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Abstract

Background: Immune checkpoint inhibitors (ICl) have
changed therapy strategies for cancer patients tremendous-
ly. Some approved ICl acquire testing of PD-L1 expression on
tumor and/or immune cells. However, since PD-L1 testing is
a comprehensive issue with various assays, antibody clones,
scoring methods, and cut-offs, we aimed to summarize the
recommendations and technical and histopathological is-
sues of diagnostic PD-L1 assessment with an emphasis on
invasive breast cancer (IBC). Summary: Besides other (pre)
analytical considerations, selecting the most adequate PD-
LT immunohistochemical assay/antibody clone isimportant.
In-house assay validation, prediagnostic training, and inter-
nal and external quality assurance should be implemented.
The current most relevant PD-L1 assays and scores will be
explained in this review. Moreover, recommendations for
PD-L1 testing in IBC are outlined. Key Messages: Atezoli-
zumab plus nab-paclitaxel therapy is approved for adult pa-
tients with locally advanced or metastatic triple negative
breast cancer (mTNBCQ), if the tumor-associated immune
cells express PD-L1. — This PD-L1 immune cell positivity is
defined as an immune cell (IC) score, which refers to the area
occupied by PD-L1 positive immune cells (lymphocytes,
dendritic cells, macrophages, and granulocytes) as a per-
centage of the whole tumor area. The cut-off is an IC score
>1%. In the approval study for atezolizumab in mTNBC, IC

score was assessed using the Ventana PD-L1 SP142 assay.
Other assays or laboratory developed tests may be used de-
pending on country-specific drug approvals. However, har-
monization studies have to show whether other PD-L1 tests
are reliable and of clinical value to predict the response of
breast cancer patients to ICI. ©2020S. Karger AG, Basel

Introduction

Therapeutic management of invasive breast cancer
(IBC) is guided by multiple prognostic and predictive
clinical and pathological features. Deciding for or against
endocrine therapy, chemotherapy, and/or targeted ther-
apy (e.g., anti-HER2 therapy) is, amongst other factors,
dependent on the intrinsic IBC subtype. These subtypes
include luminal tumors, HER2-enriched (HER2+) IBC,
and triple-negative breast cancer (TNBC), and they are
both prognostic and predictive [1-7]. Besides systemic
therapy possibilities mentioned above, multiple innova-
tive drugs (e.g., CDK4/6 inhibitors) that target specific
oncogenes have been reported to improve the outcome of
breast cancer patients [8]. In addition, immunotherapeu-
tic strategies including immune checkpoint inhibitors
(ICI) have proven effective in many neoplastic entities
and have changed the field of oncology tremendously.
Targeting the programmed death-1 protein (PD-1) and
itsligand, PD-L1, is currently the recommended standard
therapy in many advanced or metastatic tumors (e.g.,
non-small-cell lung cancer, urothelial carcinoma, Merkel
cell carcinoma, classic Hodgkin lymphoma, head and
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neck and cutaneous squamous-cell carcinoma, renal cell
carcinoma) [9-11]. In metastasized (m)TNBC that show
immunohistochemical PD-L1 expression on tumor-asso-
ciated immune cells, the addition of anti-PD-L1 therapy
(atezolizumab) to nab-paclitaxel has been shown to be
superior to nab-paclitaxel monotherapy regarding sur-
vival [12, 13]. For some combinations of ICI, tumor en-
tity, and clinical setting (tumor stage and line of therapy),
drugapproval requirements demand the detection of PD-
L1 expression on tumor cells and/or immune cells [11].
However, PD-L1 testing is a comprehensive issue.

We aimed here to summarize the recommendations
and issues involved in diagnostic PD-L1 detection with
an emphasis on IBC. We have not made definitive con-
clusions, however, because this field is developing very
fast and new insights into immune checkpoint inhibition
are constantly being made.

