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Abstract

Background: Programmed cell death ligand 1 (PD-L1) is a predictive biomarker of the response of immunotherapy
in some types of cancer. In the last years it was described its expression in breast cancer, namely in triple-negative

breast cancer (TNBC) cases. In order to better understand the prognostic value of PD-L1 in breast cancer, this study
analysed its expression in a series of primary tumours and respective nodal metastases.

Methods: PD-L1 expression was evaluated by immunohistochemistry in a series of 52 breast cancer cases and
paired lymph node metastasis and correlate with the clinicopathological features of the primary tumour. The TNBC
cases were re-classified using morphological and immunohistochemistry surrogate markers and the expression of
PD-L1 was correlate with the different subtypes.

Results: It was observed that the majority of the cases with PDL-1 positive in the nodal metastasis did not express
PD-L1 in the primary tumour (90.0%, 10 out of 11 cases). In addition, from the cases with a negative PD-L1 expression
in the primary tumour, 23.8% expressed PD-L1 in the metastasis (10 out of 42 cases).No relationship was
found between the PD-L1 expression in nodal metastasis and the clinicopathological features of the primary
tumour. Finally, basal-like immunosuppressed (BLIS) TN tumours seem to be less prone to express PD-L1.

Conclusion: Although without statistical significance, there is a gain in terms of the PD-L1 expression in the
nodal metastasis when compared to the primary tumour. This may have therapeutic implications on immunotherapy
that blocks the PD-1/PD-L1 pathway.
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Background

Breast cancer is the most common tumour among
women all over the world, representing, according to
International Agency for Research on Cancer (IARC)
data, the second leading cause of death in developing
countries (Globocan 2012).

Although the risk factors for breast cancer are well
known, in most cases it is not possible to understand the
disease aetiology, as it is considered heterogeneous and
with different phenotypes (Dong et al. 2002). Further-
more, its development and progression seems to be
dependent on the epigenetic alterations and its tumour
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microenvironment (Martins and Schmitt 2018; Poldnia
et al. 2017).

Breast carcinomas have been classified in four sub-
types: Luminal A, Luminal B, HER 2 (with overexpres-
sion of the Human Epidermal growth factor Receptor
type 2 — HER 2) and triple-negative (TN) (Matos et al.
2005). The TN subtype has the most aggressive clinical
characteristics and there is no standard treatment for
these patients (Burstein et al. 2015; Matos et al. 2005;
Nanda and Saha 2016). This subtype can be categorized
according to its molecular characteristics, namely
luminal androgen receptor (LAR), mesenchymal (MES),
basal-like immunosuppressed (BLIS) or basal-like
immune-activated (BLIA) (Burstein et al. 2015). It has
been demonstrated that the TN subytpe most frequently
shows intra-tumour lymphocytes and also expresses the
programmed cell death ligand 1 (PD-L1) (Székely et al.
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2017; Dill et al. 2017; Li et al. 2018; Nanda and Saha
2016; Poldnia et al. 2017).

The PD-L1 is a transmembrane protein whose expres-
sion can be found at the surface of a variety of cells, in-
cluding the tumour cells (Botti et al. 2017; Iwai et al
2017). The PD-1/PD-L1 signalling pathway has been de-
scribed as an escaping mechanism for the tumour cells
out of the immune system (Botti et al. 2017; Poldnia
et al. 2017). The detection of PD-L1 can be used as a
biomarker helping in predicting the response to the tar-
geted immunotherapy against the PD-L1 and its recep-
tor. This has been confirmed for certain types of tumour
such as melanoma, non-small-cell lung carcinoma, and
renal cell carcinoma (Javed et al. 2017; Kim et al. 2017;
Liu et al. 2017; Topalian et al. 2016; Wang et al. 2017).

The PD-L1 expression in breast cancer has been associ-
ated with clinicopathological features of worse prognosis.
Studies suggest the PD-L1 expression is associated with
tumours with lymph nodes metastasis, Oestrogen Recep-
tor (RE) negative, high histological grades (G3) and TN
subtype (Li et al. 2018; Poldnia et al. 2017; Zhang et al.
2017). However, the results reported by the literature re-
garding the PD-L1 expression in the breast cancer are still
controversial due to the use of different antibody clones,
different scores, evaluation in tumour cells and lympho-
cytes, as well as the molecular heterogeneity (Dill et al.
2017; Polénia et al. 2017; Yu et al. 2017).

