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Introduction

Breast cancer is one of the most common cancers affecting
females worldwide and in India.1,2 Although morphological
features of breast lesions are well described, immunohisto-
chemical evaluation forms an indispensable component of
not only accurate diagnosis but also a prognostic and predic-
tive ancillary tool for breast cancer pathologists. At our high-
volume tertiary care cancer center, breast lesions routinely
undergo such diagnostic and prognostic evaluation and we
briefly outline below our immunohistochemical approach
for the different types of lesions encountered.

For diagnosis, appropriate immunohistochemistry (IHC)
marker panel is ideally selected in view of themorphological
features to address a specific diagnostic query. Prognostic
IHC panels, on the other hand, are applied routinely in
pathologically (morphologically and/or immunohistochemi-
cally) confirmed malignancies for guiding treatment
decisions.

Diagnostic IHC

A) Benign versus Malignant?

This is the first and foremost question a pathologist has to
answer when viewing a breast biopsy or specimen. Several
benign lesions (such as complex sclerosing lesions and radial
scar) and in situ tumors can mimic invasive tumors. In the
breast, the hallmark of invasion is lack of myoepithelial cells
(MECs).3 Both benign and in situ lesions show presence of an
intact myoepithelial layer (albeit sometimes discontinuous)
and basement membrane around the breast ducts and acini.
However, MECs may not always be appreciable on morphol-
ogy and there are a number of IHCmarkers available for their
identification such as p63, p40, smoothmusclemyosin heavy
chain (SMMHC), calponin, smooth muscle antigen (SMA),
S100, CD10, CK5/6. The absence of staining for MECs indi-
cates invasive cancer. A notable exception is microglandular
adenosis that is a benign lesion but lacksMECs; however, it is
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Abstract Immunohistochemistry (IHC) is an essential tool available to pathologists for facilitat-
ing diagnosis and as well as guiding the prognosis of breast lesions. Newer markers are
increasingly being added to the pathologists’ armamentarium. However, the selection
and interpretation of the IHC markers should be judicious. In light of an appropriate
morphological assessment, they should complement each other and produce accurate
reports. We have briefly outlined here the immunohistochemical approach used in the
diagnosis and management of breast cancers at our tertiary care cancer center.
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identifiable by immunoreactivity for S100 protein and is
typically triple negative. Conversely, adenoid cystic carcino-
ma and metaplastic carcinoma may be positive for MEC
markers; however, the location of positivity will not be
peripheral or linear.4 Various MECmarkers and their utilities
are shown in►Table 1. In our practice, we use a combination
of at least one nuclear (usually p63) and one cytoplasmic
MEC marker (usually calponin or SMMHC). Other markers
like SMA and S100 show a lot of cross-reactivity with
surrounding myofibroblasts (especially in desmoplastic
stroma) and blood vessels, limiting interpretation. Impor-
tantly, caution should be exercised when evaluating MEC
markers in poorly fixed tissue and the presence of internal
positive control (adjacent benign ducts) should always be
cross-checked before interpreting MEC markers as absent to
avoid a false-positive diagnosis of carcinoma.

B) Duct hyperplasia versus in situ cancer?

Increased use ofmammographic screening has resulted in
increasing biopsies that show a variety of intraductal prolif-
erative lesions. In such biopsies, usual ductal hyperplasia
(UDH) may sometimes be difficult to differentiate from
atypical ductal hyperplasia (ADH) or in situ cancer (DCIS)
of low-to-intermediate grade. Although morphological dif-
ferences among these entities are well established, adjunc-
tive IHC is a supportive tool in problematic cases. The usual
panel includes highmolecular weight keratins (HMWCK) like
CK5/6, and estrogen receptor (ER): luminal epithelial cells of
ADH/low-to-intermediate DCIS showing negativity for the
former and diffuse strong expression for the latter, while
UDH shows strong positivity for CK5/6 and heterogeneous/
patchy ER expression. However, it should be noted that

apocrine metaplasia and columnar cell alteration may also
show an absence of CK5/6 and should not be misinterpreted
as DCIS.3–5

C) Ductal neoplasia versus lobular neoplasia?

