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A 52-year-old postmenopausal female presented with swelling in the right breast of size 4x3 cm.
Consistency was hard and margins were ill-defined. The nipple was retracted and the skin over
the swelling was fixed to it, showing ulceration and puckering. The tumor was fixed to the chest
wall. A history of blood-mixed discharge from the ulcer was present. No axillary lymph nodes
were palpable. Clinically the stage of the lesion was T4NyM,, Stage ITIB. Ultrasonography showed
a solid cystic lesion in the breast which was reported as BIRADS IV and two subcentimetric
lymph nodes were present in the right axilla. Fine-needle aspiration cytology (FNAC) smears
showed predominantly sheets and clusters of cells with abundant vacuolated cytoplasm, along
with clusters of epithelial cells that showed abundant eosinophilic cytoplasm. The background
showed acute and chronic inflammatory cells, occasional giant histiocytes, bare nuclei, and
proteinaceous material. Biopsy showed two populations of cells with sharply defined cell borders,
one with abundant eosinophilic, periodic acid-schift (PAS) positive, diastase resistant, granular
cytoplasm, and the other with abundant vacuolated cytoplasm. The cells showed marked
pleomorphism, vesicular nuclei, prominent nucleoli with brisk mitotic activity, and atypical
mitosis. Subsequently modified radical mastectomy specimen confirmed the infiltrative nature
of the tumor. The tumor cells were arranged in papillary, micropapillary, acinar and the tubular
patterns, and solid sheets. Extensive necrosis, stromal desmoplastic reaction, acute and chronic
inflammatory cells, and vascular tumor emboli were also found. No ductal carcinoma in situ
(DCIS) component was noted. Nottingham’s histologic score was 9 (Grade III). The skin over
the swelling showed dermal infiltration by the tumor. The other resected margins were free of
tumor. Eighteen axillary lymph nodes were harvested and two of them showed metastasis. The
pathological stage was pT3N.M,. On immunohistochemical evaluation, estrogen receptor (ER)
(Clone: EP1) and progesterone receptor (PR) (Clone: EP2) were negative. Human epidermal
growth factor receptor 2 (HER2) (Clone: EP3) showed diffuse strong (3+) membranous
positivity in the tumor cells. Ki-67 (Clone: MIB-1) (proliferation index) was 46%. Cytokeratin
(CK) 5/6/8/18 (Clone: 5D3/LP34) showed diffuse strong membranous positivity in the tumor
cells. Androgen receptor (AR) (Clone: EP120) was positive in the apocrine cells.

QUESTION # 1

What is the most likely diagnosis?
a. Secretory carcinoma

b.  Oncocytic carcinoma

c.  Apocrine carcinoma

d. Lipid-rich carcinoma
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ANSWER

c. Apocrine carcinoma

EXPLANATION

The patient presented with features of invasive carcinoma of
the breast and with skin ulceration. Fine needle Aspiration
cytology (FNAC) smears predominantly showed cells with
abundant vacuolated cytoplasm [Figure 1]. Biopsy showed two
populations of cells with well-defined cytoplasmic borders;
one with abundant eosinophilic cytoplasm with PAS-positive
diastase-resistant granules, and the other with abundant
vacuolated cytoplasm. The cells showed nuclear atypia, brisk
mitotic activity, and atypical mitosis [Figure 2]. Two types
of cells are seen in apocrine carcinoma. Type A cells have
abundant eosinophilic granular cytoplasm, enlarged nuclei
and the prominent nucleoli, and type B cells have abundant
vacuolated cytoplasm with intracytoplasmic lipids. The type A
cells are diastase-resistant and, the PAS-positive.[”!

The diagnostic interpretation of apocrine carcinoma on
cytology smears may be challenging due to its morphologic
mimics. FNAC smears show large polygonal cells with
abundant granular cytoplasm and sharply defined borders. The
nuclei are vesicular, with irregular nuclear borders, and show
prominent nucleoli.”? Predominance of type B cells in cytology
smears poses difficulty in arriving at the diagnosis. This might
be due to sampling error. In 2005, Japaze et al.,” proposed
the following criteria for diagnosing apocrine carcinoma: (i)
75% of tumor cells exhibiting apocrine features, (ii) large cells
with granular eosinophilic cytoplasm, (iii) sharply defined cell
borders, (iv) large, round, vesicular, may be the pleomorphic
nucleus, and (v) low N: C ratio (<1:2).1

