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PD-L1 expression in breast cancer brain metastases
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Abstract

Background. To evaluate the potential intracranial efficacy of immunotherapy among patients with breast cancer
brain metastases (BrM), we analyzed the immunohistochemical expression of programmed death-ligand 1 (PD-L1),
a predictive biomarker of response to immunotherapy.

Methods. In this single-center retrospective cohort study, consecutive patients with breast cancer BrM (immuno-
therapy naive) who underwent surgery for BrM at Sunnybrook Health Sciences Center between July 1999 and June
2013 were identified. PD-L1 expression by immunohistochemistry (IHC) was assessed on BrM samples in triplicate;
PD-L1 positive status was defined as PD-L1 expression >1% on tumor-infiltrating cells as a percentage of tumor
area using the Ventana SP142 antibody. Estrogen receptor (ER), progesterone receptor (PR), and human epidermal
growth factor receptor (HER2) status was determined using 2018 ASCO/CAP guidelines.

Results. The median patient age at the time of BrM diagnosis was 52 (range 32-85). PD-L1 expression using the
SP42 antibody was identified in 9 out of 59 (15.3%) breast cancer BrM. The frequency of PD-L1 positive BrM by
subtype is as follows: TNBC (n = 3/12, 25.0%), HER2+/HR- (n = 3/14, 21.4%), HR+/HER2- (n = 2/18, 11.1%), and HER2+/
HR+ (n = 1/14, 7.1%). 24-month brain-specific progression-free survival was 66.7% (95% CI 37.9%-100%) among pa-
tients with PD-L1 positive BrM versus 42% (95% Cl 26.6%-67.3%) among those with PD-L1 negative BrM (log-rank
P-value .142).

Conclusions. One in 7 patients in our cohort had PD-L1 positive BrM; this proportion was highest (25%) among
those with TNBC. Intracranial efficacy of immunotherapy warrants further study, particularly among patients with
treatment-naive metastaticTNBC, for whom extracranial efficacy has already been established.

Key points

1- One in 7 patients with metastatic breast cancer in our cohort had PD-L1 positive brain
metastases; this proportion was highest (25%) among those with triple negative breast
cancer.

2- Efficacy of immunotherapy for breast cancer BrM warrants evaluation in clinical trials.
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Importance of the Study

Immunotherapy has potential intracranial ef-
ficacy among patients with metastatic breast
cancer, though patients with breast cancer
brain metastases were largely underrepre-
sented in relevant clinical trials. Furthermore,
the expression of PD-L1 (a predictive bio-
marker of response to immunotherapy) in
breast cancer brain metastases is poorly un-
derstood. In this single-center retrospective
cohort study of 59 breast cancer patients who
underwent surgery for intracranial metastatic
disease between July 1999 and June 2013,
PD-L1 was expressed in 9 out 59 (15.3%) brain

Brain metastases (BrM) are a major cause of morbidity and
mortality in women with breast cancer. Women with met-
astatic HER2-positive (HER2+) and triple-negative breast
cancer (TNBC) have a particularly high propensity to de-
velop intracranial disease compared to women with hor-
mone receptor-positive, HER2-negative (HR+/HER2-) breast
cancer.'3

Immunotherapy has the potential for intracranial efficacy
among patients with breast cancer BrM since intracranial
response has been observed in patients with metastatic
melanoma and non-small cell lung cancer.*® Unfortunately,
patients with breast cancer BrM were underrepresented in
relevant clinical trials evaluating the efficacy of immuno-
therapy. Furthermore, the expression of the programmed
death-ligand 1 (PD-L1), a predictive biomarker of response
to immunotherapy in the brain is poorly understood. To
evaluate the possible role of immunotherapy among pa-
tients with breast cancer BrM, we assessed the expression
of PD-L1 in a retrospective cohort of breast cancer BrM at
our institution.

Methods
Study Sample

A retrospective cohort study of consecutive patients with
breast cancer BrM who underwent surgery for BrM at
Sunnybrook Health Sciences Center between July 1999
and June 2013 were identified through the Anatomic
Pathology departmental database. Clinical variables and
features of the BrM as well as the primary tumor were re-
trieved from the patient’s electronic records. We received
research ethics board approval from the Sunnybrook
Research Institute to conduct this study.

