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PD-L1 protein expression in breast cancer is rare,
enriched in basal-like tumours and associated
with infiltrating lymphocytes
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Background: Expression of programmed death ligand 1 (PD-L1) in solid tumours has been shown to predict whether
patients are likely to respond to anti-PD-L1 therapies. To estimate the therapeutic potential of PD-L1 inhibition in breast
cancer, we evaluated the prevalence and significance of PD-L1 protein expression in a large collection of breast tumours.
Patients and methods: Correlations between CD274 (PD-L1) copy number, transcript and protein levels were evalu-
ated in tumours from 418 patients recruited to the METABRIC genomic study. Immunohistochemistry was used to detect
PD-L1 protein in breast tumours in tissue microarrays from 5763 patients recruited to the SEARCH population-based
study (N =4079) and the NEAT randomised, controlled trial (N = 1684).

Results: PD-L1 protein data was available for 3916 of the possible 5763 tumours from the SEARCH and NEAT studies.
PD-L1 expression by immune cells was observed in 6% (235/3916) of tumours and expression by tumour cells was
observed in just 1.7% (66/3916). PD-L1 was most frequently expressed in basal-like tumours. This was observed both
where tumours were subtyped by combined copy number and expression profiling [39% (17/44) of IntClust 10 i.e. basal-
like tumours were PD-L1 immune cell positive; P <0.001] and where a surrogate IHC-based classifier was used [19%
(66/302) of basal-like tumours were PD-L1 immune cell positive; P < 0.001]. Moreover, CD274 (PD-L1) amplification was
observed in five tumours of which four were IntClust 10. Expression of PD-L1 by either tumour cells or infiltrating immune
cells was positively correlated with infiltration by both cytotoxic and regulatory T cells (P < 0.001). There was a nominally
significant association between PD-L1 and improved disease-specific survival (hazard ratio 0.53, 95% confidence interval
0.26-1.07; P =0.08) in ER-negative disease.

Conclusions: Expression of PD-L1 is rare in breast cancer, markedly enriched in basal-like tumours and is correlated
with infiltrating lymphocytes. PD-L1 inhibition may benefit the 19% of patients with basal-like tumours in which the protein
is expressed.

NEAT ClinicalTrials.gov: NCTO0003577.

Key words: breast cancer, PD-L1, CD274, immune checkpoint, lymphocytes, basal-like

introduction inhibitors of immune checkpoint proteins such as cytotoxic

o ) T-lymphocyte-associated protein 4 (CTLA4) [1], programmed
The potential of enlisting the immune system as an endogenous cell death 1 (PD-1) [2] and programmed death ligand 1 (PD-L1)
tumouricidal therapy has been realised in recent clinical trials of 3, 4]. PD-L1 binds PD-1 [5, 6] and CD80 [7] to reduce the
cellular immune response by inducing T-cell tolerance which,
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raza.ali@cruk.cam.ac.uk by tumours [8]. Therefore, inhibition of PD-L1 will, in a sense,
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Cancer Centre, Melbourne, Australia. T-cell-mediated attack. In solid tumours, PD-L1 has been found
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to be expressed by both tumour cells and infiltrating immune
cells [4, 9], and its inhibition has been found to result in an en-
during clinical response in a variety of solid tumours including
melanoma [1], renal cell carcinoma [3], lung carcinoma [3] and,
most recently, bladder carcinoma [4]. Breast cancer has not gen-
erally been thought of as an immunogenic malignancy and,
unlike bladder cancer, no therapy designed to enhance the anti-
tumour immune response is currently used. However, breast
cancer is an exceptionally heterogeneous disease and it has
become apparent that a subset of tumours is subject to an effect-
ive immune response. In a large-scale analysis of four studies,
we found that the presence of infiltrating cytotoxic T cells was
associated with improved outcome but that this effect was
limited to ER-negative and HER2-positive disease [10].

Since clinical trials have found that expression of PD-L1 on
both tumour and immune cells predicts whether a patient is
likely to respond to its inhibition [9], we used large clinical
studies to investigate the prevalence of PD-L1 expression in
breast cancer in order to estimate the proportion of the popula-
tion that may benefit from these therapies.

methods

patient population

Primary tumour samples from three clinical studies were used for this ana-
lysis: the SEARCH observational study [11], the NEAT randomised, con-
trolled trial [12] and the METABRIC genomic study [13, 14]. Patient
characteristics are summarised in supplementary Table S1, available at
Annals of Oncology online. Details of clinical studies are provided in supple-
mentary Methods, available at Annals of Oncology online.

molecular subtyping

Tumour molecular subtype was assigned using both combined copy number
and expression profiling for tumours from the METABRIC study [13, 15]
and a surrogate immunohistochemical classifier for the SEARCH and NEAT
studies [16] which is summarised in supplementary Table S2, available at
Annals of Oncology online. Genomic instability and TP53 status were deter-
mined as previously described [13, 17, 18]. Further details are provided in
the supplementary Methods, available at Annals of Oncology online.