QUESTION # 2

Which of the following immunohistochemical marker is
generally negative in apocrine carcinoma of breast?
a. ER

b. AR

c. HER2

d. GCDFP-15
ANSWER

a. ER
EXPLANATION

Apocrine carcinomas lack ER and PRs, Bcl-2, but have AR
and express gross cystic disease fluid protein-15 (GCDFP-15),
GATA binding protein 3, CK7, CK8, CK18, CK19, CK20,
expression of MUC1 (EMA), and E-Cadherin. HER2/
neu may or may not be positive. Basal cytokeratins such
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Figure 1: Microphotographs of the cytology smears (May Grunwald-
Giemsa [MGG]): (a and b) (MGG, x200), Fine-needle aspiration cytology
(FNAC) smears showing cells with vacuolated cytoplasm, (c) (MGG,
%200) FNAC smear showing benign ductal epithelial cells with apocrine
metaplasia along with the foamy cells, (d and e) (MGG, x400) Fine-
needle aspiration cytology (FNAC) smears showing cells with vacuolated
cytoplasm, (f) (MGG, x1000) Cells with well-defined cytoplasmic borders.
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Figure 2: Gross and histopathology of the lesion: (a) Gross image of
the modified radical mastectomy specimen, (b) Cut section of the
tumor, (c) Histological section of the tumor (hematoxylin & eosin
[H & E], x200), and (d) Section showing the cells with apocrine
differentiation (H & E, x400).
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Figure 3: Immunohistochemistry of the tumor: (a) Estrogen
receptor (ER) is negative in tumor cells (ER and Diaminobenzidine
[DAB], x200), (b) Progesterone receptor (PR) is negative in tumor
cells (PR and DAB, x200), (¢) Human epidermal growth factor
receptor 2 (HER2)/neu shows diffuse, strong membranous positivity
(Grade 3+) (HER2 and DAB, x200), (d) Ki-67 (Proliferation
marker) is positive in 46% of cells (Ki-67 and DAB, x200), (e)
Cytokeratin (CK5/6/8/18): Strong cytoplasmic to membranous
positivity in >50% of the cells (CK5/6/8/18 and DAB, x200), and
(f) Androgen receptor is positive in the nuclei of cells with apocrine
morphology (androgen receptor and DAB, x200).

as CK5/6, CK14, CK17, and p63 are variably positive.
GCDFP is present in the breast cysts and in apocrine cells of
mammary glands, salivary glands, sweat glands, Paget disease,
etc. HER2/neu is positive in 30-60% of carcinomas with
apocrine differentiation. GCDFP-15 and AR are considered
the hallmarks of apocrine differentiation [Figure 3]. The
expression of GCDFP-15 appears to be reduced in advanced
apocrine carcinoma. In oncocytic carcinoma, ER, PR, and
anti-mitochondrial antibodies are positive and AR and
GCDFP-15 are negative."'! Hence, apocrine carcinomas have
two molecular subtypes: Triple-negative and HER2-positive.[%!

QUESTION # 3

To be designated as “Carcinoma with apocrine

differentiation,” % of the tumor cells should have
distinct apocrine morphology.

a. 50%

b. 25%

c. 75%

d. 90%

ANSWER

d. 90%

EXPLANATION

To be designated as “Carcinoma with apocrine
differentiation,” the distinct apocrine morphology should
be evident in >90% of the cancer cells. Previously, the cutoft
percentage of tumor cells had been defined as 75% by Japaze
et al., to be diagnosed as apocrine carcinomal'+*-1

QUESTION # 4

Is apocrine carcinoma associated with BRCA 1 or 2?
a. Yes

b. No

¢.  Not applicable

d. Cannot be commented.

ANSWER

b. No

EXPLANATION

Although loss of PTEN (Phosphatase and tensin homolog)
function may indicate familial breast carcinoma, there is
no association between apocrine carcinoma and BRCA1 or
BRCA2.P!