Immunohistochemistry

A tissue microarray using 1Tum cores was obtained. PD-L1
expression by immunohistochemistry (IHC) was assessed
on BrM samples in triplicate; PD-L1 positive status was

metastases; immunohistochemical PD-L1 ex-
pression using the Ventana SP142 antibody
was defined as >1% expression on tumor-
infiltrating cells as a percentage of tumor area,
in accordance with the IMpassion130 and
Impassion131 clinical trials. This proportion
was highest (25%) among those with triple-
negative breast cancer (TNBC) brain metas-
tases. Intracranial efficacy of immunotherapy
warrants further study, particularly among pa-
tients with treatment-naive metastatic TNBC,
for whom extracranial efficacy has already
been established.

defined as PD-L1 expression >1% on tumor-infiltrating
cells as a percentage of tumor area using Ventana SP142
antibody. Estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor (HER2)
status was determined using 2018 ASCO/CAP guidelines.
Cases were considered to have concordant PD-L1 expres-
sion when both tumor samples (primary and BrM) were
positive or negative, according to a cutoff value of 1%.

Statistical Analysis

Data were analyzed using the SPSS software. We used
2 tests to explore the relationship between 2 groups for
categorical data. Brain-specific progression-free survival
(bsPFS) was assessed as the duration of months from
the time of BrM surgery to the time of BrM progression
or death. Overall Survival (OS) was assessed as the dura-
tion of months from the time of BrM surgery to the time
of death due to any cause. BsPFS and OS were estimated
by using the Kaplan—-Meier method and compared across
groups using the log-rank test. For all analyses, statistical
significance was defined as a P-value of <.05.

Results

This study included 59 breast cancer patients who under-
went surgical resection of BrM (Table 1). The median pa-
tient age at the time of BrM diagnosis was 52 (range 32-85).
Estrogen receptor (ER), progesterone receptor (PR) and
human epidermal growth factor receptor (HER2) status was
available for BrM cases in 58 out of 59 patients as follows:
TNBC (n = 12, 20.3%), HER2+/ HR- (n = 14, 23.7%), HER2+/
HR+ (n =14, 23.7%), HR+/HER2- (n = 18, 30.5%).The median
time to development of BrM from first diagnosis of breast
cancer was 36 months (range 0- 410 months). The majority
of patients (n = 37, 62.7%) had a solitary BrM. The median
size of BrM was 2.9 cm (range 0.3 cm to 6.2 cm) with the
most common location being the cerebellum, followed by
frontal lobe (n =25, 42.4% and n = 15, 25.4%, respectively).
Most patients (n = 51, 86.4%) had neurologic symptoms
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Table 1. Patient and Tumor Characteristics

Characteristic N=59
Age at BrM diagnosis

Median 52

Range 32-85
BrM subtype

Triple negative 12 (20.3%)
HER2+/HR- 14 (23.7%)
HER2+/HR+ 14 (23.7%)
HR+/HER2- 18 (30.5%)
Unknown 1(1.7%)
Number of BrM

One 37 (62.7%)
More than 1 21 (35.6%)
Unknown 1(1.7%)
BrM size (cm)

Median 2.9

Range 0.3-6.2
BrM location

Frontal 15 (25.4%)
Parietal 13 (22%)
Temporal 3(5.1%)
Cerebellar 25 (42.4%)
Occipital 2 (3.4%)
Unknown 1(1.7%)
BrM grade

1 16 (27.1%)
2 22 (37.3%)
3 15 (25.4%)
Unknown 6(10.2%)
BrM symptoms

Yes 51 (86.4%)
No 7 (11.9%)
Unknown 1(1.7%)
Other sites of metastases

Lung 19 (32.2%)
Liver 13 (22%)
Lymph node 11 (18.6%)
Bone 22 (37.3%)
Chest wall 2 (3.4%)
Other 4 (6.8%)
Radiotherapy for BrM

Yes 52 (88.1%)
No 3(5.1%)
Unknown 4 (6.8%)
Systemic therapy for metastatic disease prior to BrM
Chemotherapy 9 (15.3%)
Herceptin-based treatment 10 (16.9%)

Table 1. Continued

Characteristic N =59
Endocrine therapy 4 (6.8%)
Unknown 36 (61%)

BrM, brain metastases.

when they presented with metastatic disease. The most
common sites of extracranial metastases included bone
(n =22, 37.3%), lung (n = 19, 32.2%), liver (n = 13, 22%),
lymph nodes (n = 11, 18.6%), and chest wall (n = 2, 3.4%).
After surgical excision of BrM, 88.1% of patients received
adjuvant stereotactic radiosurgery (SRS) or whole brain
radiotherapy (WBRT). 39% of patients received at least
1 line of systemic therapy for metastatic disease prior to
the development of BrM; administered systemic therapies
are outlined in Table 1. None of these patients received
immunotherapy-based treatments.

