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One Picture Is Worth Ten Thousand Words— Frederick Barnard, 1927

Remarkable progress has been made in anatomic and surgical pathology during the last 10 
years. The ability of surgical pathologists to reach a definite diagnosis is now enhanced by 
immunohistochemical and molecular techniques. Many new clinically important histopatho-
logic entities and variants have been described using these techniques. Established diagnostic 
entities are more fully defined for virtually every organ system. The emergence of personalized 
medicine has also created a paradigm shift in surgical pathology. Both promptness and  
precision are required of modern pathologists. Newer diagnostic tests in anatomic pathology, 
however, cannot benefit the patient unless the pathologist recognizes the lesion and requests 
the necessary special studies. An up-to-date Atlas encompassing the full spectrum of benign 
and malignant lesions, their variants, and evidence-based diagnostic criteria for each organ 
system is needed. This Atlas is not intended as a comprehensive source of detailed clinical 
information concerning the entities shown. Clinical and therapeutic guidelines are served 
admirably by a large number of excellent textbooks. This Atlas, however, is intended as a “first 
knowledge base” in the quest for definitive and efficient diagnosis of both usual and unusual 
diseases.

The Atlas of Anatomic Pathology is presented to the reader as a quick reference guide for 
diagnosis and classification of benign, congenital, inflammatory, nonneoplastic, and neoplastic 
lesions organized by organ systems. Normal and variations of “normal” histology are illus-
trated for each organ. The Atlas focuses on visual diagnostic criteria and differential diagnosis. 
The organization is intended to provide quick access to images and confirmatory tests for each 
specific organ or site. The Atlas adopts the well-known and widely accepted terminology, 
nomenclature, classification schemes, and staging algorithms.

This book Series is intended chiefly for use by pathologists in training and practicing  
surgical pathologists in their daily practice. It is also a useful resource for medical students, 
cytotechnologists, pathologist assistants, and other medical professionals with special interest 
in anatomic pathology. We hope that our trainees, students, and readers at all levels of expertise 
will learn, understand, and gain insight into the pathophysiology of disease processes through 
this comprehensive resource. Macroscopic and histological images are aesthetically pleasing 
in many ways. We hope that the new Series will serve as a virtual pathology museum for the 
edification of our readers.

Indianapolis, IN, USA� Liang Cheng, MD

Series Preface
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Breast pathology is key to the diagnosis and management of breast diseases. Interpretation of 
breast histologic findings constitutes a significant proportion of the daily workload of the  
surgical pathologist. This task can be challenging and demanding because diagnostic  
categorization is used to select treatment from a potentially diverse range of options, and the 
diagnosis of borderline and malignant lesions raises patient anxieties.

In this atlas, we use our collective experience in diagnostic breast pathology to present a 
pictorial narrative of a wide range of breast conditions that are grouped together along broad 
themes and histologic patterns, focusing on differential diagnoses and their illustrations. 
Important morphologic similarities and differences are compared and contrasted through a 
series of representative photomicrographs, with adjunctive immunohistochemistry used to 
offer additional support for specific diagnoses. Where relevant, molecular alterations that are 
characteristic of certain breast lesions are described.

There are many excellent breast pathology textbooks available today that offer  
encyclopaedic information on a comprehensive list of breast conditions. Our aim in writing 
this atlas is not to replace or compete with these available textbooks, but to provide a quick 
visual reference for the practicing surgical pathologist during evaluation of breast lesions. 
Concise text and explanatory legends accompany the illustrations, many of which are  
photomicrographs of conditions that could potentially be mistaken for the entity being 
described; these are arranged together to highlight their differences. Microscopic nuances that 
help weigh towards certain diagnoses are articulated. Because this is intended to be a working 
atlas, the list of entities is not exhaustive, including only those that form part of the differential 
diagnostic spectrum. Some lesions appear in different chapters, illustrating their morphologic 
heterogeneity.

We hope that this atlas will be a useful microscope tableside companion for the busy  
surgical pathologist, who could pick it up and have a quick and convenient pictorial guide to 
differential diagnoses of challenging breast lesions. Pathologists are by nature visual beings, 
and we trust that the illustrations in this atlas will be enjoyed, much as we delighted in putting 
them together.

Singapore, Singapore� Puay Hoon Tan
Houston, TX, USA� Aysegul A. Sahin 
�  

Preface
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Normal Breast and Physiological 
Changes

The breast is a modified sweat gland located in the superfi-
cial fascia of the anterior chest wall. The mature female 
breast has a distinctive protuberant, mound-shaped, or coni-
cal form and covers the area from the second or third rib to 
the sixth or seventh rib (Fig. 1.1). The nipple projects from 
the anterior surface and consists mainly of dense fibrous tis-
sue covered by hyperpigmented skin and contains bundles of 
smooth muscle fibres. The skin immediately surrounding the 
nipple, called the areola, is also more pigmented than the rest 
of the breast skin. The areola contains sebaceous glands and 
numerous sensory nerve endings but lacks pilosebaceous 
units and hair (Figs. 1.2 and 1.3).

The breast is made up of glandular and ductal elements 
embedded within fibrofatty tissue with a ratio of glandular 
to fibrofatty tissue that varies among individuals (Fig. 1.4) 
[1]. In addition, with the onset of menopause and decreased 
oestrogen levels, the relative amount of fatty tissue 
increases as the glandular tissue diminishes. The breast 
ductal system consists of 15–20 branching ducts, which 
radiate from the nipple to continue to the functional units 
of the breast, the terminal ductal lobular units (TDLUs) 
(Fig. 1.5). The TDLUs consist of the intralobular ducts and 
round saccules called ductules, which differentiate into the 
secretory units or acini during pregnancy and lactation. 
The terms ductules and acini are often used interchange-
ably. Individual TDLUs vary greatly in size and typically 
enlarge to become functional during lactation (Fig.  1.6). 
The TDLUs are embedded in specialised, hormonally 
responsive connective tissue stroma called intralobular 
stroma (Fig. 1.7) [2–8]. The largest amount of breast paren-
chyma is located in the upper outer quadrant, where the 
majority of cancers develop. An axillary tail of breast tis-
sue often extends into the axilla. Before puberty, female 
and male breasts have the same appearance. The structure 
of the breast is under the influence of hormones, growth, 
and differentiation factors. When puberty begins in females, 
mammary ducts branch out, terminal duct buds are formed, 

and the stromal component (mainly adipose tissue) of the 
breast proliferates. Both stroma and epithelium undergo 
changes during the menstrual cycle, pregnancy, lactation, 
and menopause. During male puberty, breast development 
is limited to rudimentary large duct development without 
breast enlargement.

The mammary epithelium is ectodermally derived. Small 
segments of lactiferous duct orifices at the nipple are lined by 

1

Fig. 1.1  Normal adult female breast. Photograph of a normal female 
prior to undergoing prophylactic mastectomy
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Fig. 1.2  Normal adult female breast. Gross features. (a) Skin-sparing 
total mastectomy specimen showing full extension of breast tissue with 
the nipple located in the normal central position. (b) Higher magnifica-
tion of the nipple-areolar complex. (c) Cut section through the nipple 

shows dense subareolar fibrous connective tissue. (d) Higher magnifi-
cation of (c) showing subareolar fibrous tissue radiating into the fatty 
breast parenchyma

Fig. 1.3  Normal adult female breast. Gross features. Cut sections of breast mastectomy specimen. The ratio of fat to fibrous tissue is variable and 
correlates with mammographic density

1  Normal Breast and Physiological Changes
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Fig. 1.4  Normal adult female breast. Histologic features. (a–d) H&E sections showing varying ratios of fat to fibrous tissue in stroma and various 
amounts of glandular elements from different cases

squamous epithelium, while the rest of the breast ductal system 
is lined by two cell layers, inner luminal cells and outer myoepi-
thelial cells, surrounded by the basement membrane (Fig. 1.8). 
Extension of squamous epithelium beyond lactiferous duct ori-
fices represents squamous metaplasia. The luminal cells are 
usually low columnar to cuboidal, and myoepthelial cells are 
located between luminal cells and the basement membrane. The 
myoepithelial cells are often ovoid to spindle shaped and have 
scant cytoplasm. The mammary ducts and lobules are embed-
ded in fibrofatty stroma. Interlobular stroma contains adipose 
tissue, fibroblasts and elastic fibres. Scant inflammatory cells, 
including lymphocytes, plasma cells, mast cells, and histio-
cytes, are commonly seen. Rarely, stromal cells show promi-
nent myoid differentiation (Fig. 1.9). The intralobular stroma is 
usually loose and more cellular than the interlobular stroma, and 
unlike the interlobular stroma, it usually does not have adipose 
tissue. Intralobular stroma is hormone sensitive and shows 
cyclic histologic changes.

�Physiological Changes

�Menstrual Cyclic Changes

Both stromal and glandular components of the breast undergo 
histologic changes during the menstrual cycle. However, 
these changes are not distinct and specific, unlike changes 
observed in endometrial epithelium during the menstrual 
cycle [6–8]. In general, during the proliferative phase (days 
3–7), the stroma is dense and hypovascular. Crowded and 
poorly oriented ductal epithelial cells line the acini, and 
mitoses are easily found, while myoepithelial cells are 
inconspicuous. Acinar lumens are closed and no secretion is 
found. In the follicular phase (days 8–14), epithelial cells 
become columnar, mitotic activity decreases, acinar lumens 
form but no secretion is evident, and myoepithelial cells 
become easily identifiable at the periphery of acini. During 
the secretory phase (days 15–27), myoepithelial cells become 

Physiological Changes
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Fig. 1.5  Normal adult female breast. Histologic features. (a–d) H&E 
sections of the nipple-areolar complex showing nipple or lactiferous 
ducts extending from the skin surface into the breast parenchyma. The 
lactiferous ducts show a branching shape and are lined by bilayered 
epithelium (luminal epithelial and outer myoepithelial cells). There 

may be stromal folds protruding into the ductal lumens which should 
not be mistaken for a papillary lesion. Smooth muscle bundles are seen 
among the lactiferous ducts. (e, f) Terminal ductal lobular unit, which 
is the functional unit of breast parenchyma, consists of a feeding duct 
with branching acini embedded in connective tissue

a

b

dc

e f
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Fig. 1.6  Normal adult female breast with physiological changes. Histologic features. (a) Expanded terminal ductal lobular unit of a lactating 
breast comprises an increased number of acini with luminal secretions. (b) Atrophic terminal ductal lobular unit of a postmenopausal female

Fig. 1.7  Normal adult female breast. Histologic features. Intralobular stroma shows a loose myxoid appearance, with less collagenisation com-
pared to interlobular fibrous tissue

more prominent with their clear cytoplasm, lumens are open 
and contain variable amounts of secretions, and the stroma 
becomes loose and oedematous. The late secretory and early 
menstrual phase (days 28–2) is characterised by regression 
of lobules with the stroma becoming compact and may con-
tain inflammatory cells (Fig. 1.10) [9–11].

�Pregnancy- and Lactation-Related Changes

As a consequence of hormonal changes, the breast tissue 
becomes fully mature and functional during pregnancy and 

lactation. During pregnancy, terminal ducts and lobular acini 
grow progressively, resulting in lobular enlargement, whereas 
stromal components decrease (Figs.  1.11 and 1.12). The 
cytoplasm of acinar cells becomes vacuolated and secretions 
accumulate in the lumens. During lactation, lobular acinar 
lumens become distended with abundant secretions. The 
lobular acinar epithelium contains numerous lipid vacuoles 
and has a characteristic “hobnail” appearance (Fig.  1.13). 
The myoepithelial cells become inconspicuous.

Lobular regression happens when lactation ceases.  
The lobular epithelium becomes flat, interlobular stroma 
increases and may contain lymphocytes and plasma cells. 

Physiological Changes
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a b

Fig. 1.8  Normal adult female breast. Histologic and immunohisto-
chemical features. (a) A lobule composed of multiple acini. The lumi-
nal epithelial cells are surrounded by myoepithelial cells, some of 

which have clear cytoplasm. (b) Immunohistochemical staining for p63 
highlights myoepithelial cell nuclei

The process takes several months to complete and occurs 
in a heterogeneous fashion. While some lobules show 
complete involution, others may still show lactational 
changes for several months and even a year after cessation 
of lactation.

�Menopause-Related Changes

With the onset of menopause, the number and cellularity of 
lobules decrease (Fig. 1.14). In older women, only ducts may 
remain. Atrophic acini may become cystic and calcifications 
are commonly found in these cystic acini. Intralobular stroma 
becomes fibrocollagenous and generalised fatty replacement 
of stroma occurs progressively. Postmenopausal hormone 
replacement therapy stimulates breast epithelium and may 
increase breast density.

�Calcifications

Deposition of calcium salts in breast tissue is called calcifi-
cations in the breast. Based on the mammographic appear-
ance of calcifications, they can be categorised into three 

groups: (1) those typically associated with benign lesions, 
(2) those that are most likely associated with malignant 
lesions, and (3) indeterminate ones (Fig.  1.15) [12, 13]. 
Calcifications associated with benign lesions include egg-
shell, large, coarse, and rod-like calcifications. In addition, 
skin and vascular calcifications can be identified as benign 
on mammograms. There is a high probability that pleomor-
phic, heterogeneous, linear, or branching (casting) calcifica-
tions will be associated with malignant lesions. Amorphous 
and indistinct calcifications are classified as indeterminate. 
Calcifications in the breast are also categorised based on 
their distribution. Grouped or clustered calcifications are 
small areas of calcifications which are common in many 
benign proliferations, but are also associated with a moder-
ately increased likelihood of malignancy [14–16]. Diffuse 
scattered calcifications are randomly distributed in breast 
parenchyma and are almost always associated with benign 
lesions or normal breast parenchyma. Segmental calcifica-
tions are distributed in a duct and their branches and are  
frequently associated with intraductal epithelial prolifera-
tions. In situ carcinomas associated with comedonecrosis are  
frequently associated with “castlike” microcalcifications 
[17–20]. If there is a mass associated with microcalcifica-
tions, the imaging appearance of the mass is very important 

1  Normal Breast and Physiological Changes
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Fig. 1.9  Normal adult female. (a, b) Stroma shows myoid cells in addition to fibroblasts. (c) Spindle cells with myoid differentiation show immu-
noreactivity for smooth muscle myosin

a

b

c

Physiological Changes
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Fig. 1.10  Normal adult female breast. Histologic features of menstrual 
cycle phases. (a) Proliferative phase: H&E section shows lobular unit 
composed of tightly packed acini. (b) Acini are lined by crowded, poorly 
oriented cells with little or no lumen formation. No secretion is evident. 
The intralobular stroma is dense and cellular. (c) Follicular phase: H&E 
shows cells lining the acini becoming columnar with central lumens that 

are apparent. (d) Lumens have minimal secretions. (e) Secretory phase: 
Acini have open lumens which contain secretions. (f) The lobular stroma 
is loose. Both epithelial and myoepithelial cells are distinct. (g) Closing 
of the cycle: Small acini associated with dense stroma which contains 
inflammatory cells (arrows). (h) Higher magnification shows distinct 
clear-cell appearances of peripheral myoepithelial cells

a b

d

fe

c

g h
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Fig. 1.11  Pregnant adult female breast. Gross and histologic features. 
(a)  Breast parenchyma showing distinct tan-brown nodularities corre-
sponding to enlarged lobular units. (b, c) H&E sections showing enlarged 
lobules with distended acini replacing the majority of the breast paren-

chyma. Marked acinar dilatation is evident. (d) Higher magnification 
shows cells lining the acini to have abundant vacuolated cytoplasm. Nuclei 
are small and round

b

c d

a

a b

Fig. 1.12  Lactating adult female breast. Histologic features. (a, b) 
H&E sections show markedly enlarged lobular unit composed of dis-
tended acini with open lumens surrounded by minimal fibromyxoid 

stroma. The lining epithelial cells have prominent cytoplasmic vacuoles 
and occasional cytoplasmic snouts

Physiological Changes
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a b

Fig. 1.13  Lactating adult female breast. Histologic features. (a, b) H&E sections show enlarged lobular units with acini distended by pink secre-
tions. Acini appear to be lined by a single layer of cells, with inconspicuous myoepithelial cells

a b

Fig. 1.14  Menopausal adult female breast. Histologic features. (a, b) H&E sections of breast parenchyma show a significantly reduced number 
of lobular units along with an increased amount of adipose tissue and stroma

for classification. In order to have uniformity, breast imagers 
today use the American College of Radiology Breast Imaging 
Reporting and Data System (BI-RADS) classification. The 
definitions in this system range from 1 (normal finding) to 6 
(biopsy-proven malignancy) [21, 22].

