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Abstract

Immunohistochemistry is an essential component of diagnostic breast pathology. The emergence of novel assays and
applications is accompanied by new interpretation criteria and potential pitfalls. Immunohistochemistry assists in supporting
breast origin for primary or metastatic carcinomas and identifying non-mammary metastases to the breast; however, no
single immunostain is perfectly sensitive nor specific. GATA3 and Sox10 are particularly useful immunostains to identify
triple negative breast carcinoma, which are often negative for other markers of mammary differentiation. Sox10 labeling is a
major potential diagnostic pitfall, as Sox10 and S-100 label both triple negative breast carcinoma and metastatic melanoma;
a pan-cytokeratin immunostain should always be included for this differential diagnosis. Novel immunohistochemistry
serves as surrogates for the molecular alterations unique to several of special-type breast carcinomas, including the use of
MYB in adenoid cystic carcinoma, pan-TRK in secretory carcinoma, and mutant IDH?2 in tall cell carcinoma with reversed
polarity (TCCRP). In addition, PD-L1 immunohistochemistry is an emerging, albeit imperfect, biomarker for breast cancer
immunotherapy, with different assay parameters and scoring criteria in breast carcinoma compared to other tumor types. The
expanding repertoire of novel immunohistochemistry provides additional diagnostic tools and biomarkers that improve
diagnostic breast pathology and patient care.

Introduction triple negative (estrogen receptor [ER] /progesterone

receptor [PR] /human epidermal growth factor receptor-2

Immunohistochemistry has numerous important applica-
tions in diagnostic breast pathology, from helping to
differentiate between benign epithelial hyperplasias and
neoplastic proliferations to serving as predictive and
prognostic biomarkers that aid in guiding patient treat-
ment. This review covers a subset of novel uses, inter-
pretation, and pitfalls of immunohistochemistry in breast
pathology. Specifically, this review focuses on the use of
immunohistochemistry in the following scenarios: (1)
supporting breast origin of a carcinoma, (2) classifying
metastases to the breast, (3) identifying specific mole-
cular changes in special-type breast carcinomas, and (4)
evaluating PD-L1 status as an emerging biomarker in
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[HER-2]") breast carcinoma.
Immunohistochemistry to support breast origin

The list of immunohistochemistry that can support breast
origin in a carcinoma continues to grow, but so too does
the list of caveats in their interpretation. No single
immunostain is entirely specific for breast carcinoma, and
the estrogen receptor (ER) status of the carcinoma impacts
the immunostain sensitivity. Supporting mammary origin
of an ER™ breast carcinoma is relatively straightforward
(although not without potential pitfalls), because these
carcinomas label for many of the “mammary marker”
immunostains, including gross cystic disease fluid protein
(GCDFP) and mammaglobin. In contrast, supporting
mammary origin of an ER™ or triple negative breast car-
cinoma can be more challenging; however, the use of
GATA3 and Sox 10 can be useful in this setting. Finally,
both ER* and ER ™ breast carcinomas can label for S-100,
which presents a significant potential diagnostic pitfall
with melanoma.
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GCDFP and mammaglobin

Mammaglobin and GCDFP are commonly used as immu-
nohistochemistry markers of mammary origin. Mamma-
globin is more sensitive than GCDFP, but both label the
majority of ER' breast carcinomas as well as HER-2"
breast carcinomas [1-4] (Fig. 1). However, mammaglobin
and GCDFP have markedly lower sensitivity for triple
negative breast carcinoma (<35% and 16%, respectively)
[2, 4, 5], and have limited diagnostic utility in this context.
Both immunostains are cytoplasmic and often show vari-
able or focal labeling across a carcinoma, which necessitates
careful examination of the entire slide. GCDFP is more
specific for breast carcinoma than mammaglobin [1, 3]. The
main differential diagnosis to consider in a carcinoma that
labels for GCDFP and mammaglobin is adnexal carcinoma
such as apocrine carcinoma; however, this distinction can
usually be resolved by identifying an associated carcinoma
in situ or by reviewing the clinical presentation of whether
the mass is centered in the breast or dermis.

GATA3

GATA3 is a transcription factor involved in the differ-
entiation of many tissue types, including the breast luminal
epithelial cells [6], and GATA3 is linked to ER signaling in
breast cancer [5]. GATA3 is a superior marker for ER"
breast carcinoma than GCDFP or mammaglobin, with
labeling consistently reported in over 90% of ER™ breast
carcinomas [3-5, 7]. In addition, GATA3 is more sensitive
for triple negative breast carcinomas, with labeling

Fig. 1 GCDFP in ER" breast
carcinoma. Nearly all ER"
breast carcinomas, especially
those with low- to intermediate-
grade histology (A, B) and strong,
diffuse ER labeling (C), will label
for GCDFP (cytoplasmic) (D),
mammaglobin (not shown), and
GATA3 (not shown).

commonly reported in over 50-83% [4, 5, 7, 8], and has
greater utility than GCDFP or mammaglobin in this context.
GATA3 also displays nuclear rather than cytoplasmic
labeling (Fig. 2), which can be easier to interpret, and shows
strong and diffuse labeling in nearly all ER™ breast carci-
nomas. GATA3 also labels lymphocytes, which serve as
useful internal controls in GATA3™ tumors (Fig. 3).
GATAS3 is not specific for breast carcinoma, however, and
also labels urothelial carcinomas, squamous cell carcino-
mas, and mesotheliomas, with labeling in smaller numbers
of pancreatic adenocarcinomas, lung adenocarcinomas, and
others [5, 7], as discussed below.

