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Background: Assessment of programmed death protein-ligand 1
(PD-L1) in triple-negative breast cancer (TNBC) has entered
daily practice to identify patients eligible for treatment with im-
mune checkpoint inhibitors. However, different antibodies and
different cut-offs for PD-L1 positivity are used, and the inter-
changeability of these methods is not clear. The aim of our study
was to analyze whether different PD-L1 antibodies can be used
interchangeably to identify TNBC patients as PD-L1 positive.

Methods: A tissue microarray encompassing 147 TNBC cases was
immunohistochemically analyzed using 3 different antibodies
against PD-L1: SP142, SP263, and E1L3N. PD-L1 positivity was
determined as ≥ 1% of positive tumor-associated immune cells.
The staining patterns of the 3 antibodies were compared and
correlated with clinicopathological data.

Results: A total of 84 cases were evaluable for PD-L1 analysis
with all 3 antibodies. PD-L1 was positive in 50/84 patients
(59.5%) with SP263, in 44/84 (52.4%) with E1L3N, and in 29/84
(34.5%) with SP142. There was no statistical difference between
the performance of SP263 and E1L3N, but both antibodies
stained significantly more cases than the SP142 antibody.

Conclusions: Our results show that the 3 PD-L1 antibodies identify
different TNBC patient subgroups as PD-L1 positive and, there-
fore cannot be used interchangeably. Additional studies are needed

to further investigate the use and impact of different PD-L1 anti-
body clones for predictive selection of TNBC patients for treat-
ment with immune checkpoint inhibitors.
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W ith over 2 million new cases and 600’000 deaths
worldwide in 2018, breast cancer is the most com-

monly diagnosed type of cancer and accounts for the highest
number of cancer deaths in women.1 However, breast can-
cer is not a uniform disease but consists of different subtypes
with diverse molecular profiles and biological behavior. The
triple-negative molecular subtype, which lacks hormone
receptor expression and amplification of HER2 gene, ac-
counts for about 15% of all breast cancer cases.2 While the
Her2 positive and hormone receptor-positive subtypes can
be treated with targeted therapies against Her2 and endo-
crine therapy, the treatment of triple-negative breast cancer
(TNBC) typically consists of neoadjuvant and adjuvant
cytotoxic chemotherapy.3,4 The limited effectiveness com-
bined with a high number of toxic side effects of this
treatment underlines the need for more targeted therapeutics
in this disease.5 Recently, treatment options for TNBC with
immune checkpoint inhibitors, especially inhibitors of the
programmed death protein 1 (PD-1)/PD-ligand 1 (PD-L1)
pathway, have gained substantial interest.3 Usually, the use
of these types of treatments is recommended based on PD-
L1 expression. Several studies have shown promising results
with overall response rates (ORR) up to 18.5%, with a
tendency for higher ORR if patients were preselected based
on PD-L1 positivity.6–9 Importantly, all these clinical trials
used different antibodies and different cut-offs for PD-L1
positivity.

In 2019, the encouraging results of the Impassion130
study led to the approval of atezolizumab, a monoclonal
antibody against PD-L1, for the treatment of advanced
TNBC patients.5,10,11 Selection of patients for treatment
with atezolizumab was based on the SP142 assay (Ventana
Medical Systems).10 Together with the approval of atezo-
lizumab, the US Food and Drug Administration (FDA)
approved this assay as a companion diagnostic, and thus
PD-L1 assessment in TNBC with the SP142 assay is in-
creasingly requested by pathologists worldwide. At the
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moment, SP142 is the only validated assay for the selection
of patients suitable for combinational treatment with ate-
zolizumab and nab-paclitaxel in the adjuvant setting.12

However, there are various commercially available and
laboratory-developed assays for the assessment of PD-L1
using different antibodies and platforms. Moreover, con-
trary to the FDA, the European Medicine Agency (EMA)
does not request an assessment of PD-L1 by the SP142
assay for the selection of TNBC patients eligible for ate-
zolizumab treatment. Some of the most commonly used
antibodies in daily clinical practice are the SP263 (Ventana
Medical Systems) and the E1L3N (Cell Signaling
Technology, Inc.) antibodies.

