Neuro-Oncology

22(8), 1173-1181, 2020 | doi:10.1093/neuonc/noaal13 | Advance Access date 23 January 2020

Subtype switching in breast cancer brain metastases: a
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Abstract

Background. Breast cancer (BC) brain metastases (BM) can have discordant hormonal or human epidermal growth
factor receptor 2 (HER2) expression compared with corresponding primary tumors. This study aimed to describe
incidence, predictors, and survival outcomes of discordant receptors and associated subtype switching in BM.
Methods. BCBM patients seen at 4 tertiary institutions who had undergone BM resection or biopsy were included.
Surgical pathology reports were retrospectively assessed to determine discordance between the primary tumor
and the BCBM. In discordant cases, expression in extracranial metastases was also assessed.

Results. In BM from 219 patients, prevalence of any discordance was 36.3%; receptor-specific discordance was 16.7%
for estrogen, 25.2% for progesterone, and 10.4% for HER2. Because estrogen and progesterone were considered to-
gether for hormonal status, 50 (22.8%) patients switched subtype as a result; 20 of these switches were HER2 based.
Baseline subtype predicted switching, which occurred in up to 37.5% of primary HR+ patients. Moreover, 14.8% of in-
itially HER2-negative patients gained HER2 in the BM. Most (63.6%) discordant patients with extracranial metastases
also had discordance between BM and extracranial subtype. Loss of receptor expression was generally associated
with worse survival, which appeared to be driven by estrogen loss (hazard ratio = 1.80, P=0.03). Patients gaining
HER2 status (n =8) showed a nonsignificant tendency toward improved survival (hazard ratio = 0.64, P=0.17).
Conclusions. In this multicenter study, we report incidence and predictors of subtype switching, the risk of which
varies considerably by baseline subtype. Switches can have clinical implications for prognosis and treatment choice.

Key Points
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Importance of the Study

BM differ from their primary tumors on a genetic and
phenotypic level. While it is known that BCBM can have
discordant estrogen, progesterone, or HER2 expression,
previous studies have been limited by sample size, and
it is currently unknown in which patients a clinically rel-
evant subtype switch could be anticipated. This large,
multi-institutional study sheds light on previously unan-
swered aspects of this question, including the primary
subtype-specific risk of crossover between breast and

Brain metastases (BM) are the most common intracranial
tumors and are common sequelae of metastatic breast
cancer (BC)." Clinical subtype—as determined by estrogen
receptor (ER), progesterone receptor (PR), and human ep-
idermal growth factor receptor 2 (HER2) status—is central
to decision making in BC management and influences inci-
dence, prognosis, and treatment of BCBM.>*

Expression of ER, PR, and HER2 can differ between
primary breast cancer and distant metastases. This dis-
cordance seems to occur in all metastatic sites and may in-
fluence subtype-directed management strategies.® Current
breast cancer guidelines advise re-biopsy and reassess-
ment of ER, PR, and HER2 status in distant metastases.5®
However, because of the invasive nature of neurosurgical
procedures and the fact that BM resection or biopsy is not
the standard of care for the majority of BCBM patients,
knowledge on discordance in the brain is limited. Although
minimally invasive central nervous system-targeted diag-
nostic approaches such as liquid biopsy and blood-based
assays are emerging, these modalities are largely limited
to the research setting.® A few studies have investigated
BM discordance,''® but most have been relatively small
in size, which limited their ability to perform meaningful
subtype-specific analysis. Moreover, the relation between
receptor expression in intra- and extracranial distant me-
tastases has not been investigated. As a result, the value
of obtaining additional tissue in BCBM patients is unclear.

In this study, we aimed to compare ER, PR, and HER2 ex-
pression between primary breast cancer and BM in a large,
multicenter cohort of BCBM patients. The primary objec-
tive was to describe the incidence of receptor discordance
and resultant subtype switches. Secondary objectives
were to identify predictors of discordance, compare intra-
and extracranial receptor expression within patients, and
explore survival outcomes of concordant and discordant
patients.