Sox10

The transcription factor Sox/0 is involved in the differ-
entiation of neural crest cells [9], and Sox10 immuno-
histochemistry was originally described as a marker of
neural crest derivation, with labeling in melanomas and
peripheral nerve sheath tumors [10, 11]. Sox10 also labels
myoepithelial cells of the breast and salivary glands [11],
with corresponding labeling in a subset of breast and
salivary gland neoplasms with myoepithelial or basal cell-
like differentiation [10-12]. Sox10 rarely labels ER™T
carcinomas, but labels 66-74% of triple negative breast
carcinomas [12, 13], and can be useful even when
GATA3 labeling is negative [14, 15] (Fig. 3). Sox10 also
displays nuclear labeling, and peripheral nerve Schwann
cells can serve as a positive internal control. The main
diagnostic pitfall, as further described below, is metastatic
melanoma [10, 11].
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Fig. 2 GATAS in triple
negative breast carcinoma.
Triple negative breast
carcinomas often display high-
grade cytology (A) and may
require immunohistochemistry
for pan-cytokeratin (AE1/AE3)
to confirm classification as
carcinoma (B). Despite showing
no (<1%) labeling for ER (C),
triple negative breast carcinomas
may show diffuse nuclear
GATAS3 labeling (D).
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Fig. 3 Sox10 in triple negative
breast carcinoma. High-grade
triple negative breast carcinoma
(A) is confirmed to be epithelial
by labeling with pan-cytokeratin
(Cam5.2) (B). The carcinoma
may be negative for nuclear
GATA3, with intact lymphocyte
labeling as an internal control (C),
but display strong and diffuse
nuclear Sox10 labeling (D).

S-100

Like Sox10, immunohistochemistry for S-100 is a marker of
neural crest derivation in tumors and also labels myoe-
pithelial cells of the breast and salivary gland. Although not
typically thought of as a “breast marker,” immunohis-
tochemistry for S-100 does in fact label both ER™ and ER™
breast carcinomas [16] (Fig. 4). As with Sox10, the main
diagnostic pitfall with S-100 is with metastatic melanoma.
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Immunohistochemistry in metastases to the breast
or cancer of unknown origin

Although a breast tumor is by far more likely to be a
primary breast carcinoma than a metastasis to the breast,
it is crucial that metastases to the breast are identified for
correct patient management. Metastases to the breast
occur in both females and males, are seen across
age groups, and include Ilymphomas, melanoma,
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Fig. 4 S-100 in breast
carcinoma. A high-grade ER™
neoplasm with granular
cytoplasm (A) may require
labeling with pan-cytokeratin
(AE1/AE3) to confirm epithelial
differentiation (B) and labeling
with nuclear GATA3 to support
breast origin (C). The presence
of positive nuclear and
cytoplasmic S-100 labeling (D)
might otherwise suggest
melanoma or granular

cell tumor.

Table 1 Targeted immunopanels and pitfalls when determining cancer site of origin.

Primary tumor

Pertinent positive immunohistochemistry Pertinent negative immunohistochemistry Potential pitfalls

ER, GCDFP, MMGB, GATA3, CK7
GATA3, Sox10, cytokeratin

ER™ breast cancer
ER™ breast cancer
Melanoma

Lung adenocarcinoma TTF-1, Napsin A
ER, WT-1, PAXS8
PSA, P501S, NKX3.1

High-grade serous

Prostate cancer

GI adenocarcinoma CDX2, CK20, or CK7

GATA3, GCDFP
ER, GATA3

DPC4 (subset)

CK20, TTF-1, CDX2
ER, GCDFP, MMGB
S-100, Sox10, HMB45, Melan A, MITF Cytokeratin

Melanoma is S-100"/Sox10™
TNBC can be S-100"/Sox10™
Can be GATA3"/ER™

Breast cancer can be WT-17

ILC and male IDC can be
NXK3.1"

Can be GATA3"

ER estrogen receptor, GCDFP gross cystic disease fluid protein, GI gastrointestinal, /DC invasive ductal carcinoma, /LC invasive lobular
carcinoma, MMGB mammaglobin, TNBC triple negative breast carcinoma.

carcinomas, and sarcomas [17, 18]. In both female and
male adults, the most-common non-hematopoietic
metastasis to the breast is melanoma, followed by lung
carcinoma. These tumors, along with metastatic high-
grade serous carcinoma, prostatic adenocarcinoma, and
gastrointestinal tract and pancreatic adenocarcinomas,
each have immunohistochemical overlap with primary
breast carcinoma and present significant potential diag-
nostic pitfall. The use of a targeted immunopanel is cri-
tical, if not essential, to identifying and classifying a
metastasis to the breast. A targeted immunopanel should
include a limited number of immunostains that are pre-
dicted to be positive and negative in each entity in the
differential diagnosis [3, 19, 20]. A summary of key
immunostains and potential pitfalls is provided in
Table 1.