PD-L1 assay validation and scoring

A rabbit monoclonal antibody raised against residues near the carboxy ter-
minus of PD-L1 (Cell Signalling Technology, catalogue #13684) was investi-
gated for use in immunohistochemistry (IHC). Two breast cancer cell lines
(MDA-MB-231 and MCF?7) were used to assess the specificity of the anti-
body by western blot analysis. To modulate PD-L1 expression, cell lines were
treated with interferon-y and knockdown experiments were conducted using
siRNA directed against human CD274 (PD-L1). Specificity of the immuno-
histochemical assay was tested using formalin-fixed paraffin-embedded
(FFPE) pellets of the cell lines with concurrent quantitative western blot ana-
lysis of fresh cell lysates for comparison. Detailed experimental procedures
are described in supplementary Methods, available at Annals of Oncology
online.

Tumour samples were represented by a single 0.6-mm core in tissue
microarrays. Stained slides were scanned using an Aperio Scanscope AT2
digital slide scanner. PD-L1 was scored as reported in recent trials [9], where
tumour and immune cells were attributed separate scores on a four-point
scale as follows: 0, <1% positive cells; 1, 1%-5% positive cells; 2, 5%-10%
positive cells and 3, >10% positive cells.
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statistical analysis

Correlations between continuous and ordinal variables were assessed using
Spearman’s rank correlation coefficient. Associations between categorical
variables were assessed using Pearson’s y” test. The Kruskal-Wallis rank
test was used to investigate the relationship between CD274 (PD-L1) copy
number status and gene expression. The relationship between expression of
PD-L1 and disease-specific survival was investigated using a Cox propor-
tional hazards regression model stratified by study. Since expression of ER
violates the proportional hazards assumption [16], analyses were con-
ducted separately by ER status. To investigate whether expression of PD-L1
modified the association between infiltrating lymphocytes and outcome
previously reported, an interaction term was included in survival models.
Similarly, whether expression of PD-L1 could predict differential benefit
from the addition of epirubicin to CMF was assessed using an interaction
term in survival models. Estimates of absolute five and ten year survival
were calculated using the Kaplan-Meier method. All analyses were
conducted in Intercooled Stata version 11.2 (Stata Corp., College Station,
TX). Further details are provided in supplementary Methods, available at
Annals of Oncology online.

results

PD-L1 assay validation

Western blot analysis using a rabbit monoclonal antibody
detected a protein of 50 kDa, approximately the size of glycosy-
lated PD-L1 [19], in lysates of the MDA-MB-231 breast cancer
cell line while no protein was detected in lysates of MCF7 (sup-
plementary Figure S1, available at Annals of Oncology online).
Treatment with interferon-y increased the amount of protein
detected in lysates of MDA-MB-231 and a band of similar
atomic mass became detectable in lysates of MCF7 (supplemen-
tary Figure S1, available at Annals of Oncology online). IHC was
applied to FFPE cell pellets of MDA-MB-231 cells revealing
strong circumferential membranous staining. Antibody specifi-
city was confirmed by knockdown using siRNA against PD-L1,
resulting in a more than 70% reduction in the amount of
protein detected by quantitative western blot analysis and a pro-
portionate reduction in the signal observed by IHC (supplemen-
tary Figure S2A-D, available at Annals of Oncology online). IHC
of human tonsil revealed weak membranous staining of macro-
phages and staining of human placenta showed strong expres-
sion by syncytiotrophoblasts (supplementary Figure S2E,
available at Annals of Oncology online) consistent with previous
observations [19]. Collectively these analyses confirmed the spe-
cificity of the immunohistochemical assay for PD-L1.

CD274 (PD-L1) amplification occurs in a subset
of almost exclusively basal-like tumours

We used the METABRIC dataset comprising 1980 tumours
to investigate the relationship between CD274 (PD-L1) copy
number status, gene and protein expression and molecular
subtype (Figure 1). CD274 (PD-L1) gene expression was
found to be positively associated with copy number status
(P =0.0001). The distribution of the ten integrative clusters of
breast cancer (IntClust) [13, 14] also significantly differed
according to CD274 (PD-L1) copy number status (P < 0.001).
Of the 10 clusters, IntClust 10, which approximately equates to
basal-like tumours, was significantly enriched among tumours
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Figure 1. Distribution of PD-L1 (CD274) gene expression and molecular subtypes of breast cancer by PD-L1 (CD274) copy number status based on aCGH in
the METABRIC study. Values within coloured boxes are the absolute number of cases. Right panel depicts immunohistochemistry applied to full-face sections

from three IntClust 10 tumours shown to harbour PD-L1 amplification by aCGH.