Invasive lobular carcinomas (ILCs), in general, are more
oftenmultifocal, bilateral, andwidelymetastatic, withworse
outcomes, recurrences, and higher mortality than ductal
carcinoma. Although ILC is usually easily distinguishable
from duct carcinoma due to its typical single file pattern
and dyscohesion, there is marked morphological overlap.
ILCs show loss of cell-cell adhesion due to the absence of E-
cadherin and/or a dysfunctional cadherin–catenin complex.
Diffuse membranous loss of E-cadherin is thus considered
diagnostic of ILC, whereas normal ducts and duct carcinoma
show diffuse membranous staining. However, it has to be
kept in mind that E-cadherin may be retained in up to 15%
lobular carcinomas,4 or conversely, show a loss in�10 to 15%
of ductal carcinomas, especially in higher grade tumors.6

Other members of the cadherin–catenin complex, such as
p120 catenin and beta, catenin may serve as useful adjunc-
tive markers in difficult cases. Similar to E-cadherin, p120
shows crisp linear membranous staining in normal breast
ducts and duct carcinomas (both in situ and invasive).
However, in contrast to E-cadherin, which is a negative
marker (loss signifying ILC), p120 is a positive marker
showing strong cytoplasmic staining in lobular neoplasia
(both in situ and invasive).

Hence, cytoplasmic expression of p120 signifies lobular
neoplasia, while membranous expression signifies duct car-
cinoma.4 Beta-catenin mirrors E-cadherin, showing loss of
membranous staining in ILC.3 One should always compare

Table 1 Commonly used myoepithelial cell markers

Marker Pattern Utility Pitfalls

P63 Nuclear Best MECmarker with a clean background, no
cross-reactivity with stromal myofibroblasts
or vascular smooth muscle cells. Highly
specific and �90% sensitive

May show focal gaps/attenuation
(discontinuous pattern) around noninvasive
epithelial nests (especially CIS) and may also
label ACC, papillary Ca, and squamous
component of metaplastic Ca in a diffuse
fashion

P40 Nuclear Antibody against an isoform of p63, with
similar reactivity and performance

Same as above. May be used interchangeably,
but not proven superior to p63 for breast MEC

SMMHC Cytoplasmic Slightly higher sensitivity than p63 Cross-reactivity with stromal myofibroblasts
and vascular smooth muscle

Calponin Cytoplasmic Continuous cytoplasmic linear staining
pattern in normal or benign breast tissue,
with a focal discontinuous pattern in a few
DCIS

A high frequency of cross-reactivity with
stromal myofibroblasts and vascular smooth
muscle cells as well as occasionally tumor
epithelial cells

CD10 Cytoplasmic Relatively sensitive, no reactivity to vascular
smooth muscle cells

Cross-reactivity to myofibroblasts and
nonspecific reactivity to epithelial cells

CK 5/6 Cytoplasmic Identifies MEC as well as useful in benign
ductal hyperplasia and papillary breast
lesions (usually mosaic) to differentiate from
DCIS (usually negative)

Also positive in squamous epithelial cells,
basal subtype DCIS and basal-like TNBC

Abbreviations: ACC, adenoid cystic carcinoma; Ca, carcinoma; DCIS, ductal carcinoma in situ; MEC, myoepithelial cells; SMMHC, smooth muscle
myosin heavy chain; TNBC, triple-negative breast carcinoma.
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with internal control uninvolved breast ducts while inter-
preting thesemarkers. Additionally, a diagnosis of ILC should
be revisited if the tumor is ER-negative and/or HER2-posi-
tive. Hence, for differentiating lobular neoplasia from ductal
neoplasia in difficult cases, morphology is useful in conjunc-
tion with a panel of these markers.

D) Type of papillary neoplasm?

