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Simple Summary: Triple-negative breast cancer (TNBC) is an aggressive breast cancer subtype that
lacks significant expression of estrogen receptor, progesterone receptor, and HER2. Patients with
locally advanced or metastatic TNBC benefit from treatment with atezolizumab, a humanized
monoclonal antibody that blocks the PD-L1 protein. Immunohistochemical analysis of the tumor
microenvironment is essential to determine the amount of tumor-infiltrating PD-L1-positive
immune cells. The PD-L1/SP142 clone is the companion diagnostic for atezolizumab. Here we
investigate the degree of interobserver agreement among ten breast pathologists in the assessment
of PD-L1/SP142 immunohistochemistry, as well as the assessment of tumor-infiltrating lymphocytes
(TILs) in 49 metastatic TNBCs. This multicenter study shows that both PD-L1 assessment and TILs
assessment are robust markers at the group level, but the observed interobserver variability likely
affects treatment decisions for individual patients.

Abstract: Patients with advanced triple-negative breast cancer (TNBC) benefit from treatment with
atezolizumab, provided that the tumor contains >1% of PD-L1/SP142-positive immune cells.
Numbers of tumor-infiltrating lymphocytes (TILs) vary strongly according to the anatomic
localization of TNBC metastases. We investigated inter-pathologist agreement in the assessment of
PD-L1/SP142 immunohistochemistry and TILs. Ten pathologists evaluated PD-L1/SP142 expression
in a proficiency test comprising 28 primary TNBCs, as well as PD-L1/SP142 expression and levels
of TILs in 49 distant TNBC metastases with various localizations. Interobserver agreement for PD-
L1 status (positive versus negative) was high in the proficiency test: the corresponding scores as
percentages showed good agreement with the consensus diagnosis. In TNBC metastases, there was
substantial variability in PD-L1 status at the individual patient level. For one in five patients, the
chance of treatment was essentially random, with half of the pathologists designating them as
positive and half negative. Assessment of PD-L1/SP142 and TILs as percentages in TNBC metastases
showed poor and moderate agreement, respectively. Additional training for metastatic TNBC is
required to enhance interobserver agreement. Such training, focusing on metastatic specimens,
seems worthwhile, since the same pathologists obtained high percentages of concordance (ranging
from 93% to 100%) on the PD-L1 status of primary TNBCs.

Keywords: PD-L1; SP142; triple-negative breast cancer; TNBC; tumor-infiltrating lymphocytes;
TILs; immune cells; distant metastasis; atezolizumab; interobserver variability

1. Introduction

Triple-negative breast cancer (TNBC) is an aggressive breast cancer subtype,
characterized by the absence of estrogen receptor (ER) and progesterone receptor (PR)
expression, as well as lack of gene amplification and/or protein overexpression of the
human epidermal growth factor receptor 2 (HER2) [1]. This surrogate molecular subtype
accounts for approximately 10-12% of diagnosed breast cancers [2-5]. Histologically,
TNBCs are generally associated with a high tumor grade, a high proliferation index, and
high levels of tumor-infiltrating lymphocytes (TILs) [1]. Compared with other breast
cancer subtypes, metastatic TNBCs have limited treatment options and a poor outcome,
as targeted therapies were lacking till recently [6]. Patients with metastatic TNBC
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generally have rapid progression with a median overall survival of only 13 months [7].
New treatment options such as PARP inhibitors and immunotherapy, i.e., immune
checkpoint inhibitors targeting the PD-1/PD-L1 (Programmed Death-Ligand 1) axis, are
now emerging [8-11]. PD-L1 is a transmembrane protein that downregulates anti-cancer
immune responses through binding to PD-1, an inhibitory protein expressed by activated
T-lymphocytes. The binding of PD-L1 to PD-1 prevents T-cell activation through the T-
cell receptor [6]. In TNBC, phase 1/2 trials have shown response rates between 5-23% with
anti-PD(L)1 monotherapy in heavily pretreated patients. In the TONIC-trial, a non-com-
parative phase 2 trial assessing nivolumab (anti-PD-1) monotherapy with or without in-
duction treatment, the overall response rate in metastatic TNBC was 20% [12]. Im-
portantly, the phase 3 IMpassion130 trial has shown that the addition of anti-PD-L1 (ate-
zolizumab) to standard chemotherapy (nab-paclitaxel) in the first line of treatment for pa-
tients with advanced TNBC results in an overall survival benefit of seven months in pa-
tients with a PD-L1-positive tumor [13]. Recent biomarker analysis of IMpassion130
showed that TILs and PD-L1 status predict benefit to PD-L1 inhibition [13]. Similar obser-
vations were made in the KEYNOTE-355 trial, wherein pembrolizumab (anti-PD-1) treat-
ment was associated with improved progression-free survival in patients with TNBCs
with a combined positivity score of PD-L1/22C3 210 [14]. These data illustrate how im-
mune-oncology could change the treatment landscape for TNBC in the near future.

The VENTANA PD-L1/SP142 immunohistochemistry assay was developed to select
patients who are likely to respond to atezolizumab and is approved by the US Food and
Drug Administration (FDA) as a companion diagnostic assay [6,15]. At present, atezoli-
zumab is added to nab-paclitaxel to treat patients with newly diagnosed PD-L1-positive
locally advanced and/or metastatic TNBC [16], which indicates the need for optimal and
reproducible measurement of PD-L1 expression. The use of the SP142 clone results in less
tumor cell staining when compared with other PD-L1 clones such as SP263 and 22C3 [17],
and its expression in breast cancer is therefore evaluated in immune cells only. Despite
these observed differences, the SP263 and SP142 clones were shown to bind to an identical
epitope in the cytoplasmic domain at the extreme C-terminus of the PD-L1 protein [18].
The prevalence of PD-L1/SP142-positivity in TNBC has recently been reviewed in detail
by Gonzalez-Ericsson et al. and varies from 32% to 58% [19], except one phase 1 study
with a positivity rate of 78% due to an initial selection bias [20]. The IMpassion130 trial
has shown that PD-L1-positivity is lower in metastatic TNBC than in the primary tumor
[13]. The PD-L1 status also strongly varies according to the localization of the metastasis,
with the highest positivity rates reported for lymph node metastases [21].

PD-L1-positive TNBCs express PD-L1/SP142 in tumor-infiltrating immune cells cov-
ering >1% of the tumor area [15,21]. Considering that the PD-L1/SP142 status of breast
cancers depends on the number of tumor-infiltrating immune cells, a combined TILs-PD-
L1 assessment may be a logical path forward to pursue [19]. Previous studies of variable
size have reported the interobserver reproducibility of PD-L1/SP142 assessment in breast
cancer samples, and their results varied from poor to very good [22,23]. Interobserver var-
iability seems more limited within a single institution [23]. These discrepant results could
be explained by the heterogeneous set-up of these studies, with respect to the training and
the number of the participating pathologists, and the number of TNBC samples evaluated.
The degree of agreement also depends on how the concordance evaluation was per-
formed, as the use of tissue micro-arrays versus whole tissue slides, and analysis of cate-
gorical versus continuous variables may affect concordance results. Industry-sponsored
studies could be biased towards the interests of the sponsor of the study [24]. The conclu-
sions of biomarker research performed on materials from clinical trials must be inter-
preted irrespective of the companion diagnostic that was FDA-approved for that particu-
lar study. It can be debated whether a biomarker that was highly concordant after cate-
gorical analysis using a very low cut-off (of 1%, for instance), and then poorly concordant
when analyzed as a continuous variable, should be considered as an analytically valid



Cancers 2021, 13, 4910

4 of 20

biomarker, even if the clinical application is based on that particular cut-off. Most im-
portantly, a close examination of most biomarkers suggests a continuous relationship be-
tween the likelihood of response to therapy and the level of biomarker expression. That
is, even within the group of “responders”, patients with higher levels of biomarker ex-
pression are more likely to benefit from treatment than those with a lower but still “posi-
tive” result. This suggests an urgent need to develop standards for powered and unbiased
concordance analysis across quantitative biomarkers in pathology. As clinicians continue
to use, almost universally suboptimal, cut-points for binary “treatment/no treatment” de-
cisions, this emphasizes the need to develop clinically robust assay quantitation that can
subsequently be robustly tested for concordance by the scientific community in a partner-
ship with industry and the regulatory authorities to allow the appropriate treatment de-
cision to be informed by informed analysis of risk versus benefit by individual patients
and their clinicians [25]. However, just because a treatment decision is binary (treat-
ment/no treatment), it does not necessarily mean we need to mindlessly pursue binary
cut-points for biomarkers. In fact, for most biomarkers, the probability of a patient group
responding increases with the increasing positivity of the biomarker, e.g., patients with
strongly ER-positive cancers are more likely to respond to endocrine therapy than weakly
ER-positive cancers, and this applies to many biomarkers, including TILs and PDL1. In a
computerized age, we may potentially do better than lumping all patients with a “posi-
tive” biomarker based on a randomly selected binary cut-point into the “responders”
group and everyone else into the “non-responders” group.