It is not always necessary to use immunohistochemistry
to confirm primary breast origin of a tumor in the breast.
Tumor morphology, the presence of carcinoma in situ, and
clinical presentation can be sufficient. However, metastasis
to the breast should be considered in the clinical setting of a
known non-breast cancer history or widespread metastatic
disease of unknown origin [17]. The need for a thorough
clinical history cannot be emphasized enough. Pathologists
should also consider a metastasis to the breast in the setting
of unusual morphology in a breast tumor [21], as sum-
marized in Table 2.

Melanoma

Melanoma has both morphologic and immunophenotypic
overlap with high-grade carcinoma, particularly triple
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Table 2 Clinical and histologic features that prompt consideration of a
metastasis to the breast.

Clinical presentation

Widespread metastatic disease of
unknown origin

Known non-breast cancer history

Unusual morphology

Histologic feature Differential to consider

Melanin pigment Melanoma
Discohesion and high N/C ratio

Well-differentiated glands that are ER™

Lymphoma
Lung or GI tract
adenocarcinoma

Micropapillary carcinoma in the axilla ~ High-grade serous

carcinoma
Melanoma,
lymphoma, other

High-grade malignant neoplasm with
no associated in situ component

ER estrogen receptor, GI gastrointestinal, N/C nuclear-to-cytoplasmic.

negative breast carcinoma. Melanoma should always be
considered in the setting of a poorly differentiated, high-
grade epithelioid neoplasm in the axilla or breast. Immu-
nostains that label and support the diagnosis of melanoma
include HMB45, Melan A, MITF, S-100, and Sox10 [22]
(Fig. 5). S-100 and Sox10 are more sensitive than HMBA45,
Melan A, and MITF for desmoplastic melanoma, so it is
preferable to include S-100 and Sox10 in a targeted
immunopanel to identify melanoma. However, this poses a
significant diagnostic pitfall in the work-up of a high-grade
ER™ neoplasm, as both triple negative breast carcinoma and
melanoma can be Sox10" and S-100" [10-15, 23]. Sox10
and S-100 also both label granular cell tumor, which occurs
in the breast [24]. In these settings, it is crucial to include at
least one pan-cytokeratin immunostain (such as AE1/AE3,
CK903 [34fel2], or Cam5.2), as triple negative breast
carcinoma should show positive labeling for cytokeratin
while melanoma is negative.

Lung adenocarcinoma

All histologic subtypes of lung cancer can metastasize to the
breast, and lung adenocarcinoma in particular has mor-
phologic overlap with both low-grade and high-grade breast
carcinomas. Lung adenocarcinoma is identified by nuclear
labeling for TTF-1 and cytoplasmic labeling for Napsin A
[3, 19, 20] (Fig. 6), which only rarely label breast carcinoma
[25]. Metastatic lung adenocarcinoma should especially be
considered in the setting of a well-differentiated, gland-
forming adenocarcinoma in the breast that is ER™, as the
vast majority of low-grade breast carcinomas are ER™.
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However, lung adenocarcinomas also label for ER [20] and
GATA3 [7], so remembering to include TTF-1 (with or
without Napsin A) is crucial in this differential.

High-grade serous carcinoma

The majority of high-grade serous carcinomas of gyneco-
logic tract origin display micropapillary architecture and are
ER™ [3], features which overlap with micropapillary carci-
noma of the breast. However, in contrast to ER™ breast
carcinoma, high-grade serous carcinoma is usually negative
by immunohistochemistry for mammaglobin and GCDFP
[26]. High-grade serous carcinoma is identified by nuclear
labeling for PAX8 and WT-1 [3, 26] (Fig. 7), but neither of
these immunostains is entirely specific. PAXS8 also labels
renal cell carcinoma, and both WT-1 and PAXS8 label
mesotheliomas, although these entities are generally mor-
phologically dissimilar to micropapillary carcinoma. WT-1
also notably labels a subset of breast carcinomas, particu-
larly the micropapillary special-type [27]; thus, PAXS is
more specific than WT-1 in distinguishing high-grade
ovarian carcinoma from breast carcinoma [28]. However,
PAXS specificity does vary with the antibody clone used
[3, 29]. In the differential diagnosis of a micropapillary
carcinoma in the breast or axilla, it is critical to include both
markers of “mammary” origin (such as GATA3 or GCDFP)
and “gynecologic tract” origin (such as PAXS).

