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Abstract
Purpose of Review Atezolizumab has emerged as a novel treatment in patients with triple-negative breast cancer showing
unprecedented survival gain. This breakthrough benefit is exclusively observed in PD-L1-positive patients, but PD-L1 positivity
still lacks a reliable definition. In this review, we discuss the current data on PD-L1 testing and its impact on the treatment of
patients.
Recent Findings The VENTANA SP142 assay was used in the trial that led to the approval of atezolizumab in the first-line
setting. However, recent data show that this assay appears to be less sensitive to detect PD-L1 expression compared with other
assays. Also, the intra- and inter-pathologist variability is substantial when performing various assays.
Summary PD-L1 testing remains a challenge in clinical practice. The variability and performance of assays may be an issue, and
clinicians should avoid the interchangeability between assays. More studies are needed to elucidate the best way to use PD-L1
testing.
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Introduction

Triple-negative breast cancer (TNBC) accounts for 15–20%
of all breast cancers and is defined by the lack of expression of
the estrogen, progesterone, and HER2 receptors [1]. It is
known as an aggressive breast cancer subtype and long-term
outcomes are poor, with overall survival (OS) ranging be-
tween 12 and 16 months in the metastatic setting [2]. Even
in the era of genomic and targeted therapy, this disease sub-
type still lacks drugs that specifically target the tumor cells,
and chemotherapy remains the standard treatment for TNBC
[1, 2].

Recently, immunotherapy has debuted as an active agent in
breast cancer and atezolizumab, a PD-L1 inhibitor, demon-
strated breakthrough results in patients with metastatic

TNBC, leading to the first approval of an immune checkpoint
inhibitor in breast cancer. In the IMpassion130 randomized
phase III trial, 902 TNBC patients received either nab-pacli-
taxel alone or nab-paclitaxel plus atezolizumab in the first-line
setting [3••]. After a median follow-up of approximately 12
months, patients who received combination therapy achieved
a slight improvement in progression-free survival (7.2 versus
5.5 months [HR 0.80, 95% CI 0.69–0.92]), with a non-
significant trend towards improved OS (21.3 versus 17.6
months [HR 0.84, 95% CI 0.69–1.02]) in the intention-to-
treat population [3••]. The statistical design of the trial did
not allow formal OS calculation specifically in PD-L1-
positive patients due to its hierarchical design, allowing for
comparison of survival in the PD-L1-positive group only if a
statistically significant difference was observed in the
intention-to-treat population. However, in the preplanned
analysis, patients with PD-L1-expressing immune effector
cells within the tumor experienced a 9.5-month increase in
OS with the addition of atezolizumab (HR 0.62, 95% CI
0.45–0.86) [3••]. A recent update at 18 months demonstrated
that the survival benefit for the PD-L1-positive patients was
upheld, with an absolute benefit of 7 months. To date, this is
the largest OS benefit observed with a single agent in patients
with advanced TNBC [4•].
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In IMpassion130, PD-L1 positivity was defined by the
presence of PD-L1 in the tumor-infiltrating immune cells
using the VENTANA SP142 immunohistochemistry (IHC)
assay, and its expression was graded according to the percent-
age of tumor area with immune cells staining positive for PD-
L1: IC3 (≥ 10%), IC2 (≥ 5% and < 10%), IC1 (≥ 1% and <
5%), and IC0 (< 1%) [3••, 4•].

The phase II KEYNOTE 086 study also demonstrated ac-
tivity of the anti-PD-1 agent pembrolizumab given as mono-
therapy in the first-line setting for patients with TNBC [5•].
The overall response rate was 21.4% (95% CI 13.9–31.4) and
the disease control rate was 23.8% (95% CI 15.9–34.0) with a
median duration of response of 10.4 months. Unlike
IMpassion130, PD-L1 positivity was determined by the com-
bined positive score, which is the ratio of all PD-L1-
expressing cells (tumor cells, lymphocytes, macrophages) to
the number of all tumor cells, using the DAKO PDL1 22C3
IHC assay [5•].