Nevertheless, the PD-1/PD-L1 immune checkpoint
blockade therapy with pembrolizumab and atezolizumab
in the TN breast cancer has been recently used in phase
I clinical trials demonstrating promising, durable re-
sponses, with minimal and tolerable side effects (Hart-
kopf et al. 2016; Polonia et al. 2017).

In order to better characterise the value of the PD-L1
expression in the breast cancer, the aim of our study was
to determine the PD-L1 expression by immunohisto-
chemistry in primary breast cancer tumours and their
respective nodal metastasis, and investigate the associ-
ation between PD-L1 expression and the clinical features
of the cases.

Methods

Tumour samples

This retrospective study comes after a previous study
that evaluated PD-L1 expression in a series of 466 cases
of primary breast cancer diagnosed between 1978 and
1992 (Poldnia et al. 2017). From this series were selected
52 cases where tissue from lymph node metastasis where
available for evaluation of PD-L1 expression. Addition-
ally, from the original 466 cases, 65 cases of TNBC cases
were re-classified and studied for the expression of
PD-L1. The subtyping of these cases were done using
morphological and immunohistochemistry (IHC) cri-
teria. To be consider as TN the cases were negative for
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estrogen receptor (ER), progesterone receptor (PR) and
HER2. Cases with apocrine morphology and androgen re-
ceptor (AR) positive were consider “luminal AR” (n = 2);
cases with spindle cell morphology and with low expres-
sion of claudins were consider “mesenchymal” (n=1);
cases of TN invasive carcinoma non-specific type
lymphocyte-rich in the stroma and positive for CK5 and/
or EGFR and/or P-cadherin were considered “basal-like”
immune-activated (z = 33) and cases of TN invasive car-
cinoma non-specific type, without lymphocytes in the
stroma and positive for CK5 and/or EGFR and/or
P-cadherin were considered “basal-like” immunosup-
pressed (n = 21).
Table 1 shows the features captured for each case.

PD-L1 immunohistochemistry
IHC staining for PD-L1 was performed in 3 pm sections
from paraffin blocks. The primary antibody was an
anti-human PD-L1 rabbit monoclonal (clone SP142, di-
lution: ready to use; Ventana, Tucson, AZ). The assay
was carried out on an automated immunostaining sys-
tem, the Ventana BenchMark Ultra, using the OptiView
DAB IHC Detection kit according to manufacturer’s
instructions.

Positive (human tonsil) and negative staining controls
(omission of the primary antibody) were performed in
parallel with the paraffin sections.

Table 1 Description of the features analysed in the clinical records

Feature Description Values
ER Oestrogen receptor 0 — negative
expression 1 — positive
HER2 HER2 expression 0 - negative
1 — positive
Kie7 Ki-67 expression 0-<14%
1->=14%
PR Progesterone receptor 0 - negative
expression 1 - positive
Molecular Subtype Molecular subtype of 1 - Luminal A
the primary tumour 2 - Luminal B
3 - HER2 positive
4 - Basal
Histological Grade Histological grade 1-Gl
2-@2
3-G3
Tumour Size Primary tumour size 1-<2cm
2-2-5cm
3->5cm
Metastasis Presence of Metastasis 0 - negative
1 — positive
PD-L1 P PD-L1 of the primary 0 - negative
tumour 1 — positive
TN Molecular Subtype Molecular subtype of 1 = Luminal
the TN tumour 2 - Mesenchymal
3 -BLIS
4 - BLIA
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PD-L1 expression was independently assessed by two
pathologists, without prior knowledge of the clinical in-
formation. Positivity for PDL-1 marker was defined ac-
cording to the following criteria: membranous and
cytoplasmic staining >1% in tumour cells, as previously
described by our group (Poldnia et al. 2017) (Fig. 1).

The analysis of the PLD-1 expression was performed
in tumour cells only; immune cell staining was not
considered.

Statistical analysis

The data statistical analysis was performed using the Stat-
istical Package for Social Sciences (SPSS) software version
21.0 for Windows. The associations between variables
were analysed using the Mann-Whitney’s U test, Fisher’s
test and Pearson’s Chi-square test. The value of p < 0.05
was considered to indicate statistical significance.