with either a copy number gain or amplification of CD274
(PD-L1). Only five tumours showed amplification and, of
these, four belonged to IntClust 10 while of 65 tumours with
copy number gain of CD274 (PD-L1), 37 (57%) were IntClust
10. IHC for PD-L1 protein was conducted on full-face sections
of three IntClust 10 tumours with CD274 (PD-L1) amplifica-
tion, and strong expression was observed in tumour cells.
However, the distribution of expression differed between these
cases with only one showing diffuse expression in a large pro-
portion of the tumour, whereas the others showed focal PD-L1
expression largely limited to the tumour-stroma interface
(Figure 1). IHC for PD-L1 was also conducted on a subset of
418 cases represented in TMAs from the METABRIC study.
PD-L1 protein expression was modestly correlated with CD274
(PD-L1) mRNA expression. The Spearman’s rank cor-
relation between tumour PD-L1 expression and gene expres-
sion was 0.17 (P=0.0005) and 0.15 (P=0.002) between
PD-L1 immune cell expression and gene expression in bulk
tumour samples (supplementary Figure S3, available at Annals of
Oncology online). Supplementary Figure S4, available at Annals of
Oncology online, depicts box-plots illustrating that both tumour
and immune cell PD-L1 expression was significantly associated
with a greater number of genomic breakpoints (PD-L1"
immune cells P =0.003; PD-L1" tumour cells P = 0.004) but not
with a genome instability index. Supplementary Figure S5, avail-
able at Annals of Oncology online, depicts cross-tabulations of
PD-L1 expression versus TP53 mutation status, separately for
ER-positive and ER-negative disease. PD-L1 expression by
either tumour or immune cells was not significantly associated
with mutation of TP53.

PD-L1 protein is rarely expressed in breast cancer

Data on expression of PD-L1 was successfully generated in 3916
tumours from the SEARCH (N =2453) and NEAT (N = 1463)
studies (supplementary Figure S6, available at Annals of
Oncology online); data were not generated on the remaining
1847 owing to technical reasons such as core drop out or lack of
adequate representation of tumour cells. Expression in >1% of
immune cells was observed in 235 (6%) tumours while just 66
(1.7%) tumours expressed PD-L1 in >1% of tumour cells (sup-
plementary Figure S6, available at Annals of Oncology online).
Expression of PD-L1 in tumour and/or immune cells was
observed in 245 tumours.

PD-L1 expression is associated with infiltrating
lymphocytes and basal-like tumours

Expression of PD-L1 showed a significant positive correlation
with levels of infiltrating intra-tumoral CD8" and FOXP3" lym-
phocytes (Spearman’s rank correlation = 0.3; P < 0.0001 for both
comparisons). Supplementary Figure S7, available at Annals of
Oncology online, depicts the distribution of infiltrating intra-
tumoral or stromal lymphocytes by level of PD-L1 expression.
Of the 418 cases from the METABRIC study for which both
PD-L1 protein data and genomic subtyping data were available,
50 showed expression in >1% of infiltrating immune cells and
17 of these belonged to IntClust 10, while only 15 showed ex-
pression in >1% of tumour cells and 9 of these belonged to
IntClust 10. Thirty-nine percent (17/44) of IntClust 10 cases
showed PD-L1 expression in >1% of immune cells (supplemen-
tary Figure S8, available at Annals of Oncology online). The
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distribution of THC-defined molecular subtypes also differed
significantly according to the level of PD-L1 expression
(P<0.00001; Figure 2). The proportion of tumours which
belonged to the basal-like (CBP, i.e. triple-negative tumours
with expression of CK56 and/or EGFR) subtype steadily
increased with the proportion of PD-L1 positive immune cells
where the proportion of basal-like tumours at each level of <1%,
1%-5%, 5%-10% and >10% PD-L1-positive immune cells was
8% (246/2899), 20% (9/44), 33% (19/58) and 47% (28/59); col-
lectively amounting to 19% (56/302) of basal-like tumours with
PD-L1 protein expression in >1% of immune cells. In addition
when limited to basal-like tumours, expression of PD-L1 was
not significantly associated with grade, the number of positive
lymph nodes, tumour size or patient age.

association with disease-specific survival

Expression of PD-L1, by either tumour cells or immune cells,
was not significantly associated with outcome in either ER-posi-
tive or ER-negative breast cancer (supplementary Tables S3 and
S4, available at Annals of Oncology online) irrespective of
whether the variable was modelled as categorical, continuous or
dichotomous. However, in ER-negative disease, a subgroup in
which immune infiltration has previously been found to be
associated with outcome [10], PD-L1 expression in >10% of
immune cells was associated with reduced disease-specific
mortality although this was nominally statistically significant

(hazard ratio 0.53, 95% confidence interval 0.26-1.07; P = 0.08).
There was no significant interaction between the prognostic
effect of cytotoxic or regulatory T cells and PD-L1 expression
nor was any significant interaction between randomisation arm
in the NEAT trial and PD-L1 (data not shown). Supplementary
Table S5, available at Annals of Oncology online, details
estimates of absolute survival at 5 and 10 years for patient
subgroups defined by PD-L1 expression, the presence of intra-
tumoral CD8" (iT-CD8) lymphocytes and ER status. These
estimates require cautious interpretation owing to the rarity of
PD-L1 expression.