Methods
Study Design and Data Collection

Data were collected from patient records in 4 tertiary
academic hospitals: Brigham and Women’s Hospital/
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brain and the relation between intra- and extracranial met-
astatic profiles in discordant patients. Using our data and
recent literature, we discuss different clinical scenarios
in which receptor discordance/subtype switching could
have a relevant impact on a patient’s prognosis and treat-
ment. These results could inform clinicians when deciding
whether obtaining BM tissue could have additional clinical
value—for example, in patients who could be considered
for either upfront radiotherapy or surgical resection.

Dana-Farber Cancer Institute and Massachusetts General
Hospital in Boston, Massachusetts; Haaglanden Medical
Center in The Hague, Netherlands; and the University
Medical Center Utrecht in Utrecht, Netherlands. Inclusion
criteria were (i) female patients with BCBM who (ii) had a
pathology report of BCBM that reported on ER, PR, or HER2
expression and (iii) had available data on ER, PR, or HER2
expression in the primary tumor. Additionally, (iv) in order
to be included for survival analysis, patients had to have
had their BM diagnosis before April 1, 2018, in order to en-
sure sufficient follow-up.

Data on receptor expression were collected from sur-
gical pathology reports of primary breast cancers and
BM. If available, receptor expression in extracranial me-
tastases was also collected. ER and PR expressions were
considered positive if there was >10% staining of cells in
immunohistochemistry testing; this cutoff was used be-
cause it was the most common cutoff clinically used in all
treatment sites over the duration of the study period. HER2
was considered positive if the pathology report described
strong (3+) overexpression on immunohistochemical
staining or moderate (2+) overexpression combined with
HER2 amplification in fluorescent in situ hybridization
(HER2/centromere 17 ratio >2.0).

Patients whose primary tumor pathology report was not
available for direct review were included as long as their in-
itial receptor status was well reported in clinical notes and
apparent in treatment decisions. For example, if a patient’s
primary breast cancer was reported in her oncology notes
to be HER2+ and the patient received trastuzumab through
another health care facility, she was considered breast
tumor HER2+ even in the absence of an on-site pathology
report of the primary tumor.

Based on receptor status, tumor subtypes were classi-
fied as follows: HR+/HER2+ (hormone receptor positive [ie,
ER or PR positive] and HER2 positive]), HR+/HER2- (ER or
PR positive and HER2 negative), HR-/HER2+ (ER and PR
negative and HER2 positive), or HR—/HER2- (triple nega-
tive). Beside receptor expression, the following variables
were collected: age, race/ethnicity, patterns and intervals
of metastatic spread, hormonal and HER2-targeted therapy
prior to the appearance of BM, surgical and radiation treat-
ment modalities, and overall survival from the time of BM
diagnosis.
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Statistical Analysis

Data were analyzed using R version 3.4.3. Categorical
variables were described using counts and percent-
ages. Continuous variables were reported with mean
and standard deviation if they followed a normal distri-
bution; otherwise, median and interquartile range (IQR)
were reported. Univariate and multivariate logistic regres-
sion were performed to determine predictors of receptor
discordance.

Cox regression and the log-rank test were used to con-
duct survival analyses. Overall survival was defined as
the interval between BM and death or loss to follow-up.
Patients who did not die within the study period were cen-
sored at their date of last encounter or at the study cutoff
date of April 1, 2019, whichever occurred first. When ana-
lyzing the survival impact of discordance, we used a multi-
variate Cox proportional hazards model, adjusting for age
at BM diagnosis, hospital of treatment, receptor status (ie,
effect of HER2 discordance was adjusted for hormonal re-
ceptor [HR] status, and vice versa), and additional poten-
tial confounders identified in univariate analysis (P < 0.10).
Kaplan—-Meier curves were created to visualize cumulative
survival differences. P-values <0.05 were considered statis-
tically significant.

Ethics Statement

Data in the United States institutions were collected under
Partners and Dana-Farber institutional review board ap-
proval. Data in the Dutch institutions were collected after
approval by the medical-ethical research committee. The
need for informed consent was waived for this study.