Previous PD-L1 concordance studies were mainly performed on the primary tumor,
while the PD-L1/SP142 assay is often performed on biopsies from distant metastases, both
in clinical trials and in daily routine practice. In IMpassion130, PD-L1 was assessed in the
primary tumor in 62% of patients, whereas in 38% of the patients, PD-L1 was assessed in
different metastatic sites, accessed from lymph nodes, lung, liver, soft tissues, and skin
[26]. Distant metastases are heterogeneous with respect to tissue composition, immune
landscape, the amount of stroma, and tumor quantity. Previous studies reported that dis-
tant metastases have lower numbers of TILs compared with the primary tumor [13,27],
and TILs levels also differ according to the anatomical location [21]. The tissue type se-
lected for the PD-L1/SP142 assay may therefore influence the subsequent treatment deci-
sion. Since PD-L1/SP142 expression is evaluated in tumor-infiltrating immune cells, there
is an association between the number of TILs and the PD-L1 positivity status [6]. Meta-
static TNBC without TILs is less likely to present with PD-L1 expression. As such, the
combined analysis of TILs and PD-L1 expression in TNBC could have added value for the
selection of TNBC patients for PD-L1 targeted therapy. In this national multicenter study, we
investigated the inter-pathologist agreement of TILs assessment and PD-L1/5P142 scoring in
distant metastases of TNBC.

2. Materials and Methods
2.1. PD-L1/SP142 Proficiency Test

The PD-L1/SP142 proficiency test comprised an evaluation of 28 digitalized PD-
L1/SP142-stained slides. The proficiency test was preceded by training: both were organized
in The Netherlands in 2019 by the manufacturer of the PD-L1/SP142 immunohistochemical
assay (Roche Diagnostics GmbH, Mannheim, Germany). The proficiency set comprised two
biopsy specimens and 26 resection specimens. An ad hoc consensus diagnosis was available
for each case. All digitalized slides were present on a password-protected online platform
(slidescore.com, Version 1.1, Slide Score B.V., Amsterdam, The Netherlands). All ten partici-
pating Dutch breast pathologists passed the proficiency test (wherein a maximum of two dis-
cordant results were allowed), which was a condition to participate in the present study.
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2.2. Specimens in the Study Set & Slide Scanning

Formalin-fixed, paraffin-embedded (FFPE) tissue samples were collected from the ar-
chives of the departments of pathology of three different academic institutions: 23 samples
from the Erasmus Medical Center Cancer Institute (Rotterdam, The Netherlands), 9 samples
from the Netherlands Cancer Institute (Amsterdam, The Netherlands), and 17 samples from
the University Medical Center Utrecht (Utrecht, The Netherlands). Tissue specimens com-
prised either breast cancer metastases with a known triple-negative immunohistochemical
profile, or breast cancer metastases from patients with a history of TNBC. Both biopsies and
resection specimens were eligible. Bone metastases were excluded if the tissue samples had
undergone decalcification. Sample selection was based on the availability of leftover material,
with enrichment for PD-L1 positive metastases to ensure a balanced study set of positive and
negative cases. Patients had been diagnosed with metastatic TNBC between 1 January 1990
and 31 December 2020. Triple-negative breast carcinoma was defined as breast cancer with
<10% tumor nuclei showing immunoreactivity for ER and PR, according to the Dutch Breast
Cancer Guideline [28], and HER2-negativity as defined by the ASCO/CAP guidelines [29]. The
use of this anonymized leftover patient material was in accordance with the Code of Conduct
of the Federation of Medical Scientific Societies in the Netherlands (FEDERA) [30], as previ-
ously described [31]. The study methodologies were in line with the standards set by the Dec-
laration of Helsinki.

Digitalization of hematoxylin & eosin-stained (H&E) tissue slides and PD-L1/5P142-
stained tissue slides was performed by whole slide scanning using the Aperio slide scanner
(Leica Biosystems, Buffalo Grove, IL, USA) whereafter the slides were uploaded to Slide Score
(slidescore.com, Version 1.1, Slide Score B.V., Amsterdam, The Netherlands).

2.3. TILs Assessment

The extent of the stromal inflammatory infiltrate in the digitalized H&E slide of each me-
tastasis was assessed according to the standardized method for TILs in breast cancer as de-
scribed in detail by the International Immuno-Oncology Biomarkers Working Group [32,33].
Briefly, the density of stromal TILs (sTILs) was evaluated as the overall percentage (range 0—
100%) of the stromal area within the borders of the tumor that is occupied by mononuclear
immune cells. The total peri- and intra-tumor stromal surface area served as a denominator
[32]. The number of fields for evaluation was not specified: all participants had to evaluate the
entire area occupied by invasive carcinoma. In the case of heterogeneity, an average TILs score
was noted. All participants evaluated the same set of digital slides. TILs were only evaluated
in the study set, and not in the proficiency set.

2.4. PD-L1/5P142 Immunohistochemistry

Immunohistochemistry was centrally performed on 4-pm thick whole slide sections from
FFPE tissue blocks, on a validated and accredited automated slide stainer (Benchmark ULTRA
System, VENTANA Medical Systems, Tucson, AZ, USA) according to the manufacturer’s in-
structions. Briefly, following deparaffinization and heat-induced antigen retrieval, the tissue
samples were incubated with the monoclonal rabbit anti-PD-L1 antibody (clone SP142, VEN-
TANA Medical Systems) for 32 min at 37 °C, followed by hematoxylin II counter stain for 12
min and a blue coloring reagent for 8 min. Visualization was obtained by the OptiView DAB
IHC Detection Kit (VENTANA Medical Systems). Each tissue slide contained a fragment of
FFPE tonsil as an on-slide positive control. The assessment of PD-L1/SP142 immunohisto-
chemistry was conducted according to the manufacturer’s instructions as mentioned in the
package insert for the PD-L1/SP142 assay. These instructions comprised an estimation of the
immune cells (IC) with discernable staining for PD-L1/SP142 (regardless of the intensity) cov-
ering <1% (negative) or 1% (positive) of the tumor area occupied by tumor cells, associated
intra-tumoral and contiguous peritumoral stroma. The following formula was applied:
ICarea(%) = (area occupied by positive IC of any type)/(total tumor area) x 100. These scoring
criteria were applied in IMpassion130 [13].
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2.5. Statistical Analysis

All sTILs and PD-L1/SP142 scores were collected in Excel (Excel Windows 10, Mi-
crosoft Corporation, Redmond, WA, USA) and imported into the IBM SPSS Statistics 26.0
software (IBM Chicago, IL, USA) for statistical analysis. Tests for normality were per-
formed with the Shapiro-Wilk test, which showed that both the sTILs scores and PD-
L1/SP142 scores of each participant were not normally distributed (p < 0.05) in either the
proficiency set or the study set. Because of this non-normal distribution, the median (in-
stead of the mean) values were selected for each case to serve as the “gold standard” in
the study set, as a consensus diagnosis was lacking for this patient cohort. This hypothet-
ical “median/gold standard” pathologist was designated “Px”. Descriptive measures,
comprising minimum, maximum, and percentiles, were calculated.

Interobserver agreement was quantified by calculation of the intraclass correlation
coefficients (ICC) for sTILs scores in the study set, and PD-L1/SP142 scores in both the
proficiency set and the study set. Interpretation of the ICC was performed in line with the
proposal of Koo and Li [34]. ICC settings were: two-way random, single measures, abso-
lute agreement. The overall ICC value and corresponding 95% confidence interval (CI)
were also determined for subgroups according to the localization of metastases. Bland-
Altman plots were constructed to visualize the degree of deviation from the median score
Px for both sTILs and PD-L1/SP142 [35], by using both the mean of and the difference
between each pathologist’s score and the median Px score (study set) or consensus score
(proficiency set). Percent agreement based on PD-L1 status (i.e., positive versus negative)
was calculated and compared with the consensus diagnosis (proficiency set) or median
Px diagnosis (study set). Cohen’s Kappa values were calculated per pathologist duo for
PD-L1 status in both the proficiency set and the test set, and interpretation was performed
according to Landis and Koch [36]. Concordance rates for each pair of pathologists were
calculated at several TILs (%) cut-offs: <5% versus 5%, <10% versus >10%, <30% versus
230% and <75% versus >75%. Computations were not performed for the 1% thresholds as
there was an unbalanced proportion between positive and negative classification; only 12
values out of 490 were assessed as <1%. For PD-L1 assessment scores, concordance rates
for each pair of pathologists were calculated at three thresholds: <1% versus >1%, <56%
versus 25%, and <10% versus >10%. Each concordance rate was the percent agreement
derived from a 2 x 2 contingency table created for each cut-off and pair of pathologists.
The results were reported as the sample mean and sample standard deviation of these
concordance rates for all pairs of pathologists. A custom code has been created for the
concordance analysis using the R software environment for statistical computing and
graphics (version 4.0.2, R Foundation, Vienna, Austria).

The Mann-Whitney U test was used to explore the association between TILs scores
and PD-L1 status. The Kruskal-Wallis test was used to explore the association between
TILs scores and the localization of the metastases. Visualization was performed by the
construction of Box-and-Whisker plots. The Spearman’s Rho correlation test was used to
investigate the relation between the median TILs score and the median PD-L1 score. A
corresponding scatter plot was constructed. All tests were two-sided and significance lev-
els were set at a = 0.05, except for the Kruskal-Wallis test, where we applied a post hoc
Bonferroni correction for multiple group testing (ot = 0.0083).