Papillary neoplasms of the breast are a heterogeneous
group. Their spectrum ranges from benign lesions (intra-
ductal papilloma), atypical (ADH involving papilloma, in situ
lesions (DCIS arising in papilloma or papillary DCIS), and
invasive (solid papillary carcinoma). Encapsulated papillary
carcinoma is a borderline lesion considered in situ by some
and invasive by other. Diagnosis is usually challenging,
especially in biopsies, and IHC is often helpful. The most
useful IHC for differential among papillary neoplasms is
MECs, which are evaluated at the periphery of the lesion
and along the papillary cores.6,7

In addition, the expression of HMWCK, ER, and neuroen-
docrine markers may also be used in difficult cases. ►Fig. 1

outlines the IHC approach used in our lab for papillary
neoplasms. In fragmented biopsies, where encapsulation
and periphery of the lesion cannot be reliably identified,
an initial impression of a complex papillary neoplasmmay be
conveyed, deferring definitive diagnosis to a larger specimen.

E) Diagnosis of spindle cell neoplasms (SCN)?

SCN of the breast encompasses a wide spectrum ranging
from benign to malignant and epithelial to myoepithelial to
mesenchymal in origin. Biopsy interpretation of SCN of the
breast is especially challenging due to limited tissue. It is
helpful to categorize the lesion as low-grade or high-grade on

initial screening, consider the various differentials of each
category, and accordingly choose IHC markers.8,9 In high-
grade SCN, a differentiation between metaplastic or meta-
static carcinoma from primary high-grade sarcoma or ma-
lignant phyllodes is particularly poignant due to differences
in management, with nodal evaluation and chemotherapy
more common for the former rather than latter.3,8No specific
IHC is useful to distinguish different grades of phyllodes
tumor. ►Table 2 summarizes our diagnostic approach for
high-grade and low-grade SCN. Morphological clues are
often helpful, particularly the presence or absence of benign
ducts or in situ carcinoma. Usually, a panel of markers is
selected in light of morphology; however, if uncertainty
persists even aftermorphological and immunohistochemical
evaluation on a core biopsy, it is acceptable to exercise
caution and issue a preliminary report of “low- grade SCN”

or “high-grade SCN” and defer a definitive categorization for
the subsequent surgical specimen.

F) Breast primary versus metastasis from other sites?

In almost every case, pathologists are required to identify
the possible origin of carcinoma at a metastatic site, and
rarely one may even encounter a breast biopsy where the
metastasis forms a differential with primary breast carcino-
ma. IHC evaluation is invaluable in such cases. Aside from a
cytokeratin to prove the epithelial nature of the tumor (when
lymphoma or melanoma are the differentials), various
markers of mammary origin are used to include or exclude
the mammary origin of the tumor. Depending on location,
other relevant markers used routinely include TTF1 and
napsin A (lung origin), PAX8 and WT1 (ovarian origin),
CDX2, and SATB2 (GI origin). Markers indicating mammary
origin include gross cystic disease fluid protein (GCDFP-15)

Fig. 1 Stepwise combined morphological and immunohistochemistry approach to the diagnosis of complex papillary neoplasms of breast.
DCIS, ductal carcinoma in situ; ER, estrogen receptor; HMWCK, high molecular weight keratins; MEC, myoepithelial cells; SMMHC, smooth
muscle myosin heavy chain; UDH, usual ductal hyperplasia.
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and mammaglobin; however, though both show high speci-
ficity (>95%), sensitivity is much lower (35–55%). Nonspe-
cific focal staining may also be encountered, limiting
diagnostic utility.3,10,11 A panel comprising GATA-3 along
with various hormonal markers like ER, progesterone recep-
tor (PR), HER2/neu, and androgen receptor (AR) is more
commonly used.

GATA3, in contrast to GCDFP-15 and mammaglobin, is a
nuclear IHC marker, and has shown a better sensitivity and
relatively good specificity for breast cancer.4However, it must
alwaysbe interpretedwith caution ina correct clinical context,

as it is also positive in a variety of other tumors, including
urothelial carcinoma, squamous cell carcinoma, phaeochro-
mocytoma, parathyroid tumors, paraganglioma, mesothelio-
ma, and choriocarcinoma among others.3 Also, GCDFP-15,
mammaglobin as well as GATA3, may be negative in poorly
differentiated and triple-negativebreast carcinomas (TNBCs).4

Importantly, it has to be remembered that most of the above
breast markers overlap with skin adnexal and salivary origin
high-grade carcinomas. Identification of an associated in situ
component or primary location of the tumor in the breast or
dermis may be useful clues in this context.