discussion

We pooled large clinical studies to investigate the prevalence
and significance of PD-L1 protein expression in breast cancer
using a validated assay. Expression of PD-L1 by immune cells
was observed in 6% of tumours, while expression by tumour
cells occurred in just 1.7%. These frequencies significantly dif-
fered by tumour subtype. Basal-like tumours (CBP, i.e. triple-
negative tumours with expression of CK56 and/or EGFR) were
characteristically enriched in PD-L1 expression with 19% con-
taining PD-LI-positive immune cells. Although expression of
PD-L1 was significantly correlated with infiltrating lymphocytes,
a large proportion of tumours which contained lymphocytic in-
filtration did not contain PD-L1-positive cells. There was,
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Figure 2. Distribution of molecular subtypes of breast cancer by PD-L1 protein expression level in pooled cases from the SEARCH and NEAT studies. Values
within coloured boxes are the absolute number of cases. HER2, human epidermal growth factor receptor 2; CBP, core-basal phenotype; 5NP, five marker

negative phenotype; TNBC, triple-negative breast cancer.
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however, no interaction between the prognostic effect of infil-
trating lymphocytes and expression of PD-LI. There was a
nominal association between PD-L1 expression and longer
disease-specific survival in ER-negative disease.

This study is the first large-scale analysis of PD-L1 protein ex-
pression in breast cancer. Previous studies have included many
fewer patients [20] and their analytic validity has been ques-
tioned [21, 22]. We used a validated assay and two large clinical
studies including a population-based cohort in order to derive
reliable estimates of the probable prevalence of PD-L1 expres-
sion in the breast cancer population. We report lower frequen-
cies of PD-L1 expression than previous studies. Two prior
studies evaluated PD-L1 at the level of gene expression using
RNA fluorescence in situ (FISH) in one [23], and pooled micro-
array data in the other [24]. Based on RNA FISH, Schalper et al.
report that up to 60% of breast tumours show CD274 (PD-L1)
expression [23] whereas Sabatier et al. report that CD274 (PD-
L1) is up-regulated in 20% of tumours based on microarray data
[24]. These estimates themselves differ enormously and both are
far greater than the frequencies observed here. This disparity
may be due to the poor correlation between PD-L1 protein and
RNA, as well as differences between study populations.

We find that PD-L1 expression is rare overall and expressed
in around one-fifth of basal-like tumours, however clinical
benefit from inhibition of PD-L1 may extend beyond this popu-
lation. Recent studies have shown, based both in mouse models
[25] and in human tumour samples [26, 27], that mutational
patterns can influence the efficacy of immune checkpoint inhibi-
tors. Most notable among these characteristics are mutations
which result in genetic alterations predicted to be immunogenic
by encoding neo-antigens. Identifying the best predictor of im-
mune checkpoint inhibition whether it’s genomic, tissue based
or a combination, will necessitate a head-to-head comparison in
representative clinical cohorts of sufficient size.

We did not find a convincing association between PD-L1 ex-
pression by immune cells and clinical outcome. There was,
however, a nominally significant association between high levels
(>10%) of immune cell PD-L1 expression and improved survival
(P=0.08). Given that both Schalper et al. and Sabatier et al.
report a significant association between high CD274 (PD-L1)
gene expression and improved survival [23, 24], it is plausible
that we did not robustly detect this effect owing, for example, to
a different threshold for ‘high’ PD-L1 expression or due to insuf-
ficient power. This difference may be addressed by pooling data
from additional studies and using a quantitative system for
scoring PD-L1 expression. However, our findings are supportive
of the association between improved survival and PD-L1 expres-
sion previously reported.

The main limitation of this study was the use of TMAs for re-
presentation of tumours. In some tumours, immune infiltration
may be heterogeneous and this heterogeneity will not be cap-
tured by TMAs. However, the reduced power associated with
this sampling error was here attenuated by a large sample size.
Indeed, TMAs enable the conduct of large-scale pathology
studies and in this way ultimately lead to more reliable conclu-
sions. A second limitation is that we have not assessed PD-L1
protein expression in the metastatic setting in which trials of
PD-L1 inhibitors have so far been conducted.

Annals of Oncology

We find that PD-L1 protein expression is rare in primary
breast cancer overall but that around one-fifth of basal-like
tumours contain infiltrating immune cells that express it. Basal-
like breast cancer is again implicated as subject to the effects of
the PD-L1 axis by the observation that amplification of CD274
(PD-L1), though rare, occurs almost exclusively in basal-like
tumours. This implies that within the microenvironment of
these tumours expression of PD-L1 confers a survival advan-
tage. Moreover, amplification of CD274 (PD-L1) has been
observed in the setting of EBV-positive gastric cancer [28] and
in samples of Hodgkin’s lymphoma from patients who have had
a clinical response to PD-1 inhibition [29]. Taken together,
these observations have important implications for the potential
of inhibitors of PD-L1 in breast cancer, particularly for the
design and analysis of clinical trials. Our observations suggest
that PD-L1 inhibitors may benefit a small subset of women
with breast cancer with tumours that express PD-L1, most of
which will prove to be basal-like. Previous observations, both
in cell lines and in tumour samples are concordant with this
conclusion [30].