Most of the breast calcifications are calcium phosphate, 
and they stain darkly basophilic with routine haematoxylin 
and eosin (H&E)-stained sections (Fig.  1.16a, b). 
Approximately 10 % of the calcifications that are biopsied 
are calcium oxalate crystals, which appear to be colourless 

on H&E sections (Fig. 1.16c, d). They are birefringent under 
polarised illumination and account for a majority of the cal-
cifications that are reportedly missing on histologic sec-
tions. In these situations, sections should be evaluated with 
polarised light. Both calcium phosphate and oxalate calcifi-
cations have similar appearances on mammography. 
Although rare, cases of ductal carcinoma in situ associated 
with calcium oxalate crystals have been reported. Calcium 
oxalate crystals are usually found in benign ducts, most fre-
quently in cystic ducts lined by epithelial cells with apocrine 

1  Normal Breast and Physiological Changes
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a

c

b

Fig. 1.15  Mammographic appearance of microcalcifications. (a) Eggshell calcification associated with benign usual ductal hyperplasia. (b) 
Linear calcifications associated with ductal carcinoma in situ. (c) Vascular calcifications

metaplasia. Careful correlation with specimen radiography 
and calcifications identified on histologic sections is impor-
tant for accurate diagnosis and verification of completeness 
of excision of mammographically identified lesions. If no 
calcifications are demonstrated on tissue sections that are 
supposed to have microcalcifications, paraffin-embedded 
tissue blocks can be X-rayed, and if necessary deeper sec-
tions can be obtained.

�Non-calcified Crystalloids

Variously shaped crystal-like deposits usually associated 
with proteinaceous secretions can rarely be seen in breast 
ducts. Since these crystalloids are not calcified, they are not 
able to be seen on mammograms. Most of them appear as 
triangular, hexagonal, or rhomboid and stain deeply eosino-
philic (Fig. 1.17). They are not birefringent.

Physiological Changes
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Fig. 1.16  Microcalcifications. Histologic features. (a) Calcium phosphate in glandular lumen. (b) Calcium phosphate in stroma. (c, d) Calcium 
oxalate (arrows) in dilated ducts lined by apocrine epithelium

a b

c d
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b

c

Fig. 1.17  Non-calcified crystalloids. Histologic features. (a–c) Crystalloids shown in multiple geometric shapes and sizes. Crystalloids appear as 
dense eosinophilic deposits

a
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Developmental, Reactive, 
and Inflammatory Conditions

These are benign lesions and encompass diverse entities that 
range from ectopic breast tissue to duct ectasia, fat necrosis, 
mastitis, Rosai–Dorfman disease, diabetic mastopathy, amy-
loidosis, IgG4-related mastitis, biopsy site changes, reaction 
to foreign material including implants, and infections.

�Ectopic Breast Tissue

�Definition

Ectopic breast tissue refers to breast tissue discovered at ana-
tomic locations other than on the anterior chest wall where 
the normal breasts reside. It appears along the embryological 
mammary ridges, or milk lines, which extend from the axilla 
to the upper medial thigh.

�Clinical and Epidemiological Features

Ectopic breast tissue is reported to occur in between 1 % and 
6 % of women and can be bilateral or unilateral. It is rare in 
men. Clinically, it may present as an accessory nipple or a 
lump, commonly in the axilla.

�Imaging Features

The imaging appearance of ectopic fibroglandular tissue is 
similar to that in the breast. On mammography, fibroglandular 
tissue of higher density is mixed with low-density fatty tis-
sue. On ultrasound examination, the fibroglandular tissue 
appears hyperechoic relative to adjacent subcutaneous fat. 
MRI shows physiological background enhancement similar 
to the breast parenchyma. Fibroadenoma, papilloma, cysts, 

apocrine metaplasia, epithelial hyperplasia, and carcinoma 
may arise from ectopic breast tissue with corresponding 
imaging changes.

�Pathologic Features

�Macroscopic Pathology
Accessory nipples may appear as brown-coloured skin pro-
tuberances. Ectopic breast tissue can be fibrofatty in gross 
appearance or may be predominantly fatty.

�Microscopic Pathology
Histologically, accessory nipples incorporate lactiferous 
ducts, while ectopic breast tissue displays varying numbers 
of ducts and lobules (Figs. 2.1, 2.2, 2.3, 2.4, and 2.5). Some 
cases may be primarily composed of fat. Physiological 
changes can be observed in ectopic breast tissue, including 
pregnancy and lactational hyperplasia. Cysts, apocrine meta-
plasia, epithelial hyperplasia, fibroadenoma (Fig. 2.6), papil-
loma, and a wide range of lesions occurring in the normally 
located breast can be encountered in ectopic breast tissue. 
When ectopic breast tissue is found within axillary lymph 
nodes, it may be mistaken for metastasis [1, 2].

�Differential Diagnosis

�Normal Skin Adnexa
Adnexal apocrine glands and sweat ducts of the axilla may 
mimic breast ducts and lobules of axillary ectopic breast tis-
sue. Whereas adnexal tissue generally occurs in the dermis, 
breast ducts and lobules are seen deep to the dermis and 
within adipose tissue. Usually, a terminal duct with sur-
rounding acini or ductules can be observed.

2
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Fig. 2.1  Accessory nipple shows skin 
with sebaceous glands and bundles of 
smooth muscle fibres in the dermis. A 
small duct (arrow) is seen among the 
smooth muscle fibres (Courtesy of Dr. 
Kenneth Chang)

Fig. 2.2  Accessory nipple. A skin 
“papilloma” removed from the abdominal 
skin of an adult woman. Histologically, 
the protuberant skin with sebaceous 
glands shows a lobular cluster of glands at 
the resection base

Fig. 2.3  Accessory nipple. High 
magnification shows crowded glands 
with dilatation and luminal pink 
secretions. Some of the lining epithelial 
cells disclose cytoplasmic vacuolation. 
These glands are consistent with a breast 
lobule

2  Developmental, Reactive, and Inflammatory Conditions
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Fig. 2.4  Axillary breast tissue. A few scattered 
breast lobules are seen deep in the skin and 
subcutis, embedded within fibrous stroma. 
Several apocrine glands are also observed in the 
deep dermis and superficial subcutaneous fat

Fig. 2.5  Axillary breast tissue. A few breast 
ductules are loosely aggregated, forming small 
lobules. There is pseudoangiomatous stromal 
hyperplasia

Fig. 2.6  Ectopic breast tissue with a fibroadenoma. 
Lump in the fourchette that was excised shows a 
fibroadenoma

Ectopic Breast Tissue
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�Lipoma
When ectopic breast tissue is predominantly fatty, it can 
resemble a lipoma. The presence of ducts and acini, espe-
cially within fibrous areas of the adipose tissue, gives the 
diagnosis of ectopic breast tissue.

�Fibroepithelial Polyp
An accessory nipple may resemble a fibroepithelial polyp, 
but the finding of lactiferous ducts can be used to make the 
distinction.

�Lymph Node Metastasis
Ectopic breast tissue in axillary lymph nodes may lead to 
false positive diagnoses of nodal metastases. Clues to the 
benign nature are the presence of myoepithelial cells around 
the glands, lack of nuclear atypia, and histological diver-
gence from the corresponding primary breast carcinoma 
(Fig. 2.7).

�Prognosis and Therapy Considerations

Ectopic breast tissue may undergo physiological changes as 
with the normal breast. Pathologic lesions can also develop 
for which the management approach will be similar to those 
occurring in the breast.

�Duct Ectasia

�Definition

Duct ectasia is a common inflammatory condition of the 
breast. Many different terms, including plasma cell masti-
tis, comedomastitis, granulomatous mastitis, and periduc-
tal mastitis, have been used to describe the same lesion in 
the literature. Duct ectasia refers to dilatation of breast 
ducts with inspissated luminal secretions and accompani-
ment by inflammatory cells. Luminal histiocytes that spill 
out into the stroma around the disrupted dilated duct are 
often present.

�Clinical and Epidemiological Features

Duct ectasia most commonly occurs in perimenopausal 
women, although it has been reported in all age groups.  
The relatively high frequency of duct ectasia in breast  
specimens excised for other lesions and in post-mortem 
evaluations of the breast indicates that many lesions are 
asymptomatic and never become a clinical problem. The 
process is usually bilateral and infrequently symptomatic. 

Nipple discharge, which is usually serous and rarely bloody, 
is the most common clinical symptom. Nipple retraction or 
inversion, a palpable mass, or mastalgia can occur. The aeti-
ology of duct ectasia is unknown. Some authors suggest 
that breast ductal dilatation with involution in postmeno-
pausal women is the initial event in the occurrence of duct 
ectasia. Others believe that periductal inflammation is the 
inciting event leading to periductal fibrosis, stasis, and duct 
ectasia. Cigarette smoking has been linked to the develop-
ment of periductal mastitis with a higher incidence of lactif-
erous fistula formation.

�Imaging Features

Mammographic findings can mimic cancer, with radiologi-
cal calcifications, spiculated masses, or lobulated lesions 
[3]. Duct ectasia can be seen as dilated tubular intramam-
mary ducts filled with fluid that can appear clear or demon-
strate mobile internal echoes on real-time sonography due 
to secretions and cellular debris. On magnetic resonance 
imaging, duct ectasia may present with a pattern of 
enhancement that can mimic ductal carcinoma in situ 
(DCIS).

�Pathologic Features

�Macroscopic Pathology
Duct ectasia can be seen grossly as cystically dilated spaces 
that may exude pasty material or as a yellowish firm area due 
to the collections of foamy histiocytes (Fig.  2.8). Fibrosis 
related to chronic inflammation may be present.

�Microscopic Pathology
Histologically, duct ectasia features cystically dilated ducts 
with inspissated, luminal proteinaceous secretions. 
Inflammatory cells are invariably present, mostly composed 
of foamy histiocytes accompanied by variable numbers of 
lymphocytes and plasma cells (Fig. 2.9). An acute compo-
nent with polymorphs can also be seen. Histiocytes in peri-
ductal stroma that show an accumulation of ceroid pigment 
which imparts a brown colour to the cells are commonly 
referred to as “ochrocytes”. When the duct wall is damaged 
from inflammation and is disrupted, luminal contents seep-
ing into the surrounding stroma may incite a granulomatous 
response with epithelioid histiocytes, foreign-body-type 
multinucleated giant cells, and cholesterol granulomas. The 
epithelium lining the distended duct wall may be obscured 
and effaced by the inflammation, to the extent that only a 
collection of inflammatory cells may be seen on microscopy. 

2  Developmental, Reactive, and Inflammatory Conditions
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Fig. 2.7  Ectopic breast tissue in a sentinel lymph node. (a) The lymph 
node which was evaluated on frozen section shows a cystically dilated 
gland lined by flattened epithelium with a few luminal protrusions, 
within the nodal parenchyma. The primary breast tumour was an inva-
sive ductal carcinoma, grade 1. (b) High magnification shows an appar-
ent bilayering of the lining epithelium. Nuclei of the epithelial cells are 
bland. Inset shows p63 positive myoepithelial cells along the wall of the 

benign breast gland within the sentinel lymph node. (c) Primary breast 
carcinoma shows invasive grade 1 tumour. The appearances are dis-
tinctly different from the cystic glandular inclusion in the sentinel 
lymph node. Comparison of the histology of both the primary breast 
tumour and the epithelial inclusions in the lymph node may be helpful 
in determining if the latter represents a metastasis

a

b

c

Duct Ectasia
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Residual ductal epithelial cells and elastic fibres around the 
ectatic duct may be unveiled with keratin immunohisto-
chemistry or elastic stains, respectively (Fig.  2.10). In the 
later stages of duct ectasia, marked fibrosis of duct walls, 
sometimes accompanied by elastosis, is the main histologic 
feature.

�Differential Diagnosis

�Xanthogranulomatous Mastitis
Xanthogranulomatous mastitis refers to an inflammatory 
reaction in the breast with a predominance of foamy histio-
cytes, admixed with granulomas featuring epithelioid histio-
cytes and multinucleated giant cells. Histologically, the 
inflammation associated with duct ectasia may be indistin-
guishable from xanthogranulomatous inflammation, except 
that the inflammatory process is centred around ectatic ducts 
in duct ectasia.

�Fat Necrosis
Fat necrosis may result from trauma, surgery, and radiation. 
While the histiocytes and inflammation that accompany 
necrotic adipocytes are similar to the inflammatory response 
associated with duct ectasia, fat necrosis primarily occurs 
within the fatty tissue of the breast, unrelated to ducts. In 

post-biopsy or postsurgical fat necrosis, there is often a 
biopsy or surgical cavity rimmed by inflamed granulation 
tissue, sometimes with sutures or other foreign materials 
related to the procedure.

�Rosai–Dorfman Disease (RDD)
RDD is also known as sinus histiocytosis with massive 
lymphadenopathy. While it involves predominantly lymph 
nodes, RDD may be encountered in extranodal sites, includ-
ing the breast. The sheets of histiocytes with voluminous 
pale cytoplasm may resemble those seen in duct ectasia, but 
the hallmark feature of emperipolesis where lymphocytes 
and plasma cells are found in spaces within histiocytic cyto-
plasm is an important diagnostic clue of RDD (Fig. 2.11). 
Extranodal RDD may show fewer histiocytes with more 
fibrosis. Plasma cells and lymphocytes are frequently seen 
among the histiocytes. The aetiology remains unknown, with 
infection and immunologic dysfunction being possibilities.

�Pagetoid Spread of Lobular Neoplasia
Histiocytes within the ductal epithelium of duct ectasia 
may resemble pagetoid extension of lobular neoplasia 
along the ducts. The presence of histiocytes within the 
ectatic duct lumen and surrounding stroma supports a his-
tiocytic origin of the cells in the epithelium (Figs. 2.12 and 
2.13).

Fig. 2.8  Duct ectasia. Serial gross sections show a fibrofatty appearance with small cysts and surrounding haemorrhage

2  Developmental, Reactive, and Inflammatory Conditions



21

Fig. 2.9  Duct ectasia. (a) A distended duct with attenuated epithelial 
lining shows luminal foamy histiocytes which have spilled out into the 
surrounding stroma. Scattered lymphocytes are seen among the histio-

cytes. (b) High magnification shows a residual flattened epithelial lin-
ing of the effaced duct wall. (c) Sheets of foamy histiocytes extend 
around adjacent ductules

a

b

c
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Fig. 2.10  Duct ectasia. (a) CD68 immunohistochemistry shows histiocytes that disclose granular cytoplasmic positivity. (b) CK7 immunohisto-
chemistry unveils the attenuated epithelial lining of the duct wall which has been obscured by histiocytes

a b

�Granular Cell Tumour
Cells of a granular cell tumour show abundant granular 
eosinophilic cytoplasm that may resemble histiocytes of duct 
ectasia. However, unlike duct ectasia, where the histiocytes 
reside within the ductal lumen and around the duct, cells of 
granular cell tumour are observed within the breast 

parenchyma and tend to be permeative, with granular cells 
extending among lobules (Figs. 2.14 and 2.15). Also unlike 
duct ectasia, where other inflammatory cells accompany his-
tiocytes, granular cell tumour is not usually associated with a 
significant inflammatory reaction. Immunohistochemistry 
shows diffuse S100 reactivity in granular cell tumour [4].