Results

Relationship between the PD-L1 expression in the
metastasis in relation to clinicopathological features of
the primary tumour (Table 2)

It was observed that for the cases with positive PD-L1 ex-
pression, the average age is 61 years (+ 11.36). Addition-
ally, in terms of the tumour size and the histological
grade, the positive PD-L1 expression was more frequent
for the size around 2-5 cm and for the higher histological
grades (G3). When analysed in relation with the other mo-
lecular biomarkers, no association was observed between
the PD-L1 expression and that of the ER, PR, HER2 or the
marker of proliferating cells (Ki 67). Additionally, no asso-
ciation was observed between the PD-L1 expression and
breast cancer molecular subtype.

Relationship between the PD-L1 expression in the
primary cancer and the nodal metastasis (Table 3)
It was observed that the majority of the cases with posi-
tive PD-L1 in the nodal metastasis did not express
PD-L1 in the primary tumour (90.0%, 10 out of 11
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cases). In addition, from the cases with a negative PD-L1
expression in the primary tumour, 23.8% expressed
PD-L1 in the lymph node metastasis (10 out of 42
cases). From 52 cases, 7 cases were excluded due to the
low amount of tissue from the primary tumour in the
TMA and one additional case was excluded because the
lymph node metastasis it was a micrometastasis.

There is a gain of around 23% in terms of PD-L1 ex-
pression in the metastasis when compared to that in the
primary tumour. However, there is no statistically signifi-
cant relationship supporting this interdependence.

Relationship between the PD-L1 expression in the TN
primary tumour cases and their molecular subtype

(Table 4)

The subtypes BLIS and BLIA were the most frequently
observed with a relative frequency of 25.08 and 57.89%.
From 65 classified and analysed cases, 9 were excluded
because was not possible to assess the PD-L1 expression
in the primary tumour and 1 additional case due to the
inability to classify its molecular subtype. It was ob-
served that the majority of the cases with positive PD-L1
expression in the TN primary tumour belongs to the
molecular subtype TN BLIA (91.67%, 11 out of 12 cases)
(Table 4).

Discussion

The gain observed in terms of PD-L1 expression in the
metastasis when compared to that in the primary tumour
may translate into new ways of treating metastatic tu-
mours through targeted immunotherapy against the
PD-L1 and its receptor as reported in recent studies using
the PD-L1 inhibitor pembrolizumab as therapy (Yu et al.
2017). Curiously, despite previous studies evaluating
PD-L1 in distant metastasis not showing difference of ex-
pression between primary tumour and respective metasta-
sis (Dill et al. 2017), a recent study from Li et al. (Li et al.
2018) demonstrated a stronger and more frequent PD-L1
expression in lymph node metastases than in paired

cells (100X)

Fig. 1 a PD-L1 expression in breast cancer cells. See the membrane staining (200X). b Lymph node with PD-L1 positive metastatic breast cancer
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Table 2 Relationship between the clinicopathological features
of the primary cancer and the PD-L1 expression in the
metastasis

PD-L1 metastasis p-value
Negative Positive
Age 59 (+/-1243) 61 (+/-11.36) 0.639°
Tumor Size 0654°
<2cm 3 0
2-5cm 25 7
>5cm 10 3
Histological Grade 0.110°
Gl 2 0
G2 16 1
G3 21 9
ER 0426°
Negative 13 5
Positive 27 6
PR 0574°
Negative 18 6
Positive 22 5
HER2 1¢
Negative 32 9
Positive 8 2
Kie7 0.448°
< 14% 37 11
>=14% 2 0
Molecular Subtype 0.449°
Luminal A 26 5
Luminal B 5 2
HER2 3 0
Basal 4 3

Mann-Whitney'’s U test
PPearson’s X? test
Fisher's exact test

primary breast tumours. These results are in line with
ours, suggesting that primary breast tumours can be not
adequate surrogates for determining PD-L1 expression.
The discordance between the expression of PD-L1 in
the primary tumour and metastases can be due several

Table 3 Relationship between the PD-L1 expression in the
primary tumour and lymph node metastasis

PD-L1 lymph node metastasis p-value
Negative Positive

PD-L1 Primary 0442°
Negative 32 10
Positive 1 1

Fisher’s exact test
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Table 4 Relationship between the PD-L1 expression in the TN
primary tumours and their molecular subtypes