Prostatic adenocarcinoma

Metastatic prostatic adenocarcinoma to the breast mimics
primary breast carcinoma due to its glandular, cribriform,
and papillary architecture. Prostatic adenocarcinoma is
negative for ER, GATA3, GCDFP, and mammaglobin, but
typically displays cytoplasmic labeling for PSA, apical and
granular labeling for P501S, and nuclear labeling for
NKX3.1 [3] (Fig. 8). NKX3.1 is an androgen-regulated
tumor suppressor gene, and NKX3.1 immunohistochem-
istry is highly sensitive and specific for prostatic adeno-
carcinoma [3, 30]. NKX3.1 is particularly useful in
identifying metastatic treatment-resistant and/or high-grade
prostatic adenocarcinoma, which often loses PSA and
P501S labeling. In addition, PSA labeling is seen in a sig-
nificant number (20-40%) of breast carcinomas [3].
Although NKX3.1 does label a small subset of breast car-
cinomas, particularly lobular carcinomas, ER™ carcinomas,
and androgen receptor positive carcinomas [31] (Fig. 9),
NKX3.1 labeling in breast cancer is generally less intense
and less diffuse than in prostate cancer. NKX3.1 immuno-
histochemistry is still useful to include in resolving this
differential diagnosis.
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Fig. 5 Metastatic melanoma to the breast. Metastatic melanoma can
display high nuclear grade, intranuclear inclusions, frequent mitotic
activity, and melanin pigment (A). Melanomas are negative for pan-
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Fig. 6 Metastatic lung adenocarcinoma to the breast. Lung ade-
nocarcinoma with well-formed glands, cribriform architecture, and
desmoplasia (A, B) mimics breast carcinoma. Lung adenocarcinomas

Pancreatic adenocarcinoma

Signet-ring cell and gland-forming adenocarcinoma meta-
static to the breast from the gastrointestinal tract and pancreas

5570

cytokeratin (Cam5.2) (B), but can show diffuse labeling for cyto-
plasmic HMB45 (C), nuclear MITF (D), cytoplasmic and nuclear S-
100 (E), and nuclear Sox10 (F).
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can be identified by labeling for nuclear TTF-1 (C) and cytoplasmic

Napsin A (D); but, they can also label for nuclear GATA3 (E) and ER
(F), which is a pitfall for breast carcinoma.

mimic primary invasive lobular and ductal carcinomas,
respectively. Gastrointestinal tract adenocarcinomas and
many pancreatic adenocarcinomas are immunoreactive for
CDX2 [3, 32] (Fig. 10), which has high specificity in this
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Fig. 7 Metastatic high-grade
ovarian serous carcinoma to
the breast. High-grade serous
carcinoma with micropapillary
architecture (A) mimics breast
micropapillary carcinoma, both
of which can be ER™ positive
(not shown). However, high-
grade serous carcinoma is
negative for mammaglobin (B)
but shows strong and diffuse
nuclear labeling for Pax8 (C)
and WT-1 (D).
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Fig. 8 Metastatic prostatic
adenocarcinoma to the breast.
Prostatic adenocarcinoma
displays glandular, cribriform,
and papillary architecture (A, B)
and mimics primary breast
carcinoma. Prostatic
adenocarcinoma is typically
positive for cytoplasmic PSA
(C), nuclear NKX3.1 (D), and
P501S (not shown).

setting and rarely labels breast carcinomas. In addition,
approximately half of pancreatic adenocarcinomas display
loss of nuclear labeling for SMAD4/DPCA4, reflecting muta-
tions and deletions in the SMAD4 (DPC) tumor suppressor
gene [19, 33], whereas loss is very rarely reported in breast
carcinoma [33]. Gastrointestinal tract and pancreatic adeno-
carcinomas are typically negative for ER, GCDFP, and

SPRINGER NATURE

mammaglobin. However, GATA3 labeling is seen in a subset
of pancreatic adenocarcinomas [7], and immunohistochem-
istry for GATA3 alone is not sufficient to resolve the differ-
ential diagnosis of pancreatic adenocarcinoma and breast
carcinoma. As always, a panel approach is necessary, and
immunohistochemistry for CDX2 and ER should also be
included in this differential.
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Fig. 9 NKX3.1 in breast
carcinoma. Invasive lobular
carcinoma, characterized by
loosely cohesive cells in single-
file or single-cell arrangement
(A), can display diffuse nuclear
NKX3.1 labeling (B). Male
invasive ductal carcinoma,
characterized by variable gland
formation (C), can also display
nuclear NKX3.1 labeling (D).

Fig. 10 Metastatic pancreatic
adenocarcinoma to the breast.
Pancreatic adenocarcinoma
displays variable gland
formation and desmoplasia (A),
mimicking breast carcinoma.
Pancreatic adenocarcinomas are
negative for mammaglobin (B),
and a subset show nuclear
CDX2 labeling (C) and loss of
nuclear SMAD4/DPC4 labeling,
with stromal cell labeling as an
internal control (D).