Fig. 2.11  Rosai–Dorfman disease. (a) Gross appearance shows an ill-
defined whitish-grey and yellowish-brown mass which is of firm con-
sistency, merging with surrounding tissue, without any discrete or well 
discerned lesional borders. (b) Scanning magnification shows fibrous 
bands within adipose, interspersed with pale zones and scattered lym-
phocytic aggregates. (c) Sheets of pale histiocytes with copious amounts 
of cytoplasm are found effacing the breast parenchyma. The pale histio-
cytes may resemble those of duct ectasia. In contrast to RDD, however, 
the histiocytes accompanying duct ectasia are centred on dilated ducts 
which often show a disrupted epithelial lining. The histiocytes in duct 
ectasia are found both within the dilated duct and in the surrounding 
parenchyma. (d) Sheets of pale histiocytes contain vesicular nuclei with 

abundant pale-to-slightly pink cytoplasm. Within the cytoplasm of 
some histiocytes, there are lymphocytes and plasma cells in keeping 
with emperipolesis. Emperipolesis refers to the process in which lym-
phocytes and plasma cells enter the cytoplasm without undergoing deg-
radation. (e) S100 immunohistochemistry decorates the histiocytes 
which contain inflammatory cells in their cytoplasm. These intracyto-
plasmic lymphocytes and plasma cells are surrounded by haloes repre-
senting spaces enclosed by the histiocytic cytoplasm, as the lymphocytes 
and plasma cells “wander” through the histiocytes. (f) CD68 immuno-
histochemistry shows granular and clumpy cytoplasmic positivity in 
histiocytes (arrows indicate several positively stained histiocytes)

a b
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Fig. 2.12  Histiocytes along the duct 
wall, lying deep to the attenuated luminal 
epithelium, may mimic lobular neoplasia. 
In this duct, a few apocrine cells are 
found in the duct lumen. Several 
lymphocytes are seen among the foamy 
histiocytes, which have slightly folded 
vesicular nuclei with finely vacuolated 
cytoplasm

Fig. 2.11  (continued)

c
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Fig. 2.13  Pagetoid extension of lobular neoplasia along a terminal duct 
shows rounded cells with pale cytoplasm undermining the luminal epi-
thelium of the terminal duct. Adjacent acini show filling by a similar 

population of slightly discohesive rounded cells (a). E-cadherin immuno-
histochemistry shows loss of membrane reactivity of the lobular neoplas-
tic cells, with preserved staining of the luminal ductal epithelial cells (b)

a b

Fig. 2.14  Granular cell tumour. (a) Sheets of granular cells with ample 
granular cytoplasm, ill-defined cytoplasmic borders, and small nuclei 
are seen extending through stroma among collagen bundles and around 
a breast lobule. Note the absence of accompanying inflammatory cells, 

which are usually seen in duct ectasia. (b) High magnification shows 
the granularity of the cytoplasm, with small ovoid nuclei without atypia 
nor discernible mitoses

a b

Fig. 2.15  Granular cell tumour. (a) S100 immunohistochemistry diffusely decorates the cytoplasm of granular cells. (b) CK7 highlights small 
ducts in the section, whereas tumour cells are negative.  MNF116, an epithelial marker, is also negative in the granular cells (inset) 

a b
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�Histiocytoid Invasive Lobular Carcinoma
The histiocytoid variant of invasive lobular carcinoma has a par-
ticularly bland appearance on cursory view, with tumour cells 
mimicking histiocytes (Figs.  2.16, 2.17, 2.18, 2.19, 2.20, and 
2.21). Instead of the diffuse sheets of histiocytes that are inter-
mingled with other inflammatory cells frequently observed in 
duct ectasia, histiocytoid invasive lobular carcinoma often shows 
areas with more typical linear cords of classical invasive lobular 
carcinoma as well as lobular neoplasia. Immunohistochemistry 
shows positive reactivity for epithelial markers, and the tumour 
cells are also generally ER positive [5].

�Invasive Apocrine Carcinoma
The ample cytoplasm of tumour cells of invasive apocrine 
carcinoma may resemble histiocytes. However, apocrine car-
cinoma cells have pink cytoplasm and occur in invasive 
trabeculae and cohesive nests, contrasting against the pale 
gentle cytoplasm of histiocytes disposed in sheets 
accompanied by other inflammatory cells. In addition, in 
apocrine carcinomas, the nuclei tend to be enlarged and 
round with prominent nucleoli (Figs. 2.22, 2.23, 2.24, 2.25, 
2.26, 2.27, and 2.28).

Fig. 2.16  Histiocytoid invasive lobular 
carcinoma. Histiocyte-like tumour cells 
percolate through the breast parenchyma. 
These tumour cells have ample 
pale-to-pink cytoplasm with 
hyperchromatic nuclei, some of which 
are eccentrically placed. Several tumour 
cells show cytoplasmic vacuoles. Lobular 
neoplasia (atypical lobular hyperplasia) 
is present

Fig. 2.17  Histiocytoid invasive lobular 
carcinoma. Histiocyte-like tumour cells 
with hyperchromatic nuclei and ample 
pale cytoplasm extend in between the 
adipocytes, the latter potentially 
mimicking fat necrosis where histiocytes 
are seen among degenerate adipocytes. 
Clues to the malignant nature of 
histiocytoid invasive lobular carcinoma 
are the nuclear pleomorphism and 
hyperchromasia and the absence of 
accompanying inflammation which is 
usually observed in an inflammatory 
histiocytic lesion

Duct Ectasia
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Fig. 2.18  Histiocytoid invasive lobular carcinoma. 
Sheets of pale histiocyte-like tumour cells surround 
resident ducts and lobules

Fig. 2.19  Histiocytoid invasive lobular carcinoma. 
Higher magnification shows pale histiocyte-like 
cells surrounding a benign duct, extending among 
pink collagen fibres. The tumour cells possess 
ill-defined cytoplasmic membranes

Fig. 2.20  Histiocytoid invasive lobular carcinoma. 
Focally, the tumour usually features more 
conventional invasive lobular carcinoma patterns of 
linear cords and pearl-like strands of bland tumour 
cells
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Fig. 2.21  Histiocytoid invasive lobular carcinoma. 
Immunohistochemistry for E-cadherin shows 
negative staining of the tumour cells, while the 
residual benign ducts are positively decorated

Fig. 2.22  Invasive apocrine carcinoma. Invading 
nests and trabeculae of tumour cells show ample 
pink cytoplasm with hyperchromatic nuclei

Fig. 2.23  Invasive apocrine carcinoma. High 
magnification of irregular islands of invading 
apocrine cells shows ample pink-to-pale, slightly 
vacuolated cytoplasm. The nuclei are vesicular and 
contain visible nucleoli

Duct Ectasia
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Fig. 2.24  Invasive apocrine carcinoma. Sheets of 
polygonal cells with pink cytoplasm are present

Fig. 2.25  Invasive apocrine carcinoma. GCDFP-15 
immunohistochemistry shows diffuse cytoplasmic 
reactivity of tumour cells

Fig. 2.26  Invasive apocrine carcinoma shows 
positive nuclear staining for androgen receptor. 
There is a light cytoplasmic blush, regarded as 
non-specific
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Fig. 2.27  Higher magnification of androgen 
receptor immunohistochemistry shows positive 
nuclear staining in tumour cells

Fig. 2.28  Invasive lobular carcinoma with 
pleomorphic apocrine features. In this tumour, 
malignant cells with slightly discohesive 
appearances are seen within a fibrous stroma. One 
tumour cell also shows a cytoplasmic vacuole 
(arrow). Inset shows negative staining for 
E-cadherin on immunohistochemistry

�Prognosis and Therapy Considerations

Duct ectasia is a benign self-limiting condition and no treat-
ment is necessary in most cases. An excisional biopsy per-
formed to establish the diagnosis can also help to alleviate 
any symptomatic discharge. Recurrence is not common. 
Duct ectasia is not associated with an increased risk for 
development of subsequent breast cancer.

�Fat Necrosis

�Definition

Fat necrosis can be defined as injury to adipose tissue of the 
breast that may be due to trauma, surgery, radiation, or other 
insults.

�Clinical and Epidemiological Features

Traumatic fat necrosis tends to occur in pendulous breasts, 
with involvement of the superficial subcutaneous tissue as 
well. History of a traumatic episode may or may not be avail-
able. Clinical presentation can be with a painless breast 
lump, skin retraction, or dimpling. Thickening of the skin 
may be seen.

�Imaging Features

Fat necrosis may manifest radiologically as a mass 
(Fig. 2.29), calcifications, or both. The mass is usually poorly 
defined, round to oval, and measures less than 2 cm. Less 
frequently, fat necrosis presents as a cystic, circumscribed, 
and radiolucent mass. Mammogram shows a lucent mass 
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with a diagnostic rim of eggshell calcifications. It may also 
be associated with coarse heterogeneous calcifications. If 
there is significant fibrosis, the lesion can appear spiculated 
and irregular. Fat necrosis has a spectrum of sonographic 
appearances that can evolve over time, appearing anechoic, 
complex solid–cystic, solid hypoechoic, and spiculated. 
MRI shows an enhancing mass with internal fat signal which 
is characteristically of low intensity on fat-suppression 
sequences.

�Pathologic Features

�Macroscopic Pathology
The gross appearance of fat necrosis depends on the duration 
of the lesion. Early lesions may appear haemorrhagic and 
indurated. After several weeks the breast parenchyma may 
appear yellow-grey. Cystic degeneration can occur with for-
mation of large cystic lesions that sometimes contain oily or 
necrotic fluid.

�Microscopic Pathology
Necrotic adipocytes show vacuolated cytoplasm with degen-
erate nuclei, often accompanied by foamy histiocytes and 
inflammatory cells in the intervening septa (Fig.  2.30). 
Foreign-body-type multinucleated giant cells, haemorrhage, 
and calcifications can be present. Coalescence of necrotic 
adipocytes may lead to an acellular cystic zone (Figs. 2.31 
and 2.32). Breast ducts and lobules in proximity may demon-
strate reactive atypia and squamous metaplasia (Figs.  2.33 
and 2.34). If radiation therapy is the aetiology of the fat 

necrosis, cytological atypia and vascular changes secondary 
to radiation can occur.

�Differential Diagnosis

�Invasive Breast Carcinoma
Fat necrosis may be accompanied by nuclear atypia of 
degenerating adipocytes as well as reactive histiocytes and 
can be mistaken for invasive carcinoma, including the histio-
cytoid invasive lobular carcinoma. This is exacerbated in fro-
zen sections especially in situations when intraoperative 
assessment of margins of wide excisions is practised. Fat 
necrosis of tissue around the prior biopsy cavity may be sam-
pled as a margin and may thus be erroneously interpreted as 
positive (Fig. 2.35).

�Metaplastic Carcinoma
Squamous metaplasia of ducts and acini in the immediate 
vicinity of fat necrosis may resemble invasive carcinoma 
with squamous (metaplastic) features (Fig.  2.36). Reactive 
nuclear atypia may aggravate this appearance. Caution 
should be exercised when interpreting epithelial islands at 
the edge of fat necrosis or granulation.

�Prognosis and Therapy Considerations

Fat necrosis is self-limiting and will resolve, but concern for 
cancer on clinicoradiological findings often leads to excision 
for histologic evaluation.

Fig. 2.29  Fat necrosis presenting as a lump in the chest wall, in a 
patient who previously underwent mastectomy and axillary clearance 
with a flap reconstruction for breast carcinoma. Ultrasound shows a 

lobulated heterogeneous mass within the flap that accounts for the pal-
pable lump, radiologically mimicking breast carcinoma recurrence 
(Courtesy of Dr. Lester Leong)

2  Developmental, Reactive, and Inflammatory Conditions



31

Fig. 2.30  Fat necrosis with foamy histiocytes in 
the wall of a previous biopsy cavity. Congestion 
and necrotic adipocytes are seen in the right lower 
field, while a collection of histiocytes is observed in 
the left upper field. A dilated lymphovascular 
channel shows several lymphocytes and histiocytes

Fig. 2.31  Fat necrosis. Core biopsies of a 
radiologically worrisome lesion at the site of 
previous surgery. Low magnification shows fibrosis, 
chronic inflammation, and fat necrosis, with 
degenerate adipocytes and some cystic spaces. 
Coarse calcifications are present in one core

Fig. 2.32  Fat necrosis. Coalescence of degenerate 
adipocytes leads to acellular microcysts that are 
lined by histiocytes and fibrosis

Fat Necrosis
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Fig. 2.33  Fat necrosis with squamous metaplasia in 
ductules of an adjacent lobule. One of the ductules 
(arrow) shows a whorl-like appearance with effacement 
of the lumen, composed of cells with pink cytoplasm

Fig. 2.34  The lobule lying adjacent to chronic 
inflammation and fibrinous material of the prior biopsy 
cavity shows a few ductules with squamous metaplasia, 
while the remaining ductules of the same lobule are not 
affected

Fig. 2.35  (a) Histiocytes among skeletal muscle fibres, occurring 
in sheets and effacing muscle fibres. The irregular involvement may 
resemble the permeative nature of an invasive carcinoma. (b) 
Histiocytes among skeletal muscle fibres at the base of a breast 

resection mimicking carcinoma. The presence of granulation and fat 
necrosis in the vicinity, as well as accompanying inflammatory 
cells, are clues to the reactive and inflammatory origin of the cells

a b
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Fig. 2.36  (a) Squamous metaplasia of a lobule in the fibrous vicinity 
of fat necrosis. Note the retained lobular architecture at low magnifica-
tion, with the solidified terminal ducts and ductules replaced by meta-
plastic squamous cells with pink cytoplasm. This may be mistaken for 
residual metaplastic carcinoma in a cavity wall. (b) Squamous meta-
plasia adjacent to fat necrosis. High magnification of ducts with squa-
mous metaplasia shows a pavemented appearance of the polygonal 

cells with pink cytoplasm, intercellular windows and a semblance of 
intercellular bridges. The mild reactive nuclear atypia may raise con-
cern for a neoplastic process, especially with the small epithelial nests 
in the stroma. Clues to the benign nature are the lobulocentricity, adja-
cent fat necrosis and inflammation, reactive nature of the atypia evi-
denced by the smooth nuclear contours and small nucleoli, and lack of 
high-grade atypia

a b

�Mastitis

�Definition

Mastitis is a broad term that refers to inflammation in the 
breast. It can be further specified to define different forms of 
mastitis, such as puerperal and granulomatous lobular masti-
tis. The term ‘plasma cell mastitis’ has been used to refer to 
duct ectasia. The aetiology of granulomatous lobular mastitis 
is unknown, and it is a diagnosis of exclusion after other spe-
cific causes of granulomatous inflammation in the breast 
have been ruled out.

�Clinical and Epidemiological Features

Puerperal mastitis occurs in the post-partum period, usually 
a few weeks after the onset of lactation and breast-feeding, 
with Staphylococcus aureus from the skin being the most 
frequent aetiological organism. Both plasma cell mastitis 
and granulomatous lobular mastitis are also described to 
occur post-pregnancy, though overlapping terminologies 
may account for these reports. There can be redness and 
warmth of the skin over the breast that mimic inflammatory 
breast carcinoma.

