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Abstract

Background. Breast cancer is the second most common cancer associated with brain metastases. The purpose
of this study was to identify factors that impact the time to brain metastases in breast cancer patients at a single
institution.

Methods. Single institution retrospective study that captured all consecutive stage 2 and stage 3 breast cancer
patients from 2003 to 2010. Patient characteristics analyzed included age, hormone status, HER2 receptor status,
grade, stage, and time from breast cancer diagnosis to brain metastasis.

Results. A total of 1218 patients were eligible for the final analysis. 849 (69.7%) patients were ER+/HER2—, 90 (7.4%)
were HER2+, and 279 (22.9%) were triple-negative (TN). Overall, 74 patients (6.1%) developed brain metastases
over a median follow up time of 92 months. Median times to brain metastases for HER2+, TN, and ER+/HER2- pa-
tients were 20, 26, and 57 months, respectively. Multivariate analysis demonstrated that TN disease (HR = 2.043,
P =.015), grade (HR = 1.667, P=.024) and stage (HR =3.851, P<.001) were independent risk factors for earlier brain
metastases. Median times to brain metastases were 34 and 52 months for stage 3 and 2 patients, and 30, 49, and
71 months for grade 3, 2, and 1 tumors, respectively.

Conclusions. This single-institutional case series demonstrates thatTN breast cancer, higher stage, and higher his-
tologic grade are associated with earlier brain metastases in multivariate analysis. Additional prospective studies
are warranted to investigate the impact of brain metastases screening on survival outcome in this high-risk defined

group.

Key Points
e Triple-negative breast cancer patients have a higher risk of earlier brain metastases.

e Breast cancer stage and grade impact time to brain metastasis.

Breast cancer is the second leading cause of brain metastases
after lung cancer. Central nervous system (CNS) involvement,
including both brain and leptomeningeal disease, has been
shown to occur in 10-30% of breast cancer patients."? Previous
studies have identified multiple independent risk factors for the
development of CNS recurrence including: young age, African-
American ethnicity, nodal status, high tumor grade, as well as

having a triple-negative (TN) or HER2+ subtype.>The incidence
of brain metastases in breast cancer patients has increased due
to in part improved survival time from novel treatment options,
as well as higher detection rates via improved imaging tech-
niques.®The lifetime incidence rate of CNS metastases has been
reported to be between 25-46% in TN patients and 30-55% in
HER2+ patients.*”’
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Importance of the Study

Though breast cancer is the second most
common cause of brain metastases, current
guidelines do not recommend routine MRI
screening of the brain in breast cancer patients.
WEe identify risk factors in breast cancer patients
that impact the time to brain metastases. We
demonstrate that patients with triple-negative

Brain metastasis occurs after median latency period of
32 months from the initial breast cancer diagnosis in pa-
tients of all tumor subtypes.® Median survival time after
brain metastases ranges from 4-10 months even after
treatment, although there are several factors that impact
survival time. The most validated prognostic factors that
impact a median overall survival time in breast cancer
patients with brain metastases are age, Karnofsky perfor-
mance status (KPS), and tumor subtype, all of which are
included in the Radiation Therapy Oncology Group (RTOG)
Breast Cancer Graded Prognostic Analysis (BrGPA).
Patients with TN breast tumors have been shown to have
the worst median overall survival of 4.9-7.3 months,
compared to 17.9-25.3 months in HER2+ patients and
15-17 months in hormone receptor positive-HER2 negative
patients after the development of brain metastases.*’-°

Although there is a clearly established group of breast
cancer patients at increased risk of both brain metastases
and shorter median survival time, there is currently no
standard of care for routine brain metastases screening.
Screening of asymptomatic patients with brain MRI is not
currently recommended by the American Society of Clinical
Oncology due to lack of evidence from prospective studies.
However, due to the high burden of CNS involvement,
there should be a low threshold for performing diagnostic
brain imaging if patients report any new neurologic signs
or symptoms.™ Identifying risk factors that are associated
with both earlier and more aggressive CNS relapse could
help us further define ideal candidates for brain metastases
screening prior to symptom onset. This subgroup of patients
would potentially benefit from more aggressive screening
in the pre-symptomatic period that may ultimately impact
the treatment regimen and overall survival after brain me-
tastases.There are only a few studies that have explored risk
factors associated with a shorter time to brain metastases in
breast cancer patients, with the majority focusing on tumor
subtype.”'>13 The aim of this study was to identify various
risk factors in breast cancer patients that affect the time to
brain metastases with the hopes of defining a high-risk pop-
ulation that may benefit from earlier screening.