PD-L1 Testing in Breast Cancer

The PD-1/PD-L1 Axis: An Immune Checkpoint

Briefly, PD-1 (CD279) is an inhibitory coreceptor
which is expressed on the surface of T lymphocytic cells.
The activation of this coreceptor through binding of the
ligand PD-L1 (B7-H1; CD274), which can be expressed
on some immune cells, leads to the inhibition of the T cell
response, to self-tolerance and immune tolerance, i.e.,
physiologically, the PD-1/PD-L1 axis protects us from ex-
cessive immune responses and autoimmune reactions
[14]. Many solid, and also some hematopoietic, neo-
plasms express PD-L1 to inactivate the T cell response,
thereby bypassing this immune checkpoint and the re-
sponse of our immune system to neoplastic cells [15, 16].
This mechanism is also known as immune escape or local
suppression of the immune system. Therapeutic mono-
clonal antibodies, so-called ICI, against PD-1 or PD-L1I,
can, however, suspend this inhibitory effect of the PD-1/
PD-L1 axis with T cells and the endogenous antitumoral
immune response is thus reactivated [9, 10, 14, 17].

PD-L1I Testing in General

In routine diagnostics, PD-L1 expression is measured
using immunohistochemistry (IHC). However, various
commercially available assays and numerous antibody
clones for PD-L1 detection as well as multiple expression
scores and cut-offs exist. Since these different IHC stain-
ing and scoring methods have each been specifically used
to evaluate the clinical efficacy of a particular ICI in clini-
cal studies, (i) the approval of ICI is often linked to a cer-
tain PD-L1 THC assay (given that an assessment of the
PD-L1 status is required), and (ii) direct comparison of
the predictive value of various IHC antibody clones and
PD-L1 scores/cut-offs is hampered [18]. Harmonization
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studies have been performed to address this issue and in-
vestigate the most reliable assays and antibody clones [19-
23]. However, there is still a need to compare the different
staining and counting methods and their predictive values
for ICI response, especially in breast cancer [18].

PD-L1 IHC Assays and Antibody Clones

The commercially available diagnostic PD-L1 assays
used in clinical trials, including specific antibody clones,
are listed in Table 1. As already mentioned, using a par-
ticular score and cut-off, each has been specifically imple-
mented in these studies in relation to the clinical testing
of 1 specific ICI. Furthermore, they have been validated
with specific platforms. Hence, laboratories would have
to provide several assays, antibody clones, platforms, and
validated in-house protocols for each assay if every ICI
were associated with a single companion diagnostic test.
US FDA approval of some ICI are indeed associated with
a specific companion diagnostic test [24]. This is not cur-
rent practice in the European Union. Hence, many Euro-
pean pathological laboratories have established laborato-
ry-developed tests (LDTs). Besides those in common use,
other PD-L1 antibody clones are available, e.g., EIL3N
(Cell Signalling), CAL10 (Zytomed), QR1 (Quartett), and
ZR3 (Cell Mark) [18].

IHC Staining and Reporting

Important preanalytical and analytical considerations
have to be implemented for adequate PD-L1 testing.
When requesting PD-L1 IHC, the clinician should pro-
vide the pathologist with information about the intended
ICI therapy, as the clinical trials that led to the approval
of the ICI are each associated with a specific companion
in vitro diagnostic (CIVD) IHC assay and a particular
score.

The issue as to which tissue should be used is further
discussed in detail for IBC in this review. In general, how-
ever, biopsies or surgical specimens should be fixated in
neutral-buffered formalin for 6-72 h, depending on the
sample size, and then processed further according to the
usual practice. It is recommended that whole-slide sec-
tions approximately 4-um-thick are cut from representa-
tive areas of the formalin-fixed and paraffin-embedded
(FFPE) tumor tissue shortly before IHC, or else stored no
longer than a few weeks at room temperature. Over time,
perfect staining results cannot be guaranteed due to the
possibility of tissue degradation and antigen loss on ar-
chived slides. The PD-L1 IHC staining protocol should be
according to the assay manufacturer’s recommendations
and established in-house; in Germany, this is according
to the general recommendation (e.g., in guidelines), and
for accredited institutions, according to the requirements
of the national accreditation body of the Federal Republic
of Germany (DAKKS) before the first diagnostic use.

Erber/Hartmann



The testing should contain an external positive con-
trol. FFPE tonsil tissue is a cost-effective alternative to
PD-L1-positive cell lines. The tonsil parenchyma con-
tains physiologically both moderately-to-strongly PD-L1-
positive immune cells (lymphocytes and monocytes) dis-
persed in the paracortical region, or in clusters within the
germinal centers, and strongly positive epithelial cells of
the tonsil crypts, but the surface epithelium shows no PD-
L1 expression. Therefore, tonsil tissue can be used as
staining control of both epithelial cells and immune cells
(Fig. 1). If the reticulated crypt epithelium is positive but
immune cells do not show any PD-L1 positivity, the stain-
ing procedure should be repeated. Moreover, a negative
control, and, if applicable, a control that shows PD-L1
expression near the cut-off, are also recommended [16,
18, 25-27].