However, recent data have shown poor reproducibility of
PD-L1 staining in real-world practice [6]. Discordance be-
tween different pathologists and discordance between the
commercially available staining assays highlight the need for
a better understanding of the characteristics of each assay, as
well as the need for standardization of the PD-L1 measure-
ment for the best use of these drugs [6]. In this review, we
discuss the challenges of PD-L1 testing and the clinical impli-
cations of this variability for the treatment of patients with
breast cancer.

Differences Between Commercial Assays

Data in Lung Cancer

The Blueprint PD-L1 Immunohistochemistry (IHC) Assay
Comparison Project is an industrial-academic collaborative
partnership that provided analytical and clinical comparability
of four PD-L1 IHC assays—22C3, Dako PD-L1 IHC 28-8
pharmDx, SP142, and VENTANA PD-L1 (SP263)—in pa-
tients with lung cancer [7]. An initial study evaluated 39 pa-
tients through 3 independent pathology experts who analyzed
the percentages of tumor and immune cells staining positive at
any intensity and demonstrated that the 22C3, 28-8, and
SP263 assays had comparable results, while the SP142 assay
stained fewer tumor cells [7]. Considering these findings, the
Blueprint Project launched phase 2 of the study that included a
greater number of lung cancer cases as well as additional
expert pathologists. This larger study confirmed the inter-
changeability of the 22C3, 28-8, and SP263 assays, whereas
the SP142 assay showed less sensitivity to detect PD-L1 ex-
pression [8••]. Of note, a very poor concordance between
assays was observed when evaluating stained tumor-
infiltrating immune cells. In addition, Rimm et al.

consolidated these findings in a prospective study that includ-
ed 90 cases of non-small cell lung cancer, showing that the
SP142 assay was associated with statistically significant lower
levels of PD-L1 staining than the other 3 assays for both tumor
cells and tumor-infiltrating immune cells [6]. Table 1 shows
the concordance rate between assays.

Data in Breast Cancer

Similar to the Blueprint Project, Sun et al. evaluated the ex-
pression of PD-L1 using different immunohistochemical anti-
bodies in 218 patients with TNBC [9]. PD-L1 expression in
cancer cells was analyzed by various cutoff values (1%, 5%,
10%, and 50%) and expression in immune cells was analyzed
as negative, low-positive, and high-positive. E1L3N antibody
showed the highest expression rates, with 14.7%, 14.7%,
11.0%, and 2.3% for the cutoff values (1%, 5%, 10%, and
50%, respectively) of the tumor cells, and also a higher rate
(37.6%) of immune cell positivity. Conversely, SP142 showed
the lowest expression rate in cancer cells (11.5%, 11.0%,
6.9%, and 0.5%) for all cutoff values, respectively, and the
lowest expression in immune cells (19.3%). Hence, the con-
cordance rate between the 28-8 and E1L3N assays was high in
both cancer cells and immune cells while the SP142 assay
showed low concordance rates with the other two antibodies
[9].

In a more recent study presented at the 2019 European
Society of Medical Oncology (ESMO) Breast Cancer
Annual Congress, Scott et al. also performed a concordance
analysis between four commercially available assays for
TNBC [10••]. A single pathologist evaluated the concordance
of the proportion of stained tumor cells, stained immune cells,
and tumor occupied by immune cells in 196 TNBC samples
using the SP263, SP142, 28-8, and 22C3 assays. While the
SP263, 28-8, and 22C3 assays were consistent in PD-L1 pa-
tient classification, the SP142 assay was shown to be less
sensitive, identifying almost 20% fewer PD-L1-expressing
tumor cells and immune cells (Table 1) [10••].

In this context, the interchangeability between assays
should be carefully considered and clinicians should be aware
of the possibility of underestimated PD-L1 positivity in pa-
tients with TNBC when using the SP142 assay.