3. Results
3.1. Composition of the Proficiency Set and Study Set

The proficiency set contained 28 samples in total, including two breast biopsies (7%)
and 26 breast resection specimens (93%). All breast cancers belonged to the triple-negative
subtype as assessed according to the Dutch national breast cancer guidelines. As deter-
mined by consensus, the proficiency set contained 16 PD-L1-positive cases (57%) and 12
PD-L1-negative cases (42%), with PD-L1 scores ranging from 0% to 20%. The median score
amounted to 3.0%.
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The study set comprised 49 breast cancer metastases, of which 40 (82%) had a known
triple-negative status. The remaining 9 (18%) breast cancer metastases had developed in
patients with a history of TNBC. The study set comprised 17 (35%) biopsies, 20 (41%) re-
section specimens, and 12 (25%) tissue samples where the technique had not been speci-
fied. Breast metastases originated from the brain (12 cases; 25%), the liver (2 cases; 4%),
the lungs (7 cases; 12%), lymph nodes (9 cases; 18%), the skin (11 cases; 22%), soft tissues
(4 cases; 8%), the sternum (one case; 2%), the kidney (one case; 2%), the colon (one case;
2%) and the terminal ileum (one case; 2%). As a consensus PD-L1 score was lacking for
this set, the median PD-L1 score Px was selected as a surrogate ‘gold standard” in the
study set, based on the assessment of ten pathologists. This resulted in 20 (41%) PD-L1-
positive and 29 (59%) PD-L1-negative TNBC metastases. The median PD-L1 score Px,
therefore, corresponded with 0%. Both the consensus scores in the proficiency set and all
pathologists” PD-L1 scores in the proficiency set and study set were not normally distrib-
uted, as determined by the Shapiro-Wilk test (p < 0.05).

3.2. Interobserver Agreement for PD-L1 Assessment in the Proficiency Set

All ten participating pathologists evaluated all 28 TNBC cases in the proficiency test.
There were no missing values. The overall ICC was 0.510 (95%CI 0.370-0.673), indicating
borderline moderate agreement for PD-L1/SP142 assessed as percentages. Figure 1 shows
the distribution of the PD-L1/SP142 percentages per TNBC in the proficiency set. PD-L1-
negative TNBCs (Figure 2) generally presented with a range equaling zero, but the range
between the 25th and 75th percentiles (P25 and P75, respectively) were substantially larger
for PD-L1-positive TNBCs, which resulted in increased interobserver variability.
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Figure 1. Box-and-whisker plot, illustrating the PD-L1/SP142 scores of ten pathologists per proficiency test (PT) case. The
range between the 25th and 75th percentiles is 0 for PD-L1-negative TNBCs and increases substantially for PD-L1-posi-
tive cases. Circles represent outliers; asterisks represent extremes. The thick line within each box is the 50th percentile

(i.e., median, * outliers, ° extremes).
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Figure 2. Photomicrographs (original magnification: 100x) of a TNBC in the proficiency set with low
TILs (A) and no PD-L1/SP142-positive immune cells (B). The stroma of another TNBC shows high
TILs levels (C) with several PD-L1/SP142-positive immune cells (D).

The median PD-L1/SP142 score in the proficiency set, based on the evaluation of all
ten participants, correlated significantly with the consensus diagnosis (Spearman’s Rho =
0.956; p < 0.001; Figure 3). The ICC values for the PD-L1 score of each pathologist in com-
parison with all the other pathologists, as well as the consensus score and the median Px
PD-L1 score are shown in Table 1. The PD-L1 assessment of nine out of ten (90%)
pathologists showed good agreement when compared with the consensus score, and
agreement was moderate for one pathologist (10%). The corresponding Bland-Altman
plots visualize the deviations from the consensus score (Figure S1). Similarly, the PD-L1
assessment of seven (70%) pathologists showed good agreement with the median Px PD-
L1 score, whereas agreement was moderate for one pathologist (10%) and excellent for
two pathologists (20%).
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Figure 3. Scatter plot, illustrating the median PD-L1/SP142 score based upon the assessment by ten
pathologists in relation to the consensus PD-L1 score in the proficiency test. Correlation is high
(Spearman’s Rho = 0.956; p < 0.001).
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Table 1. Intraclass correlation coefficients for PD-L1/SP142 assessment as percentages in the proficiency set, as evaluated
by ten participating pathologists.

PD-L1 Median

PD-L1 PD-L1P1PD-L1P2PD-L1P3PD-L1 P4PD-L1 P5PD-L1 P6PD-L1 P7PD-L1 P§PD-L1P9 PD-L1

consen- PD-L1 Px

score (%) (%) (%) (%) (%) (%) (%) (%) (%) %) PIOCR) o o
PD:;:) PL 000 0826 0458 0773 0779 086 0775 0616 0766 0563 0764  0.805
P D(El) P2 086 1000 0387 0547 0631 0736 0631 038 059 0510 0623  0.670
PD;;:) P35 0458 0387 1000 0798 0631 0684 0602 0611 0812 087 0826 0835
P D(El) P& 0773 0547 0798 1000 0770 0743 0716 0693 0828 0705 0800  0.858
PD:;:) PS> 0779 0631 0631 0770 1000 0785 0766 079 0793 0744 078  0.909
PDEOL;) Po 0826 0736 o068 0743 0785 1000 0826 0557 0761 0653 0811  0.89%
PD;;}) P7 0775 0631 0602 0716 0766 0826 1000 0652 0738 059 079  0.823
PD;;:) P8 0616 038 0611 0693 0793 055 0652 1000 0677 0611 075 0799
PD;};:) P9 0766 0594 0812 0828 0793 0761 0738 0677 1000 0922 0858 0914
PD'(I;/i)Plo 0563 0510 0837 0705 0744 0653 059 0611 0922 1000 0772 0855

P = pathologist.

Mutual agreement among these ten pathologists ranged from poor to excellent, with
the lowest ICC value equaling 0.386 and the highest ICC value equaling 0.922. However,
dichotomization of the PD-L1 scores as percentages into a positive versus negative PD-L1
status resulted in substantial percentage agreement with the consensus score. The PD-L1
assessment of five (50%) pathologists was 100% concordant with the consensus score. Two
(20%) and three (30%) pathologists showed 93% and 96% agreement with the consensus
score, respectively. Of note, all ‘deviations’ from the consensus score in the proficiency set
were due to overestimation of the percentage of PD-L1-positive IC. In other words, all
‘wrong’ answers were due to false-positive PD-L1 assessments. The high percentage
agreement with the consensus score resulted in high corresponding Cohen’s Kappa val-
ues (K>0.851).

3.3. Interobserver Agreement for PD-L1 Assessment in the Study Set

The overall ICC value for PD-L1 assessment as a percentage amounted to 0.299
(95%CI 0.197-0.430), indicating poor interobserver agreement. Subsequently, breast can-
cer metastases were reclassified in four different groups: skin and soft tissue metastases,
brain metastases, lymph node metastases, and ‘other’ localizations. ICC values for each
subgroup were 0.172, 0.144, 0.364 and 0.313, respectively. Although the ICC value for
lymph node metastases was slightly higher than the ICC values of other metastatic local-
izations, there was still poor agreement for PD-L1 assessment as a percentage. Descriptive
values of the assessment are shown in Table S1. The variable interobserver agreement was
reflected in the ICC values per pathologist duo (Table 2), which ranged from 0.167 (poor
agreement) to 0.944 (excellent agreement). Corresponding Bland-Altman plots can be
found in Figure S2.



Cancers 2021, 13, 4910

10 of 20

Table 2. Intraclass correlation coefficients for PD-L1/SP142 assessment as percentages in the study set, as evaluated by ten
participating pathologists. Because an ad hoc consensus score was lacking, the median Px PD-L1 score was used as a
surrogate consensus score.

PD-L1 Score

%) P1 P2 P3 P4 P5 Pe6 P7 P8 P9 P10 Median Px
P1 1.000 0723 0593  0.681 0.167  0.511 0534 0726 0702  0.559 0.766
P2 0.723 1.000 0766 0706 0432 0.693 0713 0809 0.868 0.746 0.917
P3 0593  0.766 1.000 0.693 0268 0984  0.831 0713 0893 0944 0.928
P4 0.681 0.706  0.693 1.000 0438 0662 0715 0649 0.699  0.661 0.771
P5 0.167 0432 0268  0.438 1.000 0210 0480 0271 0200  0.195 0.336
Pé6 0.511 0693 0984 0662 0210 1.000 0823 0.676 0.848  0.938 0.880
p7 0534 0713 0.831 0715 0480  0.823 1.000 0717 0.642 0.674 0.788
P8 0726  0.809 0.713 0.649 0.271 0.676 0717 1.000 0.703  0.624 0.775
P9 0702 0868 0.893 0.699 0200 0.848 0.642 0.703 1.000  0.940 0.951
P10 0559 0746 0944  0.661 0.195 0938 0674 0.624  0.940 1.000 0.905

P = pathologist.

However, an agreement was generally higher when the assessment of each individ-
ual pathologist was compared with the median PD-L1/SP142 score, which was used as a
‘surrogate’ consensus score in the study set. Four (40%) pathologists showed excellent
agreement with the median Px PD-L1 score, whereas five (50%) and one (10%)
pathologists showed good and moderate agreement, respectively (Table 2). The dichoto-
mization of the percentage scores into a positive versus negative PD-L1 status resulted in
a relatively high percent agreement with the median Px PD-L1 score, ranging from 80%
to 94%. Deviations of the median score were due to both ‘false-positive” and ‘false-nega-
tive” scores. Mutual comparison of all pathologists showed variable Cohen’s Kappa val-
ues, ranging from 0.383 to 0.952 (Table 3). There was 100% agreement on the PD-L1 status
of 23 metastatic TNBCs (47%). Agreement on the PD-L1 status was 90% and 80% for nine
(18%) and four (8%) cases, respectively. Three (6%) and nine (18%) metastatic TNBCs
showed an agreement on the PD-L1 status of 70% and 60%, respectively. One case (2%)
was considered PD-L1-negative by five pathologists, and PD-L1 positive by the five other
pathologists, resulting in an agreement of 50%. The 10 metastatic TNBCs with at least 40%
discordance originated from the skin (4 cases), brain (4 cases), liver (1 case), or a lymph
node (1 case).