conclusions

To our knowledge, we have conducted the first large-scale ana-
lysis of PD-L1 protein expression in breast cancer. We find that
PD-L1 expression, both by immune and tumour cells is rare,
associated with infiltrating lymphocytes and significantly
enriched in basal-like tumours. Our findings together with
those previously published [23, 24] suggest that high PD-L1 ex-
pression is associated with improved survival. These findings
imply that clinical trials of PD-L1 inhibitors in breast cancer
ought to be enriched for patients with basal-like breast cancer
and, given the rarity of expression, may need to recruit across a
large number of centres.
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Supplementary Figure 1

Top panel: Formalin-fixed paraffin-embedded cell pellets of breast cancer cell lines
(MDA-MD-231 and MCF7) variably treated with interferon gamma as indicated with
PD-L1 expression detected by immunohistochemistry.

Bottom panel: Concurrent western blot analysis for PD-L1 protein.
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Supplementary Figure 2

Western blot analysis for PD-L1 protein using lysates from MDA-MB-231
untreated and treated with interferon gamma.

Immunohistochemistry for PD-L1 on formalin-fixed paraffin-embedded cell pellets
of MDA-MB-231 untreated and treated with interferon gamma.

Western blot analysis for PD-L1 protein using lysates from MDA-MB-231
following treatment with control (scramble) and PD-L1 targeting siRNA.
Immunohistochemistry for PD-L1 on formalin-fixed paraffin-embedded cell pellets
of MDA-MB-231 treated with control (scramble) and PD-L1 targeting siRNA.
Immunohistochemistry for PD-L1 applied to human tonsil (left) revealing weak
membranous expression by macrophages and on human placenta (right)

revealing strong expression by syncytiotrophoblasts.
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Supplementary Figure 3
Box-plots depicting the correlation between PD-L1 protein expression and PD-L1
mRNA expression in tumour cells and immune cells.
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Supplementary Figure 4

Box-plots depicting the distribution of the number of genomic breakpoints (top) and of

a genomic instability index (bottom) by the proportion of immune or tumour cells
expressing PD-L1 protein by immunohistochemistry.
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TP53 mutation status
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Supplementary Figure 6
Distribution of scores for PD-L1 protein expression by immunohistochemistry on
immune and tumour cells in the SEARCH and NEAT studies.
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Supplementary Figure 7

Box-plots depicting the distribution of CD8+ and FOXP3+ lymphocytes by PD-L1
expression in tumour and immune cells in the cases pooled from the SEARCH and
NEAT studies. Abbreviations: iT — intratumoural; S — stromal.
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Supplementary Figure 8

Distribution of Integrative Clusters of breast cancer by PD-L1 protein expression in
immune and tumour cells. Values within coloured boxes are the absolute number of
cases.
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Supplementary Methods

Patient population
Primary tumour samples from three clinical studies were used for this analysis: the SEARCH

observational study[1], the NEAT randomised controlled trial[2] and the METABRIC genomic
study[3, 4]. SEARCH (Studies of Epidemiology and Risk factors in Cancer Heredity) is an ongoing
observational population-based study of women with primary breast cancer in East Anglia, England.
Details of this study have been published previously[1]. It comprises prevalent and incident cases.
Women already diagnosed with breast cancer (prevalent cases) at study commencement in 1996 were
recruited providing they were under the age of 55 years and diagnosed between 1991 and 1996. After
1996 women newly diagnosed with breast cancer (incident cases) were also recruited to the study
providing they were less than 70 years of age at diagnosis. NEAT (National Epirubicin Adjuvant
Trial) was a phase III randomised controlled trial which compared the efficacy of cyclophosphamide
methotrexate and fluorouracil (CMF) against Epirubicin in addition to CMF (E-CMF). Details and
results of this trial have been published previously[2, 5]. METABRIC (Molecular Taxonomy of
Breast Cancer International Consortium) is a multi-centre observational genomics study of breast
cancer. Gene expression and copy-number data were generated as previously described[3] using
microarrays. All studies received ethics committee approval and patients provided written informed
consent. Patient characteristics are summarised in Supplementary Table 1. Of the 418 cases included
in analyses from the METABRIC study, 153 cases are also represented in the SEARCH study

however no analyses pooling these studies together are presented.

Molecular subtyping and genomics
Details of the immunohistochemistry protocols and scoring methods for the five markers used for

molecular subtyping have been published previously[6]. Two measures of genomic instability were
used to investigate the relationship with PD-L1 expression: a genomic instability index based on the
proportion of the genome affected by copy number alterations and the number of genomic
breakpoints. Computation of both measures has been described previously[7]. In addition, TP53
mutation status assayed as previously described[3] was also investigated as a correlate of PD-L1

expression.