Intra- and Inter-observer Reproducibility
Assessment of PD-L1

Immunohistochemistry testing includes subjective interpreta-
tion, particularly for PD-L1 staining, since it is expressed on
both tumor and tumor-infiltrating immune cells. Studies
assessing the reproducibility of interpretation and scoring of
PD-L1 expression between pathologists are scarce and most
of them involve either few pathologists or a small number of
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tissue samples [11]. Cooper et al. evaluated the intra- and
inter-observer reproducibility of PD-L1 in lung cancer using
22C3 and showed an overall intra-observer agreement of
90%. A significant rate of disagreement between pathologists
was observed (17%), mainly when a cutoff of 50% PD-L1
positivity was considered [12].

In breast cancer, data on PD-L1 reproducibility are even more
scant. Rimm et al. reanalyzed data from the National
Comprehensive Cancer Network (NCCN) study and evaluated
PD-L1 staining variability, using the IMpassion130 scoring by
13 pathologists, showing a low agreement of 70% [13•].
Although this study used lung tissue, it demonstrated that stan-
dardization of PD-L1 expression using breast cancer study criteria
would have one-third of the pathologists identifying dramatically
fewer cases as PD-L1 positive with the SP142 assay [13•].

Thus, intra- and inter-observer reproducibility for PD-L1
staining presents a challenge for anti-PD-1/PD-L1 checkpoint
inhibitors in routine clinical practice.

Differences Between PD-L1 in Primary Tumor
Versus Metastatic Site

Recent studies have demonstrated that PD-L1 expression levels
change within the TNBC microenvironment over the course of
the disease, particularly in response to treatment [14, 15].

In early-stage disease, PD-L1 expression remains stable in
the tumor microenvironment before and after neoadjuvant
chemotherapy. However, in the metastatic setting, TNBC
samples often have fewer tumor-infiltrating immune cells,
lower PD-L1 levels, and decreased expression of genes asso-
ciated with cytotoxic T cell activity when compared with pri-
mary tumor samples [15]. Szekely et al. evaluated primary and
metastatic samples of patients with ER-positive or ER-
negative metastatic breast cancer and observed a substantial
decrease in PD-L1 expression at the metastatic site compared

with the primary site evaluated by the E1L3N assay [16••]. In
the cohort of 39 patients who had available tissue whole sec-
tions, the median stromal PD-L1 positivity in metastases and
the primary tumor was 14% and 52% (p = 0.0004), respec-
tively. In a second cohort that included only tissue microar-
rays, PD-L1 staining at the metastatic site and the primary
tumor was 7% and 22% (p = 0.03), respectively. In addition,
the significant difference between PD-L1 positivity between
cohorts suggests that tissue microarrays may underestimate
the true rates of PD-L1 positivity. Depletion of most immune
cell types and immune effector functions was observed in
metastatic tissue through immune gene profiling, with im-
mune metagenes of activated T cells, CD8 cells, T-helper
and regulatory cells, cytotoxic cells, dendritic and mastoid
cells significantly downregulated in metastatic sites compared
with primary tumors. Interestingly, the immune predictive sig-
nature Nanostring PanCancer Immune Profiling assay
(Nanostring Technologies, Inc.) demonstrated a lower proba-
bility of response to immunotherapy in metastases, corre-
sponding to an immune inert environment in metastatic sites
[16••].

Preliminary data have also demonstrated the heterogeneity
of PD-L1 expression between different anatomical sites in
metastatic disease, with lymph nodes presenting a higher pos-
itivity of PD-L1 staining and liver presenting the lowest PD-
L1 positivity on tumor-infiltrating immune cells [17].

Clinical Implications of PD-L1 Positivity
in Breast Cancer

Clinical Features and Prognostic Implications of PD-L1
Positivity

PD-L1 positivity has been associated with more aggres-
sive clinicopathologic features. Large tumor size, high

Table 1 SP142 PD-L1 assay concordance rate in lung and breast cancer studies at 1% cutoff

Study n SP142 concordance
with 28-8

SP142 concordance
with 22C-3

SP142 concordance
with SP263

SP142 concordance
with E1L3N

Lung cancer

Blueprint 1 [7] 39 63.2% 63.2% 86.8% NR

Blueprint 2 [8••] 81 NNR NNR NNR NR

Rimm et al.* [6] 90 1.270 0.970 NR − 1.216

Breast cancer

Sun et al. [9] 218 53.5% NR NR 53.7%

Scott et al. [10••] 196 80.6% 80.6% 78.1% NR

*Mean difference after pairwise assay comparison by 13 pathologists

NR, not reported; NNR, not numerically reported
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grade, negative hormonal receptors, and high Ki67 ex-
pression have been demonstrated to be associated with
elevated levels of PD-L1. In addition, PD-L1 expression
is more frequent in basal-like and ERBB2-enriched sub-
types [18•].