Results
Descriptive Statistics

A total of 219 patients met inclusion criteria. Of these, 216
patients had complete data on ER expression, 210 on PR
expression, and 201 on HER2 expression. In total, 193 pa-
tients had complete data on the expression of all 3 recep-
tors in both breast and brain.

Table 1 presents baseline characteristics.The median age
at BM resection was 52 years. In primary breast cancer, 117
(53.4%) patients were ER positive, 79 (36.9%) were PR pos-
itive, and 96 (43.8%) were HER2 positive. Ninety patients
(41.1%) had no extracranial metastases at BM resection;
median time between the primary tumor and the onset of
BM was 36 months. Resection was performed in all but 3
patients, who underwent biopsy. Adjuvant BM treatment
consisted of stereotactic radiosurgery (n = 128; 59.3%) and/
or whole-brain radiotherapy (n =115; 53.5%).

Incidence of Discordance

Detailed information regarding subtypes in the primary
tumor and the BM is outlined in Table 2 and methodology
used for the determination of receptor status is presented

Table 1 Baseline characteristics (N =219)
n (%)
Race/ethnicity
White 185 (84.5)
Asian 5(2.3)
Black 13 (5.9)
Hispanic 3(1.4)
Native American 1(.5)
Other/unknown 12 (5.5)
Mean age, y, at diagnosis (SD) 51.85 (10.61)
ER status breast
Positive 117 (53.4)
Negative 102 (46.6)
Not determined 0(0.0)
PR status breast
Positive 79 (36.9)
Negative 135 (61.6)
Not determined 5(2.3)
HER2 status breast
Positive 96 (43.8)
Negative 114 (52.1)
Not determined 9(4.1)
History of hormonal treatment before BM 126 (58.6)
onset
History of HER2-targeted treatment before 101 (47.4)

BM onset

Extracranial metastases at the time of BM diagnosis

Yes 129 (58.9)
No 90 (41.1)
Brain metastasis free interval, mo, median  35.7 [18.2, 72.7]
[IQR]
Treatment
Neurosurgical resection 216 (99.1)
Stereotactic radiosurgery 128 (59.3)
Whole-brain radiotherapy 115 (53.5)
Year of BM diagnosis/treatment
2001-2005 13 (5.9)
2006-2010 48 (21.9)
2011-2018 158 (72.1)

Brain metastasis free interval is the time period between the primary
breast cancer diagnosis and the first brain metastasis.

in Supplementary Tables 1 and 2. Out of 193 complete
cases, 70 (36.3%) were discordant for ER, PR, or HER2. In
50 cases (22.8%), this resulted in a switch of tumor sub-
type (Table 2B). The remaining 20 cases featured a loss of
ER or PR which did not lead to a loss of overall HR status.
For individual receptors, discordance rates were as fol-
lows: ER, 36/216 cases (16.7%, of which 14.8% losses and
1.9% gains); PR, 53/210 cases (25.2%; 22.4% losses, 2.9%
gains); and HER2, 21/201 cases (10.4%; 2.5% losses, 8.0%
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Table2 Tumor subtypes and discordances

Subtypes in Primary Tumor and Brain Metastasis
Total number of cases
Primary tumor subtype
HR+/HER2+
HR+/HER2-
HR-/HER2+
HR-/HER2-
Not determined
Brain metastasis subtype
HR+/HER2+
HR+/HER2-
HR-/HER2+
HR-/HER2-
Not determined
Overall discordance
Total number of complete cases

Breast—brain discordance (for any receptor)

Breast—brain discordance (leading to a different subtype)

Receptor-specific discordance
Receptor
Total number of cases with determined receptor status

Primary tumor receptor status

Brain metastasis receptor status

Discordant

Gain of expression (% of receptor negative primary tumors)