Immunohistochemistry for specific genomic drivers
in special-type carcinomas

Molecular sequencing and cancer cytogenetics continue to
deepen our understanding of the specific genomic drivers
of cancers, leading to refinement of tumor classification
across organ systems and sometimes resulting in the
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development of targeted therapies. Novel immunohis-
tochemistry markers have emerged as surrogates for spe-
cific molecular changes in several special-type breast
carcinomas, including adenoid cystic carcinoma, secre-
tory carcinoma, and tall cell carcinoma with reversed
polarity (TCCRP) (Table 3). Use of these immunostains
aids in the correct classification of these breast
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Table 3 Immunohistochemistry
for molecular drivers of special-

type breast carcinomas.

Special-type breast carcinoma Most-common molecular alteration Immunohistochemistry
Adenoid cystic carcinoma 1#(6;9) translocation, resulting in the MYB- MYB
NFIB gene fusion
Secretory carcinoma #(12;15) translocation resulting in ETV6- Pan-TRK
NTRK3 gene fusion
Tall cell carcinoma with reversed IDH2 p.ARG172 hotspot mutation IDH2

polarity (TCCRP)

Fig. 11 MYB in adenoid cystic
carcinoma. Breast adenoid
cystic carcinoma displays dual
epithelial and myoepithelial cells
arranged in solid, tubular, or
cribriform structures (a) and
displays strong and diffuse
nuclear MYB labeling. B This
reflects MYB protein
accumulation, most often due to
a 1(6;9) translocation and MYB-
NFIB fusion. Triple negative
ductal carcinomas also display
tubules, nests, or sheets of
basaloid cells (C), but only focal
MYB labeling (D).

carcinomas, often at a lower cost and quicker turnaround
time than the corresponding molecular testing.

Adenoid cystic carcinoma

Breast adenoid cystic carcinoma is a rare special-type car-
cinoma that has the same morphologic, immunophenotypic,
and molecular features as its salivary gland counterpart [34].
The morphologic features, with or without immunostains to
highlight the dual cell components, are often sufficient to
identify classic adenoid cystic carcinoma. However, ancil-
lary studies may be required in cases with solid or high-
grade patterns that mimic basal-like triple negative ductal
carcinoma. The majority of breast adenoid cystic carcinoma
display a #(6;9) translocation, resulting in the MYB-NFIB
gene fusion [35]. MYLBI rearrangements and MYB ampli-
fication have also been demonstrated in cases that lack ¢
(6;9) [36]. These alterations can be detected by molecular
sequencing, fluorescence in situ hybridization, chromogenic
in situ hybridization, or immunohistochemistry. In the
breast, MYB immunohistochemistry is sensitive and
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specific for adenoid cystic carcinoma [37], with strong and
diffuse nuclear labeling (Fig. 11). Only rare MYB labeling
seen in triple negative breast carcinomas (Fig. 11) and other
entities in the differential diagnosis [37]. MYB immuno-
histochemistry is helpful to confirm the diagnosis of breast
adenoid cystic carcinoma.

Secretory carcinoma

Breast secretory carcinoma is another rare special-type car-
cinoma that has the same morphologic, immunophenotypic,
and molecular features its salivary gland counterpart [38].
Secretory carcinoma is often ER™ and HER-2", but has a
unique immunophenotypic profile among triple negative
breast carcinomas, because it diffusely labels for mamma-
globin and GCDFP (Fig. 12). In addition, secretory carci-
noma is another breast carcinoma type that displays strong
and diffuse Sox10 and S-100 labeling (Fig. 12). Secretory
carcinoma displays a #(12;15) translocation, resulting in the
ETV6-NTRK3 gene fusion [38, 39]. In the breast, this gene
fusion is unique to secretory carcinoma; however, it is seen in
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Fig. 12 Immunohistochemistry
in secretory carcinoma. Breast
secretory carcinoma is
characterized by solid, tubular,
and cribriform arrangements of
epithelioid cells with abundant
eosinophilic cytoplasm,
prominent nucleoli, and
intraluminal secretions (A, B).
Although usually triple negative,
they display diffuse labeling for
GCDFP (C), S-100 (D), and
mammaglobin (not shown).

a variety of other extramammary tumor types including
congenital infantile fibrosarcoma, cellular mesoblastic
nephroma, gliomas, leukemias, and other carcinomas [40].
Molecular sequencing or fluorescence in situ hybridization
can demonstrate this translocation and confirm the diagnosis.
Pan-TRK immunohistochemistry is a novel surrogate marker
for NTRK family gene rearrangements across tumor types
[41]. Among breast carcinomas, pan-TRK labeling is sensi-
tive and specific for breast secretory carcinoma [42]. Pan-
TRK immunohistochemistry is emerging as a useful diag-
nostic adjunct in this setting.