�Imaging Features

Signs of soft tissue oedema and hyperaemia, as well as 
thickening of the overlying skin, can be observed. There 
may also be dilated ducts with internal echoes and wall 
thickening.

�Pathologic Features

�Macroscopic Pathology
Gross appearances are variable with soft-to-firm areas 
depending on the proportion of inflammatory cells to fibrous 
stroma, the latter seen in more chronic lesions (Fig. 2.37).

�Microscopic Pathology
Histologically, puerperal mastitis shows acute and chronic 
inflammation, sometimes with abscess formation (Figs. 2.38 
and 2.39). Plasma cell mastitis shows a predominance of 
plasma cells, while in granulomatous lobular mastitis, the 
granulomas are lobulocentric, often contain neutrophils, and 
are non-necrotising (Figs.  2.40 and 2.41). Coalescence of 
granulomas may obscure the appearance of lobulocentricity. 
Multinucleated giant cells of Langhans type, epithelioid his-
tiocytes, and lymphocytes contribute to the granulomas.

Mastitis
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Fig. 2.37  Mastitis. Gross sections of a breast 
excision which showed mastitis on histology. 
Macroscopically, there are whitish fibrous 
areas interspersed with yellowish tan zones, 
with a few scattered small cystic foci

Fig. 2.38  Puerperal mastitis. Lactational hyperplasia 
with enlarged lobules demonstrating secretory activity 
is seen adjacent to a collection of inflammatory cells in 
this core biopsy

Fig. 2.39  Puerperal mastitis with granulomatous 
inflammation. Closer scrutiny shows foreign-body-type 
multinucleated giant cells as well as epithelioid 
histiocytes among chronic inflammatory cells of 
lymphocytes and plasma cells, admixed with some 
polymorphs. The giant-cell reaction is likely related to 
disrupted ducts with their contents evoking a foreign-
body tissue response
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�Differential Diagnosis

�Periductal Mastitis with Granulomas
In contrast to granulomatous lobular mastitis, the granulo-
mas in periductal mastitis are consequent to disrupted duct 
contents and hence represent a foreign-body-type reaction 
(Figs.  2.42, 2.43, and 2.44). Periductal mastitis has been 
used synonymously with duct ectasia.

�Infective Granulomatous Inflammation
Infections from tuberculous, fungal, and parasitic organisms 
can cause granulomatous inflammation in the breast. Both 
tuberculous- and fungal-related granulomas are often 
associated with necrosis. The organisms may be identified 
through Ziehl–Neelsen and fungal stains, as well as through 
cultures or molecular studies (Figs. 2.45 and 2.46).

�Necrotising Granulomatous Vasculitis
Vasculitis may rarely involve the breast, usually as part of sys-
temic manifestations of diseases such as Wegener’s granulo-
matosis and polyarteritis nodosa. In Wegener’s granulomatosis, 
necrotising granulomas may be seen in conjunction with vas-
cular inflammation. In contrast, the granulomas in granuloma-
tous lobular mastitis are non-necrotising and are not associated 
with vasculitis (Fig. 2.47).

�Sarcoidosis
This is a rare lesion in the breast and is recognised in the 
context of an established diagnosis of sarcoidosis. 
Sarcoidal granulomas are non-necrotising and usually tight 
and well formed, with epithelioid histiocytes accompanied 
by lymphocytes. Asteroid and Schaumann bodies may be 
present.

Fig. 2.40  Granulomatous lobular mastitis. 
Epithelioid granulomas are seen flanking a terminal 
ductal lobular unit

Fig. 2.41  Granulomatous lobular mastitis. Higher 
magnification shows a non-necrotising granuloma 
in the breast tissue adjacent to a duct which is 
partially effaced by inflammatory cells. Several 
Langhans type multinucleated giant cells are seen 
among the epithelioid histiocytes
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Fig. 2.42  Granulomatous mastitis. Foreign-body-
type multinucleated giant cells enclose foreign 
material within the cytoplasm, surrounded by 
lymphocytes, plasma cells, and histiocytes. Many 
cases of granulomatous mastitis are secondary to 
inflammation of ducts with the giant-cell response 
due to a reaction to disrupted duct contents. A 
diagnosis of idiopathic granulomatous lobular 
mastitis is one of exclusion, after more common 
causes of granulomatous mastitis have been ruled 
out

Fig. 2.43  Granuloma within a lobule, with a 
multinucleated giant cell among lymphocytes and 
plasma cells

Fig. 2.44  Foreign-body-type multinucleated giant 
cells enclosing wispy foreign material, effacing a 
duct where the epithelial cells appear to surround 
and frame the foreign-body giant cells
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�Carcinoma-Related Granulomas
Granulomas may be seen adjacent to in situ and invasive 
breast carcinoma (Fig.  2.48). They are usually small and 
composed of small clusters of histiocytes with occasional 
foreign-body-type multinucleated giant cells.

�Silicone Granuloma
A foreign-body-type multinucleated giant-cell reaction can 
be seen around either injected free silicone or silicone 
leaked from implants (Figs. 2.49 and 2.50). Around intact 
implants, a synovial-type lining can be present (Figs. 2.51 
and 2.52).

�Prognosis and Therapy Considerations

Granulomatous lobular mastitis is usually cured through 
excision, though steroids have been used to treat this  
condition [6].

�Diabetic Mastopathy (Sclerosing 
Lymphocytic Lobulitis)

�Definition

Diabetic mastopathy or sclerosing lymphocytic lobulitis refers 
to a constellation of pathological changes in the breast possi-
bly resulting from abnormalities in glycosylation and collagen 
degradation in patients with diabetes. Other synonymous 
terms are diabetic fibrous breast disease, fibrous mastopathy, 
lymphocytic mastitis and fibrosis, and lymphocytic lobulitis. 
Originally described in patients with insulin-dependent type 1 
diabetes mellitus, particularly in patients with microvascular 
complications, similar histological alterations have been doc-
umented in other conditions such as Hashimoto’s thyroiditis, 
hypothyroidism, and autoimmune diseases such as systemic 
lupus erythematosus and Sjogren’s disease. Isolated cases of 
sclerosing lymphocytic lobulitis without diabetes or autoim-
mune disease have rarely been reported.

Fig. 2.45  (a) Necrotising granulomatous inflammation in the breast 
from mycobacterial infection, with epithelioid histiocytes and 
Langhans-type multinucleated giant cells accompanied by lymphocytes 
and zones of necrosis. (b) High magnification shows Langhans-type 

multinucleated giant cells, slipper shaped epithelioid histiocytes and 
scattered lymphocytes. Pink amorphous material with karyorrhexis 
(arrow) representing necrosis is present

ba

Fig. 2.46  An acid-fast bacillus is seen on the Ziehl–Neelsen 
stain confirming mycobacterial infection

Diabetic Mastopathy (Sclerosing Lymphocytic Lobulitis)
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Fig. 2.47  Vasculitis in the breast. (a) This was an excision for a radio-
logically detected nodule in the breast post wide excision and radiation 
treatment for prior breast carcinoma. At low magnification, part of the 
wall of a blood vessel cut longitudinally is present in a fibrotic stroma, 

accompanied by patchy chronic inflammation. (b) Higher magnification 
shows calcifications with intimal fibrosis and inflammatory cells in the 
vascular wall. (c) Elastic van Gieson stain shows fragmentation and redu-
plication of the internal elastic lamina of the partially destroyed vessel

a

b

c
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Fig. 2.48  Epithelioid granuloma adjacent to DCIS. (a) Low magnifica-
tion shows a fairly dense lymphocytic infiltrate in the stroma in between 
two ducts affected by DCIS. (b) At high magnification, a collection of 
epithelioid histiocytes admixed with lymphocytes and plasma cells is 
observed just adjacent to the wall of an affected duct containing inter-
mediate nuclear grade DCIS. Several scattered lymphocytes are also 
seen among the DCIS cells. (c) Immunohistochemistry for CK5/6 

shows positive staining of the peripheral rim of myoepithelial cells 
around the duct with DCIS, while the epithelioid histiocytes are nega-
tive. Sometimes, epithelioid histiocytes may mimic epithelial cells rais-
ing suspicion of microinvasion; however their folded gentle nuclei, 
delicate cytoplasm with ill-defined borders, admixed lymphocytes and 
lack of keratin immunostaining are helpful features to make the 
distinction

a

b
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Fig. 2.49  Foreign-body giant-cell reaction to 
polyacrylamide gel injection for breast augmentation. 
Note the bluish-tinged acellular material that may 
mimic mucin of mucinous breast lesions

Fig. 2.50  Foreign-body giant-cell reaction to 
polyacrylamide gel injection. High magnification of 
extracellular foreign material, partially rimmed by 
foreign-body-type multinucleated giant cells

Fig. 2.51  Silicone implant wall (right) with a synovial-type lining.  
(a) There is an invasive ductal carcinoma in the tissue adjacent to the 
implant wall. (b) Higher magnification shows the synovial-type cells 

resembling histiocytes rimming the wall of the implant. A few cords 
and nests of invasive carcinoma cells are seen in the adjacent stroma

a b
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Fig. 2.52  Silicone implant wall. (a) Synovial metaplasia is seen, 
comprising synoviocyte-like cells resembling histiocytes, that line the 
wall of the implant. (b) Higher magnification shows histiocyte-like 

synovial-type lining cells, interspersed with occasional lymphocytes. 
Some of the synovial-type cells may appear multinucleated

a b

�Clinical and Epidemiological Features

Diabetic mastopathy most often occurs in young premeno-
pausal women, with rare cases reported in men. It can be 
seen in both type 1 and type 2 diabetics, although it is more 
frequently associated with type 1 insulin-dependent cases. 
Patients may present clinically with a painless breast lump 
that is often single and unilateral. Multiple and bilateral 
lesions may occur.

�Imaging Features

Imaging shows dense parenchyma with indistinct borders 
that may be diffuse or focal. It especially mimics malignancy 
on ultrasound examination because of its ill-defined 
hypoechoic mass-like appearance with posterior acoustic 
shadowing. Biopsy is frequently required to exclude 
malignancy.

�Pathologic Features

�Macroscopic Pathology
The gross appearance is of firm-to-hard fibrous tissue with a 
greyish-white cut surface and ill-defined borders. A distinct 
nodule is not seen.

�Microscopic Pathology
Diabetic mastopathy shows marked fibrosis and collage-
nous stroma that can appear keloidal. Interspersed acellu-
lar pale collagen is seen. Lymphocytic lobulitis with 
lymphocytes within the lobules, around ducts and ductules, 
is a key histologic feature. Lymphocytes may also be 
observed around vessels and nerves (Fig. 2.53).

Immunohistochemical characterisation reveals predomi-
nantly mature B-lymphocytes with a small population of T 
cells and, rarely, plasma cells. Germinal centres are not typi-
cally present. Involved lobules may be atrophic or unremark-
able. Plump myofibroblasts referred to as epithelioid 
myofibroblasts are seen (Fig.  2.54), initially thought to be 
specific for diabetes. These cells have abundant cytoplasm 
and oval vesicular nuclei resembling histiocytes. In contrast 
to histiocytes, which are typically found in small groups, epi-
thelioid myofibroblasts tend to be individual cells isolated 
from one another by dense collagen. Later, these epithelioid 
myofibroblasts were reported in nondiabetic patients and are 
noted to be absent in a quarter of cases with diabetes. They 
need to be distinguished from multinucleated stromal giant 
cells that have multiple hyperchromatic nuclei and scant cyto-
plasm, which are incidentally found in benign breast tissue.

�Differential Diagnosis

�Fibrous Scar
Reparative fibrosis from a variety of causes may lead to an 
appearance reminiscent of the collagenous bundles in dia-
betic mastopathy. Accompanying chronic inflammation sec-
ondary to scarring may also mimic lymphocytic lobulitis, 
though this tends to be more patchy, dispersed, and not lobu-
locentric. The presence of haemosiderin and absence of epi-
thelioid myofibroblasts in fibrous scarring may be helpful 
distinguishing features. Postsurgical scarring may demon-
strate a foreign-body giant-cell response (Fig. 2.55).

�Fibromatosis
Fibromatosis, a locally infiltrative lesion, shows sweeping 
fascicles of fibroblasts and myofibroblasts with accompany-
ing collagen that at low magnification may resemble the  
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Fig. 2.53  Diabetic mastopathy. (a) Low magnification shows broad 
expanses of fibrous parenchyma with scattered collections of chronic 
inflammatory cells. Calcifications are also present. (b) Medium magni-
fication shows pink keloidal-type collagen in narrow bundles among 
paler pink zones. The lymphocytic collections are centred within a  

lobule, although the lobule is not readily appreciated at low magnifica-
tion, being obscured by the lymphocytic infiltrate. (c) Lymphocytic 
lobulitis shows relatively dense aggregates of lymphocytes within a lob-
ule, surrounding the terminal duct and ductules. (d) Lymphocytes are 
seen around a small blood vessel as well

a b
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Fig. 2.54  Diabetic mastopathy. Plump epithelioid 
myofibroblasts are individually dispersed in the 
stroma, together with several lymphocytes
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Fig. 2.55  Postoperative fibrosis (nine weeks after surgical biopsy).  
(a) Low magnification shows a zone of fibrosis with loss of breast lobules. 
Together with a few scattered lymphocytes, which are seen in lobules as 
well, there is a resemblance to diabetic mastopathy. Clinical information 
of prior biopsy, presence of haemosiderin deposits, granulation, fat necro-
sis, and foreign-body giant-cell reaction, assist in making the distinction. 

(b) Slightly wavy collagen fibres are seen as part of the reparative fibro-
sis from previous biopsy. A small epithelial nest is entrapped within the 
fibrosis. When the prior instrumentation or surgery is remote, granula-
tion or fat necrosis may not be present. In such cases, the clinical history 
is key. The waviness and pallor of the collagen occurring in a broad 
band-like manner with haemosiderin deposits may be helpful

a b

collagenous fibrosis of diabetic mastopathy. In fibromatosis, 
however, there is usually a waviness to the nuclei, and the spin-
dle cell proliferation has a permeative front with extension in 
between lobules (Fig. 2.56). Lymphocytic lobulitis is usually 
absent in fibromatosis. If needed, immunohistochemistry for 
nuclear beta-catenin staining may be helpful in corroborating a 
diagnosis of fibromatosis, although it is not specific (Fig. 2.57).

�Amyloid
Pale amorphous amyloid may superficially resemble the collage-
nous stroma of diabetic mastopathy. Amyloid, however, is clumpy 
with a pale colouration as compared to diabetic mastopathy, 
which shows pink, smooth, and sometimes hyalinised keloidal 
collagen. Foreign-body-type giant cells may be seen around amy-
loid, which also accumulates in lobules and perivascular locations 
(Figs.  2.58 and 2.59). Amyloid can extend into adipose septa 
forming amyloid rings (Fig. 2.60). Congo red staining with apple-
green birefringence on polarised optics confirms amyloidosis.