Loss of expression (% of receptor positive primary tumors)

yk{(iB Hulsbergen et al. Subtype switches in breast cancer brain metastases

N (%)
219 (100)
53 (24.2)
61 (27.9)
42 (19.2)
53 (24.2)
10 (4.6)
40 (18.3)
47 (21.5)
64 (29.2)
55 (25.1)
13 (5.9)
N (%)
193 (100)
Discordant: 70 (36.3)
Concordant: 123 (63.7)
Discordant: 50 (22.8)
Concordant: 143 (78.2)
ER (%) PR (%) HER2 (%)
216 (100) 210 (100) 201 (100)
+ 117 (54.2) +79 (37.6) +93 (46.3)
-99 (45.8) -131 (62.4) -108 (53.7)
+89 (41.2) +38 (18.1) +104 (51.7)
-127 (58.8) -172 (81.9) -97 (48.3)
36 (16.7) 53 (25.2) 21 (10.4)
4 (4.1) 6 (4.6) 16 (14.8)
32 (27.4) 47 (59.5) 5 (5.4)

+ = positive; - = negative; ER = estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2.

gains;Table 2C). Notably, in the group of patients who were
HER2- at baseline (n =108), 16 experienced a gain of HER2
status (14.8%). Figure 1 visualizes subtype crossover for all
complete cases. The risk of switching varied depending on
subtype of the primary tumor. A subtype switch occurred
in 37.56% of both primary HR+/HER2- (21/56) and HR+/
HER2+ (18/48) breast cancers. Primary triple negative cases
switched in 14.0% (7/50), while primary HR—/HER2+ had the
lowest incidence of switching at 10.3% (4/39).

For 98 cases from the Dana-Farber Cancer Institute,
granular data on the percentage of ER/PR staining were
available in both the primary tumor and the BM. This
group was used to conduct a sensitivity analysis of ER/
PR discordance using different staining thresholds. In
the sample, discordance rates were similar when using
the 10% versus 1% threshold for ER (16.3% vs 13.3%)
or PR (33.3 vs 35.4%). Granular data are presented in
SupplementaryTable 3.

For 22 discordant cases, receptor expression in extra-
cranial metastases was known. Here, subtype of the

extracranial metastasis was concordant with the BM in
8 cases (36.4%). In the remaining 14 (63.6%) discordant
cases, BM subtype was also discordant with extracranial
subtype. In 13 cases (59.1%), the primary tumor and extra-
cranial metastasis had the same subtype. In the remaining
case (4.5%), 3 different subtypes were found in primary
tumor, extracranial metastasis, and BM (Fig. 2).

Predictors of Discordance

In univariate logistic regression, ER+ and PR+ status in the
primary tumor were associated with future receptor dis-
cordance (P<0.001). Age at primary breast cancer, race/
ethnicity, HER2 expression in the primary tumor, the pres-
ence of extracranial metastases at BM onset, or the interval
between primary tumor and brain metastasis showed no
association (all P-values >0.05). In multivariate analysis,
both ER+ status (odds ratio [OR] = 3.07, 95% Cl = 1.32-7.24;
P=0.009) and PR+ status (OR =3.41; 95% Cl = 1.54-7.78;
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P=0.003) independently predicted discordance. These re-
sults remained significant after P-value adjustment for
7 degrees of freedom (ER: P=0.03, PR: P=0.02). Hormonal
and HER2-targeted therapies prior to the onset of BM were
administered in >90% of patients with HR+ and HER2+ tu-
mors, respectively. Therefore, we were not able to mean-
ingfully analyze the impact of systemic therapy on receptor
switching.

Survival Analyses

Out of 193 complete cases, 144 were diagnosed before
April 1, 2018, fitting the minimum follow-up criterion.
Median survival since BCBM surgery in this cohort was
22.4 months (IQR: 6.5-51.1). All BM subtypes had signifi-
cantly longer survival when compared with triple negative,
while in the primary subtypes, only the HR—/HER2+ sub-
type had significantly improved survival over triple nega-
tive (SupplementaryTable 4).