Tall cell carcinoma with reversed polarity (TCCRP)

TCCRP is a rare special-type carcinoma characterized by
solid and papillary architecture, columnar cells with ample
eosinophilic cytoplasm, and apically oriented nuclei dis-
playing similar nuclear features as papillary thyroid carci-
noma [43] (Fig. 13). Reflecting its morphologic features,
TCCRP has previously been called “solid papillary carci-
noma with reverse polarity” and “breast tumor resembling
the tall cell variant of papillary thyroid carcinoma.”
Although exceedingly rare, TCCRP is worth mentioning
because it is characterized by an IDH2 p.ARG172 hotspot
mutation [43, 44], which is also seen in infiltrating gliomas
and other tumor types [45]. Immunohistochemistry for
mutant IDH2 shows cytoplasmic labeling in TCCRP
(Fig. 13) and, in the breast, is sensitive and specific for
TCCRP [46, 47]. In addition, IDH2 immunohistochemistry
is already in routine use in many pathology laboratories for
the diagnostic work-up and classification of high-grade

gliomas. IDH2 immunohistochemistry is a useful surrogate
for the IHD2 p.ARG172 hotspot mutation when TCCRP
enters the differential diagnosis.

Immunohistochemistry for PD-L1 as an immune
biomarker

Immunohistochemistry for PD-L1 is an emerging, yet
imperfect, predictive biomarker for use of immune
checkpoint inhibitors in breast carcinoma. To date, the
Food and Drug Administration (FDA) has designated three
PD-L1 assays as “companion diagnostics” to determine
patient eligibility for use of specific checkpoint inhibitors
in their FDA-approved indications (Table 4) [48-51],
including the Ventana PD-L1 (S142) assay for use in triple
negative breast carcinoma. Implementation and inter-
pretation of PD-L1 immunohistochemistry are rife with
caveats, differ across tumor types, and vary between
checkpoint inhibitors. Cancer immunotherapy, companion
diagnostics, and predictive biomarker development are
also evolving rapidly [49, 50, 52, 53]. The indications and
testing parameters will in breast cancer undoubtedly
change as we continue to learn more about breast cancer
immuno-oncology and explore the optimal biomarker(s)
for patient selection.

Checkpoint inhibition in advanced breast cancer
In March 2019, the PD-L1 inhibitor atezolizumab, in
combination with nab-paclitaxel chemotherapy, was granted

accelerated FDA approval for use in PD-L1" advanced
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Fig. 13 IDH2 in tall cell
carcinoma with reversed
polarity (TCCRP). The rare
special-type carcinoma, TCCRP,
is characterized by columnar
cells with eosinophilic
cytoplasm, apically oriented
nuclei, and irregular nuclear
contours with solid and papillary
architecture (A—C). They
display cytoplasmic labeling for
mutant IDH2 protein (D, image
courtesy of Dr Doreen
Palsgrove), reflecting the
presence of IDH2 p.ARG172
hotspot mutations.

triple negative breast carcinoma [54]. The approval of ate-
zolizumab was a watershed moment for breast cancer
therapy, as it represented not only the first immune check-
point inhibitor to be approved specifically in breast carci-
noma but also the first targeted therapy for use in triple
negative breast carcinoma [55]. The approval was based
upon the results of the IMPassion130 phase 3 clinical trial
[56], which demonstrated significantly longer progression-
free survival (PFS) (2.2-month improvement) and a clini-
cally meaningful improvement in overall survival (OS) (7-
month improvement) in patients with PD-L1% advanced
triple negative breast carcinoma who received with atezo-
lizumab and nab-paclitaxel chemotherapy. Multiple clinical
trials with other PD-1/PD-L1 checkpoint inhibitors are
ongoing [55, 57, 58] and will hopefully lead to additional
drug approvals in the near future.

PD-L1 as a companion diagnostic in breast cancer

PD-L1 immunohistochemistry is a required companion
diagnostic for use of atezolizumab in advanced triple negative
breast cancer [49, 54, 59] (Table 4). The FDA approval states
that PD-L1 status in breast cancer can be determined with any
FDA-approved test [54]. To date, the only PD-L1 test with
FDA approval for use in breast carcinoma is the Ventana PD-
L1 (S142) assay, which utilizes the PD-L1 antibody clone
SP142 that was used in the IMPassionl130 clinical trial
[51, 56]. This assay is different from the PD-L.1 THC 22C3
Pharm Dx and PD-L1 IHC 28-8 assays, which utilize the PD-
L1 antibody clones 22C3 and 28-8 on a Dako platform and
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are FDA-approved as companion diagnostics in other cancer
types [49, 51] (Table 4). The Ventana PD-L1 (SP263) assay is
commercially available as a complementary diagnostic [59],
but does not currently have FDA approval as a companion
diagnostic. The Ventana PD-L1 (SP142) assay uses the
Immune Cell (IC) Score criteria for evaluating PD-L1 status
in triple negative breast carcinoma [60] (Table 5). PD-LI
status is determined as the percentage tumor area occupied by
PD-L17 ICs, with a scoring threshold of 1% to determine
eligibility for therapy with atezolizumab. That is, a triple
negative breast carcinoma is considered “PD-L1 positive” if
the tumor displays: PD-L1*" ICs occupying >1% of the tumor
area (Fig. 14). “ICs” refer to all ICs, not just the tumor
infiltrating lymphocytes (TILs) but also the plasma cells,
neutrophils, and macrophages. The percentage score is not the
percentage of ICs that label, but rather the percentage of the
tumor area occupied by ICs that label for PD-L1. This scoring
system is different from the tumor proportion score, tumor
cell (TC) score, and combined positive score that are used for
other agents in other tumor types (Table 4).