�IgG4-Related Sclerosing Mastitis
IgG4-related disease is a recently recognised disorder charac-
terised by the formation of inflammatory pseudotumours in 
various organs due to dense sclerosis and lymphoplasmacytic 
infiltrates associated with increased serum IgG4 levels. The 
disease characteristically affects exocrine glands (pancreas, 
salivary, and lacrimal glands). However, it has been described 
in nearly every organ, and, although rare, mammary involve-
ment has been reported as part of IgG4-related disease. Patients, 
mostly women, present with ill-defined non-tender masses 
which may be radiologically detected (Fig. 2.61). Key histo-
logic features are dense fibrosis with prominent lymphoplas-
macytic infiltrates without specific lobulocentricity or periductal 
localisation, prominent storiform stromal sclerosis, effacement 
of lobules, and phlebitis (Fig. 2.62) [7]. IgG4-positive plasma 

cells predominate on immunohistochemistry, usually in excess 
of 50 per high-power field (Fig.  2.63). Serum IgG4 is often 
raised. In contrast, diabetic mastopathy shows relatively few 
plasma cells which are without IgG4 dominance.

�Malignant Lymphoma
Lymphoma in the breast tends to diffusely infiltrate the stroma, 
a pattern that is distinct from the lymphocytic lobulitis seen in 
diabetic mastopathy. Additionally, immunostaining and 
molecular analysis will reveal a clonal proliferation of lym-
phoid cells in lymphoma, but not in diabetic mastopathy.

�Prognosis and Therapy Considerations

Diabetic mastopathy may be subjected to excision due to the 
clinicoradiological mimicry of cancer. Excision is curative, 
though occasional recurrences are described. Some lesions 
can be self-limited and spontaneously regress.

�Infections

�Definition

Infections in the breast result from a variety of organisms 
ranging from bacterial, mycobacterial, fungal, and parasitic.

�Clinical and Epidemiological Features

Bacterial infections usually occur in the setting of lactation-
associated mastitis secondary to obstruction of lactiferous 
ducts, leading to abscesses that require antibiotic treatment and 
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Fig. 2.56  Fibromatosis. (a) Mastectomy shows a whorled greyish-
white tumour with ill-defined contours, merging with a whitish fibrous 
area of the breast. (b) Low magnification shows the intersecting fasci-
cles of spindle cells extending around breast lobules and adnexal struc-
tures of the skin. (c) Higher magnification shows the spindle cells with 

elongated flattened nuclei with a slight waviness, set in long intersect-
ing fascicles. The spindle cells encase a lobule at the edge. There is no 
lymphocytic lobulitis. (d) The spindle cells show bland nuclear fea-
tures, without significant atypia or increased mitoses
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Fig. 2.57  Fibromatosis. (a) Beta-catenin immunohistochemistry shows nuclear staining of the spindle cells. (b) CD34 is absent in the spindle 
cells, highlighting only interspersed small vessels

a b
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Fig. 2.58  Amyloidosis. (a) Clumps of amorphous acellular pale pink 
material are seen in the breast parenchyma, accompanied by coarse 
fractured calcifications. (b) Clumpy amorphous pale pink material 
extends into lobules and surrounds ductules. Effacement of ductules is 

seen. (c) Foreign-body-type multinucleated giant cells are seen around 
amyloid deposits. (d) The acellular material surrounds terminal ducts 
and ductules, which may on cursory view resemble thickening of the 
basement membranes and stromal hyalinisation seen in lobular atrophy

a b

c d

Fig. 2.59  Lobular atrophy. (a) In contrast to the clumpy material in 
amyloidosis, stromal hyalinisation in lobular atrophy has a glassy hya-
line quality, associated with variable thickening of the basement mem-
branes. (b) Hyalinisation around diminutive ductules may resemble 

amyloid but does not have the clumpy amorphous quality of amyloid 
deposits. Foreign body type multinucleated giant cells which may be 
found around amyloid deposits are absent

a b
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Fig. 2.60  Amyloidosis. (a) Congophilia of amyloid deposits in the 
breast  (congo red stain). (b) Apple-green birefringence confirms  
amyloid deposits on polarised optics. (c) The amyloid material may 
also extend along the septa of the adipose tissue, expanding the spaces 

in between degenerate adipocytes and forming amyloid rings. 
Haemorrhage and a few scattered inflammatory cells are present.  
(d) Polarised optics show apple-green birefringence of congophilic 
material in the adipose septa of the breast

a b

c d

Fig. 2.61  IgG4-related sclerosing mastitis. 
A nodular hypoechoic lesion is observed on 
ultrasound of the right breast

2  Developmental, Reactive, and Inflammatory Conditions
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Fig. 2.62  IgG4-related sclerosing mastitis. (a) This nodular lesion of 
the breast shows extensive sclerosis with patchy lymphoid aggregates. 
(b) In the sclerosed part of the breast, ghost outlines of ducts can be 
seen. Lymphocytic aggregates with germinal centres are observed 
around preserved breast lobules. (c) The sclerosing process effaces 
ducts and lobules and involves blood vessels, with accompanying  
lymphocytes and plasma cells. (d) High magnification of the sclerosing 

process that leads to the formation of hyalinised tombstones of effaced 
tubules. Small vessels also demonstrate hyalinisation of their walls. (e) 
The duct in the centre is partially obscured by chronic inflammation 
with lymphocytes and plasma cells. There is whorl-like fibrosis around 
the duct. (f) Sclerosis and lobular atrophy, with lymphocytic infiltrates, 
are present. A residual small ductule is observed in the midst of a zone 
of sclerosis (arrow)
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sometimes excision. In particular, cystic neutrophilic granulo-
matous mastitis associated with gram-positive bacteria such as 
corynebacteria should be considered (Fig. 2.64) [8–10]. Fungal 
infections are seen in immunocompromised individuals, and 
while mycobacterial infections may be encountered in less 
well-developed countries, they can also be seen in patients 
with the acquired immunodeficiency syndrome.

�Imaging Features

Mammography may show densities that can mimic malignancy.

�Pathologic Features

�Macroscopic Pathology
Nodular greyish-yellow lesions with soft-to-firm consistency 
may be observed.

�Microscopic Pathology
Histological appearances depend on the type of organ-
isms. Bacterial infections show acute inflammation and 
abscess formation. Specifically, the following are present 
in cystic neutrophilic granulomatous mastitis: collections 
of polymorphs with granulation tissue, granulomas, and 
cystic spaces containing gram-positive bacteria, which 
are often corynebacteria. Occasionally, these bacteria 
may not be identified [10]. Mycobacterial infections 
exhibit necrotising granulomatous inflammation with 
caseation. Fungal infections are also accompanied by 
necrotising granulomas, which may sometimes involve 
blood vessels. Parasites such as filariasis and cysticerco-
sis can be recognised from their structures (Figs. 2.65 and 
2.66). Cultures are useful in confirming the infective aeti-
ologic agent.

Fig. 2.64  Cystic neutrophilic granulomatous mastitis. 
Inflamed haemorrhagic granulation tissue in the 
abscess wall shows empty spaces, within which 
bacterial organisms may be identified with gram stains. 
Inset shows Corynebacterium kroppenstedtii which are 
gram-positive organisms that can be cultured from the 
abscess tissue (inset courtesy of Dr Ai Ling Tan)

Fig. 2.63  IgG4-related sclerosing mastitis. 
Immunohistochemistry with dual IgG4 (brown) and 
IgG (red) antibodies shows a predominance of the 
IgG4 subtype in the plasma cells, corroborating the 
diagnosis (Courtesy of Dr. Leonard Tan)
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Fig. 2.65  An unusual infection presenting as a breast lump—cysticer-
cosis. (a) The parasite is seen lying loose while the histiocytic wall of 
the collapsed cavity within which it was previously enclosed is present 
in the lower field, adjacent to skeletal muscle of the chest wall. No nor-
mal breast tissue is present. The cysticercus is a larval tapeworm that 
can be found within muscle tissue of an infected individual. (b) Higher 

magnification of the parasite showing its internal structure. (c) The cys-
tic cavity which contained the parasite is lined by a layer of histiocytes 
with a chronic inflammatory cell cuff. The finding of an empty cavity 
rimmed by histiocytes should prompt a search for an underlying cause 
including parasitic organisms

a

b

c
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�Differential Diagnosis

�Necrotising Granulomatous Vasculitis
In this condition, vessels are affected and no organisms are 
found on special stains or molecular studies. While necrotis-
ing granulomas with vasculitis may be the initial presenting 
features of Wegener’s granulomatosis, more frequently there 
are already systemic signs and symptoms that point to the 
disease.

�Granulomatous Lobular Mastitis
In granulomatous lobular mastitis, there is lobulocentricity 
of granulomas without necrosis.

�Prognosis and Therapy Considerations

Prognosis and therapy depend on the underlying disease.
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Fig. 2.66  (a) An axillary lymph node containing a parasite with fea-
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Dr. Leonard Tan). (b) Higher magnification of parts of the roundworm 
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Fibroepithelial Lesions

Fibroepithelial neoplasms of the breast are characterised by 
proliferation of both epithelial and stromal components and 
include the common fibroadenoma and the less frequently 
occurring phyllodes tumour.

�Fibroadenoma

�Definition

The fibroadenoma is a common benign fibroepithelial 
tumour of females in the reproductive age group, although it 
may be diagnosed at any age.

�Clinical and Epidemiological Features

Fibroadenomas present clinically as single or multiple lumps 
or nodules which are mobile, smooth contoured, and unteth-
ered to the skin on palpation.

�Imaging Features

Mammographic screening has led to detection of fibroadeno-
mas in mature women, often observed radiologically as typi-
cally well-defined, wider-than-tall nodules that may have 
gentle lobulations. Characteristic coarse “popcorn” calcifica-
tions are common (Fig. 3.1). There may be internal septations, 

which appear echogenic on sonography and as non-enhancing 
thin lines on magnetic resonance imaging.

�Pathologic Features

�Macroscopic Pathology
Macroscopically, the fibroadenoma is usually encapsulated 
and shows circumscribed borders with a whitish-grey, 
bulging cut surface in which slit-like spaces are often evident 
(Figs. 3.2, 3.3, 3.4, 3.5, and 3.6). It is often rubbery in con-
sistency and may have lobulated outlines. They can achieve 
large sizes, with fibroadenomas exceeding 5 cm in dimen-
sion being referred to as giant fibroadenomas.

�Microscopic Pathology
Histologically, the fibroadenoma shows two patterns: “intra-
canalicular”, with stroma compressing epithelial elements, 
and “pericanalicular”, with stroma growing around open 
ductules (Figs.  3.7, 3.8, and 3.9). These microscopic pat-
terns do not have clinical significance and often occur 
together in the same tumour. The epithelial compartment 
may show any alterations that can be observed in the breast, 
from usual ductal hyperplasia (Fig.  3.10), columnar cell 
change, atypical hyperplasia (Fig.  3.11), and in situ 
(Fig. 3.12) and invasive carcinomas (Fig. 3.13). It is reported 
that atypical hyperplasia confined within the fibroadenoma 
does not incur an increased risk of subsequent breast cancer 
development [1].

3



52

a

b

c

Fig. 3.1  Radiology of fibroadenoma. (a) In a 42 year old woman with 
a right axillary palpable lump, the mammogram shows a well-defined, 
gently lobulated, oval nodule in the right axilla (white arrow). Accessory 
breast tissue is also seen (red arrow). (b) Ultrasound shows a well-
defined oval nodule in the right axilla which was confirmed to be a 

fibroadenoma on core biopsy. The hyperechoic tissue surrounding the 
nodule is related to accessory breast tissue. (c) In this craniocaudal 
(CC) mammogram view of a right breast, there are two lobulated  
‘popcorn’ calcifications that are classical for involuting calcified  
fibroadenomas (Courtesy of Dr. Lester Leong)

Fig. 3.2  Gross appearance of a fibroadenoma with a whitish whorled cut surface. The lobulated contours are seen as broad-based, bulging 
protrusions
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Fig. 3.3  Macroscopy of a fibroadenoma with myxoid areas, seen towards the periphery of the lesion

Fig. 3.4  Giant fibroadenoma measures 5.5 cm in maximum dimension, showing multiple lobulations with smooth external surfaces

Fibroadenoma
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Fig. 3.6  A juvenile fibroadenoma shows a circumscribed border with a whitish fibrous cut surface containing slit-like spaces (Courtesy of Dr. 
Kenneth Chang)

Fig. 3.5  Infarcted fibroadenoma shows extensive areas of haemorrhage. Its circumscribed outline delineates it from the surrounding fibrous breast 
tissue
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Fig. 3.7  Fibroadenoma. At scanning magnification, the lesion shows circumscribed and partly encapsulated margins, with proliferation of both 
epithelial and stromal components

Fig. 3.8  Intracanalicular growth pattern of a fibroadenoma shows stroma growing into the epithelial compartment, compressing the epithelium, 
and stretching the ducts into elongated arc-like formations. The epithelium is bilayered, with luminal and myoepithelial layers

Fibroadenoma
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Fig. 3.9  Fibroadenoma with a predominantly pericanalicular growth pattern with the stroma growing around patent tubules

Fig. 3.10  Fibroadenoma with usual ductal hyperplasia. In this fibroadenoma, there is moderate usual ductal hyperplasia, with proliferation of 
epithelial cells forming protrusions into the lumen as well as displaying slit-like spaces among the epithelial cells
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Fig. 3.11  Fibroadenoma with lobular neoplasia. (a) The epithelial 
compartment of this fibroadenoma shows distension of the acinar 
spaces by a proliferation of epithelial cells. Higher magnification shows 
the epithelial elements being filled by a discohesive population of 
rounded uniform epithelial cells with open vesicular nuclei, indistinct 

nucleoli, and thin cytoplasmic rims (inset) (b) Immunohistochemistry 
for E-cadherin shows absent staining in the lobular neoplastic cells. 
Cells that show positive reactivity are myoepithelial (seen as a periph-
eral rim) as well as residual luminal epithelial cells that are largely 
obscured by the lobular neoplastic cells
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Fig. 3.12  Fibroadenoma with ductal carcinoma in situ (DCIS), low 
nuclear grade, cribriform pattern, without necrosis. (a) The circum-
scribed border of the fibroadenoma separates DCIS occurring within 
the lesion from the surrounding breast tissue. The predominantly intra-
canalicular growth pattern of the fibroadenoma with hyalinised stroma 
is seen in the lower right field. (b) Cribriform structures formed by 

uniform epithelial cells occupying the epithelial compartment of the 
fibroadenoma. (c) Immunohistochemistry for CK14 shows diminished 
staining within the cribriform epithelial population, with patchy albeit 
attenuated staining of myoepithelial cells at the periphery of ducts 
affected by DCIS. (d) Immunohistochemistry with ER shows diffuse 
nuclear staining of epithelial cells forming the cribriform structures

Fibroadenoma
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The stroma can exhibit multinucleated giant cells 
(Fig.  3.14), which do not indicate stromal atypia. 
Fibroadenomas with cellular stroma are referred to as cellu-
lar fibroadenomas (Fig.  3.15), though the level of stromal 
cellularity needed for this diagnosis is subjective and may 
differ among pathologists. Fibroadenomas in children and 
young females under 20 years of age tend to have increased 
stromal cellularity and need to be distinguished from phyl-
lodes tumours [2]. The presence of extensive myxoid stroma 
is seen in the myxoid fibroadenoma (Fig. 3.16). While myx-
oid fibroadenomas are described in the Carney’s complex 
(myxoid neoplasms and pigmented skin lesions), most 

observed in the breast are unassociated with this clinical con-
dition. In older women, the stroma can become hyalinised 
and sclerotic. Calcifications within the stroma can lead to 
radiological detection (Fig. 3.17). Lipomatous, smooth mus-
cle (Fig. 3.18), and osteochondroid metaplasia may be seen 
(Fig. 3.19). Pseudoangiomatous stromal hyperplasia can be 
present (Fig. 3.20). Stromal mitotic activity is usually scarce, 
though small numbers of stromal cell mitoses may be seen in 
fibroadenomas in young or pregnant patients. In paediatric 
patients, mitotic activity can range up to seven mitoses per 
ten high-power fields [3]. Infarction may occur during preg-
nancy (Figs. 3.21).