After reviewing the tumor on a corresponding hema-
toxylin and eosin (H&E) slide, the PD-L1 IHC slide is
evaluated semiquantitatively by the pathologist. A neo-
plastic cell is counted as PD-L1-positive if there is a mem-
branous staining, irrespective of staining intensity and
whether the membrane depicts complete or partial PD-
L1 positivity. If there is cytoplasmic but no membranous
staining, a tumor cell is considered PD-L1-negative. For
immune cells, however, either granular cytoplasmic or
(incomplete) membranous staining suffices for a positive
count (Fig. 2) [16, 19, 23]. The varying scoring methods
are explained in the section below. For pathologists that
assess PD-L1 staining, training in PD-L1 assessment and
annual internal and external quality assurance (EQA) is
recommended [18, 26].

The pathologist’s report should contain information
about the antibody clone used for IHC, the percentage of
PD-L1-positive immune cells, and/or tumor cells and the
score(s) relevant to the therapeutic setting of the respec-
tive tumor and approved drug. The staining assay and
platform used can be mentioned additionally [18, 20, 27,
28].

Relevant PD-L1 Scores

Tumor Cell Score. The tumor cell score is defined as a
percentage of the area covered by PD-L1-positive tumor
cells in relation to the whole tumor area [27].

Tumor Proportion Score. The tumor proportion score
defines the ratio of PD-L1-positive tumor cells, relative to
all vital tumor cells, multiplied by 100% [29, 30].

Immune Cell Score. All immune cells that are located
intratumorally or in a small peritumoral stromal rim are
taken into account when calculating the IC score. The
method evaluates the percentage of the area occupied by
all PD-L1-positive immune cells (lymphocytes, dendritic
cells, macrophages, and granulocytes) relative to the
whole tumor area (neoplastic cells and tumor stroma;
Fig. 2, 3). The IC can be subclassified as follows:

PD-L1 in Breast Cancer

Table 1. Overview of approved immune checkpoint inhibitors and corresponding PD-L1 IHC assays including the commercially available anti-PD-L1 antibody clones (modified ac-

cording to [15, 20, 27, 32, 44-50])

durvalumab (Imfinzi®)

atezolizumab (Tecentriq®)

pembrolizumab (Keytruda®)

nivolumab (Opdivo®)

Immune checkpoint inhibitor

PD-L1

PD-L1

PD-1

PD-1

Target

Roche/Genentech AstraZeneca

MSD

Bristol-Myers Squibb

Pharmaceutical manufacturer

VENTANA PD-L1 (SP263) assay/

Ventana, Roche

VENTANA PD-L1 (SP142) assay/

Ventana, Roche

PD-L1 IHC 22C3 pharmDx/

Dako, Agilent

PD-L1 IHC 28-8 pharmDx/

Dako, Agilent

THC detection system/
assay producer

OptiView DAB IHC detection kit/

BenchMark ULTRA

OptiView DAB IHC detection kit +
OptiView amplification kit/
BenchMark ULTRA

EnVision Flex/

EnVision Flex/

Detection system/platform

Link 48 autostainer

Link 48 autostainer

SP263 (monoclonal, rabbit)

SP142 (monoclonal, rabbit)

22C3 (monoclonal, mouse)

28-8 (monoclonal, rabbit)

Anti-PD-L1 antibody clone

Breast Care 2020;15:481-490
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Fig. 1. A PD-L1 IHC of a tonsil used as positive control. Note the tonsil parenchyma containing physiologically
both PD-L1-positive immune cells (lymphocytes and monocytes), dispersed in the paracortical region (B) or in
clusters within the germinal centers (B, arrow), and positive epithelial cells of the tonsil crypts (C). D The surface
epithelium does not show any PD-L1 expression (each PD-L1 IHC, clone SP263., A x20. B x200. C x100. D x400.

o ICO: <1%

e ICI: 21 to <5%

o IC2:51t0<10%

o IC3:210% [12, 15].