Multiple comparative studies have shown that
SP142 identifies fewer PD-L1 positive cases than other
PD-L1 antibody clones, not only in TNBC,13–16 but also
in NSCLC and urothelial carcinoma.17–20 In this study, we
compared the staining patterns of the 3 PD-L1 antibodies
SP142, SP263, and E1L3N in TNBC using a tissue mi-
croarray encompassing 147 TNBC cases with associated
clinicopathological data. The aim was to see whether these
3 antibodies can be used interchangeably or whether they
identify different proportions and subgroups of TNBC
patients as PD-L1 positive. The data are reported
according to the reporting recommendations for tumor
marker prognostic studies (REMARK).21

MATERIALS AND METHODS

Tissue Microarray and Patients Characteristics
A tissue microarray (TMA) containing 147 TNBC

formalin-fixed-paraffin-embedded (FFPE) blocks col-
lected between 1985 and 2015 at the Institute of Pathol-
ogy, University Hospital Basel, was used for analysis. All
samples consisted of primary TNBC, including invasive
ductal (invasive carcinoma of no special type, including
cases with medullary features), lobular, and adenoid-cystic
subtypes. Before inclusion in the study, all cases were re-
vised by an experienced breast pathologist (S.M.) to verify
the diagnosis of TNBC. Where necessary, staining of es-
trogen and progesterone receptors as well as Her2 was
repeated according to the ASCO/CAP guidelines.22

Clinicopathological information such as age at the
time of diagnosis, survival, tumor localization, pT and pN
stage, the diameter of the tumor, histologic diagnosis and
BRE grade were collected and reported in Tables 1a and 1b

Immunohistochemistry
4 µm sections from the FFPE TMA block were cut

for immunohistochemistry. The sections were pretreated
with CC1. The sections were incubated with 3 different
clones against PD-L1: E1L3N (dilution 1:50, Cell Sig-
naling) for 12 minutes, SP142 (dilution 1:50) for 60 mi-
nutes, and SP263 (ready to use) for 32 minutes. DAB was
used as chromogen, and counterstaining was performed
with Hematoxylin (Roche). The immunostaining proto-
cols for all antibodies were optimized and validated.
All analyses were performed on the BenchMark XT
automated immunostainer using the OptiView detection

system (Ventana Medical System Inc.). PD-L1 expression
was detectable in the cytoplasm and on the cell surface of
immune cells and tumor cells.

The immunohistochemical evaluation was performed
by 2 experienced breast pathologists (S.M. and T.V.). All
cases were evaluated separately by the 2 pathologists. For
each tissue punch, the percentage of positively stained tu-
mor-associated immune cells per tumor area was esti-
mated. A corresponding Hematoxylin and Eosin (H&E)
section was available to ensure the scoring of immune cells
and not tumor cells. According to the protocol of the
Impassion130 trial,10 a tumor was considered positive for
PD-L1 expression if ≥ 1% of tumor-associated immune
cells were positive. Representative images of PD-L1 ex-
pression assessed with the different antibodies are shown in
Fig. 1.

Statistical Analysis
To correlate the expression of all the markers tested

with clinicopathological features, we used χ2or Fisher ex-
act test where appropriate. P values <0.05 were considered
statistically significant. All analyses were performed using
GraphPad Prism (v. 8).

RESULTS
Age at the time of diagnosis of the 147 female patients

with TNBC ranged from 24 to 90 years (mean age 62 y).
First, we evaluated the positivity of the different

antibody clones as described in the methods. PD-L1
staining was seen in 56/100 (56%) cases with SP263, in 49/
100 (49%) with E1L3N, and 38/116 (32.8%) with SP142. A
total of 84/147 (57%) cases were evaluable for PD-L1
analysis with all 3 antibodies. PD-L1 was positive in 50/84
TNBC (59.5%) with SP263 (mean 3.39, median 1, range 0
to 20, SD 5.5), in 44/84 (52.4%) with E1L3N (mean 2.87,
median 1, range 0 to 20, SD 5.4), and in 29/84 (34.5%)
with SP142 (mean 1.92, median 0, range 0 to 30, SD 4.8).
We then compared these results between the different PD-
L1 clones. While there was no statistical difference be-
tween the performance of SP263 and E1L3N (P= 0.4372),
both antibodies stained significantly more cases than the
SP142 antibody (P= 0.0019 and P= 0.029, respectively).

