06
HER2 2 1.375 2.625
Triple-negative 3 0.000 6.395
Overall 5 3.658 6.342

modality, not just those receiving SRS. Improvement in
overall quality of care over time is also a factor, but less so
than in the Sperduto et al. comparison as Subbiah et al.
included patients dating from 1996 to 2013 [4].
Kaplan—Meier analysis was also performed to determine
if there was a difference in the time from initial breast
cancer diagnosis to the first treatment for BM. The median
overall times were 6, 2, and 3 years, for luminal, HER2 and
triple negative cancers (p = 0.06). Previous studies have
indicated that HER2 positive and triple-negative cancers
may have an increased risk of brain metastases [5—13]. The
time it takes for these metastases to occur has not been well
studied. These results indicate that subtype is a potential
factor not only in predicting risk for likelihood of BM, but

in rate of occurrence after initial diagnosis as well. The
Kaplan—-Meier regressions analyzing OS by subtype from
initial diagnosis showed median OS of 53, 90, and
159 months for HER2, triple-negative, and luminal sub-
types respectively (Online Resource 4). This is consistent
with the results analyzing OS from first CNS treatment,
with luminal patients having longer OS and HER2 and
triple negative patients having a worse prognosis.

This study has several limitations. Notably, it is retro-
spective and therefore lends itself to unforeseen variables
and the chance of selection bias. Another is that while
many patients underwent surgical resection of their BM,
many others did not. For those that underwent resection
and pathology was available, we were able to confirm the
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subtype. For those that did not undergo resection there is
the potential for differing subtypes between primary tumor
and BM. Loss to follow up decreased the number of
patients available for control data. This cohort of patients
represents the entirety of the breast cancer BM treated with
SRS at our institution, and provided sufficient power to
perform analysis. It should be noted that this study only
includes patients that received SRS, whereas Sperduto
et al. and Subbiah et al. included all treatment modalities
[3, 4]. We believe that future studies on breast cancer BM
should continue to look at the effect of subtype on both OS
and control outcomes, and study the usefulness of includ-
ing number of brain metastases as a prognostic indicator in
the breast cancer specific GPA. Finally, we believe the
analysis of subtype effect on time from initial diagnosis to
BM could be an important clinical factor, and this should
be examined in further detail.

Conclusion

For patients with BM from breast cancer treated with SRS
at our institution, HER2 and triple-negative patients tren-
ded towards decreased OS. There was a significant differ-
ence in lesion response based on subtype. Both the
Sperduto et al. GPA and modified GPA from Subbiah et al.
proved to be useful in prognostic stratifications for our
patients. The addition of number of brain metastases to the
GPA was useful and should continue to be investigated.
Finally, HER2 and triple-negative patients trended towards
a faster rate of metastasis to the brain when compared with
luminal type patients, but there was insufficient power to
reach statistical significance. This is an area that should be
examined in future studies.
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