QUESTION # 5

Which of the following breast carcinomas has a worse

prognosis?

a. Triple-negative invasive breast carcinoma of no special
type

b.  Triple-negative invasive apocrine carcinoma

¢.  Luminal A type breast carcinoma

d. Luminal B type breast carcinoma

ANSWER

a. Triple-negative invasive duct carcinoma of no special
type

EXPLANATION

The triple-negative subtype of apocrine carcinoma of the
breast has better prognosis than triple-negative invasive breast
carcinoma of no special type (NST), as targeted therapy with
drugs used in prostate carcinoma such as fluoxymesterone
that inhibits androgen signaling, is available.!!"! The other
two subtypes carry better prognosis.
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CYTOLOGICAL APPROACH TO CELLS WITH VACUOLATED CYTOPLASM IN BREAST ASPIRATE

Cells with vacuolated cytoplasm
in breast aspirate

Sharply defined cell Focal squamous
borders, another
population of cells
with eosinophilic

granular cytoplasm

necrosis, positive

papillary pattern

PAS positive, diastase-
resistant cytoplasmic
granules

morules, calcification,

staining with Oil Red O

0 70 years

Papillary

; Mucinous
carcinoma

carcinoma

Secretory carcinoma

Figure 4: Algorithm for the cytological approach to cells with vacuolated cytoplasm in breast aspirate. (PAS: periodic acid-schiff, H/O: History
of.) Algorithm plotted using Microsoft PowerPoint [Microsoft Office Standard 2016, Version 16.0; Manufacturer: Microsoft Corporation,
Origin: Silicon Valley, CA, USA]

Table 1: Differentiation of breast carcinoma with cells having
vacuolated cytoplasm by immunohistochemical evaluation of cell
block sections.

Breast
carcinoma

subtype

Cellblock THC (Immunohistochemistry)
profile

Apocrine Ca

ER-, PR—, HER2+, AR+, GCDFP+, GATA-3+,
Mammaglobin+, CK7+, CK8+, CK18+, CK19+,
CK20+, EMA+, E-cadherin+, Bcl-2—

Sebaceous Ca

ER+, PR+, HER2+, AR+

Secretory Ca | ER—, PR—, HER2—, EMA+, a-Lactalbumin+,
S$100+, E-cadherin+, CK8+, CK18+, CD117+,
a-SMA+, Mammaglobin+, GCDFP+, SOX10+,
Pan-TRK

Papillary Ca ER+, PR+, HER2—, CK8+, CK18+ CK5/6—,

CK14-

Mucinous Ca

ER+, PR+, WT1+, AR+, HER2-

THC: Immunohistochemistry, ER: Estrogen receptor, PR: Progesterone
receptor, GCDFP 15: Gross cystic disease fluid protein 15,

GATA-3: GATA-binding protein 3, AR: Androgen receptor,

HER2: Human epidermal growth factor receptor 2, CK: Cytokeratin,
EMA: Expression of MUC1
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BRIEF REVIEW OF THE TOPIC

Invasive carcinoma of breast with apocrine differentiation is a
special subtype of breast carcinoma.® The age of presentation
ranges from 48 to 60 years.!" It is uncommon and the incidence
ranges from 0.3% to 4% of female invasive breast carcinomas. It
is seen more commonly in middle-aged women. Its incidence
is extremely rare in male breasts. It is an aggressive malignancy.
It can be misdiagnosed as invasive duct carcinoma. Lymph
node metastasis has been reported in apocrine carcinomas.
Malignant adnexal tumors of the skin may arise from apocrine,
eccrine, sebaceous, ceruminous, and sweat glands. Normal
breast ductal cells undergo metaplasia and transform into
apocrine cells. The pattern of growth of apocrine carcinoma is
like that of invasive duct carcinoma. -2

Apocrine carcinoma was first described by Krompecher et
al. in 1916. However, the histologic criteria to diagnose the
apocrine carcinomas were defined by Japaze et al.>®

The 5™ edition of the World Health Organization (WHO)
Classification of Breast Tumors recognized “Carcinoma
with apocrine differentiation” as a distinct entity. Apocrine
differentiation occurs in invasive carcinomas NST, lobular,



Muniraj, et al.: Apocrine carcinoma-cytological interpretation difficulties

tubular, medullary, and micropapillary carcinomas, DCIS,
and lobular carcinoma in situ.!”)

Apocrine carcinoma arises from the milk duct of the breast.
Grossly, it presents as a solidified whitish mass. It generally
presents with skin ulceration. Nipple discharge may or may not
be present. It has been reported in accessory breast also. The
growth pattern is like that of invasive duct carcinoma. The cells
of apocrine carcinoma have abundant eosinophilic granular
cytoplasm, well-defined cytoplasmic borders, apical snouting at
places, large round vesicular nuclei, and multiple nucleoli.