Statistical Analyses
It has been shown that the inclusion of prevalent cases in survival analyses can bias estimates. To

adjust for this bias we left truncated survival time for patients recruited to the SEARCH study, where
patients were considered ‘at risk’ following their date of study entry rather than their date of
diagnosis. It is important to note that date of diagnosis remained the commencement of survival time

for these patients, however their inclusion in survival models was restricted (left truncated) to the
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period during which they were under observation. This method has been shown to yield unbiased

estimates providing the proportional-hazards assumption is not violated[8].

Cell culture and Manipulation of PD-L1 expression in cell lines
MDA-MB-231 and MCF-7 breast cancer cell lines were obtained from American Type Culture
Collection (ATCC) and cultured in DMEM media supplemented with 10% FBS and L-Glutamin.

For knock-down experiments, sub-confluent MDA-MB-231 cells were transfected with 25nM of
either ON-TARGETplus Non-targeting siRNA (Control siRNA) (D-001810-01-20, Thermo Scientific
Dharmacon) or the ON-TARGETplus Human CD274 (29126) siRNA - SMARTpool (L-015836-01,
Dharmacon) using the DharmaFECT 4 Transfection Reagent (T-2004-02, Dharmacon). The
transfections were conducted for 48 hours, in accordance with the protocol stated by Thermo
Scientific Dharmacon.

For the induction of PD-L1 levels, sub-confluent MCF-7 and MDA-MB-231 cell lines were treated
with Recombinant Human IFN-gamma (IFNy) (285-IF-100, R&D systems), at a concentration of
either 10ng/ml or 100 ng/ml. The treatment was maintained for 48 hours.

Cells were then harvested and protein lysates for Western blot as well as cell pellets for FFPE were
collected. PD-L1 levels were assessed by Western blot analysis and Immunohistochemistry,
respectively.

Western blot

Proteins were extracted using the Ripa buffer and quantified on the infrared (IR)-based biomolecular
quantitation system Direct Detect® System (Millipore). They were then run a SDS-PAGE gel.
Following electrophoresis, they were transferred onto a nitrocellulose membrane using the iBlot® 2
Dry Blotting System (Thermo Fisher Scientific). After blocking with Odyssey® Blocking Buffer
(927-40000, Li-Cor), the membrane was probed with the PD-L1 (EIL3N®) XP® Rabbit mAb
(#13684, Cell Signaling Technologies) diluted to 1:1,000 and the Mouse monoclonal GAPDH
Antibody (#G8795, Sigma Aldrich) to 1:15,000.

Detection of the anti PD-L1 primary antibody was performed with the IRDye 800CW Goat
(polyclonal) anti Rabbit (926-32211, Li-Cor Biosciences), 1:5,000, while the GAPDH was detected
with the IRDye® 680LT Goat anti-Mouse (926-68020, Li-Cor), 1:15,000. All antibodies were diluted
in Odyssey Buffer.

The proteins were visualised using the Odyssey CLx Infrared Technology (Li-Cor) and images were
taken with the automated capture option from Image studio Version 4.0 software. The proteins were
then quantified using the same software.

Immunohistochemistry
The 3 pm paraffin sections were dewaxed in xylene and rehydrated through graded ethanol
concentrations, on a Leica ST5020 system.

The PD-L1 (E1L3N®) XP® Rabbit mAb (#13684, Cell Signaling Technologies) was then validated
for immunohistochemistry on the Leica Bond RX automated system (Leica Biosystems), using a
BOND polymer refine detection kit (DS9800, Leica Microsystems). The bound primary antibody was
detected using a polymer-conjugated secondary antibody that was then detected with the 3-3'-
diaminobenzidine (DAB) chromogen.

Tissue pre-treatment conditions were optimised to heat induced antigen retrieval for 20 minutes
in EDTA, pH 9 and the optimised dilution of the PD-L1 primary antibody was 1:100.
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Supplementary Material
Supplementary Methods

Study populations, statistical analyses and experimental procedures for cell culture, CD274
knockdown and immunohistochemistry.

Supplementary Tables

Supplementary Table 1
Summary of clinical characteristics of SEARCH and NEAT studies.

Supplementary Table 2
Scheme for molecular subtyping of tumours within the SEARCH and NEAT studies.

Supplementary Table 3
Univariate Cox-regression of PD-L1+ immune cells in ER-positive breast cancer for disease-specific

survival, stratified by study.

Supplementary Table 4
Univariate Cox-regression of PD-L1+ immune cells in ER-negative breast cancer for disease-specific

survival, stratified by study.

Supplementary Table 5
Survival estimates at five and ten years for subgroups defined by PD-L1 and iT-CD8 status, separately

for ER-positive and ER-negative disease.

Supplementary Figures

Supplementary Figure 1
Top panel: Formalin-fixed paraffin-embedded cell pellets of breast cancer cell lines (MDA-MD-231 and

MCF7) variably treated with interferon gamma as indicated with PD-L1 expression detected by

immunohistochemistry.