Fig. 3.13  Invasive lobular carcinoma (classic) in a fibroadenoma. (a) 
Core biopsy of a radiologic density in a 49-year-old woman. The archi-
tecture of a fibroadenoma is present at low magnification, showing an 
intracanalicular growth pattern. Part of the core shows a more cellular 
infiltrate occupying the stroma. (b) Higher magnification shows 
streams of cells with small nuclei encircling the epithelial compartment 
of the fibroadenoma, which is similarly involved by a monotonous cell 

population. (c) The epithelial compartment of the fibroadenoma is 
slightly distended by a similar population of monotonous cells of lobu-
lar carcinoma in situ, with nuclear features resembling those of the 
invasive component. (d) The invasive lobular carcinoma cells permeate 
in linear cords and as dispersed neoplastic cells within the hyalinised 
stroma of the fibroadenoma
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Fig. 3.14  Fibroadenoma with stromal multinucleated giant cells. (a) 
At low magnification, the stroma shows scattered cells with hyperchro-
matic nuclei. (b) The stromal multinucleated cells show smudged mul-
tilobated nuclei without discernible nucleoli or mitoses. These stromal 
cells do not contribute to assessment of stromal atypia in fibroepithelial 

lesions. (c) The stromal multinucleated cells can demonstrate a wreath-
like arrangement of nuclei with inconspicuous pale cytoplasm. Adjacent 
stromal cells do not disclose significant nuclear atypia nor mitotic 
activity
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Fig. 3.15  (a) Low magnification view of a cellular fibroadenoma, with 
relatively uniform stromal cellularity punctuated by benign epithelial 
elements. (b) Cellular fibroadenoma shows increased stromal cellularity, 

with plump stromal cells surrounding tubules in a pericanalicular growth 
pattern

ba

Fig. 3.16  Myxoid fibroadenoma. Epithelial elements are seen within a myxoid stroma containing greyish-blue ground substance
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Fig. 3.17  Hyalinised calcified fibroadenoma. These lesions are 
detected on screening mammography and may be radiologically inde-
terminate leading to core biopsy for evaluation. This core biopsy shows 

scant epithelial elements among a hyalinised stroma. A fractured calci-
fication is present in the lower left field

Fig. 3.18  Fibroadenoma with smooth muscle metaplasia in the stroma. 
(a) Upper field shows a low magnification view of the fibroadenoma 
with an intracanalicular growth pattern. The stroma discloses vague 
bundles of plump spindle cells with pink cytoplasm. The lower field 

shows high magnification of the spindle cells with elongated nuclei and 
tapered cytoplasm. (b) Immunohistochemistry for smooth muscle actin 
shows positive staining bundles in the stroma, with high magnification 
delineating the spindle cells confirming their smooth muscle nature

a b
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Fig. 3.19  Ossified fibroadenoma. Metaplastic bone formation is seen in the stroma of the core biopsy of this fibroadenoma. Inset shows bone 
deposition around the epithelial elements of this hyalinised fibroadenoma

Fig. 3.20  Fibroadenoma with pseudoangiomatous stromal hyperplasia. The stroma of the fibroadenoma shows slit-like spaces lined by spindle 
nuclei. This may give the impression of increased stromal cellularity especially when there are scattered chronic inflammatory cells as well
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The juvenile fibroadenoma is encountered in younger 
patients, though it has been documented in older adults as 
well (Figs. 3.22 and 3.23). Often demonstrating a cellular 
stroma, the term juvenile fibroadenoma has sometimes been 
used synonymously with cellular fibroadenoma. We prefer 
to diagnose a juvenile fibroadenoma when there is a pre-
dominant pericanalicular growth pattern accompanied by 
usual ductal hyperplasia that may resemble epithelial 
changes of gynaecomastia (gynaecomastoid hyperplasia), in 
addition to cellular stroma featuring intersecting fibroblastic 
and myofibroblastic fascicles. Sometimes the epithelial 
changes mimic atypical ductal hyperplasia.

The complex fibroadenoma is diagnosed when there is 
sclerosing adenosis, epithelial calcifications, papillary apo-
crine metaplasia, and cysts measuring 3 mm or more in size 
[4]. The presence of any of these features can designate a 
fibroadenoma as “complex”, though in our practice, we often 
reserve this diagnosis for fibroadenomas that either display a 
marked degree of these alterations or combination of altera-
tions (Figs. 3.24 and 3.25). According to one study, complex 
fibroadenomas are associated with an increased relative risk 
of subsequent breast cancer (threefold), but the available 
data are insufficient to justify a different management 
approach for these lesions.

�Differential Diagnosis

The rare myxoma, and the even rarer low-grade fibromyx-
oid sarcoma, may mimic the myxoid fibroadenoma, espe-
cially when the epithelial component is scant (Fig. 3.26).

The tubular adenoma consists of closely packed, 
rounded bilayered tubules resembling those in resting lob-
ules. It is often encapsulated. Intervening stroma is usu-
ally scant and may appear cellular with accompanying 

lymphocytes. Grossly circumscribed, it can resemble the 
fibroadenoma, although it tends to be yellowish to tan 
brown with a softer consistency (Fig. 3.27). Histologically, 
it differs from the fibroadenoma by the dense arrangement 
of rounded tubules and the relative paucity of stroma. 
Luminal pink colloid-like secretions may be observed 
within the tubular lumens (Fig. 3.28).

Adenosis is defined by the presence of an increased 
number of acinar/ductular units, with retention of the over-
all lobular architecture on low-power histological assess-
ment (Fig.  3.29). It may resemble the fibroadenoma and 
tubular adenoma when it forms an expansile nodular lesion, 
but is more often a microscopic process that lacks encapsu-
lation. Nodular sclerosing adenosis is a closely related 
entity that comprises compressed tubules with a pseudoin-
vasive pattern, mimicking invasive lesions like tubular 
carcinoma.

The lactating adenoma occurs during pregnancy and 
lactation. While fibroadenomas and tubular adenomas with 
superimposed lactational changes may be referred to as 
lactating adenomas, most lactating adenomas tend to 
reflect lactational alterations in hyperplastic lobules. 
Grossly, it is circumscribed with brownish colouration and 
soft consistency (Fig. 3.30). Haemorrhage and infarction 
may be present (Fig. 3.31).

Fibroadenomas may contain sclerosing adenosis, which 
can mimic an invasive process, especially invasive lobular 
carcinoma or invasive tubular carcinoma occurring within 
the fibroadenoma (Fig.  3.32). Identification of preserved 
myoepithelial cells and intact basement membranes assists 
in confirming a non-invasive process. The absence of accom-
panying in situ and invasive disease in surrounding breast 
tissue is also a useful clue pointing away from an invasive 
process in the fibroadenoma. Table 3.1 shows a comparison 
of histologic features of these conditions.

Fig. 3.21  Infarcted fibroadenoma. (a) At low magnification, the infarcted fibroadenoma shows areas of haemorrhage. (b) Areas of haemorrhage 
are seen in the stroma, with ghost outlines of necrotic epithelial and stromal cells
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Fig. 3.22  Juvenile fibroadenoma in a 26-year-old woman. (a) 
Circumscribed contours are seen at low magnification. (b) The juvenile 
fibroadenoma shows well-delineated borders and a high density of epi-
thelial elements. A few adjacent rounded nubbins of lesional tissue are 
present. (c) The epithelial component of the juvenile fibroadenoma 
shows a pericanalicular pattern with moderate usual ductal hyperplasia 
giving rise to sieve-like formations, embedded within a fairly cellular 
spindled stroma. The pattern of usual ductal hyperplasia with micro-

papillary and cribriform appearances may mimic atypical ductal hyper-
plasia. (d) The spindled stromal cells comprising both fibroblasts and 
myofibroblasts are disposed in sweeping fascicles, swirling around the 
epithelial structures. Stromal spindle cell nuclei are bland, elongated, 
and occasionally compressed. (e) The epithelial cells show columnar 
change with apical snouts, with a few short tufts peeping into the lumen, 
linking up to form bridges encircling irregular spaces
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Fig. 3.23  Juvenile fibroadenoma in a paediatric patient. (a) Low mag-
nification shows epithelial elements recapitulating the terminal ductal 
lobular unit dispersed within a slightly cellular stroma. (b) Medium 
magnification shows usual ductal hyperplasia with occasional pink vis-
cid secretions within the duct lumens. The stroma shows relatively even 

and diffusely increased cellularity. (c) Ductal epithelial hyperplasia 
here is mostly mild, with short micropapillary and snoutlike protrusions 
into the luminal spaces. Surrounding stromal cells show ovoid-to-elon-
gated plump vesicular nuclei (Courtesy of Dr. Kenneth Chang)
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Fig. 3.24  Complex fibroadenoma. (a) Mammograms show a rounded opacity (arrow) in the left breast near the nipple (craniocaudal view).  
(b) Ultrasound shows a well-defined mass with internal echoes and cysts, measuring up to 2.6 cm

a b

Fig. 3.25  Complex fibroadenoma. (a) Scanning view shows a well-
circumscribed nodule punctuated by multiple cysts, expanding against 
the surrounding rim of breast tissue. (b) Cysts are lined by apocrine 
epithelium with papillary hyperplasia. (c) Higher magnification of the 
cysts lined by apocrine cells with luminal protrusions. (d) Sclerosing 
adenosis within a complex fibroadenoma, demonstrating closely packed 
tubules, some of which are compressed by myoepithelial cuffs. At low 

magnification, sclerosing adenosis appears to have a vaguely rounded 
contour. (e) Higher magnification of sclerosing adenosis shows both 
compressed as well as patent bilayered tubules. (f) Several patent 
lumens show pink secretions, with some appearing condensed and 
hardened into calcifications. (g) High magnification of the tubules con-
taining luminal pink secretions, some appearing thick, hardened and 
almost calcific
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Fig. 3.26  (a) Low-grade fibromyxoid sarcoma, presenting as an axil-
lary mass on screening mammography. At scanning magnification, the 
tumour has circumscribed boundaries with a spindle cell proliferation 
amid oedematous myxoid background. A cursory view may raise the 
differential of a myxoid fibroadenoma, except that this tumour is com-

pletely devoid of participating epithelial elements. (b) Higher magnifi-
cation shows relatively bland spindle cells with variably myxoid and 
more cellular zones. The diagnosis was confirmed on fluorescence in 
situ hybridisation with the presence of FUS break-apart

a b

Fig. 3.25  (continued)

fe

g

Fibroadenoma



68

Fig. 3.27  Tubular adenoma. On gross 
inspection, the tubular adenoma appears 
greyish brown and is of softer consistency. 
Occasional curvaceous slit-like spaces are 
seen. A rim of adjacent adipose breast 
tissue is noted around the upper contour of 
the lesion

Fig. 3.28  Tubular adenoma. (a) At low magnification, the tubular 
adenoma shows a densely packed collection of rounded tubules with 
scant intervening stroma, contrasting with the fibroadenoma in 
which there is accompanying stromal proliferation separating the 
epithelial elements. Note the circumscribed boundary with adjacent 
breast tissue, with a semblance of a thin capsule in parts. (b) At 
higher magnification, the tubules show bilayering with cuboidal to 
columnar luminal epithelium rimmed by a variably conspicuous 
myoepithelial layer that may demonstrate clear-to-pale cytoplasm. 

Luminal epithelial cells may disclose vesicular nuclei with visible 
nucleoli that can sometimes be potentially worrying when scruti-
nized at high magnification. The absence of significant nuclear pleo-
morphism or mitoses, together with the well-preserved myoepithelial 
layer, are reassuring features. Note the scant stroma in between the 
tubules, with some tubules almost touching one another. In the peri-
canalicular fibroadenoma, the tubules are more dispersed and widely 
separated by stroma

a b
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Fig. 3.29  Nodular adenosis. There is a nodular expansion of the lobule 
by an increased number of acini/ductules, some of which show mild 
dilatation. The periphery of this adenotic focus is rounded and pushing. 
There can be overlapping features with the tubular adenoma when  

the acini become closely packed, though nodular adenosis tends to be a 
microscopic alteration that generally does not lead to symptomatic 
presentation

Fig. 3.30  Lactating adenoma. Macroscopic appearance of a lactating adenoma, sliced through to demonstrate its solid lobulated greyish-brown 
cut surface, disclosing intervening yellowish fatty areas as well as a few cysts
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Fig. 3.31  Lactating adenoma. (a) At low magnification, the lactating 
adenoma shows enlarged lobules with increased numbers of closely 
packed acini. Some lobules disclose a greater degree of lactational 
change with dilated lumens, pink lining epithelium, and a few luminal 

epithelial projections. (b) Medium magnification shows juxtaposition-
ing of a lobule with established lactational changes with one where 
secretory alterations are less well developed. Inset shows lining epithe-
lial cells with pink bubbly cytoplasm with apical blebs and snouts

a b

Fig. 3.32  Fibroadenoma with sclerosing adenosis. (a) Core biopsy of 
a radiologically detected nodule shows a fibroadenoma with sclerosing 
adenosis, which can mimic a fibroadenoma containing an invasive car-
cinoma. At low magnification, there are numerous compressed epithe-
lial elements extending between and around ducts, giving a 
pseudoinvasive pattern. The edge of the fibroadenoma is seen as a rela-
tively sharp interface with adjacent adipose tissue. (b) Medium magni-
fication shows the small epithelial nests to be rimmed by a pink 
basement membrane sheath, with intervening collagenous stroma that 
is unadulterated by any desmoplastic or stromal response. The lobular 
architecture of sclerosing adenosis may be difficult to appreciate within 

a fibroadenoma. (c) Another area of the fibroadenoma with small com-
pressed tubules. Bilayering may be appreciated at high magnification 
(inset). (d) Immunohistochemistry for p63 shows intact myoepithelial 
cells. (left) Low magnification discloses many myoepithelial  
cells among the epithelial elements. (right) High magnification shows 
positive p63 nuclear staining of myoepithelial cells interspersed  
among luminal epithelial cells  which are negative for p63. (e) 
Immunohistochemistry for SMMS shows delineation of myoepithelial 
cells. Inset shows cytoplasmic reactivity of myoepithelial cells sur-
rounding the luminal epithelial cells

ba
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Table 3.1  Histological comparison of fibroadenomas containing sclerosing adenosis versus fibroadenomas with invasive lobular and tubular 
carcinomas

Histological feature Fibroadenoma with sclerosing adenosis
Fibroadenoma with invasive 
lobular carcinoma

Fibroadenoma with invasive 
tubular carcinoma

Low magnification Preserved rounded architecture of sclerosing 
adenosis

Invasive pattern of linear 
cords

Invasive pattern of 
haphazardly placed 
angulated tubules

Myoepithelial cells Present (immunohistochemistry is a useful 
adjunct)

Absent Absent

Basement membrane Intact
(PAS stain or immunohistochemistry is a 
useful adjunct)

Absent Absent

Accompanying epithelial 
changes

Absence of atypical hyperplasia or in situ 
disease

Presence of lobular neoplasia Presence of flat epithelial 
atypia, atypical ductal 
hyperplasia, or low-grade 
DCIS

Surrounding breast tissue Other areas of sclerosing adenosis may be 
present

Invasive lobular carcinoma 
can be seen

Invasive tubular carcinoma 
can be seen

PAS periodic acid Schiff, DCIS ductal carcinoma in situ

Fig. 3.32  (continued)

d
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�Prognosis and Therapy Considerations

Fibroadenomas are benign tumours. When diagnosed on 
fine needle aspiration or core biopsy, they may be left 
alone without excision. Many institutions, however, 
adopt protocols that recommend excision, via either open 
or mammotome techniques, of lesions beyond a certain 
size, or if symptomatic.