Materials and Methods
Participants

We identified consecutive patients diagnosed with breast
cancer between January 1, 2003 and December 31, 2010

breast cancer, higher-grade tumors, and higher
stage disease are at greater risk of earlier me-
tastases. Early brain metastases screening may
impact the prognosis, treatment options, and
overall survival for this select group of high-
risk patients, and should be studied further in
additional prospective studies.

at the Robert H. Lurie Comprehensive Cancer Center of
Northwestern. Patients with a primary breast cancer diag-
nosis, as well as those with brain metastases, were iden-
tified in the Electronic Data Warehouse by the correlating
ICD-9 codes: 174.0, 174.1, 174.2, 174.3, 174.4, 174.5, 174.6,
174.8, 174.9, 198.3. Patients were excluded due to having a
concurrent or previous separate primary cancer diagnosis
or having incomplete documentation of immunohistological
data in the electronic medical record. In addition, to focus
our study on a high-risk group of patients who did not al-
ready present with metastases, we limited our study pop-
ulation to patients with stage 2-3 disease per the seventh
edition of the American Joint Committee on Cancer (AJCC)
cancer staging manual.’ Patient characteristics that were
collected included age at primary diagnosis of breast cancer,
hormone, and HER2 receptor status, clinical stage and histo-
logic grade, as well as time from primary diagnosis to brain
metastasis. Patients were followed from the time of primary
diagnosis until June 1, 2016.The study was approved by the
Institutional Review Board of Northwestern University.

Breast Cancer Subtype Definition and Surgical
Pathology

The three clinical subtypes identified were defined as: ER+/
HER2- (ER+, PR+/PR-, HER2-), HER2+ (ER-, PR-, HER2+),
and TN (ER-, PR—, HER2-). Tumors were considered ER or
PR positive if at least 1% of tumor cells stained positive
on immunohistochemistry (IHC). Tumors were considered
positive for human epidermal growth factor 2 (HER2) if
they were scored 3+ by IHC, 2+ by IHC and HER2 amplified
(ratio >2.0) by fluorescence in situ hybridization (FISH), or
FISH ratio <2.0 but gene copy >6."®

Statistical Methods

Time to brain metastases was determined as the time in
months from the date of primary breast cancer diagnosis
to the date of brain metastasis diagnosis. Baseline char-
acteristics were compared across tumor subtype groups
by one-way ANOVA for age and Kruskal-Wallis test for
histology, grade, and stage. Survival curves plotting the
time to brain metastases according to breast cancer sub-
type, stage, and grade on a Kaplan—-Meier curve were
compared using the log-rank test. Patients were censored
from the Kaplan-Meier analyses if they developed brain
metastases, were lost to follow up, or if they experienced
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death. At-risk tables are provided for Kaplan—Meier curves.
Both univariate and multivariate Cox proportional hazard
models were performed to identify factors associated
with earlier time to brain metastases, and the estimated
hazard ratios were calculated. Variables in the Cox propor-
tional hazard models are continuous. Univariate variables
of P < .05 were included in the multivariate Cox propor-
tional hazard model. All analyses were performed using R
3.3.2.The survival 3.3.2 and survminer 3.3.2 packages were
used. Two-sided P values of < .05 were considered statisti-
cally significant.

Results
Patient Population and Baseline Characteristics

Patients were selected according to the process out-
lined in Figure 1. Out of 1821 breast cancer patients with
stage 2 or 3 disease, 315 were excluded because they
were diagnosed with a concurrent or previous different
primary cancer and 288 patients were excluded due
to incomplete histological data. Our final analysis in-
cluded 1218 patients diagnosed with stage 2-3 primary
breast cancer.