Table 3. Cohen’s Kappa values per pathologist duo for PD-L1 status in the study set.

PD-L1 Status  P1 P2 P3 P4 P5 Pé6 P7 P8 P9 P10 Median Px
P1 1.000 0.620 0762 0.704 0559 0776 0500 0535 0952 0.507 0.866
P2 0.620 1.000 0547 0673 0550 0508 0.633 0510 0.547  0.590 0.672
P3 0762 0547 1.000 0630 0481 0.604 0514 0383 0712 0.692 0.780
P4 0704 0673 0630 1.000 0632 0754 0.633 0510 0.630 0.672 0.836
P5 0559 0550 0481 0632 1.000 0455 0593 0386 0481 0.623 0.707
P6 0776 ~ 0508 0.604 0754 0455 1.000 0471 0426 0.692 0.578 0.662
pP7 0500 0633 0514 0633 0593 0471 1.000 0633 0514 0.553 0.634
P8 0535 0510 0383 0510 038 0426 0633 1.000 0.547 0.263 0.590
P9 0952 0547 0712 0630 0481 0692 0514 0547 1.000 0.429 0.780

P10 0507 0590 0.692 0672 0623 0578 0553 0263 0429  1.000 0.662

P = pathologist.
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3.4. Interobserver Agreement for TILs Assment in the Study Set

The TILs levels in the study set ranged from 0% to 99%, as assessed by all ten partic-
ipating pathologists. Descriptive values are provided in Table S2. The overall ICC value
for TILs was 0.517 (95%CI 0.408-0.639), which indicates moderate agreement. Subse-
quently, an agreement was investigated among breast cancer metastases per localization:
skin and soft tissue metastases, brain metastases, lymph node metastases, and ‘other” lo-
calizations. ICC values for each subgroup were 0.530, 0.489, 0.463, and 0.523, respectively.
TILs assessment seems slightly more difficult in brain and lymph node metastases as these
subgroups showed only poor agreement. The ICC values per pathologist duo are pro-
vided in Table 4. Because of the lack of an ad hoc consensus TILs score, the median TILs
score Px is used as a surrogate consensus score. Importantly, the TILs scores of each indi-
vidual pathologist show good agreement with the surrogate consensus score Px in nine
out of ten (90%) participants, and excellent agreement for one (10%) pathologist.

TILs were not determined in the proficiency set, as several previous studies have
already reported on the interobserver variability in TILs assessment in primary TNBC
[37-39].

Table 4. Intraclass correlation coefficients for TILs assessment as percentages in the study set, as evaluated by ten partici-
pating pathologists. Because an ad hoc consensus score was lacking, the median Px TILs score was used as a surrogate
consensus score.

TILs Median
Assessment (%) P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 Px (%)

P1 1.000 0.867 0527 0474 0583 0.859 0.804 0444 0.612 0.663 0.851
P2 0.867 1.000 0.407 0550 0.637 0.822 0.753 0.521 0578  0.553 0.835
P3 0527 0407 1.000 0232 0393 0397 0556 0295 0533 0.555 0.618
P4 0474 0550 0.232 1.000 0416 0495 0567 0545  0.541 0.657 0.670
P5 0583 0.637 0.393 0416 1.000 0.609 0.606 0553 0.338  0.527 0.753
P6 0.859  0.822 0397 0495  0.609 1.000 0.747 0474 0560 0.556 0.826
P7 0.804 0.753 0556 0567 0.606 0.747 1.000 0.491 0.682  0.694 0.908
P8 0444 0521 0295 0545 0553 0474  0.491 1.000 0.408  0.525 0.615
P9 0612 0578 0.533 0.541 0338 0560 0.682  0.408 1.000 0.482 0.756
P10 0663 0553 0555 0657 0527 0556 0.694 0525  0.482 1.000 0.770

P = pathologist.

3.5. Exploratory Analysis of Different Thresholds for TILs and PD-L1 Assessment

The impact on interobserver agreement was explored for four different thresholds
for dichotomization of TILs levels in the study set (Table 5). The 5% and 10% threshold
resulted in overall moderate concordance among the ten participants, whereas agreement
was good for the 30% threshold. The 75% cut-off for dichotomized TILs scores resulted in
excellent interobserver concordance.

Similarly, three different thresholds for dichotomization of PD-L1 scores were inves-
tigated in both the proficiency set and the study set (Table 6). The 1% cut-off resulted in
excellent interobserver concordance in the proficiency set, and good concordance in the
study set.
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Table 5. Exploratory analysis of four different thresholds for TILs dichotomization and their influence on the concordance
amonyg all ten participating pathologists.

Concordance Rate for All Pairs of Pathologists

Threshold for TILs Dich izati
reshold for TILs Dichotomization Sample Mean * Standard Deviation

TILs <5 versus >5% 0.734 (+0.042)
TILs <10 versus 210% 0.733 (x0.062)
TILs <30 versus 230% 0.797 (x0.067)
TILs <75 versus 275% 0.925 (+0.053)

Table 6. Exploratory analysis of three different thresholds for dichotomization of PD-L1 scores, and their influence on the
concordance among all ten participating pathologists.

Concordance Rate for All Pairs of Pathologists

Threshold for PD-L1 Dichotomization Sample Mean * Standard Deviation
Proficiency Set Study Set
PD-L1<1 vs. 21% 0.961 (+0.030) 0.793 (+0.062)
PD-L1 <5 vs. 5% 0.804 (+0.084) 0.824 (+0.093)
PD-L1 <10 vs. 210% 0.814 (+0.067) 0.844 (+0.112)

3.6. Associations between Metastatic Location, PD-L1 and TILs Assessment in the Study Set

The median TILs score Px was significantly associated with the median Px PD-L1
status (p =0.004). TNBC metastases with negative PD-L1 status present substantially fewer
TILs than TNBCs with positive PD-L1 status, although there is a discrete overlap in the
TILs levels between both groups (Figure 4). Although not statistically significant (p =
0.136), we observed a trend towards higher TILs levels in lymph node metastases than in
brain metastases or skin and soft tissue metastases. Skin and soft tissue metastases gener-
ally presented with the lowest TILs levels (Figure 5). The heterogeneous group of ‘other’
metastatic localizations showed a wide range of TILs levels, but liver, bone, lung, kidney,
and bowel metastases were each represented in too small numbers to allow for reliable
statistical analysis.
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Figure 4. Box-and-whisker plot illustrating the median TILs scores Px for the PD-L1-negative and
PD-L1-positive subgroups in this study cohort of 49 TNBC metastases. PD-L1-positive TNBC me-
tastases have significantly higher TILs levels (p = 0.004). Circles represent outliers; asterisks repre-
sent extremes, * outliers, ° extremes.
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Figure 5. Box-and-whisker plot illustrating the median TILs scores Px per localization of the metas-
tases in the study set. Although there is a trend towards higher TILs levels in lymph node metasta-
ses, there was no statistically significant association between both parameters (p = 0.136). Circles
represent outliers; asterisks represent extremes. Bold lines within each box are the median P50. Skin
and soft tissue metastases: n =15. Brain metastases: n = 12. Lymph node metastases: n =9. Metastases
of other locations: n =13 (including liver, bowel, kidney, and lung metastases), * outliers, ° extremes.

Brain metastases had significantly lower PD-L1 scores than lymph node metastases
(p < 0.001) or skin and soft tissue metastases (p = 0.001). Lymph node metastases did not
show significantly different PD-L1 scores than skin and soft tissue metastases (p = 0.010
after Bonferroni correction), although there was a discrete trend towards higher PD-L1
scores in the former. Lymph node metastases did not show significantly different PD-L1
scores from TNBC metastases in ‘other” locations (p = 0.841). Skin and soft tissue metasta-
ses, as well as brain metastases, showed significantly lower PD-L1 percentages than TNBC
metastases in ‘other’ locations (p = 0.008 and p < 0.001, respectively).

Comparison of the degree of interobserver agreement for PD-L1 assessment between
the proficiency set and the study set per pathologist shows that the overall agreement
seems similar for eight out of ten (80%) participants (Figure 6). The PD-L1 scores of P2
showed a higher agreement with the median PD-L1 scores in the study set than in the
proficiency set, whereas the opposite was true for P5.
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Figure 6. Line diagram showing the evolution between the agreement of the PD-L1 score of each
pathologist with the median Px PD-L1 score in the proficiency set and the study set. The PD-L1
assessment of most pathologists showed a similar degree of agreement, except for P2 (higher agree-
ment in the study set) and P5 (higher agreement in the proficiency set).
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3.7. Combined Evaluation of Dichotomous PD-L1 and TILs Assessment in the Study Set

As a final exploratory analysis, we created a combined biomarker, based on the PD-
L1/SP142 status (positive versus negative using the <1% versus 1% cut point) and dichot-
omized TILs assessment (low versus high TILs using an arbitrary <5% versus 25% cut
point). Only those TNBC metastases with >5% TILs and a positive PD-L1 status were con-
sidered positive for this combined biomarker. This analysis is merely a preliminary proof-
of-concept evaluation, as there is no clinical evidence available at present in favor of a
particular TILs cut point. The combined biomarker did not reduce the degree of inter-
observer discordance at the individual patient level. The frequency of a ‘positive’ com-
bined biomarker varied from 11 out of 49 (22%) cases to 23 out of 49 (47%) cases among
the participants. All pathologists agreed on the combined biomarker status for 22 out of
49 metastases (45%). One and two pathologists disagreed with the other participants for
ten (20%) and two (4%) out of 49 metastases, respectively. Three and four pathologists
disagreed with the other participants for eight (16%) and six (12%) out of 49 cases, respec-
tively. In one metastasis, five participants considered the combined biomarker as positive,
whereas the other five pathologists considered it as negative. This corresponded to an
average kappa value of 0.568 (range 0.355-0.852; Table 7). The limited size of the study
cohort precluded any further detailed analysis.