Specimen considerations for PD-L1 immunohistochemistry

The Ventana PD-L1 (S142) assay is not validated for use in
cytology cell blocks or smears, nor on decalcified speci-
mens [60]. PD-L1 as a companion diagnostic can be per-
formed on either the primary tumor or a metastatic tumor. It
is not entirely clear how the immune microenvironment of a
primary tumor predicts the immunotherapy response of a
metastatic tumor, which occurs after a time interval and/or
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Table 4 }?Dt'L}ll ” PD-L1 IHC 22C3 PD-L1 HC 28-8  Ventana PD-L1 Ventana PD-L1
{mmunoSoChensiry Pharm Dx Pharm Dx (SP142) assay (SP263) assay
companion diagnostics.

Clone 22C3 28-8 SP142 SP263

Platform Dako Dako Ventana Ventana

Drug Pembrolizumab (anti- Nivolumab (anti-  Atezolizumab (anti- Durvalumab (anti-PD-

PD-1, Merck)

PD-1, BMS) PD-L1, Roche) L1, AstraZeneca)

Tumor type approval with associated positive PD-L1 score threshold

Cervical SqCC 2
1 (CPS)

Esophageal SqCC
210 (CPS)

Gastric/GEJ 21 (CPS)

HNSCC =1 (CPS)
NSCLC 21% (TPS)

Urothelial Ca 210 (CPS)

NSCLC 21% (TC) NSCLC 250% (TC),

>10% (IC)
TNBC 21% (IC)

None

Urothelial Ca
>5% (IC)

BMS Bristol-Myers Squibb, Ca carcinoma, CPS combined positive score, which incorporates tumor cell and
immune cells PD-L1 labeling, GEJ gastroesophageal junction, HNSCC head and neck squamous cell
carcinoma, /C immune cell labeling, defined by the tumor area occupied by PD-L1" immune cells, NSCLC
non-small cell lung carcinoma, SgCC squamous cell carcinoma, 7C tumor cell labeling, TNBC triple
negative breast carcinoma, 7PS tumor proportion score, which incorporates tumor cell labeling.

Table 5 Scoring criteria for PD-
L1 immunohistochemistry in

Immune cell (IC) score = percentage of tumor area occupied by PD-L1" immune cells

triple negative breast cancer. Definition caveats

Tips to avoid pitfalls

Immune cells = all immune cells (including lymphocytes,

neutrophils, and macrophages)

Percentage = percentage of tumor area occupied by PD-L1*
IC, not the percentage of PD-L1" IC

Exclude immune cells outside of the
tumor area

Exclude nonspecific labeling in necrosis and
other compartments

Exclude nonspecific precipitate

Exclude tumor cell labeling

the administration of other systemic chemotherapies, but a
positive result in either the primary or metastatic tumor
renders a patient eligible for the approved therapy [54, 56].
However, the sample type and location will impact the PD-
L1 result. Metastatic tumors can have different PD-L1
expression than the primary tumor [61] and are in general
less inflamed (e.g., contain lower numbers of ICs) than
primary tumors [62, 63]. Certain metastatic niche locations,
such as liver, are less inflamed than others, such as lung
[64]. Sites with lower overall numbers of ICs are less likely
to have any ICs, let alone PD-L17 ICs, occupying >1% of
the tumor area. For this reason, PD-L1 testing on metastatic
tumors to the liver should be avoided.

Pitfalls in PD-L1 interpretation
The reproducibility of PD-L1 scoring is a concern across

tumor types, but particularly in breast cancer. Although
scoring PD-L1 labeling in TCs has been shown to be