Supplementary Figure 2
A. Western blot analysis for PD-L1 protein using lysates from MDA-MB-231 untreated and

treated with interferon gamma.

B. Immunohistochemistry for PD-L1 on formalin-fixed paraffin-embedded cell pellets of MDA-
MB-231 untreated and treated with interferon gamma.

C. Western blot analysis for PD-L1 protein using lysates from MDA-MB-231 following treated
with control (scramble) and PD-L1 targeting siRNA.
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D. Immunohistochemistry for PD-L1 on formalin-fixed paraffin-embedded cell pellets of MDA-
MB-231 treated with control (scramble) and PD-L1 targeting siRNA.

E. Immunohistochemistry for PD-L1 applied to human tonsil (left) revealing weak membranous
expression by macrophages and on human placenta (right) revealing strong expression by
syncytiotrophoblasts.

Bottom panel: Concurrent western blot analysis for PD-L1 protein.

Supplementary Figure 3
Box-plots depicting the correlation between PD-L1 protein expression and PD-L1 mRNA expression in

tumour cells and immune cells.

Supplementary Figure 4
Box-plots depicting the distribution of the number of genomic breakpoints (top) and of a genomic

instability index (bottom) by the proportion of immune or tumour cells expressing PD-L1 protein by

immunohistochemistry.

Supplementary Figure 5

Cross-tabulations of TP53 mutation status versus the proportion of immune or tumour cells
expressing PD-L1, separately for ER-positive and ER-negative tumours. Boxes are shaded with an

intensity in proportion to the depicted value.

Supplementary Figure 6
Distribution of scores for PD-L1 expression by immunohistochemistry on immune and tumour cells in

the SEARCH and NEAT studies.

Supplementary Figure 7
Box-plots depicting the distribution of CD8+ and FOXP3+ lymphocytes by PD-L1 protein expression

in tumour and immune cells in the cases pooled from the SEARCH and NEAT studies. Abbreviations:

1T — intratumoural; S — stromal.

Supplementary Figure 8
Distribution of Integrative Clusters of breast cancer by PD-L1 protein expression in immune and

tumour cells. Values within coloured boxes are the absolute number of cases.
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Supplementary Tables

Supplementary Tables

Supplementary Table 1
Summary of clinical characteristics of SEARCH and NEAT studies.

NEAT SEARCH Total
No. % No. % No. %
Deaths from breast cancer
Censored 1295 77 3482 85 4777 83
Dead 389 23 597 15 986 17
Total 1684 100 4079 100 5763 100
Age (>55 years)
<55 1291 77 2529 62 3820 66
>55 393 23 1550 38 1943 34
Total 1684 100 4079 100 5763 100
No Positive Nodes
0 531 32 2292 56 2823 49
1 341 20 569 14 910 16
2to4 514 31 508 12 1022 18
5t09 211 13 184 5 395 7
10+ 80 5 120 3 200 3
Missing 7 0 406 10 413 7
Total 1684 100 4079 100 5763 100
Tumour size
<10mm 76 5 444 11 520 9
10-19mm 478 28 1741 43 2219 39
20-29mm 576 34 1003 25 1579 27
30-49mm 383 23 497 12 880 15
50+mm 137 8 145 4 282 5
Missing 34 2 249 6 283 5
Total 1684 100 4079 100 5763 100
Grade
1 97 6 799 20 896 16
2 569 34 1701 42 2270 39
3 999 59 1102 27 2101 36
Missing 19 1 477 12 496 9
Total 1684 100 4079 100 5763 100
Endocrine therapy
No 0 0 837 21 837 15
Yes 0 0 3231 79 3231 56
Missing 1684 100 11 0 1695 29
Total 1684 100 4079 100 5763 100
Chemotherapy
No 2 0 2472 61 2474 43
Yes 1682 100 1242 30 2924 51
Missing 0 0 365 9 365 6
Total 1684 100 4079 100 5763 100
ER status
Negative 541 32 757 19 1298 23
Positive 819 49 2267 56 3086 54
Missing 324 19 1055 26 1379 24
Total 1684 100 4079 100 5763 100
HER?2 status
Negative 1272 76 2533 62 3805 66
Positive 327 19 345 8 672 12
Missing 85 5 1201 29 1286 22
Total 1684 100 4079 100 5763 100
PDL1+ immune cells
<1% 1304 77 2377 58 3681 64
1-5% 46 3 18 0 64 1
5-10% 52 3 30 1 82 1
>10% 61 4 28 1 89 2
Missing 221 13 1626 40 1847 32
Total 1684 100 4079 100 5763 100
PDL1+ tumour cells
<1% 1427 85 2423 59 3850 67
1-5% 12 1 10 0 22 0
5-10% 11 1 13 0 24 0
>10% 13 1 7 0 20 0
Missing 221 13 1626 40 1847 32
Total 1684 100 4079 100 5763 100
Ali et al.
PD-L1 Protein Expression in Breast Cancer 1
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Supplementary Tables

Supplementary Table 2
Scheme for molecular subtyping of tumours within the SEARCH and NEAT studies.