�Phyllodes Tumour

�Definition

The phyllodes tumour is a fibroepithelial neoplasm which 
resembles the intracanalicular fibroadenoma. It differs from 
the latter by an exaggerated intracanalicular growth pattern 
that gives it a fronded leaf-like architecture, accompanied by 
stromal cellularity that may sometimes demonstrate peri-
epithelial accentuation.

�Clinical and Epidemiological Features

Phyllodes tumours affect women over a wide age range, 
though the mean and median age at diagnosis is in the fifth 
decade, in contrast to the fibroadenoma, which tends to occur 
in younger women. Phyllodes tumours constitute 0.3–1 % of 
all breast tumours, and 2.5 % of all fibroepithelial tumours 
[5]. They are seen more frequently in women of Asian and 
Hispanic descent [5, 6]. Malignant phyllodes tumours 
account for 2.1 % of all breast malignancies [7].

Phyllodes tumours can grow to enormous sizes. Clinically, 
these are symptomatic masses that may distort the breast when 
large, with skin ulceration occurring in extreme enlargement.

�Imaging Features

Phyllodes tumours are radiologically rounded and bosselated 
masses. They can be indistinguishable from fibroadenomas on 
imaging, but unlike fibroadenomas they rarely calcify, and the 
presence of internal cystic spaces favours phyllodes (Fig. 3.33).

Fig. 3.33  Radiology of phyllodes tumour. (a) Mammographic image 
of a phyllodes tumour shows a large opaque rounded mass in the breast. 
(b) Ultrasonography of a phyllodes tumour demonstrates a lobulated, 
well-defined heterogeneous hypoechoic nodule with some cystic 

changes. The nodule measures up to 2.34 cm. (c) Another ultrasound 
image shows a relatively circumscribed hypoechoic heterogeneous 
mass measuring 5.14 cm maximally

a

b

c
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�Pathologic Features

�Macroscopic Pathology
Grossly, phyllodes tumours have lobulated circumscribed 
borders, although microscopic unencapsulation and perme-
ative borders may be seen despite apparent gross circum-
scription. Papillary stromal fronds projecting into cystic 

spaces may be visualised. Depending on the stromal quality, 
the consistency can be firm and fibrous, myxoid and watery, 
and soft and fleshy, with haemorrhage and necrosis seen in 
larger and malignant tumours. Cystic degeneration may 
occur (Figs.  3.34, 3.35, 3.36, 3.37, 3.38, 3.39, 3.40, 3.41, 
3.42, 3.43, 3.44, and 3.45).

Fig. 3.34  (a) Large phyllodes tumour stretches the skin over the left breast with distension of superficial veins (Courtesy of Dr. Gay Hui Ho). (b) 
Resected left breast tumour, with the fresh unfixed specimen cut open to show fleshy whorled appearances with cystic, mucoid, and necrotic areas

ba

Fig. 3.35  Mastectomy specimen containing a large phyllodes tumour in its formalin-fixed state, showing a greyish-brown appearance with lobu-
lated contours, leafy architecture, whorled areas, and visible clefts. Histologically, the tumour showed borderline features
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Fig. 3.36  Macroscopy of a malignant phyllodes tumour in the formalin-fixed state, disclosing a greyish-white solid fleshy appearance with haem-
orrhage and pale yellow necrotic zones. There is a grossly circumscribed and gently lobulated outline

Fig. 3.37  Benign phyllodes tumour. Macroscopically, the tumour shows relatively circumscribed borders, with a whitish-grey lobulated appear-
ance and some arc-like slits

Fig. 3.38  Large benign phyllodes tumour that was surgically treated with mastectomy. Fronds are readily seen on macroscopic inspection
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Fig. 3.39  Benign phyllodes tumour with circumscribed and lobulated outlines shows areas of haemorrhage

Fig. 3.40  Borderline phyllodes tumour. Bisected tumour shows areas 
of haemorrhage and scattered slit-like spaces within a fibrous whorled, 
yellowish grey-white parenchyma. Grade of phyllodes tumour is  

difficult to predict on the macroscopic appearances though necrosis and 
haemorrhage tend to be observed more frequently in malignant forms

�Microscopic Pathology
Phyllodes tumours are divided into benign, borderline, and 
malignant grades. Histologically, appearances vary depending 
on the grade, which should be established in the most cellular 
zones with worst microscopic alterations (Fig. 3.46). Grading 
of phyllodes tumours is based on a constellation of histologic 
features: stromal parameters of atypia (Fig. 3.47), cellularity, 
mitotic activity (Fig. 3.48), overgrowth (Fig. 3.49) (defined as 
a low-power field comprising only stroma without epithelial 
elements), and nature of the tumour contours (pushing or per-
meative) (Fig.  3.50). Benign phyllodes tumours show mild 

stromal atypia and hypercellularity with few mitoses (four or 
fewer mitoses per ten high-power fields), pushing borders, and 
absence of stromal overgrowth (Figs. 3.51 and 3.52). Malignant 
phyllodes tumours show marked stromal atypia and hyper-
cellularity, ten or more stromal mitoses per ten high-power 
fields, and presence of stromal overgrowth and permeative bor-
ders. Tumours with intermediate features are classified as bor-
derline (Figs.  3.53 and 3.54). When malignant heterologous 
elements are seen, the tumour is considered malignant regard-
less of the status of other histological parameters (Figs. 3.55, 
3.56, 3.57, 3.58, 3.59, 3.60, 3.61, 3.62, and 3.63).
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Fig. 3.42  Borderline phyllodes tumour. The tumour has a heterogeneous cut appearance, with one portion that is whitish and firm, while the other 
part with areas of haemorrhage discloses a softer, more ill-defined, and myxoid quality

Fig. 3.41  Borderline phyllodes tumour. Cystic spaces are seen on cut section of the tumour which has a yellowish appearance

3  Fibroepithelial Lesions



77

Fig. 3.43  Borderline phyllodes tumour. The tumour has a large cystic component with fronds projecting into the collapsed cystic space

Fig. 3.44  Borderline phyllodes tumour. Cystic spaces, and whitish  yellow and myxoid zones are present

Fig. 3.45  Malignant phyllodes tumour. This is a recurrent tumour which shows a fleshy grey soft appearance, with a few nodular protrusions into 
the surrounding adipose tissue
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Fig. 3.46  Assessment of stromal cellularity in phyllodes tumours. (a) 
Mild stromal cellularity with some physical proximity of stromal nuclei 
but without significant touching. (b) Moderate stromal cellularity with 
greater crowding and occasional kissing of nuclei. (c) Marked stromal 
cellularity with densely aggregated nuclei with overlapping. Stromal 

cellularity is assessed in the areas of maximal nuclear crowding. It is 
important that sections are not thick, which may give an erroneous 
impression of increased cellularity (Reprinted from Tan et al. [3]; with 
permission)

a

b
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Fig. 3.47  Assessment of stromal atypia in phyllodes tumours. (a) 
Minimal nuclear atypia with banal features. (b) Moderate nuclear 
atypia with variation in nuclear size accompanied by hyperchromasia. 
(c) Marked nuclear atypia with pleomorphic, hyperchromatic nuclei. 

Some nuclei show giant forms with lobated nuclear contours. As with 
stromal cellularity, stromal atypia is evaluated in the worst areas of the 
tumour (Reprinted from Tan et al. [3]; with permission)

a

b
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Fig. 3.48  Assessment of mitotic activity in phyllodes tumours. A 
benign tumour usually shows less than five mitoses per ten high power 
fields, a borderline lesion demonstrates between five and nine mitoses 

per ten high power fields, and a malignant tumour harbours ten or more 
mitoses per ten high power fields

Fig. 3.49  Assessment of stromal overgrowth in phyllodes tumours. 
Stromal overgrowth is absent (a), when there is no expanse of stroma 
devoid of epithelial elements seen on a low-power field at 40× magnifi-
cation (4× objective, 10× eyepiece). Conversely, stromal overgrowth is 

present (b) when there are only stromal elements without epithelium on 
a single low-power field. While the size of the low-power field may 
vary between microscopes, stromal overgrowth when present is usually 
obvious

ba
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Fig. 3.50  Assessment of borders of phyllodes tumours. Circumscribed, 
smooth, and pushing borders with a fibrous rim (a), compared with per-
meative borders with tongue-like extensions of spindled stroma into 

surrounding fat (b). As the nature of the margins is an important histo-
logical parameter in the grading of phyllodes tumours, it is critical that 
tumour borders are appropriately sampled

a b

Fig. 3.51  Cellular fibroepithelial lesion, interpreted as a benign phyl-
lodes tumour shows a circumscribed pushing margin and mild stromal 
cellularity. The distinction of benign phyllodes tumour from a cellular 
fibroadenoma can be challenging, as there are many overlapping histo-
logic features. Adequate sampling is important as the typical fronding 

and stromal hypercellularity may be focal. In cases where there is 
uncertainty despite representative sampling, it may be appropriate to 
adopt the term of benign fibroepithelial neoplasm, as such tumours have 
a low likelihood of recurrence (Reprinted from Tan et  al. [3]; with 
permission)
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Fig. 3.52  (a) Benign phyllodes tumour composed of many broad stro-
mal fronds covered by epithelium lining clefts and projecting into cystic 
spaces. There is a neat demarcation from the surrounding breast tissue 
by compressed fibrous stroma. (b) Scattered chronic inflammatory cells 

can be observed in the stroma, which may be mistaken for increased 
stromal cellularity. Occasional squamoid nests with epithelial cells 
assuming pink cytoplasm can be sometimes incidentally observed 
within the stroma without any significance

ba

Fig. 3.53  Borderline phyllodes tumour. (a) Scanning magnification 
shows broad patulous fronds with deep clefts. Dilatation of the clefts 
gives rise to cystic spaces.  This tumour possessed areas of moderate to 
marked stromal cellularity as well as permeative borders. (b) The stro-
mal fronds show moderate to focally marked stromal hypercellularity. 
(c) Hypercellular stroma and permeative borders are present. (d) 

Stromal hypercellularity is variable, with accentuation of cellularity 
seen around ducts, referred to as peri-epithelial or subepithelial stromal 
hypercellularity. (e) Mitotic activity (arrowed). Mitoses numbered up to 
seven per ten high-power fields. Borderline features in this tumour are 
the moderate stromal hypercellularity, increased mitotic activity, and 
the permeative borders

dc
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Fig. 3.54  Changes from previous core biopsy may mimic the permeative border of a phyllodes tumour. A history of previous biopsy together with 
histological presence of haemorrhage, inflammation, granulation, and haemosiderin deposits should allow the distinction

e

Fig. 3.53  (continued)
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As with fibroadenomas, the epithelial component of phyl-
lodes tumours may display a variety of changes, from usual duc-
tal and atypical hyperplasia to in situ and invasive carcinoma 
(Fig. 3.64). Stromal multinucleated cells similar to those observed 
in fibroadenomas, that do not contribute to grading assessment, 
may also be encountered in phyllodes tumours [8]. These how-
ever, need to be distinguished from abnormal stromal cells with 
multilobated and bizarre nuclei that reflect stromal atypia 
(Fig. 3.65).  Uncommonly, stromal cytoplasmic inclusions may 
be found, which are thought to be related to cytoplasmic micro-
filaments, and do not have a specific significance (Fig. 3.66).

�Differential Diagnosis

�Fibroadenoma, Cellular Fibroadenoma, Juvenile 
Fibroadenoma, and Benign Phyllodes Tumour
Fibroadenomas, especially those with areas of increased 
stromal cellularity, can be difficult to distinguish from the 
benign phyllodes tumour. The juvenile fibroadenoma, 
which often has increased stromal cellularity, may also pose 
difficulty in delineation from benign phyllodes tumour. 
Table 3.2 shows the key diagnostic characteristics of these 
tumours.

Fig. 3.55  Malignant phyllodes tumour. (a) Stromal overgrowth is seen 
adjacent to a benign-appearing fibroepithelial area. Phyllodes tumours 
have heterogeneous histology, and a core biopsy through the fibroade-
nomatous area can result in a diagnosis of fibroadenoma. It is important 

to correlate with clinical and radiological findings, with recommenda-
tion for excision if the lesion exceeds a certain size threshold or if there 
is a history of recent rapid growth in size. (b) Stromal nuclear atypia 
and mitoses are present

a b

Fig. 3.56  (a) Malignant phyllodes tumour shows a hyalinised fibroad-
enomatoid zone juxtaposed with a cellular fibroepithelial lesion with 
irregular borders. (b) Marked nuclear pleomorphism and hyperchroma-

sia are observed in the stromal cells. There is permeation of the stromal 
cells in between adjacent adipocytes

a b
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Fig. 3.57  Extensively permeative margins with hypercellular spindled stromal cells extending in a lattice-like manner into the surrounding fat of 
a malignant phyllodes tumour

Fig. 3.58  Lipoblasts with hyperchromatic enlarged nuclei and scalloped nuclear contours are seen in the malignant stromal component, liposar-
coma, of a malignant phyllodes tumour
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Fig. 3.59  (a) Low magnification of a malignant phyllodes tumour with epithelioid stromal cells and clusters of rhabdoid cells. (b) High magnifica-
tion of rhabdoid cells with peripherally compressed hyperchromatic nuclei and ample pink cytoplasm

a b

Fig. 3.60  Malignant osteoid (osteosarcoma) is seen indicating the presence of a heterologous osteosarcoma component.  The microscopic finding 
of a malignant heterologous element in a phyllodes tumour places it into the malignant category, regardless of other histological parameters
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Fig. 3.61  Rhabdomyoblasts are seen in a malignant phyllodes tumour with heterologous differentiation

Fig. 3.62  Metastatic phyllodes tumour to the lung, composed only of the malignant stromal spindle component (right field)
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Fig. 3.63  Malignant phyllodes tumour with recurrence. (a) Original 
tumour showed stromal overgrowth in the lower field. (b) Recurrent 
tumour a year later showed increased stromal pleomorphism with brisk 
mitoses. (c) The recurrent tumour also demonstrated a lymphovascular 
embolus. (d) Metastasis of the malignant stromal component of the 
phyllodes tumour to a lymph node. Although nodal metastases from 
phyllodes tumours are rare, they can occur. In this particular case, a 

comprehensive histological review of the original malignant phyllodes 
tumour, recurrence and subsequent nodal metastasis, was conducted, in 
conjunction with application of adjunctive immunohistochemical stud-
ies. (e) Higher magnification of the metastasis to the lymph node, with 
pleomorphic plump epithelioid and spindle cells effacing the nodal 
architecture.  Metastatic tumour cells bore histological resemblance to 
the recurrent tumour
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Fig. 3.64  (a) Borderline phyllodes tumour with a 5-mm focus of low 
nuclear grade ductal carcinoma in situ, DCIS (circled). (b) Borderline 
phyllodes tumour with ductal carcinoma in situ, low nuclear grade, 
solid, and cribriform patterns, without necrosis. The stromal cells show 
moderate atypia. (c) Immunohistochemistry with CK5/6 shows lack of 

staining in the abnormal expanded ducts. (d) Immunohistochemistry 
with CK14 shows lack of staining in the abnormal expanded ducts, with 
a positively highlighted rim of intact myoepithelial cells around the 
affected ducts. (e) Immunohistochemistry with ER shows diffuse posi-
tive staining of nuclei of lesional cells in the abnormal expanded ducts

a b
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Fig. 3.65  Phyllodes tumour with stromal atypia and bizarre multinu-
cleated giant cells. (a) Low magnification, broad stromal fronds project 
into cystic spaces. (b) Medium and high magnification shows bizarre 
multinucleated giants cells with polylobated nuclei. Moderate nuclear 
atypia is present in surrounding stromal cells. (c) Mitoses are present 

(arrows) including a tripolar mitosis (upper field). The tumour was ini-
tially classified as a benign phyllodes tumour, but due to the stromal 
atypia and mitotic activity, the tumour would be better classified as bor-
derline. No stromal overgrowth or permeative border was seen.
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Fig. 3.66  Phyllodes tumour with cytoplasmic inclusions in stromal 
cells. (a) Stromal cells show hyaline pink globules within the cyto-
plasm, resembling inclusion bodies of infantile digital fibromatosis. 