Baseline characteristics are displayed inTable 1. The me-
dian follow-up time was 92 months. The median age at
primary diagnosis of breast cancer was at 52 years. 969
(79.6%) patients were diagnosed with infiltrating ductal
carcinoma (IDC), 120 (9.9%) patients with infiltrating lob-
ular carcinoma (ILC), and 129 (10.6%) patients with mixed
infiltrating ductal and lobular carcinoma. Of the clinical
subtypes, 849 (69.7%) patients were ER+/HER2-, 90 (7.4%)
patients were HER2+, and 279 (22.9%) patients were TN.
The majority of all tumors had a histologic grade of 2
(45.5%) or 3 (37.5%). Overall, 878 (72.1%) patients were
diagnosed with stage 2 disease compared to 340 patients
(27.9%) with stage 3. At baseline, both the HER2+ and TN
groups had significantly greater percentage of IDC tumors
(P <.001), higher grade tumors (P < .001), and higher clin-
ical stage (P = .048) compared to the ER+/HER2- group.
This representative sample is consistent with previous
studies.?913.16

Incidence of Brain Metastases

Table 2 outlines the incidence of brain metastases ac-
cording to tumor subtype, histology, grade, and stage.
Over the course of the study from the time of primary
diagnosis to June 1, 2016, 74 patients (6.1%) developed
brain metastases. Of these 74 patients with CNS relapse,
there were 9 HER2+ patients, and 30 TN patients, and 35
ER+/HER2- patients. The incidence of brain metastases by
clinical subtype was 10.0% for HER2+ patients, 10.8% for
TN patients, and 4.1% for ER+/HER2- patients (P < .001).
The incidence of brain metastases was 3.5% and 12.6% for
all stage 2 and 3 patients, respectively (P < .001). Tumors
of IDC histology and higher grade were associated with a
higher incidence of brain metastases (P=.015 and P<.001,
respectively).

Time to Brain Metastases

The time from primary diagnosis of breast cancer to brain
metastases according to tumor subtype, stage, and grade
is shown in Figure 2. The median follow-up time was
92 months. As shown in Figure 2A, both HER2+ and TN pa-
tients tended to have a shorter time to brain metastases
compared to ER+/HER2- patients in Figure 2A (P < .0001).
For the 9 HER2+ and 30 TN patients who developed brain
metastases, the median time to CNS involvement was
20 months (95% CI 12.9-32.9 months) and 26 months (95%
Cl 18.9-33.1 months), respectively, compared to 57 months
(95% CI 47.6-64.3 months) for the 35 ER+/HER2- patients
with CNS involvement.

Figure 2B demonstrates that stage 3 patients of all sub-
types have a shorter interval to CNS involvement com-
pared to stage 2 patients (P < .0001). The median time to
brain metastases was 34 (95% Cl 26.0-42.0) vs. 52 (95% Cl
42.8-61.2) months for stage 3 vs. 2 patients with brain me-
tastases of all tumor subtypes.

Figure 2C demonstrates that grade 3 patients had shorter
onset to brain metastases compared to grade 2 and 1
(P < .0001). The median time to brain metastases was 30
(95% Cl 22.9-37.0), 49 (95% CI 37.5-60.5), and 71 (95% ClI
44.5-97.5) months for grade 3, 2, and 1 patients.

Stage 2-3 breast cancer patients
from 2003-2010 (n = 1821)

Incomplete histological data
(n =288) -

Additional or previous different
primary cancer (n = 315)

v

Stage 2-3 breast cancer patients
ncluded in final analysis (n = 1218)

Figure 1.

Patient selection process. 1821 breast cancer patients with stage 2 or 3 disease identified of which 315 excluded due to a concurrent or

previous different primary cancer diagnosis, 288 excluded due to incomplete histological data. 1218 patients with stage 2-3 primary breast cancer

included in the final analysis.
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Table 1. Baseline Characteristics

Number of Patients (%)

Characteristics HER2+ Sub- TN Subtype (n=279) ER/HER2- Subtype All Subtypes PValue
type (n=90) (n=849) (GERVAE))

Median age (years) 52 51 52 52 .094

Histology

IDC 85 (94.4%) 266 (95.3%) 618 (72.8%) 969 (79.6%) <.001

ILC 0(0.0%) 3(1.1%) 117 (13.8%) 120 (9.9%)

Mixed 5 (5.6%) 10 (3.6%) 114 (13.4%) 129 (10.6%)

Grade

1 0(0.0%) 5 (1.8%) 202 (23.8%) 207 (17.0%) <.001

2 29 (32.2%) 36 (13.0%) 489 (57.6%) 554 (45.5%)

3 61 (67.8%) 238 (85.3%) 158 (18.6%) 457 (37.5%)

Stage

2 57 (63.3%) 193 (69.2%) 628 (74.0%) 878 (72.1%) .048

3] 33(36.7%) 86 (30.8%) 221 (26.0%) 340 (27.9%)

Tumor subtype

HER2+ 90 (7.4%)

TN 279 (22.9%)

ER+/HER2- 849 (69.7%)

IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; TN, triple negative.