Molecular subtype ER and/or PR HER2 CK56 and/or EGFR

Luminal 1la Positive Negative Negative
Luminal 1b Positive Negative Positive
Luminal 2 Positive Positive NA
HER2 Negative Positive NA
CBP Negative Negative Positive
5NP Negative Negative Negative

Abbreviations: CBP — core basal phenotype, CK56 — cytokeratin 56, ER — estrogen receptor, EGFR —
epidermal growth factor receptor, HER2 — human epidermal growth factor receptor 2, PR — progesterone
receptor, SNP — five marker negative phenotype.

Ali et al.
PD-L1 Protein Expression in Breast Cancer 2
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Supplementary Tables

Supplementary Table 3

Univariate Cox-regression of PD-L1+ immune cells in ER-positive breast cancer for disease-specific

survival, stratified by study.

ER-positive
Variable Categories Observations Events HR 95% CI P-value
PDL1+ immune cells <1% 2309 302 Referent
PDL1+ immune cells 1-5% 25 3 06 0.19-187 0.4
PDL1+ immune cells 5-10% 22 5 155 0.64-3.76 0.3
PDL1+ immune cells >10% 17 1 0.34 0.05-241 0.3
Total 2373 311

Supplementary Table 4

Univariate Cox-regression of PD-L1+ immune cells in ER-negative breast cancer for disease-specific

survival, stratified by study.

ER-negative
Variable Categories Observations Events HR 95% CI P-value
PDL1+ immune cells <1% 869 194 Referent
PDL1+ immune cells 1-5% 25 8 15 0.74-3.04 0.3
PDL1+ immune cells 5-10% 46 9 092 047-1.79 0.8
PDL1+ immune cells >10% 60 8 0.53 0.26-1.07 0.08
Total 1000 219

Ali et al.
PD-L1 Protein Expression in Breast Cancer
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Supplementary Table 5

Supplementary Tables

Survival estimates at five and ten years for subgroups defined by PD-L1 and iT-CD8 status,
separately for ER-positive and ER-negative disease.

ER-NEGATIVE

PD-L1 immune cell status* iT-CD8 status' Time Observations Events Survivor function 95% ClI
Negative Negative 5 190 44 0.79 0.73 0.84
Negative Positive 5 355 84 0.79 0.75 0.83
Positive Negative 5 3 1 0.75 0.13 0.96
Positive Positive 5 80 19 0.79 0.70 0.86
Negative Negative 10 75 14 0.71 0.64 0.77
Negative Positive 10 121 20 0.74 0.69 0.78
Positive Negative 10 1 0 0.75 0.13 0.96
Positive Positive 10 20 2 0.75 0.64 0.83
ER-POSITIVE
PD-L1 immune cell status* iT-CD8 status' Time Observations Events Survivor function 95% ClI
Negative Negative 5 781 62 0.92 0.90 0.94
Negative Positive 5 753 90 0.89 0.86 0.91
Positive Negative 5 6 1 0.86 0.33 0.98
Positive Positive 5 39 2 0.95 0.81 0.99
Negative Negative 10 330 39 0.86 0.83 0.88
Negative Positive 10 277 63 0.79 0.76 0.82
Positive Negative 10 3 1 0.73 0.29 0.93
Positive Positive 10 7 3 0.82 0.59 0.92
ER-NEGATIVE
PD-L1 tumour cell status* iT-CD8 status' Time Observations Events Survivor function 95% ClI
Negative Negative 5 191 44 0.80 0.74 0.84
Negative Positive 5 406 96 0.79 0.75 0.83
Positive Negative 5 2 1 0.67 0.05 0.95
Positive Positive 5 29 7 0.78 0.59 0.89
Negative Negative 10 75 14 0.71 0.64 0.77
Negative Positive 10 132 20 0.74 0.70 0.78
Positive Negative 10 1 0 0.67 0.05 0.95
Positive Positive 10 9 2 0.68 0.45 0.83
ER-POSITIVE
PD-L1 tumour cell status* iT-CD8 status' Time Observations Events Survivor function 95% ClI
Negative Negative 5 786 63 0.92 0.90 0.94
Negative Positive 5 784 92 0.89 0.87 091
Positive Negative 5 1 0 1.00
Positive Positive 5 6 0 1.00
Negative Negative 10 332 40 0.86 0.83 0.88
Negative Positive 10 283 65 0.80 0.77 0.82
Positive Negative 10 1 0 1.00
Positive Positive 10 1 1 0.67 0.05 0.95

*PD-L1 status: Negative <1% cells, Positive >1% cells
"Intra-tumoural (iT)-CD8 status: Negative — no CD8-positive lymphocytes, Positive — any CD8-

positive lymphocytes

Ali et al.

PD-L1 Protein Expression in Breast Cancer
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