Table 7. Kappa values for the ten participating pathologists in the exploratory analysis of the combined biomarker based
on PD-L1 status (<1% versus 21%) and TILs (<5% versus 25%). Only those TNBC metastases with PD-L1/SP142 scores of
>1% and 5% TILs were considered positive, and agreement was investigated.

Combined Biomarker P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
P1 1.000 0.613 0.852 0.718 0.511 0.719 0.355 0.548 0.791 0.641
P2 0.613 1.000 0.623 0.788 0.506 0.461 0.508 0.546 0.493 0.580
P3 0.852 0.623 1.000 0.724 0.435 0.632 0.371 0.468 0.733 0.745
P4 0.718 0.788 0.724 1.000 0.439 0.645 0.449 0.564 0.573 0.674
P5 0.511 0.506 0.435 0.439 1.000 0.448 0.671 0.371 0.468 0.563
P6 0.719 0.461 0.632 0.645 0.448 1.000 0.378 0.399 0.570 0.580
P7 0.355 0.508 0.371 0.449 0.671 0.378 1.000 0.546 0.493 0.580
P8 0.548 0.546 0.468 0.564 0.371 0.399 0.546 1.000 0.500 0.509
P9 0.791 0.493 0.733 0.573 0.468 0.570 0.493 0.500 1.000 0.780

P10 0.641 0.580 0.745 0.674 0.563 0.580 0.580 0.509 0.780 1.000

4. Discussion

In the present study, we investigated the inter-pathologist agreement for both TILs
assessment and evaluation of PD-L1/SP142 immunohistochemistry. We focused on lymph
node metastases and distant metastases from several anatomic localizations, as the PD-
L1/5P142 immunohistochemical assay is often performed on metastatic TNBC in daily
routine practice. We show here that TILs assessment in metastatic TNBC, performed by
the method as proposed by the International Immuno-Oncology Biomarker Working
Group, results in only moderate agreement among ten Dutch breast pathologists, even
though all passed a PD-L1/SP142 proficiency test. The degree of interobserver variability
seems similar to the one observed in TILs evaluation in primary TNBCs [40]. Although
earlier reports questioned the influence of this interobserver variability on the predictive
value of TILs for achieving a pathological complete response (pCR) in the neoadjuvant
setting [37,39], it was recently shown that TILs assessment according to the Working
Group’s method is a robust predictive marker for pCR at the group level [41]. The predic-
tive value of TILs for pCR is not negatively affected by inter-pathologist disagreement
[38], but other patient-related characteristics such as high body mass index may have an
adverse impact on the prediction of pCR and remain to be further elucidated [42]. We,
therefore, deem it unlikely that the presently observed degree of interobserver variability
in TILs assessment would negatively influence the treatment response in metastatic TNBC
at the group level. Nevertheless, this hypothesis will require confirmation in future stud-
ies, with emphasis on the consequences of treatment decisions for individual patients.
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We observed a higher degree of interobserver variability in the assessment of PD-
L1/SP142 immunohistochemistry in TNBC metastases among the ten participating
pathologists, resulting in poor mutual concordance, which is in line with previously re-
ported findings in a series of primary TNBC [22]. However, a recent study on PD-L1 as-
sessment in primary TNBC reported a surprisingly high interobserver and intra-observer
agreement, which is likely due to the use of tissue microarrays instead of whole slide im-
munohistochemistry [43]. Although the agreement for PD-L1/SP142 scores as percentages
is poor, regardless of the site of the metastasis, the overall agreement on positive versus
negative PD-L1 status seems slightly better. The concordance of each individual
pathologist’s scores with the ad hoc consensus diagnosis for primary TNBCs in the profi-
ciency set, as well as with the median PD-L1/SP142 scores for metastatic TNBCs in the
study set, was good to excellent at the group level, even when taking into account a more
stringent interpretation of the ICC values [44]. Of note, all ‘deviations” from the consensus
score in the proficiency set were due to overestimation of the percentage of PD-L1-positive
IC. This implies that one to two patients in the proficiency set would have been ‘over-
treated” due to so-called false-positive results, but none of the patients would have been
denied treatment as there were no false-negative results. At first sight, the observed in-
terobserver variability seems therefore acceptable at the group level.

We did however observe a negative impact of the interobserver variability on the PD-
L1-positivity status at the level of the individual patient in the study set with metastatic
TNBCs. Perfect agreement among the ten observers was noted for only 47% of all TNBC
metastases, whereas one to five observers provided a discordant PD-L1-positivity status
for the remaining 53% of this patient series. This observation indicates that dichotomiza-
tion of the PD-L1 percentage score does not resolve the impact of the discordance ob-
served among the scores as a percentage. Consequently, a substantial number of patients
would not receive atezolizumab while they are likely to benefit, or vice versa. As already
identified in primary TNBC by Reisenbichler et al., several patients would be assigned to
the incorrect PD-L1 status depending on which pathologist read the immunohistochemi-
cal PD-L1/SP142 assay [22]. This phenomenon is inherent to each dichotomously assessed
biomarker, and, though inevitable, it should be questioned which rate of discordance is
clinically acceptable. The issue is not whether the obvious cases can be diagnosed, but
whether the difficult cases can be diagnosed. At present, the answer seems to be “no”. In
our series, four to five pathologists disagreed with the other observers regarding the PD-
L1 status in ten out of 49 metastatic TNBC (20%). These challenging ‘borderline’ cases
often originated from the skin or the brain. The difficulties in PD-L1 assessment encoun-
tered in these metastases could be explained by the generally low level of TILs in ‘im-
mune-deserted” TNBC metastases located in the skin, soft tissues, and brain, in compari-
son with the higher TILs levels in lymph node metastases. Skin and brain metastases are
likely more often problematic for robust PD-L1 assessment, as fewer TILs are associated
with fewer PD-L1-positive immune cells: these metastases often flirt with the 1% thresh-
old for PD-L1 positivity. Our findings confirm previously reported observations on the
distribution of PD-L1-positive immune cells in various metastatic sites [13,21]. TNBC me-
tastases harbor additional difficulties, i.e., the intra- and peri-tumor stroma have a differ-
ent aspect than the stroma in primary tumors in the breast, and its quantity can be very
limited. Lymph node metastases represent a particular challenge, as lymph nodes are per
definition characterized by high levels of lymphocytes in comparison with primary
TNBCs [33].

The study set contained 41% PD-L1 positive and 59% PD-L1 negative metastases,
resulting in a median PD-L1 score of 0%. This is not surprising, considering that most
metastases contain few TILs, and consequently, contain very few PD-L1-positive immune
cells. Our data suggest that both a sufficient number of positive versus negative tissue
samples and a sufficient number of pathologists are required for definitive concordance
assessment, to allow for a powered analysis. The present proof-of-concept study includes
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only a limited number of tissue samples and pathologists; we, therefore, aim to help de-
sign future robust concordance studies in the metastatic setting. Although we did not as-
sess specific pitfalls in the present study, TILs assessment and PD-L1 immunohistochem-
ical evaluation are likely prone to similar pitfalls as described for primary TNBC [40]. Ad-
ditional training for challenging metastatic TNBCs might enhance interobserver agree-
ment. Kirkegaard et al. have indeed shown that with appropriate training, even with
quantitative assessments, really high concordance can be achieved [44]. If we fail to ad-
dress the importance of training, we will ultimately pave the way for automated image
analysis to become the norm- simply because we failed to address the challenges posed
by manual assessment without robust standards.

Such training, focusing on metastatic specimens, seems worthwhile, as the same ob-
servers achieved high percentages of agreement (ranging from 93% to 100%) on the PD-
L1 status of a set of 28 primary TNBCs, as demonstrated in the proficiency set. This could
indicate specific challenges associated with differences in the intra- and peri-tumor stroma
between primary TNBCs and TNBC metastases. Other well-known ‘immune-deserted’
metastatic localizations, such as the liver, should be included as well. Specific guidelines
might be required for bone metastases, including optimal specimen handling for PD-L1
assessment.

As TNBCs with high TILs are more likely to contain >1% PD-L1-positive immune
cells [45], a combined evaluation of TILs and PD-L1 expression in locally advanced and
metastatic TNBC has been proposed by the International Immuno-Oncology Biomarker
Working Group to reduce the risk of suboptimal patient selection for immunotherapy
[19]. Suboptimal patient selection might result from inter-pathologist variability in the
PD-L1/SP142 assessment. The limited number of metastatic TNBCs included in the pre-
sent study set precluded any robust analysis of combined evaluation of TILs and PD-L1
expression. Nevertheless, future studies should explore whether integrated training for
both TILs and PD-L1 immunohistochemistry could enhance interobserver concordance,
and its impact on PD-L1 immunohistochemistry-based treatment decisions. Similar to
pending computational quantitative TILs assessment, the evaluation of PD-L1/5P142 im-
munohistochemistry might be objectified by future application of automated algorithms
or so-called “artificial intelligence’ [46]. TNBC is not the only type of tumor posing chal-
lenges for robust and reliable PD-L1/SP142 assessment. Similar degrees of inter-
pathologist discordance have been reported for carcinomas in other organs, including pul-
monary adenocarcinomas, squamous carcinomas of the head and neck region, urothelial
carcinomas, hepatocellular carcinomas, and gastric carcinomas [47-52]. Additionally,
treatment response to atezolizumab does not only depend on PD-L1-positive immune
cells. Future research should investigate the added value of other biomarkers too. For in-
stance, Bocanegra et al. have demonstrated substantial differences in the percentage of
PD-L1-positive CD11-positive myeloid cells between non-small cell lung cancer patients
responding or not responding to immunotherapy [53]. Similar analyses should be per-
formed in TNBC.