Differential diagnoses of carcinoma with apocrine
differentiation include malignancies such as secretory
carcinoma, oncocytic carcinoma, lipid-rich carcinoma,
invasive duct carcinoma, and benign lesions such as granular
cell tumor, apocrine metaplasia, and histiocytic proliferation
[Figure 4].%171 Immunohistochemistry can help in cases
where morphological interpretation alone cannot aid in
differentiating between these cases [Table 1].01-#1017-2¢]

Focal apocrine changes can be seen in several breast lesions
ranging from benign cysts to invasive carcinomas. Benign
breast lesions with apocrine morphology include fibrocystic
disease, apocrine cysts, the apocrine adenosis, and apocrine
adenoma. Malignant lesions with apocrine morphology include
apocrine DCIS and apocrine carcinoma. Hence, diagnosis of
apocrine carcinoma can be challenging. Overlapping of cells,
nuclear pleomorphism, and high N: C ratio are not usually seen
in benign lesions with apocrine differentiation.**!

Cytogenetic analysis of apocrine carcinoma cells reveals gains
of 1p, 1g, 2q, 7 and 17, losses of 1p, 12q, 16q, 17q, and 22q."

Electron microscopy of the apocrine carcinoma cells shows
abundant cytoplasm with well-defined outlines, membrane-
bound electron-dense granules in the cytoplasm, abundant
Golgi apparatus, mitochondria with incomplete cristae and
perinuclear condensation, and empty vesicles. In oncocytic
carcinoma, numerous mitochondria are seen occupying
>60% of the cytoplasm and they are seen to be dispersed, in
contrast to apocrine carcinoma.*®!

In the gene expression studies, these tumors express luminal
cytokeratins (AMACR) and lack basal features. Hence, these
tumors are called “Luminal Androgen Receptor” (LAR)
tumors. A small proportion of cases may show a basal
phenotype. AMACR is positive in 97% of invasive carcinomas
with apocrine differentiation, the 96% of apocrine DCIS, but
only in 22% of carcinomas without apocrine differentiation.!"”!

Next-generation sequencing frequently shows loss of
PIK3CA/PTEN/AKT and TP53, followed by mutations of
KRAS, NRAS, and BRAE!!!

Genetic studies on the AR gene showed the highest CAG
repeats in DCIS with apocrine differentiation compared to
fibroadenomas and invasive breast carcinomas.!"”!

Immunohistochemical and molecular features do not
necessarily correlate in all cases of carcinomas with apocrine
differentiation.!"”!

The expression of PD-L1 is low in apocrine carcinoma. They are
found to be microsatellite stable.!"”) Expression of 50i-reductase
is found in 60% of apocrine carcinomas, and it correlates
with poor prognosis in terms of invasion of lymphatics,
blood vessels, and higher histologic grade. Gamma-glutamyl
transferase 1 and tumor-associated glycoprotein-72 are specific
markers of apocrine differentiation.”!

The unavailability of molecular and genetic studies due to
financial constraints in the setting of developing countries
may pose the challenge in diagnosing apocrine carcinoma.!

SUMMARY

Apocrine carcinoma is an aggressive malignancy that tends
to ulcerate the skin, and metastasize to lymph nodes. It is
of two types - triple-negative and HER2-positive. Even in
triple-negative cases, targeted therapy with anti-androgen
is available. Hence, making a correct diagnosis of the tumor
is necessary. Whenever vacuolated cells are encountered in
the cytology smears, especially in an elderly female/male, it
is prudent to sample the lesion thoroughly so that making an
inappropriate diagnosis can be avoided.

AVAILABILITY OF DATA AND MATERIALS

The datasets used and/or analyzed during the current study
are available from the corresponding author upon reasonable
request.

ABBREVIATIONS (In alphabetic order)

AMACR - Alpha-methyl acyl-CoA racemase
GATA3 - GATA binding protein 3

GCDFP 15 - Gross cystic disease fluid protein 15
AR - Androgen receptor

DCIS - Ductal carcinoma in situ

LCIS - Lobular carcinoma in situ

ER - Estrogen receptor

FNAC - Fine-needle aspiration cytology

H & E - Hematoxylin & Eosin

IHC - Immunohistochemistry

LAR - Luminal androgen receptor

MGG - May Grunwald-Giemsa

MRM - Modified radical mastectomy

PR - Progesterone receptor.
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