PD-L1 status was available for all 59 cases. PD-L1 expres-
sion using the SP142 antibody was identified in 9 out of
59 (15.3%) breast cancer BrM irrespective of subtype. As
shown inTable 2, patients with TNBC BrM were most likely
to have PD-L1+ BrM (n = 3/12, 25%), followed by those with
HER2+/HR- (n = 3/14, 21.4%), HR+/HER2- (n = 2/18, 11.1%)
and HER2+/HR+ (n=1/14, 7.1%) disease.

Table 2 shows expression of PD-L1 in BrM as stratified
by BrM subtype, age, location, size, and grade; however,
sample size was too small to adequately power statistical
analyses for associations between PD-L1 status and afore-
mentioned clinicopathological features including tumor
subtype, age, location, size, and grade.

ER, PR, and HER2 status were available for corre-
sponding primary breast cancer cases in 33 out of 59 pa-
tients; tissue from extracranial metastatic sites was not
available (Table 3). The distribution of primary breast
cancer subtypes included the following frequencies:
TNBC (n = 6, 10.2%), HER2+/HR- (n = 11, 18.6%), HER2+/
HR+ (n =4, 6.8%), and HR+/HER2- (n =12, 20.3%) (Table 3).
There was a discordance in the expression of ER and/or PR
and/or HER2 in the primary breast cancer versus BrM in 7
of 33 cases (21.2%) for which matched local tissue subtype
was known; ER and/or PR status was discordant in 6 of 33
(18.2%) cases and HER2 status was discordant in 1 of 33
(3%) cases. PD-L1 status was only available for 10 matched
primary breast cancers. Discordant PD-L1 expression was
observed in 3 of 10 cases; 2 cases demonstrated positive
expression in the primary breast cancer and negative ex-
pression in the corresponding BrM, while 1 case demon-
strated negative expression in the primary breast cancer
and positive expression in the corresponding BrM.

Brain-specific progression-free survival (bsPFS) and
overall survival (OS), measured from time of BrM diag-
nosis, were assessed in 57 of the 59 patients. The median
follow-up for BrM events was 16.1 months. Median bsPFS
was 22.7 months and median OS could not be assessed
due to a small number of reported deaths in this cohort. At
24 months, bsPFS was 47.5% (95% Cl 32.9%-68.7%). When
stratified by PD-L1 status, 24-month bsPFS was 66.7% (95%
Cl 37.9%-100%) among patients with PD-L1 positive BrM
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Table2. PD-L1expression in Brain Metastases as Stratified by
Clinicopathological Features

Characteristic Patients  Number (%) of P
PD-L1+ cases

Overall 59 9(15.3)

BrM subtype .53

Triple negative 12 3(25)

HER2+/HR- 14 3(21.4)

HR+/HER2- 18 2 (11.1)

HER2+/HR+ 14 1(7.1)

Unknown 1 0(0)

Age at BrM (years) .25

<b2 28 6(21.4)

>52 29 3(10.3)

Unknown 2 0(0)

BrM location .82

Frontal 15 2(13.3)

Parietal 13 3(23.1)

Temporal 3 0(0)

Cerebellar 25 4(16)

Occipital 2 0(0)

Unknown 1 0(0)

BrM size (cm) 77

<29 24 4(16.7)

>29 29 4(13.8)

Unknown 6 1(16.7)

BrM grade .86

1 16 3(18.8)

2 22 3(13.6)

3 15 3(20)

Unknown 6 0 (0)

Unknown cases were excluded from association studies.
BrM, brain metastases.

versus 42% (95% Cl 26.6%-67.3%) among those with PD-L1
negative BrM (log-rank P-value .142), as shown in Figure 1.

Discussion

In this single-center, retrospective cohort study, we ana-
lyzed PD-L1 expression using the SP142 antibody in a co-
hort of 59 surgically resected breast cancer BrM. One in
7 patients had PD-L1 positive BrM; this proportion was
highest (25%) among those with TNBC who are most likely
to benefit from immunotherapy.

In large, randomized trials for patients with treatment-
naive metastatic TNBC,%7 approximately 40%-45% of pa-
tients had PD-L1 positive tumors as assessed by the SP142
antibody.%%% Concordance in PD-L1 status between the
primary and metastatic site was not reported in these
trials; furthermore, PD-L1 status in the few patients with

Table 3. Patient and Tumor Characteristics in Corresponding
Primary Breast Cancer Cases

Characteristic N=59
Primary breast cancer subtype

Triple negative 6(10.2%)
HER2+/HR- 11(18.6%)
HER2+/HR+ 4(6.8%)
HR+/HER2- 12 (20.3%)
Unknown 26 (44.1%)
Primary breast cancer stage

1 12 (20.3%)
2 14 (23.7%)
3 8(13.6%)
4 1(1.7%)
Unknown 24 (40.7%)