Combined Positive Score. This score involves both tu-
mor cells and intratumoral immune cells or those in a
narrow rim around the tumor (lymphocytes and macro-
phages; neutrophil granulocytes do not count). The num-
ber of PD-L1-positive tumor cells and PD-L1-positive
immune cells is summarized, relative to the number of all
vital tumor cells, and then multiplied by 100. The com-
bined positive score (CPS) is stated without any units.
Although values >100 could theoretically be achieved, the
maximum CPS is defined as 100 [27, 29, 31-32].

PD-L1 Testing in Breast Cancer

The randomized phase III IMpassion130 study inves-
tigated the benefit of adding atezolizumab to nab-pacli-
taxel for patients with locally advanced TNBC or mTNBC
without prior treatment of the metastasized disease. Since
this combination of ICI plus chemotherapy showed im-
proved survival of patients, both the FDA and the Euro-
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pean Medicines Agency (EMA) approved atezolizumab
for treatment in the aforementioned setting. This admis-
sion, however, is linked to the detection of PD-L1-posi-
tive immune cells with an IC score of at least 1% [12, 33,
34].In the IMpassion130 trial, Ventana PD-L1 SP142 was
used, and for the primary efficacy end points, the inten-
tion-to-treat cohort as well as the PD-L1-positive sub-
group (IC score 21%) were analyzed. Therefore, the FDA
has approved Ventana PD-L1 SP142 as a CIVD test [24].
A post hoc study of this patient cohort aimed to harmo-
nize PD-L1 assays (the Ventana SP142 and SP263 THC
assays and the Dako 22C3 THC assay). Cut-offs for 22C3
and SP263 were derived by modeling them as those that
maximize analytical agreement. The results showed that
22C3 and SP263 identified other PD-L1-positive popula-
tions differing from SP142 results. However, as highlight-
ed by the authors, these data should be interpreted care-
fully since cut-offs were based on mathematical modeling
[35]. Further studies, testing the efficacy of varying ICI
for breast cancer patients in molecular IBC subgroups
and various settings, have been reported [36-38] or are
still ongoing. However, there is currently no further ap-
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Fig. 2. Triple-negative breast cancer with positive PD-L1 expression. A The histology of the invasive breast can-
cer. Note the prominent stromal inflammatory infiltrate with abundant tumor-infiltrating lymphocytes (TILs).
H&E. x200. For both PD-L1 assays, SP263 (B x100, C x200, D x400) and SP142 (E x200, F x400) (Staining, cour-
tesy of Prof. Wilko Weichert), PD-L1 IHC showed positivity of TILs (immune cell [IC] score >1%). B-D Using
SP263, few tumor cells showed membranous PD-L1 staining. E, F In contrast, the SP142 assay did not. However,
this phenomenon is known and might be due to the fact that the SP142 assay was established to detect immune
cells with high sensitivity, but not epithelial/tumor cells.

proval of any ICI that is linked to the detection of PD-L1
in IBC.

In conclusion, the following workflow has to be ful-
filled if an adult patient with unresectable locally ad-
vanced TNBC or mTNBC is diagnosed and atezolizumab
plus nab-paclitaxel therapy is intended. The oncologist
orders PD-L1 testing with the information that this ICI
therapy is planned. Besides the considerations already
mentioned in the section “IHC Staining and Reporting”
and the relevant scoring method, i.e., IC score, that both
apply also for PD-L1 testing in IBC, some issues have to

PD-L1 in Breast Cancer

be highlighted for the specific setting of atezolizumab

therapy in mTNBC (modified according to [18, 39, 40]).

o Appropriate FFPE tissue:

— Both archived tissue blocks of the primary IBC as well
as material from the metastasis is adequate. A word of
caution: to date, there is some (but insufficient) data
about PD-L1 inter-tumoral heterogeneity, and it is un-
clear whether (I) both the primary tumor and metas-
tasis, should be tested, (II) in which sequence the avail-
able tissue should be analyzed, and (III) which proce-
dure is most predictive for the efficacy of ICI therapy

Breast Care 2020;15:481-490
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Fig. 3. Evaluation of the IC score (%) using PD-L1 IHC. A After
assessment of the whole tumor area, PD-L1-positive immune cells
(IC) are reviewed. B-D All cytoplasmicly and/or membranously
positively stained IC located intratumorally or in a small peritu-
moral stromal rim are taken into account. Switching back to the
overview (A), the IC score is assessed as the percentage of the area

[41, 42]. In general, however, the current recommen-
dation is to test the most recent tissue.