When looking at subtype discordance, patients were
discretized as those who gained either HR+ or HER2+ ex-
pression, those who only lost an expression, and those
who did not change subtype. After adjusting for age
and treatment institution, patients who gained expres-
sion (n =14) lived longer than those who did not switch
(n =94), although this did not reach statistical signifi-
cance (55.6 vs 23.3 mo, P=0.23; Supplementary Table 6
and Supplementary Figure 1). Patients who lost expres-
sion (n =36) experienced a trend toward worse survival
(16.6 vs 23.3 mo, P=0.08; Supplementary Table 5 and
Supplementary Figure 1).

To explore what drove these trends, we looked at
receptor-specific discordance. In multivariate regres-
sion, loss of ER status predicted worse survival (hazard
ratio = 1.80; P=0.03), while gain of HER2 status showed
a nonsignificant tendency toward longer survival (hazard
ratio = 0.41, P=0.17). No other discordances were associ-
ated with deviations in survival outcomes (Supplementary
Table 5 and Supplementary Figure 1).

1177
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Systemic Therapy After Neurosurgery

Data on systemic therapy after craniotomy for BM were
available for 181 patients. Of these, 157 received any type
of postoperative systemic therapy. Forty-seven patients
received endocrine therapy, 83 received HER2-targeted
therapy, and 104 received chemotherapy. A granular break-
down of post-craniotomy systemic therapy stratified by
subtype of primary tumor and brain metastases is pre-
sented in Supplementary Table 6. Within the group with
sufficient follow-up, 13/15 patients with a HER2 gain re-
ceived HER2-targeted therapy after craniotomy. Moreover,

29/31 patients with an HR loss received no further postop-
erative endocrine therapy.

Receipt of subtype-specific (ie, endocrine or HER2-
targeted) therapy after BM resection was significantly as-
sociated with better overall survival, after adjusting for BM
subtype, number of previous treatment lines, and institution
of treatment (hazard ratio = 0.42, P=0.001); this was espe-
cially pronounced for HER2-targeted therapy in HER2+ pa-
tients (hazard ratio =0.18, P<0.001). Because of increasing
subgroup heterogeneity and small sample size, we were not
able to meaningfully analyze the interactions between dif-
ferent subtype switches and postoperative therapies.
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Discussion

In this large, multicenter cohort of 219 BCBM patients, we
describe subtype-specific incidence, predictors, and clin-
ical implications of subtype switching between BCBM and
primary tumors as well as extracranial metastases.

A recent meta-analysis by Schrijver et al® pooled pre-
vious series on receptor discordance in metastatic BC.
A subset analysis for metastases to the brain included
one retrospective cohort of 120 patients' and a number
of smaller series'®"416-19 rgporting between 20 and 50 pa-
tients, totaling 344 and 399 patients pooled for hormonal
and HER2 discordance respectively. Results in the present
study fall in line with this meta-analysis (ER discordance
16.7% in this study vs 20.8% in pooled analysis; PR discord-
ance 25.2% vs 23.3%; HER2 discordance 10.4% vs 12.5%).°
Several genetic studies have corroborated these results;
Brastianos et al?® found potentially clinically informative
primary/BM discordances in>50% of analyzed BCBMs.
Priedigkeit et al?' reported expression changes in clinically
actionable genes in the majority of patients, with around
20% HER2 gain in baseline HER2— tumors.?’

Baseline ER+and PR+ status predicted discordance,
resulting in a 37.5% switching rate in HR+ primary tumor
patients. HR—/HER2+ primaries, on the other hand, had
the lowest chance of switching subtype (10.2%). One ex-
planation could be intratumoral heterogeneity.'351719 |f g
primary tumor contains a mixture of cell populations with
varying receptor expression, subpopulations of ER- or
HER2+ cells may be more neurotropic than others and be
selected in brain metastases.??"?® This could also explain
the relative preponderance of HER2 gain in our data, as
opposed to the general breast cancer population, where
HER2 loss occurs twice as often®; patients with HER2 loss
would be less likely to develop BCBM. There may also be
biological differences at baseline in tumors which even-
tually switch subtype that are also associated with BCBM.
Garrido-Castro et al have reported that HR+ tumors that
eventually lose HR tend to exhibit more basal features
(eg, TP53 mutations) and fewer luminal features (eg,
PIK3CA mutations) in the original tumor.2® Finally, heter-
ogeneity in tissue fixation or interpathologist variation
of tissue interpretation may account for a percentage of
discordances.?’-?° However, discordance rates were not
lower in a large, blinded, single-pathologist series'® com-
pared with other studies.?