BrM was unknown. In our study, the expression of PD-L1
in BrM cannot be directly compared to expression levels in
the aforementioned trials, given that patients in our cohort
were heavily pretreated for metastatic disease. However,
the proportion of patients with PD-L1 positive triple neg-
ative BrM (25%) was lower than that reported in other
studies using the same SP142 antibody in other metastatic
sites, such as the lymph nodes (51.1% PD-L1 positive), lung
(68.8% PD-L1 positive), and soft tissues (65.2% PD-L1 pos-
itive); conversely, expression of PD-L1 in BrM was slightly
higher than in the liver (17.4% PD-L1 positive) and bone
(16.7% PD-L1 positive)." Concordance in PD-L1 expression
between primary breast tumors and BrM in TNBC specif-
ically was not possible in this study due to small sample
sizes, but PD-L1 expression has previously been reported
to be higher in the primary tumor compared to metastatic
sites (63.7% vs. 42.2%, P< .0001).™

In a recent study of PD-L1 expression in 223 BrM from
different solid tumors including 111 paired primary tumors
using the 22C3 antibody (with 1% membranous staining
defining positive PD-L1 status), PD-L1 expression was pos-
itive in 23.6% of BrM and 29.0% of primary tumors with
75.5% concordance.'? In the subset of patients with breast
cancer BrM (n=31), PD-L1 expression was positive in 13%
of cases. Similar expression of PD-L1 in surgically resected
BrM from patients with metastatic non-small cell lung
cancer (n = 7/32, 21.9% PD-L1 positive)'® and metastatic
TNBC (n = 6/16, 37.5% PD-L1 positive)'* using the SP142
antibody was also demonstrated. In another study of 84
breast cancer BrM cases, PD-L1 was positive in 53% of
cases, but the clinical relevance of this data is limited given
the use of a nonstandard PD-L1 antibody.' It is also noted
that Sabatier et al. analyzed mRNA expression of PD-L1 in
45 breast cancer cell lines and 5454 breast cancers but in
contrast to our study, a validated predictive biomarker of
response to immunotherapy was not assessed.®

Our study is limited by the single-center, retrospective
design, and relatively small sample size. Among 59 breast
cancer BrM cases, only 10 had matched primary tissue
available for analysis and tissue from other metastatic
sites was not available. In addition, we used only 1 of 2
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Figure 1. Kaplan Meier survival curve (A) bsPFS and (B) OS in BrM stratified by PD-L1 status. bsPFS, brain-specific

progression-free survival; OS, overall survival.

validated measures of PD-L1 expression in breast cancer.
Subsequent assessment of PD-L1 expression using the
combined positive score (CPS) via 22C3 antibody testing,
which predicts benefit of first-line pembrolizumab among
patients with metastatic TNBC, would be of value. Finally,
although we explored the prognostic significance of PD-L1
expression among patients with breast cancer BrM, our
power was limited by small sample size and low event
rates. Hence, our results are hypothesis-generating and
only generalizable to patients requiring surgery for intra-
cranial metastatic disease. Although not statistically signif-
icant, there was a trend for longer bsPFS and OS among
patients with PD-L1 positive BrM compared to those with
PD-L1 negative intracranial disease. Hence, further explo-
ration of the immune microenvironment in PD-L1 positive
versus PD-L1 negative BrM is warranted.

To the best of our knowledge, this is the largest study
of breast cancer BrM evaluating PD-L1 expression using
a validated predictive biomarker of response to immu-
notherapy. The fact that 25% of triple-negative BrM were
PD-L1 positive suggests that a proportion of patients
with metastatic TNBC have the potential to derive in-
tracranial benefit from immunotherapy. This calls for
immunotherapy-based trials in this patient population.
Beyond checkpoint inhibitors, expanding the characteriza-
tion of the tumor microenvironment may lead to the identi-
fication of novel therapeutic targets for breast cancer BrM.
For example, Griguolo et al. used 2 multiplex immunofluo-
rescence panels to identify M2 microglia/macrophage po-
larization as a potential target in HER2-negative BrM and
PD-1/PD-L1 interaction in HER2+ BrM." In addition, a com-
parison of the immune landscape between primary tumors
and BrM would be of value to better understand brain-
specific drivers of immunosuppression.' Unfortunately,
noninvasive methods to determine biomarker expression

in BrM are not currently available and a priori prediction
of intracranial response to immunotherapy may therefore
remain a challenge. Hence, enrollment of patients with
treated breast cancer BrM (as opposed to those with ac-
tive/untreated disease) into immunotherapy clinical trials
may be favored.

Supplementary Material

Supplementary material is available at Neuro-Oncology
Advances online.
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