This proof-of-concept study was designed to inform pathologists on subsequent
powered concordance studies aiming to provide more definitive conclusions on the con-
cordance and use of PD-L1 and TILs in the metastatic setting. The observed concordances
in this study are therefore merely indicative in nature, and all these available data suggest,
as the most important message, that systematic training of pathologists is urgently re-
quired to enhance the degree of interobserver agreement. Additionally, adequate con-
cordance analyses require sufficient knowledge of appropriate statistical methods to ana-
lyze and interpret the data in a correct way. A clinically useful analytical validity takes
into account the interobserver agreement, as well as sensitivity, specificity, and negative
and positive predictive value as determined by state-of-the-art methods. Integration of
this information will be a major challenge for future validity studies for promising bi-
omarkers such as TILs and PD-L1.
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5. Conclusions

In this study, we observed an acceptable degree of inter-pathologist agreement for
TILs assessment as percentages in TNBC metastases, but we detected substantial inter-
pathologist variability in the assessment of PD-L1/5P142 immunohistochemistry as a per-
centage, as well as the PD-L1/SP142 status (positive versus negative). It needs to be
acknowledged that there is still no clear-cut definition of what constitutes a “good” or
“acceptable” concordance between pathologists, and whether the clinical implications of
the discordances observed should be factored in or not. From a purely analytical point of
view, the clinical implications may not be considered, but in the clinical daily practice
setting, it can be argued that the clinical use of the biomarker should drive this definition.

As previously reported, the TILs level was associated with the localization of the me-
tastases. TNBC metastases with higher TILs were more likely to contain PD-L1/5P142-
positive immune cells. The degree of interobserver variability in the assessment of PD-
L1/SP142 immunohistochemistry as a percentage did not substantially affect the PD-L1
status at the group level. However, there was a considerable impact on the PD-L1 status
(positive versus negative) for individual patients, wherein the potential subsequent treat-
ment decision would be dependent on the pathologist reading the biopsy. Despite having
completed a prior training, ten pathologists could not agree on the treatment choice for
over half of patients, and for one in five patients, the chance of treatment or not (positive
versus negative PD-L1) was essentially random, since half of the participants called them
positive and half negative. This represents a significant diagnostic issue that requires ur-
gent attention and implies the need for additional training with an emphasis on the as-
sessment of TILs in metastatic TNBCs.

Training for integrated assessment of both TILs and PD-L1 immunohistochemistry
should be investigated as it is biologically unlikely that TILs-negative TNBC metastases
present with PD-L1-positivity. An integrated analysis might therefore increase the in-
terobserver agreement. It seems worthwhile to explore future developments in digital pa-
thology as computational assessment of both TILs and PD-L1/SP142 immunohistochem-
istry could help in optimizing the inter-pathologist agreement or provide a robust and
portable alternative to pathologist-based interpretation. Finally, future proficiency tests,
as well as External Quality Assessment (EQA) schemes, on TILs and PD-L1 need to ensure
that the lessons learned from this study are taken into consideration; in particular the dif-
ferences in concordance when analyzing a biomarker as a continuous versus a categorical
variable, and how the biomarker is used for clinical decision-making.

Supplementary Materials: The following are available online at www.mdpi.com/arti-
cle/10.3390/cancers13194910/s1, Figure S1: Bland-Altman plots for PD-L1 assessment in the profi-
ciency set, Figure 52: Bland-Altman plots for PD-L1 assessment in the study set, Table S1: Descrip-
tive values for PD-L1 assessment by ten pathologists in the proficiency set, Table S2: Descriptive
values for TILs assessment by ten pathologists in the study set.

Author Contributions: Conceptualization, H.H. and C.H.M.v.D.; Formal analysis, M.R.V.B.; Inves-
tigation, M.R.V.B.,, M.B,, AD., MK, LK, Bv.d.V, LV, CV,, PW, and P.J.v.D.; Methodology,
M.R.V.B,, M.C, LN,, N.L,, CD., D.R, KPS, S.E,, D.Z, MR, GF, J.H., B.A, JMS.B., D.P., ED,,
RS, FG, SM., HH, and CHM.v.D,; Resources, CHM.v.D.; Software, I.N.; Supervision,
C.H.M.v.D.; Writing—original draft, M.R.B.; Writing—review and editing, M.R.B., M.C,, LN., M.B.,
A.D, MK, LK, B.v.dV, LV, CV, PW, MK, PJ.v.D, LN, N.L, CD., DR, KP.S, SE., D.Z,
MR, GF, J.H, B.A, JM.SB., D.P,, ED., RS, E.G, SM., HH.,, and C.H.M.v.D. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by Roche (recipient: C.H.M. van Deurzen).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. The need for informed consent was waived by the Institutional Review
Board (METC Utrecht) of the University Medical Center Utrecht, The Netherlands (waiver code
MEC 16.703/C3-11-2016), due to the use of left-over human tissue material.

Informed Consent Statement: Not applicable.



Cancers 2021, 13, 4910 18 of 20

Data Availability Statement: Data are contained within the article and supplementary material.
Additionally, a single file containing all raw data can be obtained upon reasonable request from the
corresponding author.

Acknowledgments: Not applicable

Conflicts of Interest: ].M.S.B. received research funding from Thermo Fisher Scientific, Genoptix,
Agendia, Nanostring Technologies Inc., Stratifyer GmbH and Biotheranostics Inc., as well as hono-
raria from NanoString Technologies Inc., Oncology Education, Biotheranostics Inc., and Med-
comXchange Communications Inc. M.K. received institutional funding from AZ, BMS, and Roche.
MK is an advisory board member of BMS, Daiichi, MSD, and Roche. C. van Deurzen received fund-
ing for this study from Roche. The funders had no role in the design of the study; in the collection,
analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the
results. The other authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Thike, A.A.; Cheok, P.Y.; Jara-Lazaro, A.R.;; Tan, B.; Tan, P.; Tan, P.H. Triple-negative breast cancer: Clinicopathological
characteristics and relationship with basal-like breast cancer. Mod. Pathol. 2010, 23, 123-133, d0i:10.1038/modpathol.2009.145.
van Maaren, M.C.; de Munck, L.; Strobbe, L.J.A.; Sonke, G.S.; Westenend, P.J.; Smidt, M.L.; Poortmans, P.M.P,; Siesling, S. Ten-
year recurrence rates for breast cancer subtypes in the Netherlands: A large population-based study. Int. |. Cancer 2019, 144,
263-272, doi:10.1002/ijc.31914.

Acheampong, T.; Kehm, R.D.; Terry, M.B.; Argov, E.L.; Tehranifar, P. Incidence Trends of Breast Cancer Molecular Subtypes by
Age and Race/Ethnicity in the US From 2010 to 2016. JAMA Netw. Open 2020, 3, 2013226,
doi:10.1001/jamanetworkopen.2020.13226.

Howlader, N.; Cronin, K.A; Kurian, A.W.; Andridge, R. Differences in breast cancer survival by molecular subtypes in the
United States. Cancer Epidemiol. Biomark. Prev. 2018, 27, 619-626, d0i:10.1158/1055-9965.EPI-17-0627.

Dodson, A.; Parry, S.; Ibrahim, M.; Bartlett, ].M.S.; Pinder, S.; Dowsett, M.; Miller, K. Breast cancer biomarkers in clinical testing:
Analysis of a UK national external quality assessment scheme for immunocytochemistry and in situ hybridisation database
containing results from 199,300 patients. J. Pathol. Clin. Res. 2018, 4, 262-273, doi:10.1002/cjp2.112.

Planes-Laine, G.; Rochigneux, P.; Bertucci, F.; Chrétien, A.S; Viens, P.; Sabatier, R.; Gongalves, A. PD-1/PD-11 targeting in breast
cancer: The first clinical evidences are emerging. a literature review. Cancers 2019, 11, 1033, d0i:10.3390/cancers11071033.
Gong, Y.; Liu, Y.R; Ji, P.; Hu, X.; Shao, ZM. Impact of molecular subtypes on metastatic breast cancer patients: A SEER
population-based study. Sci. Rep. 2017, 7, 45411, doi:10.1038/srep45411.

Loibl, S.; O’Shaughnessy, J.; Untch, M.; Sikov, W.M.; Rugo, H.S.; McKee, M.D.; Huober, ].; Golshan, M.; von Minckwitz, G.;
Maag, D.; et al. Addition of the PARP inhibitor veliparib plus carboplatin or carboplatin alone to standard neoadjuvant
chemotherapy in triple-negative breast cancer (BrighTNess): A randomised, phase 3 trial. Lancet Oncol. 2018, 19, 497-509,
doi:10.1016/51470-2045(18)30111-6.