The majority of patients with primary/BM discordance
and data on extracranial distant sites also had intracranial/
extracranial metastasis discordance. These findings lie in
line with the emerging paradigm that brain metastases un-
dergo branched evolution away from the genomic profile
of their primary tumors or extracranial metastases,?® sug-
gesting that it may be hard to infer BM profile from previ-
ously available extracranial metastases.

While we found some variation in survival based
on receptor discordance, especially ER loss, these re-
sults should be interpreted with caution given the small
sample size of discordant subgroups. While ER loss has
been identified as a negative prognostic factor in breast
cancer,'33031 previous studies in BCBM have not reported
this effect.>18

Strengths and Limitations

The main strengths of the present study are its large size
and multi-institutional design.The study’s retrospective na-
ture warrants caution when interpreting the results, in par-
ticular those related to survival outcomes. It also limited
our ability to reliably reconstruct the treating oncologists’
rationales for choice of post-craniotomy systemic therapy
and thereby to determine when subtype switches played
a role in changing management. By presenting a break-
down of post-craniotomy systemic therapies in concordant
and discordant cases, we hope to have provided a general
overview of the clinical course in different patient groups.
However, future studies should aim to evaluate treatment
decisions in a prospective setting. Our analysis only in-
cluded patients with resected or biopsied BM. Most BM
patients do not undergo neurosurgery and it is unknown
whether discordance rates would differ in these patients.
Lastly, we used electronic pathology reports and did not
perform central review and retesting of receptor expression
due to logistical limitations. The international character of
our study presented the main logistical obstacle to central
tissue collection. Studies performing central review' and
those that did not® have generally reported similar discord-
ance rates; still, this limitation underlines the importance of
interpreting our results in light of Schrijver’s meta-analysis.5
To address potential temporal variation in the use of a 10%
versus 1% threshold for ER/PR positivity, we performed
sensitivity analysis which showed similar discordance rates
for both cutoff values; this is consistent with a previous sen-
sitivity analysis in Schrijver’s meta-analysis.®

Implications

Subtype discordance may influence prognosis and treat-
ment choice in BCBM patients. In the current series, HER2-
targeted therapy after BM was strongly associated with
longer survival. Previous studies have shown similar ef-
fects, even in patients without extracranial metastases.32-3¢
As clinical data accumulate for the efficacy of subtype-
specific systemic therapies for BCBM (eg, lapatinib,
tucatinib, or neratinib for HER2+ BCBM, endocrine therapy
and cyclin-dependent kinase 4/6 inhibitors for ER+ BCBM),
itis likely that knowledge of the BM receptor status will be-
come increasingly important.3437-44

In patients considered for either upfront radiation or
resection with or without adjuvant radiation, our results
would lean in favor of resection. Given the invasive nature
of neurosurgery, however, our data also highlight the im-
portance of developing less invasive ways to assess the re-
ceptor status of BM. While there has been active research
in blood-based assays, including circulating tumor cells or
cell-free tumor DNA, at the current time the concordance
between BCBM receptor status and receptor status as de-
termined using these technologies is largely unknown.®

Conclusion

In this multicenter, retrospective cohort of 219 patients,
discordance between primary BC and BM was observed
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in 36.3% of patients, leading to a subtype switch in 22.8%.
The risk of discordance in BM varied according to pri-
mary receptor status, with 37.5% of primary HR+ patients
switching subtype. The majority of primary/BM discordant
patients were also discordant between intra- and extracra-
nial metastases. Given the potential clinical impact of a
subtype switch, obtaining BM tissue could be considered
in selected patients with a high risk of discordance.

Supplementary Material

Supplementary data are available at Neuro-Oncology
online.
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