PD-L1 primary tumour p-value
Negative Positive
Molecular Subtype 0.067°
LAR 2 0
MES 1 0
BLIS 20 1
BLIA 22 1

Pearson’s X? test

factors. First, it is very well know that the expression of
PD-L1 in different tumours is dynamic and can be
change during the tumour progression (Li et al. 2018;
Wang et al. 2017). PD-L1 expression is upregulated in
tumour cells by inflammatory cytokines and particularly
interferons (IFNs) produced by infiltrating immune cells
(Dong et al. 2002). In addition, it was demonstrated that
basal-like breast cancer cells have the capacity to evade
the immune response via upregulation of PD-1 ligands
adapted to IFN-c, which is secreted by T helper lympho-
cytes (Karasar and Esendagli 2014). Therefore, the T cells
in the lymph nodes may drive PD-L1 expression to in-
duce adaptive immune resistance for the tumour meta-
static cells (Li et al. 2018). The high molecular
heterogeneity of breast cancer, through clonal selection
can also promote discordance of PD-L1 expression in
primary and metastatic cells. Additionally, the use of dif-
ferent types of specimens (i.e. TMAs in the primary
tumour and full sections in lymph node metastasis) may
explain differences in the observed PD-L1 expressions in
the present study. There are studies in other types of
cancer, some showing concordance of PD-L1 expression
between primary and metastasis as for example in lung
cancer (Kim et al. 2017) but others showing gain of ex-
pression in metastasis as for example in colon cancer
(Wang et al. 2017).

Another find of our study is that the expression of
PD-L1 is more frequent in the TNBC subtype BLIA.
These findings are in concordance with our previous
study (Polonia et al. 2017) and the study of Li et al. (Li
et al. 2018) that showed association between PD-L1 ex-
pression and presence of tumour-infiltrating lympho-
cytes, one of the main characteristics of BLIA cases. In
the molecular classification the BLIA subgroup are the
tumours displaying upregulation of genes controlling B
cell, T cell and natural killer functions (Burstein et al.
2015). From morphological point of view, these tumours
are rich in stromal tumour-infiltrating lymphocytes
(TILs). Stromal TILs include several types of T and B
cell lymphocytes that can be present in different propor-
tions (Martins and Schmitt 2018; Polénia et al. 2017).
Cytotoxic (CD8+) T cells are increased in high grade
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breast cancer cases and cases with high proliferative
index and it is associated with better clinical outcome
(Poldnia et al. 2017; Seo et al. 2013). CD4+/FOXP3+ T
cells are associated with worse prognosis (Merlo et al.
2009; Poldnia et al. 2017). Furthermore B cells are also
associated with high histological grade and basal-like
phenotype, as well as with better prognosis (Mahmoud
et al. 2012; Poldnia et al. 2017). This indicates that
humoral and cell-mediated immune response acts in
convergence to achieve a best antitumour response.
Concerning PD-L1 expression, in addition to tumour
cells, it has been reported that it can be also present in
stromal lymphocytes, specifficaly in CD4+/FOXP3- T
cells (Ghebeh et al. 2006; Polodnia et al. 2017). However
PD-L1 expression is not associated with T cell exhausted
markers, which means that PD-L1 is only partially inhi-
biting T cells (Poldnia et al. 2017; Sabatier et al. 2015).
Nevertheless, this does not contradict the idea of block-
ing PD-L1 in order to reactive partially inhibited T cells
and further increase the antitumour immune response.
Following our findings, maybe the determination of
PD-L1 in the lymph node metastasis can be more accur-
ate to assess the response of immunotherapy.

Conclusions

This study analysed the PD-L1 expression in a series of
breast cancer cases and subsequent lymph node metas-
tasis, which is a heterogeneous disease with different
prognosis. According to the obtained results, it was pos-
sible to conclude that:

e We observed that lymph node metastases have more
frequent PD-L1 expression than in primary tumours,
suggesting that primary tumours cannot be adequate
surrogates for determining PD-L1 expression in
breast cancer; further studies using a large cohort of
patients are needed to confirm these results that can
lead new therapeutic implications on immunotherapy
that blocks the PD-1/PD-L1;

e . The PD-L1 expression in lymph node metastasis
does not seem to be related to the clinicopathological
features of the primary tumour;

e Although without statistical significance, in the TN
primary tumours, the molecular subtype “BLIA”
seems to more frequently express PD-L1.
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