Fasching, P.A.; Link, T.; Hauke, J.; Seither, F.; Jackisch, C.; Klare, P.; Schmatloch, S.; Hanusch, C.; Huober, ].; Stefek, A.; et al.
Neoadjuvant paclitaxel/olaparib in comparison to paclitaxel/carboplatinum in patients with HER2-negative breast cancer and
homologous recombination deficiency (GeparOLA study). Ann. Oncol. 2021, 32, 49-57, doi:10.1016/j.annonc.2020.10.471.
Schmid, P.; Cortes, J.; Pusztai, L.; McArthur, H.; Kiimmel, S.; Bergh, J.; Denkert, C.; Park, Y.H.; Hui, R.; Harbeck, N.; et al.
Pembrolizumab for Early Triple-Negative Breast Cancer. N. Engl. |. Med. 2020, 382, 810-821, doi:10.1056/nejmoa1910549.

Foldi, J.; Silber, A.; Reisenbichler, E.; Singh, K.; Fischbach, N.; Persico, J.; Adelson, K.; Katoch, A.; Horowitz, N.; Lannin, D.; et
al. Neoadjuvant durvalumab plus weekly nab-paclitaxel and dose-dense doxorubicin/cyclophosphamide in triple-negative
breast cancer. NPJ Breast Cancer 2021, 7, 9, doi:10.1038/s41523-021-00219-7.

Voorwerk, L.; Slagter, M.; Horlings, H.M.; Sikorska, K.; van de Vijver, KK.; de Maaker, M.; Nederlof, L; Kluin, R.J.C.; Warren,
S.; Ong, S.; et al. Immune induction strategies in metastatic triple-negative breast cancer to enhance the sensitivity to PD-1
blockade: The TONIC trial. Nat. Med. 2019, 25, 920-928, d0i:10.1038/s41591-019-0432-4.

Emens, L.A.; Molinero, L.; Loi, S.; Rugo, H.S.; Schneeweiss, A.; Diéras, V.; Iwata, H.; Barrios, C.H.; Nechaeva, M.; Nguyen-Duc,
A.; et al. Atezolizumab and nab -Paclitaxel in Advanced Triple-Negative Breast Cancer: Biomarker Evaluation of the
IMpassion130 Study . JNCI J. Natl. Cancer Inst. 2021, 113, 1005-1016, doi:10.1093/jnci/djab004.

Cortes, J.; Cescon, D.W.; Rugo, H.S.; Nowecki, Z.; Im, S.A.; Yusof, M.M.; Gallardo, C.; Lipatov, O.; Barrios, C.H.; Holgado, E.; et
al. Pembrolizumab plus chemotherapy versus placebo plus chemotherapy for previously untreated locally recurrent inoperable
or metastatic triple-negative breast cancer (KEYNOTE-355): A randomised, placebo-controlled, double-blind, phase 3 clinical
trial. Lancet 2020, 396, 1817-1828, doi:10.1016/S0140-6736(20)32531-9.

Vennapusa, B.; Baker, B.; Kowanetz, M.; Boone, ]J.; Menzl, I; Bruey, ].M.; Fine, G.; Mariathasan, S.; McCaffery, I.; Mocci, S.; et al.
Development of a PD-L1 Complementary Diagnostic Immunohistochemistry Assay (SP142) for Atezolizumab. Appl.
Immunohistochem. Mol. Morphol. 2019, 27, 92-100, doi:10.1097/P A1.0000000000000594.

Mediratta, K.; El-Sahli, S.; D’costa, V.; Wang, L. Current progresses and challenges of immunotherapy in triple-negative breast
cancer. Cancers 2020, 12, 3529, doi:10.3390/cancers12123529.



Cancers 2021, 13, 4910 19 of 20

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

Schats, K.A.; Van Vré, E.A.; Boeckx, C.; De Bie, M.; Schrijvers, D.M.; Neyns, B.; De Meester, I.; Kockx, M.M. Optimal evaluation
of programmed death ligand-1 on tumor cells versus immune cells requires different detection methods. Arch. Pathol. Lab. Med.
2018, 142, 982-991, doi:10.5858/arpa.2017-0159-O.A.

Lawson, N.L.; Dix, C.I; Scorer, P.W_; Stubbs, C.J.; Wong, E.; Hutchinson, L.; McCall, E.J.; Schimpl, M.; DeVries, E.; Walker, J.; et
al. Mapping the binding sites of antibodies utilized in programmed cell death ligand-1 predictive immunohistochemical assays
for use with immuno-oncology therapies. Mod. Pathol. 2020, 33, 518-530, d0i:10.1038/s41379-019-0372-z.

Gonzalez-FEricsson, P.I; Stovgaard, E.S.; Sua, L.F.; Reisenbichler, E.; Kos, Z.; Carter, ].M.; Michiels, S.; Le Quesne, ].; Nielsen,
T.O.; Laenkholm, A.V.; et al. The path to a better biomarker: Application of a risk management framework for the
implementation of PD-L1 and TILs as immuno-oncology biomarkers in breast cancer clinical trials and daily practice. J. Pathol.
2020, 250, 667-684, doi:10.1002/path.5406.

Emens, L.A.; Cruz, C.; Eder, ].P.; Braiteh, F.; Chung, C.; Tolaney, S.M.; Kuter, I.; Nanda, R.; Cassier, P.A.; Delord, ].P.; et al. Long-
term Clinical Outcomes and Biomarker Analyses of Atezolizumab Therapy for Patients with Metastatic Triple-Negative Breast
Cancer: A Phase 1 Study. JAMA Oncol. 2019, 5, 74-82, doi:10.1001/jamaoncol.2018.4224.

Li, Y.; Vennapusa, B.; Chang, C.W.; Tran, D.; Nakamura, R.; Sumiyoshi, T.; Hegde, P. ; Molinero, L. ; et al. Prevalence Study of
PD-L1 SP142 Assay in Metastatic Triple-negative Breast Cancer. Appl. Immunohistochem. Mol. Morphol. 2020, 29, 258-264,
doi:10.1097/PA.1.0000000000000857.

Reisenbichler, E.S.; Han, G.; Bellizzi, A.; Bossuyt, V.; Brock, J.; Cole, K.; Fadare, O.; Hameed, O.; Hanley, K.; Harrison, B.T.; et
al. Prospective multi-institutional evaluation of pathologist assessment of PD-L1 assays for patient selection in triple negative
breast cancer. Mod. Pathol. 2020, 33, 1746-1752, d0i:10.1038/s41379-020-0544-x.

Hoda, R.S; Brogi, E.; D’ Alfonso, T.M.; Grabenstetter, A.; Giri, D.; Hanna, M.G.; Kuba, M.G.; Murray, M.P.; Vallejo, C.E.; Zhang,
H. et al. Interobserver Variation of PD-L1 SP142 Immunohistochemistry Interpretation in Breast Carcinoma: A Study of 79 Cases
Using Whole Slide Imaging. Arch. Pathol. Lab. Med. 2021, 145, 1132-1137, d0i:10.5858/arpa.2020-0451-0a.

Tannock, L.F. Have investigators forgotten how to write? Ann. Oncol. 2021, 32, 437-438, doi:10.1016/j.annonc.2020.12.017.
Fundytus, A.; Booth, CM.; Tannock, LF. How low can you go? PD-L1 expression as a biomarker in trials of cancer
immunotherapy. Ann. Oncol. 2021, 32, 833-836, d0i:10.1016/j.annonc.2021.03.208.

Rugo, H.S,; Loi, S.; Adams, S.; Schmid, P.; Schneeweiss, A.; Barrios, C.H.; Iwata, H.; Dieras, V.C.; Winer, E.P.; Kockx, M.; et al.
Performance of PD-L1 immunohistochemistry (IHC) assays in unresectable locally advanced or metastatic triple-negative breast
cancer (MTNBC): Post-hoc analysis of IMpassion130. Ann. Oncol. 2019, 30, v851-v934.

Szekely, B.; Bossuyt, V.; Li, X.; Wali, V.B.; Patwardhan, G.A.; Frederick, C.; Silber, A.; Park, T.; Harigopal, M.; Pelekanou, V.; et
al. Immunological differences between primary and metastatic breast cancer. Ann. Oncol. 2018, 29, 2232-2239,
d0i:10.1093/annonc/mdy399.

NABON. Factsheet Indicatoren NABON Breast Cancer Audit (NBCA). 2017. Available online: https://www.nabon.nl/ (accessed
on 29 March 2020).

Wolff, A.C.; Hammond, M.E.H.; Allison, K.H.; Harvey, B.E.; Mangu, P.B.; Bartlett, ] M.S.; Bilous, M.; Ellis, 1.O.; Fitzgibbons, P.;
Hanna, W.; et al. Human Epidermal Growth Factor Receptor 2 Testing in Breast Cancer: American Society of Clinical
Oncology/College of American Pathologists Clinical Practice Guideline Focused Update. |. Clin. Oncol. 2018, 36, 2105-2122,
doi:10.1200/JC0O.2018.77.8738.

FEDERA. Human Tissue and Medical Research: Code of Conduct for Responsible Use 2011. Available online:
https://www.federa.org/codes-conduct (accessed on 29 March 2021).

Agahozo, M.C.; Sieuwerts, A.M.; Charlane Doebar, S.; Verhoef, E.I.; Beaufort, C.M.; Ruigrok-Ritstier, K.; de Weerd, V.; Sleddens,
H.F.B.M,; Dinjens, V.N.M.; Martens, ] W.M.; et al. PIK3CA mutations in ductal carcinoma in situ and adjacent invasive breast
cancer. Endocr. Relat. Cancer 2019, 26, 471-482, d0i:10.1530/ERC-19-0019.