Table2. Incidence of Brain Metastases by Factor
Number of Patients With P Value
Brain Metastases (n = 74)
Tumor subtype
HER2+ (n=90) 9(10.0%) <.001
TN (n=279) 30 (10.8%)
ER+/HER2- (n = 849) 35 (4.1%)
Histology
IDC (n=969) 67 (6.9%) .015
ILC (n=120) 4(3.3%)
Mixed (n=129) 3(2.3%)
Grade
1(n=207) 5(2.4%) <.001
2 (n=554) 24 (4.3%)
3 (n=457) 45 (9.8%)
Stage
2 (n=878) 31(3.5%) <.001
3 (n=340) 43 (12.6%)
Total (n=1218) 74 (6.1%)

Univariate and Multivariate Cox Proportional
Hazard Model

Results for both univariate and multivariate analysis are
shown inTable 3. In univariate analysis, compared to ER+/
HER2- breast cancer patients, both HER2+ (HR = 2.639,

P =.009) and TN (HR = 3.062, P < .001) tumor subtypes
were independently associated with a shorter time to CNS
recurrence. Both grade (HR = 2.334, P < .001) and stage
(HR = 4.062, P < .001) were also predictive of earlier brain
metastases. Neither age nor histology was associated with
brain metastases.

In multivariate analysis, the TN (HR = 2.043, P = .015)
tumor subtype, grade (HR = 1.667, P = .024), and stage
(HR = 3.851, P < .001) remained independent prognostic
factors for a shorter time to brain metastasis. The HER2+
tumor subtype was not statistically associated with a
shorter time to brain metastasis in this multivariate
analysis.

Adjusting for Adjuvant Trastuzumab Treatment
in Multivariate Analysis

A separate Kaplan-Meier curve was performed for
HER2+ patients (n = 90) specifically to investigate the ef-
fect of adjuvant trastuzumab treatment on the interval
to CNS involvement. Of the HER2+ patients, 23 patients
(25.6%) received adjuvant trastuzumab treatment. As
shown in Figure 3, there was no significant difference
between HER2+ patients with vs. without trastuzumab
treatment (P = .6). 95% confidence intervals are also
shown in Figure 3.

Both univariate and multivariate analysis for this
HER2+ population as shown inTable 4 revealed that time
to brain metastases was not dependent on age at pri-
mary diagnosis, stage, grade, or adjuvant trastuzumab
treatment.
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Figure 2. Overall time to brain metastases according to the following factors: (A) Tumor subtype. HER2 + 20 months (12.9-32.9); TN 26 months
(18.9-33.1); ER+/HER2- 57 months (47.6-64.3) (P < .0001); (B) Stage. 34 months (26.0-42.0) for stage 3 patients; 52 months (42.8-61.2) for stage 2 pa-
tients (P < .0001); (C) Grade. 30 months (22.9-37.0) for grade 3 tumors; 49 (37.5-60.5) for grade 2 tumors; 71 (44.5-97.5) months for grade 1 tumors
(P<.0001).

grade, and tumor subtype, that impact the time to devel-
Discussion opment of brain metastases. Our study was based on a
population of 1218 patients with a primary breast cancer
This retrospective, the single-institution study examined diagnosis and to the_ authors’ k_nowledge _iS one of the
different breast cancer characteristics, including stage, largest analyses looking at the time to brain metastases
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Table 3. Univariate and Multivariate Cox Proportional Hazard Models

Univariate Multivariate

Risk Factor HR (95% Cl) PValue HR (95% Cl)
Age 0.982 (0.964-1) .055 - -
Tumor subtype

HER2+ vs. ER+/HER2- 2.639 (1.269-5.491) .009 1.592 (0.728-3.484) 244

TN vs. ER+/HER2- 3.062 (1.880-4.989) <.001 2.043 (1.149-3.632) .015
Histology

ILC vs. IDC 0.462 (0.168-1.266) 133 - -

Mixed vs. IDC 0.326 (0.103-1.037) .058 - =
Grade 2.334 (1.600-3.405) <.001 1.667 (1.069-2.598) .024
Stage 4.062 (2.559-6.448) <.001 3.851 (2.422-6.123) <.001
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Figure 3. Time to brain metastases in HER2+ patients with vs. without trastuzumab. With trastuzumab 34 months (14.0-52.0); without trastuzumab
20 months (2.2-37.8) (P=.6).