When considering the overall breast cancer population in
Sabatier et al.’s study, PD-L1 was not associated with better
long-term outcomes, such as metastasis-free survival or OS.
However, when patients with more aggressive biologic sub-
type were evaluated, PD-L1 expression significantly correlat-
ed with better response to chemotherapy and improved long-
term outcomes. These findings suggest that PD-L1 expression
is associated with the degree of functional immune cell infil-
tration and reflects an intrinsic immune anti-tumoral activity
[18•].

PD-L1 Expression and Predictive Role in Response
to Checkpoint Inhibitors

In contrast to data in lung and urothelial cancer that have
demonstrated an important predictive role of PD-L1 expres-
sion in response to checkpoint inhibitors, the predictive value
in breast cancer is still unclear [19, 20].

In the IMpassion130 study, only patients with tumors with
greater than 1% of PD-L1-positive immune cells (185/451
patients) derived significant OS benefit from atezolizumab
(HR for OS = 0.62; 95% CI 0.45–0.86), whereas no signifi-
cant improvement was observed in the overall patient popula-
tion (HR for OS = 0.84; 95%CI 0.69–1.02). Patients with PD-
L1-positive TNBC also benefited from a higher objective re-
sponse rate (58.9% versus 42.6%, p = 0.002) and a longer
duration of response (8.5 months versus 5.5 months; HR
0.60 CI 95% 0.43–0.86) when compared with PD-L1-
negative patients [3••].

Conversely, in the phase II KEYNOTE 086 trial that
evaluated pembrolizumab monotherapy in previously
treated patients, there was no significant difference in
clinical outcomes between patients with PD-L1-positive
and PD-L1-negative tumors. The overall response rate
was 5.7% in patients with a combined positive score ≥
1% and 4.7% in PD-L1-negative patients. The median
duration of response was not reached in PD-L1-positive
patients and was 4.4 months in the PD-L1-negative pop-
ulation. Similar progression-free survival rates were ob-
served in both cohorts regardless of PD-L1 expression
[5•].

The JAVELIN trial, a phase Ib trial that evaluated the anti-
PD-L1 avelumab, also failed to demonstrate PD-L1 expres-
sion in tumor cells as a predictive marker at different thresh-
olds, but did show a trend of increased drug activity when PD-
L1 expression was assessed exclusively in tumor-associated
immune cells [21].

Conclusions

Immune checkpoint inhibitors have emerged as potential
agents that may substantially increase survival and quality of
life in patients with breast cancer, especially patients with
TNBC. A better understanding of the mechanisms of response
and resistance to these drugs are urgently needed for the de-
velopment of more reliable predictive biomarkers that will
help identify the subgroups of patients who are more likely
to derive benefit from anti-PD-1/PD-L1 blockade. To date, no
available biomarker has satisfactorily demonstrated a trust-
worthy sensitivity for establishment in daily clinical practice.
As discussed, PD-L1 staining still lacks reproducibility and
the use of the SP142 assay remains a challenge for clinicians,
since it may underestimate patients who could potentially ben-
efit from the drug.

In real-world practice, interchangeability between assays
should be carefully considered since these may not reflect
the results obtained in clinical trials; the best approach to test-
ing (e.g., primary breast tumor, metastatic site of disease) and
assay remains unclear. Additional studies to validate alterna-
tive strategies, such as the development of a more sensitive
model combining PD-L1 expression with tumor-infiltrating
immune cell levels or the use of mRNA to quantify PD-L1
expression, are warranted.
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