— Biopsies, excisional, or surgical specimens can be used.

— According to the manufacturer’s statements, however,
the Ventana PD-L1 SP142 assay has not been validated
for cytological material or decalcified bone metastases.

o PD-L1IHC assay:

— Depending on the respective drug approval in each
country, the Ventana PD-L1 SP142 assay has to be ap-
plied (e.g., USFDA) or is at least recommended. How-
ever, other validated and in-house established assays
or LDTs may be used in some other countries; in some
European countries including Germany, EMA ap-
proval of the drug is currently not bound to testing
with a specific immunohistochemical antibody. More-
over, it has to be mentioned that the cost of commer-
cially available PD-L1 assays can be very high, poten-
tially leading to a gap between costs for the patholo-
gists and reimbursement. In Germany, the 10-fold
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occupied by all PD-L1-positive IC (lymphocytes, dendritic cells,
macrophages, and granulocytes) relative to the whole tumor area
(neoplastic epithelial cells and tumor stroma). In this case, the IC
score is 5%. Note the membranously PD-L1-positive tumor cells;
these are not taken into account for IC score (each PD-L1 IHC
clone SP263, A x11, B x20, C x100, D x200).

greater cost of the commercial CE-certified tests has
led to the frequent use of LDT's in many pathology lab-
oratories. The results of first harmonization trials are
discussed below.

Assessment of the IC score for TNBC by the pathologist:
Reviewing the H&E slide, at least 50 (-100) vital tumor
cells and tumor-associated stroma should be present,
and the whole tumor area (excluding necrotic areas)
has to be evaluated. Moreover, the presence or absence
of and the distribution of tumor-associated immune
cells must be recognized.

— Controls have to show adequate staining results. If this
is not the case, the IHC staining procedure has to be
repeated.

Assessing the PD-L1 IHC expression of the TNBC
slide, immune cells (lymphocytes, dendritic cells, mac-
rophages, and granulocytes) can be found in clusters
or singly dispersed. Any cytoplasmic or membranous
PD-L1 positivity of the immune cells counts. The area
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Fig. 4. Varying IC score (%) in triple-negative breast cancer. For
assessment, PD-L1 THC was used (PD-L1 clone SP263). A The first
case did not show any PD-L1 positivity and was therefore consid-
ered PD-L1-negative (IC score = 0%). x100. B, C Both samples
display an IC score >1% with C showing many more positive tu-

that is occupied by all PD-L1-positive immune cells is
recorded and then related to the whole vital tumor area
(%). For instance, the area of PD-L1-positive immune
cells comprises one-tenth of the tumor area so the IC
score is 10%. In Figure 4, 1 negative and 3 PD-L1-pos-
itive TNBC samples are depicted.

— Staining artefacts, necrosis, or intravascular immune
cells have to be excluded from the evaluation.

— PD-L1-positive tumor cells are not required for the IC
score. Since the results of ongoing clinical trials will
probably change the current situation regarding ICI
approvals for IBC, oncologists and pathologists have
to be in alively exchange as to which PD-L1 assay/LDT
and which PD-L1 score(s) are required.

— A practical tip for the pathologists (applicable to all
solid tumor entities that have to be tested for PD-L1)
is: in the case of unknown history of the patient and
unknown prior or planned therapy (study enroll-
ment?), report the following:

PD-L1 in Breast Cancer

mor-associated immune cells (IC score = 25%) than B (IC score =
4.5%). D The IC score is >1%; however, note the strongly membra-
nously PD-L1-positive tumor cells which are clearly larger than the
mostly granular stained immune cells; the tumor cells must not be
considered for the IC score (IC score = 5%). B-D x200.

1. the IHC assay/LDT and antibody clone used; the plat-
form may be added

2. the percentage of PD-L1-positive immune cells and
tumor cells and the common scores with emphasis on
the currently relevant/approved scoring method (i.e.,
for TNBC, the IC score)

3. if there is uncertainty about the relevant score(s), call
the corresponding oncologist.

 Quality assurance (QA):

— It is strongly recommended that pathologists are
trained in PD-L1 assessment prior to implementing it
in routine diagnostics.