Taken together, these results suggest a higher score
in staining with SP263 and E1L3N clones when compared
with the SP142 clone.

PD-L1 and Tumor/Nodal Stages
We subsequently compared the different staining

performances in relation with the clinicopathological data.
In the cases evaluable for the SP263 reaction, a total

of 80 cases had either pT1 or pT2 stage, and 45 of these
cases (56.25%) were PD-L1 positive. Nineteen cases were
classified as pT3 or pT4, of which 10 (52.63%) were PD-L1
positive (P= 0.8022).

Within the group evaluable for the E1L3N staining, 40
(83.33%) of pT1/pT2 cases were PD-L1 positive. Fifty-one
cases were pT3 or pT4, of which 40 (78.43%) were PD-L1
positive (P=0.6145).
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Within the group evaluable for SP142 staining, 30
(31.91%) of 94 pT1/pT2 cases were PD-L1 positive, whereas
only 7 (33.33%) of the pT3/pT4 tumors were PD-L1 positive
(P>0.9999).

Looking at the SP263 staining, no association be-
tween PD-L1 positivity and pN stage was seen
(P> 0.9999), and the same was true for the E1L3N and the
SP142 staining (P= 0.5391 and P= 0.8406, respectively).

Furthermore, no statistically significant association
between BRE grading and PD-L1 expression for any of
the different antibodies was detected. Table 2 summarizes
the PD-L1 results.

DISCUSSION
In our comparative immunohistochemical study,

using a cutoff of ≥ 1% of tumor-associated immune cells,
the SP263 and the E1L3N clones identified a significantly
higher number of PD-L1 positive cases (up to 59.5%)
compared with SP142 (34.5% of cases). In other words, if
SP263 or E1L3N are used to screen for PD-L1 positivity
in TNBC patients, more patients will be identified as
having PD-L1 positive tumors and thus qualify for ate-
zolizumab treatment, with unknown benefits and poten-
tially unnecessary toxicities. The apparently peculiar
differences between these antibodies against the same
protein have already been reported.12,16,23 Consistent with
previously published studies, this illustrates that the
SP263 and E1L3N antibodies are not interchangeable
with SP142 due to their highly different positivity
rates.12,13,16

Of note, ongoing clinical trials, such as the IM-
passion031 phase 3 trial, are investigating the anti-PD-L1
treatment of TNBC also in the neoadjuvant setting.24 In
this study, the addition of atezolizumab resulted in im-
proved pathologic complete response (PCR) rates, espe-
cially in the SP142-PD-L1 positive population (defined as
≥ 1% PD-L1 expressing tumor-associated immune cells).24

A phase 2 study testing the addition of durvalumab, an
anti-PD-L1 antibody, to neoadjuvant chemotherapy in
TNBC found higher PCR rates in patients with PD-L1
positive tumor cells who received durvalumab 2 weeks
before the start of chemotherapy than patients receiving
placebo.25 PD-L1 expression was evaluated after
randomization by SP263, and positivity was defined as
≥ 1% of tumor cells with membranous staining or ≥ 1% of
tumor-infiltrating lymphocytes with membranous or cy-
toplasmic staining.25 Similarly, an ongoing phase 2 trial
has shown that a combination of the PD-1 inhibitor
pembrolizumab and standard neoadjuvant chemotherapy
more than doubles the estimated PCR not only in TNBC,
but also in hormone receptor-positive/Her2 negative
breast cancer.26 However, PD-L1 expression was not in-
vestigated as a predictive marker in this trial.26 The
promising preliminary findings of these trials could lead to
an increase in requests for PD-L1 testing in breast cancer,
not only for advanced stage TNBC, but also for newly
diagnosed and hormone receptor-positive breast cancer
patients.