Table 4. Multivariate Cox Proportional Hazard Model of Risk Factors for Time to Brain Metastasis in HER2+ Patients

Univariate Multivariate
Risk Factor HR (95% Cl) HR (95% ClI)
Age at primary breast cancer diagnosis 0.983 (0.933-1.036) .529 0.990 (0.937-1.047) 734
Stage 2.227 (0.598-8.297) .233 2.285 (0.595-8.784) .229
Grade 0.379 (0.102-1.41) 148 0.369 (0.097-1.397) 142

Adjuvant trastuzumab 1.452 (0.363-5.806) .598 1.244 (0.271-5.712) 779



Cao et al. Time to brain metastases from breast cancer

formation.6%121317-19 Qur study is also the first large ret-
rospective analysis to specifically examine the impact of
grade on time to brain metastases development.

We confirm that stage 2/3 HER2+ and TN patients have
a higher incidence of brain metastases compared to stage
2/3 ER+/HER2- patients (10.0% and 10.8% vs. 4.1%, respec-
tively, P < .001), as reported previously.>8 These percent-
ages appear less than prior studies as our study excluded
both stage 1 and stage 4 patients and therefore is likely ex-
cluding a significant portion of breast cancer patients with
CNS involvement, including those with CNS involvement
at initial cancer diagnosis. When stratifying the incidence
of brain metastases according to stage for these patients,
we report the incidence to be 7.0% and 15.2% for stage 2
and 3 HER2+ patients, and 9.3% and 14.0% for stage 2 and
3 TN patients, respectively. Additionally, we demonstrate
that IDC histology, higher grade, and higher stage are as-
sociated with a greater risk of CNS involvement, as shown
in previous studies.3-620.21

We demonstrate that tumor subtype impacts the interval
from primary breast cancer diagnosis to brain metastases
development. The median times to brain metastases were
20 (12.9-32.9), 26 (18.9-33.1), and 57 (37.5-74.6) months for
the 9HER2+, 30TN, and 35 ER+/HER2- patients in our study,
respectively (P < .0001). Previous studies have reported a
median interval of 18-31 months and 14-35 months be-
tween primary diagnosis and CNS recurrence for HER2+
andTN patients, respectively, compared to 63.5 months in
ER+/HER2- patients.”'213162223 Again these prior analyses
included all stage breast cancer patients and were not lim-
ited to stage 2-3 disease as in our study.

Univariate analysis revealed that both HER2+
(HR = 2.639, P=.009) and TN (HR = 3.062, P < .001) breast
cancer were associated with a shorter time to CNS me-
tastases. Multivariate analysis confirmed that the TN
tumor subtype remained a risk factor for earlier brain me-
tastases (HR = 2.043, P = .015). However, the interval to
brain metastases no longer depended on HER2 positivity
in this multivariable model (HR = 1.592, P = .244). This is
a finding consistent with a recent study by Darlix et al.,
and suggests that though HER2+ breast cancer is associ-
ated with a higher incidence of brain metastases, it seems
to have less of an effect on the time interval based on our
results.’3-10.1319.20.24 Dye to the limited cohort size of our
HER2+ population with stage 2-3 disease, our results may
underestimate the effect of HER2 positivity on the interval
to brain metastases.

We also performed a separate subanalysis for HER2+
patients and exposure to trastuzumab which showed that
adjuvant trastuzumab did not affect the time to CNS me-
tastases. Though this finding has also been reported pre-
viously,” our results conflict with a more recent study
that showed HER2+ patients treated with trastuzumab
had a shorter interval to brain metastases compared to
those without trastuzumab (3.1 vs. 4.9 years)."* The actual
role of trastuzumab in the metastatic potential of breast
cancer to the CNS is not well understood. The improved
overall survival time due to systemic disease control from
trastuzumab administration may at the same time place
patients at higher risk for brain metastases, as more time is

allowed for brain metastases to develop. However, the re-
sults regarding the impact of trastuzumab treatment on the
incidence of brain metastases in HER2+ patients remain
mixed.?>-28 Additional meta-analyses of HER2+ patients are
required to further elucidate the effect of trastuzumab on
the interval to brain metastases.