reproducible [65], there is substantial debate on the
reproducibility of scoring PD-L1 labeling in ICs [65-68]
and particularly in accurately distinguishing between <1%
and 1% tumor area. Use of standardized pathologist
training, pictorial interpretation guides, or image analysis
software could potentially improve reproducibility in IC
PD-L1 scoring, but additional systematic studies are
needed. In addition, PD-L1 labeling in breast cancer
should be scored only in ICs—not TCs—and only in ICs
located within the borders of the invasive carcinoma cells.
IC scoring of metastases to lymph nodes can be particu-
larly problematic, as a distinction needs to be made
between the “tumor-associated” ICs and the normal resi-
dent lymphocytes. The presence of associated desmopla-
sia around the carcinoma nests can help define the tumor
area in this setting. Nonspecific PD-L1 labeling can be
seen in areas of necrosis (Fig. 15) and as nonspecific
precipitates, both of which should be excluded from
scoring.
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Fig. 14 PD-L1 in breast
cancer. PD-L1 in triple negative
breast carcinoma is assessed
with the immune cell (IC) score,
equating to the percentage tumor
area occupied by PD-L17"
immune cells, using the Ventana
PD-L1 (SP142) assay. A
primary triple negative breast
carcinoma with minimal
inflammatory infiltrate (A) is
PD-L1I negative due to a PD-L1
immune cell (IC) score of 0%
(B); nonspecific, punctate
cytoplasmic labeling is seen
within the tumor cells. A
primary triple negative breast
carcinoma with prominent
inflammatory infiltrate (C) is
PD-L1 positive due to an IC
score of 20-25% (D), which
falls above the IC positivity
threshold of 21%.

Fig. 15 Nonspecific PD-L1
labeling. A primary triple
negative breast carcinoma
displays abundant cellular
necrosis (A, B), which shows
nonspecific PD-L1 labeling on
the Ventana PD-L1 (SP142)
assay (C, D). The tumor is PD-
L1 negative, due to the presence
of PD-L1* immune cells in <1%
of the total tumor area (i.e., an
immune cell (IC) score of <1%).

Concerns and controversies in PD-L1 testing

A primary concern with PD-L1 testing across tumor types is
the lack of adequate control slides for antibody/assay vali-
dation. Development of control slides with known PD-L1
results for assay validation and proficiency testing will
greatly standardize and improve PD-L1 testing [69]. In
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addition, the different PD-L1 assays have different sensi-
tivity for PD-L1. The individual PD-L1 antibody clones
SP142, SP263, 22C3, and 28-8 have equal sensitivity for
PD-L1 when used with identical assays (i.e., testing steps)
[70], but the Ventana PD-L1 (SP142) assay (i.e., the SP142
antibody run with the Ventana assay platform) is less sen-
sitive for PD-L1 than the other antibodies and their asso-
ciated assays [71-74]. This lower sensitivity is thus
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attributable to the assay testing methods and parameters that
reportedly optimize the specificity of Ventana PD-L1
(SP142) assay for IC labeling [68]. Practically, this means
that the Ventana PD-L1 (SP142) assay is not directly
interchangeable with the PD-L1 IHC 22C3 Pharm Dx, PD-
L1 IHC 28-8 Pharm Dx, or Ventana PD-L1 (S263) assays,
as the latter three will classify more tumors as PD-L17 than
the Ventana PD-L1 (SP142) assay. Post hoc analysis of the
IMPassion130 trial patients whose tumors are PD-L1*
(IC 2 1%) by SP263 or 22C3, but PD-L1~ by the Ventana
PD-L1 (SP142) assay, showed that these patients do not
demonstrate the same benefits in PFS and OS with atezo-
lizumab [75]. To fully validate the use of PD-L1 IHC 22C3
Pharm Dx, PD-L1 IHC 28-8 Pharm Dx, or Ventana PD-L1
(S263) assays in this setting, they should be performed on
the IMPassion130 clinical trial tumors to determine the
percentage scoring cutoff at which equal predictive value is
reached as with the Ventana PD-L.1 (SP142) assay. To date,
the data are unavailable.

Emerging and future biomarker identification

PD-L1 is a valuable but imperfect predictive biomarker.
Favorable responses to PD-1/PD-L1 checkpoint inhibition
are still seen in a subset of patients whose tumors lack PD-
L1 labeling [50], and additional studies are needed to
identify and further refine the optimal biomarker(s) for use
in breast cancer immunotherapy. Future biomarker profiles
for immunotherapy will most likely consist of several
components, possibly incorporating CD8' counts, TILs
scores, genomic alterations, or myriad unknown factors into
the current immunohistochemistry biomarker profile of ER/
HER-27/ PD-L1" [53]. This is just one of many exciting
avenues to explore in breast cancer immuno-oncology.

Conclusion

Immunohistochemistry is an essential component of diag-
nostic pathology. Use of a targeted immunopanel can aid in
classification of a carcinoma as of breast origin and in
identification of metastases to the breast. Novel immunos-
tains serve as surrogates for molecular changes underlying
special-type breast carcinomas and include the use of MYB
in adenoid cystic carcinoma, pan-TRK in secretory carci-
noma, and IDH2 in TCCRP. PD-L1 immunohistochemistry
is a novel but imperfect biomarker for PD-1/PD-L1
checkpoint inhibition in triple negative breast carcinoma,
and the identification and implementation of novel bio-
marker profiles will be required to evolve with the rapidly
changing landscape of breast cancer immunotherapy.
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