Table 2 Immunohistochemical features of commonly encountered spindle cell lesions of the breast

Spindle cell
neoplasm

Entity Morphological clues Immunohistochemistry

Positive Negative

Low-grade Myofibroblastoma Bland spindle cells with
thick collagen bundles,
devoid of mammary
ducts

CD34, desmin, variable: SMA,
EMA, ER, PR, CD99, BCl2,
CD10, S100

Epithelial markers (AE1/
AE3, Pan-CK)

Fibromatosis Bland spindle cells,
collagenous stroma;
infiltrative border with
chronic inflammation

Diffuse nuclear b-catenin,
SMA, desmin�

S100, CD34, epithelial
markers

Fibromatosis-like
metaplastic
carcinoma

Spindle cells with
tapered nuclei, nuclear
atypia and mitosis not
prominent; DCIS rare
(10–15%)

Epithelial markers (AE1/AE3,
pan-CK, or HMWCK), p63,
SMA

Desmin, CD34, BCl2, ER,
PR, Her2

Dermato-
fibrosarcoma
protuberans

Dermal; spindle cells in
storiform and whirling
pattern; infiltrative
edges

CD34, SMA� S100, epithelial markers,
factor XIIIa

PASH Sclerotic stroma; slit-like
spaces lined by bland
myofibroblastic cells,
resembling endothelial
cells

CD34, Bcl2, SMA, PR CD31, ERG, desmin, ER

Nodular fasciitis Loose edematous
stroma; mitosis usual;
extravasated RBCs;
inflammatory cells

SMA Desmin, S100, CD34,
epithelial markers

High grade Metaplastic
carcinoma

Malignant in
situ/invasive epithelial
component—helpful if
present

Cytokeratin (AE1/AE3/Pan
CK/EMA), SMA�

CD34, S100, HMB45,

Malignant
phyllodes tumor

Any benign epithelial
component—helpful if
present

CD34 (30-50%), BCl2, C-kit,
SMA� , CK (rare), p63 (rare)

S100, HMB45

Sarcoma Any specific lineage
differentiation (myoid,
vascular, adipocytic,
etc.) if present

As per lineage differentiation CK, HMB45

Melanoma Intracytoplasmic
pigment (if present),
vesicular nuclei with
prominent nucleoli

S100, HMB45, Melan A CK, EMA, CD34

Abbreviations: CK, cytokeratin; DCIS, ductal carcinoma in situ; EMA, epithelial membrane antigen; ER, estrogen receptor; HMWCK, highmolecular weight
keratins; PASH, pseudoangiomatous stromal hyperplasia; PR, progesterone receptor; RBCs, red blood cells; SMA, smooth muscle antigen.
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Prognostic IHC

A) Biomarker-based subtyping

Currently, biomarker evaluation of breast cancer is an inte-
gral part of the routine histopathological evaluation by
providing invaluable prognostic and predictive information.
At our institute, the most recent American Society of Clinical
Oncology/College of American Pathologists guidelines are
followed for ER, PR, and HER2/neu evaluation.12,13 A semi-
quantitative Allred score for ER and PR is also provided in the
report, along with mention of the presence or absence of
staining in internal control in ER/PR-negative cases. The
classification of breast carcinoma into intrinsic subtypes,
that is, luminal A, luminal B, HER2N enriched, and basal-like
is a well-known requirement for clinical management, made
possible by the addition of Ki-67 to the above IHC, with Ki-67
high classified as luminal B and Ki-67 low as luminal A.14

However, although initially a cutoff of 14% was proposed
and later revised to 20% for Ki-67 high and low,14 there is
sufficient evidence that Ki-67 IHC suffers from vagaries of
preanalytical variables, testing methods, and interpretative
errors. This leads to marked interobserver variability, limit-
ing its role as a routinebiomarker.15Asper the latest updates,
only Ki-67 index<5% or over>30% can be reliably used inT1-
2, N0-1 to estimate prognosis.16 In our practice, Ki-67
detection is performed in histological grade 2, stage I/II,
ERþ , HER2-IBC, where the distinction between luminal A
and B carries relevance for the decision on administration of
chemotherapy to the particular cancer patient.