In this study, we also demonstrate that breast cancer
tumors of higher histologic grade have an increased risk
of earlier metastases to the brain (HR = 1.667, P = .024), as
shown in previous studies.'® We report, for the first time in
the authors’ knowledge, the median times to brain metas-
tases by grade as 30, 49, and 71 months for all grade 3, 2,
and 1 tumors, respectively.

Because our primary goal was to investigate the time
course of brain metastatic progression in a group of high-
risk patients who had not already been diagnosed with
brain metastatic disease, we only included patients diag-
nosed with stage 2-3 disease. Here we demonstrate that
when limiting the patient population to stage 2-3 disease, a
higher stage at primary breast cancer diagnosis still correl-
ates with a shorter interval to CNS metastases (HR = 3.851,
P < .001). This suggests there is a substantial difference in
risk for earlier CNS involvement when just comparing stage
3 vs. 2 disease. In our study, the median time to brain me-
tastases was 34 vs. 52 months for all stage 3 vs. 2 patients.
This finding confirms the results from a smaller study by
et Saraf et al which reported a median interval time of 29
vs. 54 months for stage 3 and 2 patients, respectively.'®
Additionally, one recent study noted that both HER2+ and
TN patients had a higher risk of presenting with brain me-
tastases at primary diagnosis of breast cancer, further sug-
gesting the increased need for early MRI screening for this
cohort of patients who are also at risk of de novo metastatic
breast cancer to the CNS.?° Future studies are warranted to
further characterize the time course of brain metastases in
breast cancer patients with visceral metastases, which we
did not assess in our study.

There are several limitations to our study. The study
population only included primary breast cancer patients
diagnosed between 2003 and 2010 at a single institu-
tion, and as the timeframe of our study begins prior to
the introduction of adjuvant trastuzumab for HER2+ dis-
ease in 2005, our results may not reflect the contempo-
rary breast cancer patient population undergoing current
standard of care treatments. This raises the possibility
of selection bias. Additional areas of selection bias in-
clude the exclusion of ER/HER2+ subtype due to limita-
tions in data acquisition, as well as the exclusion of 603
patients due to a concomitant or previous different pri-
mary cancer diagnosis or incomplete histological data.
Kaplan-Meier analysis of the patients in this study did in-
clude competing events which may have underestimated
the risk of and time to brain metastases in censored pa-
tients. Furthermore, our study was limited to stage 2-3
patients based off of the seventh edition of the American
Joint Committee on Cancer (AJCC) staging manual for
breast cancer given the timeframe of data collection.™
This limitation in stage may explain why our reported
brain metastases incidence is considerably lower than
what is reported in other contemporary studies (6.1%
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vs. 10-16%),’7 and may have introduced sampling bias.
Future studies will need to revisit how the interval to
brain metastases is affected by clinical stage as defined
by current clinical guidelines.

Despite these limitations, this study demonstrates
that breast cancer patients with triple negative disease,
higher grade tumors, and higher stage disease have
a propensity for earlier CNS recurrence compared to
other breast cancer patients. There are currently no re-
commendations for routine brain metastases screening
due to a lack of proven survival benefit in previous lim-
ited studies.*" Brain metastases screening is, however,
better studied in patients with stage II-IV non-small cell
lung cancer, who are routinely evaluated for asympto-
matic CNS relapse per current National Comprehensive
Cancer Network guidelines.3® Based on our results, ad-
ditional prospective trials are needed to investigate the
utility of earlier MRI screening in this particular sub-
group of breast cancer patients at risk of earlier brain
metastases. Surveillance brain imaging for asympto-
matic high-risk breast cancer patients may not only
provide more accurate prognostic information, but ul-
timately modify clinical decision-making, adjust treat-
ment options, and improve overall survival and quality
of life.

Supplementary Data

Supplementary data are available at Neuro-Oncology
Advances online.
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