— For internal QA, rates of PD-L1-positive cases should
be correlated with the results of clinical studies. Preva-
lence of TNBC with any IC score >1% fluctuates be-
tween 32 and 86%, depending on the assay used (e.g.,
41% for SP142). The review by Gonzalez-Ericsson et
al. [18] provides a comprehensive overview of pub-
lished prevalences.

Breast Care 2020;15:481-490 487
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— Participation in external QA is highly recommended.
Organizations like the Nordic Immunohistochemical
Quality Control (NordiQC) and the German Quality
Assurance Initiative Pathology (QulP) offer such
round-robin tests.

« Harmonization of PD-L1 IHC assays in IBC:

— In a multicenter assay comparison study, moderate-
to-high reproducibility and agreement of PD-L1 im-
mune cell expression (using the IC score) in TNBC
was found between the SP142, 22C3, and 28-8 as-
says, but the SP263 assay detected higher rates of
positive PD-L1 immune cells. However, there was no
correlation with ICI therapy response [22]. An ex-
ploratory post hoc IMpassion130 substudy investi-
gated 22C3 (CPS) and SP263 (IC score) PD-L1 IHC
assays for PD-L1 prevalence, analytical agreement
with SP142 (IC score), and clinical value. PD-L1
prevalence was higher using 22C3 (of note, another
score was used) or SP263 compared with SP142. All
3 assays predicted improved progression-free sur-
vival in the cohort treated with atezolizumab [43].
Nevertheless, further comparison studies are needed
to evaluate the clinical value of the different assays
and scores in TNBC.

Issues of PD-L1 Testing
In brief, we want to highlight some crucial issues of

PD-L1 assessment that both clinicians and pathologists

should be aware of:

o To date, there is no unique standardized method for
PD-L1 evaluation.

— Besides several commercially available CIVD assays
with specific defined antibody clones, platforms, and
protocols, LDT's are widely used.

— Several scoring methods have been validated in clinical
studies.

— Varying antibody clones/assays with different scores
are not directly interchangeable.

— For each tumor entity, ICI approval and associated as-
says and scoring methods differ.

o Theapproval of available ICI has been linked with spe-
cific CIVD assays and scores.

— Therefore, each country/union has different admis-
sion requirements depending on the decision of the
respective agency evaluating the medicinal products.

— If the approval of each ICI is linked to one specific
CIVD and there is no permission to use an LDT, we
should be aware that smaller community hospital-as-
sociated pathological laboratories, in particular, can-
not afford to provide each test for reasons mentioned
in the section “PD-L1 IHC Assays and Antibody
Clones” [18].

o There are increasing insights into immuno-oncology,
PD-L1, and ICI with the frequently changing approval

488 Breast Care 2020;15:481-490
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of ICI. Oncologists and pathologists have to update
their knowledge and reconsider the procedure of PD-
L1 assessment regularly.

 Besides annual internal and external quality assess-
ments of the laboratories, pathologists assessing PD-
L1 THC should participate in tumor entity-specific
PD-L1 evaluation training to improve the interobserv-
er reproducibility.

« For IBC, further clinical studies are necessary to show

— which ICIimprove(s) the outcome of breast cancer pa-
tients.

— which IBC subtypes (TNBC, HER2+, luminal?) re-
spond to ICI therapy.

— in which setting (neoadjuvant, adjuvant, or metastat-
ic) and in which combination (chemo-/monothera-
py?) and sequence ICI should be used.

— which PD-L1 assay and which score predict the re-
sponse to ICI best.

— what is the extent of tumor heterogeneity, both within
a tumor and between a primary tumor and metastasis?

— whether digital image analysis may improve the pre-
dictive value of PD-L1 and increase the reproducibil-
ity [18].

Conclusion

Currently, PD-L1 testing is required for adult patients
with locally advanced TNBC or mTNBC and intended
atezolizumab therapy. In this setting, PD-L1 IHC stain-
ing should be performed using an adequate and validated
assay. The assessment of PD-L1-positive immune cells
using the IC score must be reported by a trained pathol-
ogist.

However, since the knowledge about ICI therapies and
the clinical value of PD-L1 assays/scores is constantly
changing, there should be (i) a continuous update of the
level of expertise in this field, and (ii) a lively exchange
between oncologists and pathologists to optimize PD-L1
testing for breast cancer patients.
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