There are conflicting results concerning the role of
PD-L1 in prognosis and survival in breast cancer. One
systematic review and meta-analysis found a correlation
between high PD-L1 expression with high-risk prognostic
factors such as higher tumor grade, lymph node metastasis
and a high number of tumor-infiltrating lymphocytes, as
well as shortened overall and disease-free survival
(DFS).27 Similar results were found in another meta-
analysis suggesting PD-L1 as a biomarker for poor
prognosis in breast cancer.28 However, there are also
studies associating overexpression of PD-L1 with higher
rates of pathologic response to chemotherapy and better
survival in breast cancer.29–31 These differences may be

TABLE 1. Clinicopathological Data of the TNBC Patients: (a)
All Cases; (b) Only Cases Evaluable With all Three Antibodies.
Clinicopathological Parameters N. Patients Percentage

(a) Clinicopathological data of the TNBC patients (all cases).
mean age at diagnosis, years ( ± SD) 62 ( ± 14.8) —
mean tumor diameter, mm (±SD) 31 ( ± 19.2) —
histological diagnosis
ductal 141 95.9
lobular 5 3.4
adenoid-cystic 1 0.7

pT
1 42 28.6
2 79 53.7
3 13 8.8
4 11 7.4
na 2 1.4

pN
0 75 51
1 42 28.6
2 14 9.5
3 10 6.8
na 6 4.1

BRE grade
1 1 0.7
2 26 17.7
3 119 81
na 1 0.7

(b)Clinicopathological data of the TNBC patients (only cases evaluable
with all 3 antibodies).

mean age at diagnosis, years ( ± SD) 63 ( ± 14.9)
mean tumor diameter, mm (±SD) 32 ( ± 20.7)
histological diagnosis
ductal 80 95.2
lobular 4 4.8

pT
1 21 25
2 45 53.6
3 8 9.5
4 9 10.7
na 1 1.2

pN
0 43 51.2
1 20 23.8
2 11 13.1
3 5 6.0

na 5 6.0
BRE grade
1 0 0
2 14 16.7
3 70 83.3
na 0 0
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due to the selection of different antibodies and detection
methods and heterogeneous patient collectives.28 In our
study, there was no association between PD-L1 positivity
and pT or pN stage.

Currently, a harmonization of the PD-L1 status
assessment in breast cancer is hampered not only by a
variety of different PD-L1 clones, platforms, and scoring
systems but also by the lack of robust data regarding the
optimal timepoint of PD-L1 testing as well as the tissue
most suitable for analysis, considering that PD-L1 ex-
pression is a dynamic process. One study found that PD-
L1 expression on tumor and immune cells is concordant
between the primary tumor and distant metastases in only
half to two-thirds of breast cancer patients.32 Another
study in TNBC found higher and more frequent PD-L1
expression on tumor and immune cells in synchronous
axillary lymph node metastases than in the corresponding
primary tumor.33 This emphasizes the need for
larger standardized prospective studies to address these
questions.

A limiting factor of our study is the TMA design.
Since the tissue punches were chosen from the tumor
center, assessment of immune cells at the border of the
tumor was not possible. In addition, taking into account
the irregular distribution of immune cells throughout the
tumor, it is possible that centrally located intratumoral
immune cells were equally missed due to the small tissue
punch diameter.

As stated, due to folding or tissue loss in the TMA,
we were only able to evaluate 84 out of 147 cases with all 3
antibodies. The resulting small sample size is certainly a

limitation of TMA’s technical circumstances and could
explain the lack of statistical significance for some of our
results.

CONCLUSIONS
Our data show that the 3 PD-L1 clones SP142,

SP263, and E1L3N identify a different number of PD-L1
positive cases when using a cut-off of ≥ 1% of tumor-
associated immune cells and can therefore not be used
interchangeably. Further studies are needed to investigate
the role and impact of different PD-L1 antibody clones as
predictive markers for treatment with immune checkpoint
inhibitors in patients with breast cancer.
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