B) Novel markers

With the advent of molecular and cytogenetic techniques,
there has been a tremendous increase in our understanding
of drivers of breast carcinoma. In certain instances, it has
resulted in the availability of advanced treatment options,
including targeted therapies. To that effect, the emerging
programmed death-ligand 1 (PD-L1) assays are now being
routinely performed as a predictive biomarker for the use of
immune-checkpoint inhibitor therapy in breast carcinoma.
The assays are all approved as “companion diagnostics”with
specific drugs but are replete with problems in interpreta-
tion and implementation. There are a number of PD-L1
clones, performed on different automated platforms, and
each has been approved as a companion predictive marker
for a different anti-PD-1 or anti-PD-L1 drug. The tumor types
for which a particular PD-L1 clone is predictive are also
different, as are the interpretation guidelines. PD-L1 IHCmay
be interpreted in tumor cells, immune cells or both, depend-
ing on tumor type and clone used. Learning to interpret and
correctly score PD-L1 also requires training and experience.
In certain tumors, a combined positive score (CPS) is consid-
ered clinically relevant, while in others a tumor proportion
score (TPS), and in yet others proportion of immune cell
labeling (IC). The cutoff scores are also variable between
different tumors. For example, for urothelial carcinoma,
22C3 pharm DX PD-L1 clone is considered positive when
CPS is �10, while for Ventana SP142 PD-L1 clone, the
corresponding figure is �5% of IC labeling.15 Hence, when

performing and evaluating these assays, it is necessary to
know which companion drug and tumor it is being per-
formed for, so that the correct PD-L1 clone can be applied and
accordingly interpreted. Also, the pathologist’s report should
always carry the diagnosis of the tumor it is being used for,
along with the specific PD-L1 IHC clone and cutoff used. As
our knowledge of immunotherapy and predictive biomark-
ers rapidly evolves, these criteria and parameters are also
likely to be updated. Currently, in the breast, positivity for
PD-L1 IHC by the Ventana SP142 clone is U.S. Food and Drug
Administration approved for the treatment of advanced
TNBCs by atezolizumab in combination with nab-paclitax-
el.17 A breast tumor is considered “PD-L1 positive” if it
displays PD-L1 positive IC occupying �1% of the tumor
area.15 IC here includes tumor-infiltrating lymphocytes, as
well as plasma cells, neutrophils, and macrophages.

IHC for AR, though not a novel IHC marker, its utility as a
predictive marker for selection of TNBC patients likely to
benefit from targeted AR inhibitor therapy has recently
shown promise. A cutoff of >1% tumor nuclei expressing
AR has shown a response to anti-AR therapy.4 At our insti-
tute, AR IHC is usually applied in clinically unresponsive/
recurrent/metastatic TNBC settings and reported as percent-
age and intensity of nuclear staining observed.

IHC isa rapid,widelyavailable, andcost-effective technique,
which has a number of diagnostic, prognostic as well as
predictive applications in breast pathology. One should not
forget, however,especially in the Indiancontext, thatmost IHC,
in general, and biomarkers in particular, are dependent on
excellence in standardization. To obtain adequate standardi-
zation and quality results, the tissues should be properly fixed
and processed, using 10% neutral buffered formalin, with
adequate fixation times (6–72hours). Use of standardized
antibodies, detection systems, scoring criteria, and cutoff
along with optimal internal validation, participation in inter-
nal and external quality assurance programs, and lab accredi-
tation are needed to produce diagnostically accurate and
reproducible reports for guiding patient management.18,19
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