Salgado, R.; Denkert, C.; Demaria, S.; Sirtaine, N.; Klauschen, F.; Pruneri, G.; Wienert, S.; Van den Eynden, G.; Baehner, F.L.;
Penault-Llorca, F.; et al. The evaluation of tumor-infiltrating lymphocytes (TILs) in breast cancer: Recommendations by an
International TILs Working Group 2014. Ann. Oncol. OffF—Ew+—See—Med—Oneel: 2015, 26, 259-271, doi:10.1093/annonc/mdu450.
Hendry, S.; Salgado, R.; Gevaert, T.; Russell, P.A.; John, T.; Thapa, B.; Christie, M.; van de Vijver, K.; Estrada, M.V.; Gonzalez-
Ericsson, P.I; et al. Assessing Tumor-infiltrating Lymphocytes in Solid Tumors: A Practical Review for Pathologists and
Proposal for a Standardized Method From the International Immunooncology Biomarkers Working Group: Part 1: Assessing
the Host Immune Response, TILs in Invasi. Adv. Anat. Pathol. 2017, 24, 235-251, doi:10.1097/PA.P.0000000000000162.

Koo, T.K; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. ]. Chiropr.
Med. 2016, 15, 155-163, doi:10.1016/j.jcm.2016.02.012.

Popovic, ZB.; Thomas, J.D. Assessing observer variability: A user’s guide. Cardiovasc. Diagn. Ther. 2017, 7, 317-324,
do0i:10.21037/cdt.2017.03.12.

Landis, ].R.; Koch, G.G. The Measurement of Observer Agreement for Categorical Data. Biometrics 1977, 33, 159-174.

Swisher, S.K.; Wu, Y.; Castaneda, C.A.; Lyons, G.R,; Yang, F.; Tapia, C.; Wang, X.; Casavilca, S.A.A.; Bassett, R.; Castillo, M.; et
al. Interobserver Agreement Between Pathologists Assessing Tumor-Infiltrating Lymphocytes (TILs) in Breast Cancer Using
Methodology Proposed by the International TILs Working Group. Ann. Surg. Oncol. 2016, 23, 2242-2248, doi:10.1245/s10434-
016-5173-8.



Cancers 2021, 13, 4910 20 of 20

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Van Bockstal, M.R.; Noel, F.; Guiot, Y.; Duhoux, F.P.; Mazzeo, F.; Van Marcke, C.; Fellah, L.; Ledoux, B.; Berliere, M.; Galant, C.
Predictive markers for pathological complete response after neo-adjuvant chemotherapy in triple-negative breast cancer. Ann.
Diagn. Pathol. 2020, 49, 151634, doi:10.1016/j.anndiagpath.2020.151634.

O’Loughlin, M.; Andreu, X.; Bianchi, S.; Chemielik, E.; Cordoba, A.; Cserni, G.; Figueiredo, P.; Floris, G.; Foschini, M.P. ;
Heikkild, P. ; et al. Reproducibility and predictive value of scoring stromal tumour infiltrating lymphocytes in triple-negative
breast cancer: A multi-institutional study. Breast Cancer Res. Treat. 2018, 171, 1-9, d0i:10.1007/s10549-018-4825-8.

Kos, Z.; Roblin, E.; Kim, R.S.; Michiels, S.; Gallas, B.D.; Chen, W.; van de Vijver, K.; Goel, S.; Adams, S.; Demaria, S.; et al. Pitfalls
in assessing stromal tumor infiltrating lymphocytes (sTILs) in breast cancer. NP] Breast Cancer 2020, 6, 17, doi:10.1038/s41523-
020-0156-0.

van Bockstal, M.R.; Frangois, A.; Altinay, S.; Arnould, L.; Balkenhol, M.C.A.; Broeckx, G.; Burgues, O.; Colpaert, C,;
Dedeurwaerdere, F.; Dessauvagie, B.; et al. Interobserver variability in the assessment of stromal tumor-infiltrating lymphocytes
(sTILs) in triple-negative invasive breast carcinoma influences the association with pathological complete response: The IVITA
study. Mod. Pathol. 2021, Online ahead of print. doi: 10.1038/s41379-021-00865-z.

Floris, G.; Richard, F.; Hamy, A.S.; Jongen, L.; Wildiers, H.; Ardui, J.; Punie, K.; Smeets, A. ; Berteloot, P. ; Vergote, L; et al. Body
Mass Index and Tumor-Infiltrating Lymphocytes in Triple-Negative Breast Cancer. J. Natl. Cancer Inst. 2021, 113, 146153,
doi:10.1093/jnci/djaa090.

Pang, J.-M.B; Castles, B.; Byrne, D.J.; Button, P.; Hendry, S.; Lakhani, S.R.; Sivasubramaniam, V.; Cooper, W.A.; Armes, J.; Millar,
E.K.A,; etal. SP142 PD-L1 Scoring Shows High Interobserver and Intraobserver Agreement in Triple-negative Breast Carcinoma
But Overall Low Percentage Agreement With Other PD-L1 Clones SP263 and 22C3. Am. ]. Surg. Pathol. 2021, 1-10, Publish
Ahead online, doi:10.1097/pas.0000000000001701.

Kirkegaard, T.; Edwards, J.; Tovey, S.; McGlynn, L.M.; Krishna, S.N.; Mukherjee, R.; Tam, L.; Munro, A.F.; Dunne, B.; Bartlett,
J.M.S. Observer variation in immunohistochemical analysis of protein expression, time for a change? Histopathology 2006, 48,
787-794, doi:10.1111/j.1365-2559.2006.02412.x.

Ahn, S.G,; Kim, S.K; Shepherd, ].H.; Cha, Y.J.; Bae, S.J.; Kim, C.; Jeong, J.; Perou, C.M. Clinical and genomic assessment of PD-
L1 SP142 expression in triple-negative breast cancer. Breast Cancer Res. Treat. 2021, 188, 165-178, d0i:10.1007/s10549-021-06193-
9.

Amgad, M,; Stovgaard, E.S.; Balslev, E.; Thagaard, J.; Chen, W.; Dudgeon, S.; Sharma, A.; Kerner, ].K,; Denkert, C.; Yuan, Y.; et
al. Report on computational assessment of Tumor Infiltrating Lymphocytes from the International Immuno-Oncology
Biomarker Working Group. NPJ Breast Cancer 2020, 6, 16, d0i:10.1038/s41523-020-0154-2.

Ma, J; Li, J.; Qian, M.; Han, W.; Tian, M.; Li, Z.; Wang, Z.; He, S.; Wu, K. PD-L1 expression and the prognostic significance in
gastric cancer: A retrospective comparison of three PD-L1 antibody clones (SP142, 28-8 and E1L3N). Diagn. Pathol. 2018, 13, 91,
doi:10.1186/s13000-018-0766-0.

Schwamborn, K.; Ammann, J.U.; Kniichel, R.; Hartmann, A.; Baretton, G.; Lasitschka, F.; Schirmacher, P.; Braunschweig, T.;
Tauber, R.; Erlmeier, F. et al. Multicentric analytical comparability study of programmed death-ligand 1 expression on tumor-
infiltrating immune cells and tumor cells in urothelial bladder cancer using four clinically developed immunohistochemistry
assays. Virchows. Arch. 2019, 475, 599-608, doi:10.1007/s00428-019-02610-z.

Sommer, U.; Eckstein, M.; Ammann, J.; Braunschweig, T.; Macher-Goppinger, S.; Schwamborn, K.; Hieke-Schulz, S.; Harlow,
G.; Flores, M.; Wullich, B.; et al. Multicentric Analytical and Inter-observer Comparability of Four Clinically Developed
Programmed Death-ligand 1 Immunohistochemistry Assays in Advanced Clear-cell Renal Cell Carcinoma. Clin. Genitourin.
Cancer 2020, 18, e629-e642, doi:10.1016/j.clgc.2020.02.009.

Wang, C.; Hahn, E.; Slodkowska, E.; Eskander, A.; Enepekides, D.; Higgins, K.; Vesprini, D.; Liu, S.K.; Downes, M.R.; Xu, B.
Reproducibility of PD-L1 immunohistochemistry interpretation across various types of genitourinary and head/neck
carcinomas, antibody clones, and tissue types. Hum. Pathol. 2018, 82, 131-139, d0i:10.1016/j.humpath.2018.07.024.

Downes, M.R,; Slodkowska, E.; Katabi, N.; Jungbluth, A.A.; Xu, B. Inter- and intraobserver agreement of programmed death
ligand 1 scoring in head and neck squamous cell carcinoma, urothelial carcinoma and breast carcinoma. Histopathology 2020, 76,
191-200, d0i:10.1111/his.13946.

Shi, L.; Zhang, S.J.; Chen, J.; Lu, S.X.; Fan, X.J; Tong, ] HM.; Chow, C.; Tin, EK.Y,; Chan, S.L.; Chong, C.C.N,; et al. A
comparability study of immunohistochemical assays for PD-L1 expression in hepatocellular carcinoma. Mod. Pathol. 2019, 32,
1646-1656, doi:10.1038/s41379-019-0307-8.

Bocanegra, A.; Fernandez-Hinojal, G.; Zuazo-Ibarra, M.; Arasanz, H.; Garcia-Granda, M.].; Hernandez, C.; Ibanez, M,;
Hernandez-Marin, B.; Martinez-Aguillo, M.; Lecumberri, M.].; et al. PD-L1 expression in systemic immune cell populations as
a potential predictive biomarker of responses to PD-L1/PD-1 blockade therapy in lung cancer. Int. J. Mol. Sci. 2019, 20, 1631,
doi:10.3390/ijms20071631.