These inclusions are likely related to cytoplasmic microfilaments. (b) 
Ultrastructural examination shows electron dense material within the 
stromal cells, likely composed of aggregated intermediate filaments

a b

Table 3.2  Differentiating features of fibroadenoma, cellular fibroadenoma, juvenile fibroadenoma, and benign phyllodes tumour

Feature
Fibroadenoma 
(conventional) Cellular fibroadenoma Juvenile fibroadenoma Benign phyllodes tumour

Age Young women 
(reproductive age group)

Young women (less than 
20 years)

Paediatric patients and 
young women

Mature women (mean age 
in fifth decade)

Size Up to 3 cm Up to 3 cm Can be large Usually large

Macroscopy Rounded, circumscribed, 
rubbery, or myxoid

Rounded, circumscribed, 
rubbery, or soft

Rounded, circumscribed, 
rubbery, or soft

Lobulated, circumscribed, 
slit-like spaces, may have 
haemorrhagic infarction 
and cysts

Histological pattern Intra- or pericanalicular 
or mixed

Intra- or pericanalicular 
or mixed

Usually pericanalicular Exaggerated 
intracanalicular

Stromal cellularity Usually low Increased Increased Increased, may have 
peri-epithelial accentuation

Mitosesa Usually none to rare Usually none to rare Usually none to rare Up to four mitoses per 10 
high-power fields

Leaf-like fronds Absent or poorly formed 
without hypercellular 
stroma

Absent or poorly formed Absent Well formed, prominent, 
accompanied by 
hypercellular stroma

Elongated slit-like/
cystic spaces lined by 
bilayered epithelium

Rare Rare Rare Can be present, associated 
with stromal fronds
Cystic degeneration can 
occur

Microscopic borders Circumscribed or 
encapsulated
Rarely irregular periphery

Circumscribed or 
encapsulated
Rarely irregular periphery

Circumscribed or 
encapsulated
Rarely irregular periphery

Pushing contours with 
sometimes irregular 
periphery

Epithelium None to variable UDH None to variable UDH UDH with gynaecomastoid 
changes

None to variable UDH

UDH usual ductal hyperplasia
aAlthough mitotic activity is usually nil to low in fibroadenomas, increased mitoses may be seen in fibroadenomas in the paediatric age group
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A conservative approach is recommended for young 
patients in cases with features that are intermediate between 
cellular fibroadenoma and benign phyllodes tumour. The 
WHO 2012 working group recommends categorising such 
cases as benign fibroepithelial neoplasms to avoid unneces-
sary overtreatment [5]. This approach is supported by a 
recent consensus review [3], although it was cautioned that 
the term should be used sparingly.

�Benign, Borderline, and Malignant Phyllodes 
Tumours
Grade assignment in phyllodes tumours follows the assess-
ment of stromal features of atypia, hypercellularity, over-
growth and mitoses, and the nature of the tumour borders. 
Table 3.3 shows a guide to phyllodes tumour grading. While 
the grading appears straightforward, with sharp dividing 
lines, it is in fact a continuum, and there is substantial over-
lap in histologic characteristics between grades.

�Malignant Phyllodes Tumour with Sarcomatous 
Stromal Overgrowth, Spindle Cell Metaplastic 
Carcinoma, and Primary Breast Sarcoma
Stromal overgrowth of a malignant phyllodes tumour can 
resemble a spindle cell metaplastic carcinoma (Figs.  3.67 
and 3.68) or primary breast sarcoma (Fig. 3.69), particularly 
when the typical phyllodal fronded architecture is effaced. 
Apart from diligent sampling of these tumours to locate the 
characteristic leaf-like pattern of phyllodes tumour or con-
ventional carcinoma component of spindle cell carcinoma, 
firm diagnoses usually require immunohistochemistry. The 
presence of diffuse p63 and keratin staining of spindle cells 
indicates a metaplastic carcinoma. It is important to note, 
however, that phyllodes tumours may manifest focal keratin 
staining of stromal cells [9], and p63 reactivity has recently 
been described in stromal cells of malignant phyllodes 
tumours [10]. Conversely, some metaplastic carcinomas may 
disclose heterogeneity in keratin positivity. More than one 

Table 3.3  Comparison of histologic features of benign, borderline, and malignant phyllodes tumours

Histologic feature Benign phyllodes tumour Borderline phyllodes tumour Malignant phyllodes tumour

Stromal cellularity Mild Moderate Marked

Distribution of stromal 
hypercellularity

Variable Variable Diffuse

Stromal atypia None to mild Mild to moderate Marked

Stromal mitoses 0–4 mitoses/10 HPF 5–9 mitoses/10 HPF ≥10 mitoses/10 HPF

Stromal overgrowth Absent Absent, very focal if present Often present

Tumour borders Pushing and rounded Pushing and rounded, may be 
permeative

Permeative

Malignant heterologous elements Absent Absent May be present

HPF high-power fields

Fig. 3.67  Metaplastic spindle cell carcinoma. (a) At low magnifica-
tion, the tumour shows spindle cells infiltrating the adipose stroma, 
mimicking stromal overgrowth and the permeative borders of a malig-

nant phyllodes tumour. Loose oedematous zones are seen among the 
intersecting spindle cell sheaves. (b) A benign duct is seen in the midst 
of the spindle cell tumour. No epithelium lined fronds are present

a b
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Fig. 3.68  Metaplastic spindle cell carcinoma. (a) Immuno
histochemistry with Cam5.2 diffusely decorates the malignant spindle 
cells. Inset shows high magnification of the spindle cells displaying 
cytoplasmic reactivity. While a minority of phyllodes tumours may also 
disclose stromal reactivity for epithelial markers, positivity is limited to 

focal and few stromal cells. (b) High molecular weight keratin CK14 
immunohistochemistry also shows diffuse staining of the malignant 
spindle cells.  Inset shows high magnification of the spindle cells dis-
playing cytoplasmic reactivity

a b

Fig. 3.69  Primary breast sarcoma. (a) The tumour shows sheets of 
malignant spindle cells with areas of haemorrhage. (b) Malignant oste-
oid is elaborated by the malignant spindle cells, indicating osteosar-
coma. Scattered osteoclastic giant cells are seen. No epithelium-covered 

stromal fronds are seen. Immunohistochemistry for keratins is negative. 
The diagnosis of primary breast sarcoma is one of exclusion, with the 
need to rule out malignant phyllodes tumour and metaplastic 
carcinoma

a b

block may sometimes need to be submitted for immunohis-
tochemical interrogation. Selection of tumour blocks con-
taining areas with more cohesive epithelioid-like cells may 
be more promising in yielding positive results on keratin 
immunohistochemistry. The diagnosis of primary breast sar-
coma is one of exclusion, after phyllodes tumour and meta-
plastic carcinoma have been ruled out. Table  3.4 shows 
features that may help distinguish these tumours.

�Phyllodes Tumour and Periductal Stromal 
Tumour
Previously referred to as periductal stromal sarcoma, the 
WHO classification of breast tumours in 2012 revised the 
terminology to a more “neutral” term, periductal stromal 
“tumour”, avoiding the connotation of malignancy with “sar-
coma”, as the biological behaviour of this rarely diagnosed 
lesion remains uncertain. Instead of the presence of  
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Table 3.4  Distinguishing Features of Sarcomatous Stromal Overgrowth in Malignant Phyllodes Tumour, Spindle Cell Metaplastic Carcinoma, 
and Primary Breast Sarcoma

Feature
Malignant phyllodes tumour 
(stromal overgrowth)

Spindle cell metaplastic 
carcinoma Primary breast sarcoma

Leaf-like fronds Present (but may be hard to 
identify)

Absent Absent

Peri-epithelial stromal accentuation Present Absent Absent

Carcinoma (in situ and invasive) Absent May be present Absent

Keratins (IHC) Usually absent, may be focal 
reactivity

Present, but may be focal Usually absent

High-molecular-weight keratins Usually absent, may be focal 
reactivity

Present, but may be focal Usually absent

p63, p40 Absent or present Present, but may be focal Usually absent

IHC immunohistochemistry

well-formed stromal fronds capped by benign epithelium, 
the periductal stromal tumour consists of hypercellular col-
lections of spindle cells present around pre-existing ducts 
and terminal ductal lobular units (Fig. 3.70). Some of these 
tumours progress to conventional phyllodes tumours, and 
they are therefore currently classified under the rubric of 
phyllodal neoplasms.

�Prognosis and Therapy Considerations

Benign phyllodes tumours can recur locally, while malig-
nant tumours are at higher risk of local recurrence and can 

metastasise. Borderline tumours tend to also locally recur 
and may rarely metastasise. Recurrence rates for benign, 
borderline, and malignant phyllodes tumours are 10 %–17 %, 
20 %–25 %, and 23 %–27 %, respectively. Malignant 
tumours may metastasise and cause death in about 22 % of 
patients [10].

Prognostication based on grading has challenges. Each 
microscopic parameter has several tiers of assessment, 
resulting in a significant number of permutations that con-
found accuracy and precision. While grading at extreme ends 
of the spectrum of phyllodes tumours is reliable, tumours in 
between are subject to interobserver variability due to 
challenges in applying the specified histologic criteria. 

Fig. 3.70  (a) Periductal stromal tumour is an overlapping histological 
entity with phyllodes tumour, with the main difference being the 
absence of leaf-like processes. It is non-circumscribed, consisting of a 
spindle cell proliferation localised around open tubules. Progression to 
classic phyllodes tumour has been documented, suggesting that it may 
be part of the same spectrum of disease. (b) Periductal stromal tumour. 
Stromal cells in the peri-epithelial region display accentuation of  

cellularity with moderate nuclear pleomorphism and mitotic activity. 
Such tumours with cytologic anaplasia and increased mitoses may be 
referred to as periductal stromal sarcoma. It is recommended that the 
diagnoses of periductal stromal tumour, or periductal stromal sarcoma 
when malignant histologic features are present, be qualified as belong-
ing to the spectrum of phyllodes tumours

a b
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A nomogram based on weighted parameters (AMOS crite-
ria—stromal atypia, mitoses, overgrowth, surgical margins) 
attempts to circumvent the difficulties of conventional grad-
ing to allow individualised risk categorisation for patients 
diagnosed with phyllodes tumours (Fig. 3.71) [11–13].

The main therapy for phyllodes tumours is surgical exci-
sion. Although there is an approach for complete excision 

with negative margins for phyllodes tumours of all grades, 
there is some evidence to suggest that benign tumours that 
have been enucleated without ensuring negative margins 
may be expectantly followed, with complete excision if there 
is recurrence [14]. Borderline and malignant tumours should 
be resected completely. The role of adjuvant therapy is 
unclear [15, 16].

Fig. 3.71  Phyllodes tumour nomogram. Parameters used to generate a 
nomogram that can predict the risk of recurrence for the individual 
woman diagnosed with phyllodes tumour, based on the AMOS (atypia, 

mitoses, overgrowth, and surgical margins) criteria, which can be 
accessed at the website

Phyllodes Tumour
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Papillary Lesions

Papillary lesions of the breast demonstrate arborescent 
fronds or papillae composed of fibrovascular septa covered 
by epithelial cells.

�Intraductal Papilloma

�Definition

The intraductal papilloma is a benign lesion which shows 
bilayered epithelium composed of both luminal and myoepi-
thelial cells surmounting well-developed fibrovascular cores. 
Solitary or central papillomas arise from large breast ducts 
occurring near the nipple-areolar region, while multiple or 
peripheral papillomas originate from the terminal ductal lobu-
lar units. Peripheral papillomas tend to be microscopic and are 
sometimes referred to as micropapillomas or papillomatosis. 
The term papillomatosis has also been used to refer to usual 
ductal hyperplasia, although it is preferably applied to lesions 
with papillary fronds and fibrovascular cores.

�Clinical and Epidemiological Features

Patients with central papillomas may present with nipple 
discharge or a subareolar lump. Asymptomatic cases are 
detected on mammographic screening. Intraductal papillo-
mas affect women over a wide age range and comprised 
5.3 % of a series of benign breast biopsies [1].

�Imaging Features

The intraductal papilloma can be mammographically occult 
or appear as well-defined or ill-defined soft tissue nodules 
on mammogram and ultrasound examination. The best 

imaging clue is an intraductal mass near the nipple. The 
ducts may or may not be dilated. The intraductal papilloma 
can appear as an intracystic mass when associated with a 
focally dilated duct (Fig.  4.1). Sometimes it can contain 
clustered microcalcifications or dense heterogeneous coarse 
calcifications. On galactography, it gives rise to an intra-
ductal filling defect. Papillomas extending along the breast 
ductal system with ill-defined borders, as well as sclerosing 
papillomas presenting with distortion, are difficult to differ-
entiate from malignancy.

�Pathologic Features

�Macroscopic Pathology
Intraductal papillomas form circumscribed rounded masses 
comprising fused papillary fronds attached to the wall of 

4

Fig. 4.1  Intraductal papilloma. Ultrasound shows a dilated duct with a 
mural nodule (arrow)
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Fig. 4.2  Intraductal papilloma (central). Gross appearance shows a 
partially circumscribed yellowish-white lesion with a whitish fibrous 
wall. Occasional cystic spaces are seen. An area shows brownish disco-

louration that may be related to prior haemorrhage. Some whitish areas 
are also seen within the lesion, which correspond to fibrotic zones 
within the papilloma

Fig. 4.3  Intraductal papilloma. Serial sections of a breast excision 
containing an intraductal papilloma which was confirmed histologi-
cally. In some of the breast slices, cystic areas are identified (black 

arrows). Solid portions are seen, which in some slices do not have a 
cystic component (red arrow), while in others they lie juxtaposed to the 
cystic areas with broad protrusions into the cystic cavity (green arrows)

the dilated duct into which the papilloma protrudes 
(Figs. 4.2, 4.3, 4.4, and 4.5). The lumen of the dilated duct 
can be seen as the cystic component of the whitish-grey 
tumour mass, while other times the mass can appear  

solidified with small spaces in between solid areas. 
Haemorrhage into the cyst may be present. Intraductal 
papillomas ramifying into ducts and their branches may 
appear less well defined.

4  Papillary Lesions
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Fig. 4.4  Intraductal papilloma. (a) A solid-cystic tumour mass is seen. 
The cystic component is filled with altered blood which appears choco-
late black in colour. The solid mass is adherent to the wall of the cavity 
which histologically corresponds to the cystically dilated duct from 

which the intraductal papilloma arises. The solid mass has a lobulated 
appearance. (b) A broad fronded appearance of the mass protruding 
into and filling up the cystic cavity is seen. The mass is connected to the 
wall of the cystic cavity by a broad base (arrows)

ba

Fig. 4.5  Intraductal papilloma (peripheral). An excision specimen for multiple papillomas shows cysts of varying sizes within rubbery fibrous 
parenchyma. Within some cysts are mural nodules representing the micropapillomas

�Microscopic Pathology
Distinct and anastomosing fronds with well-developed fibro-
vascular cores are covered by bilayered epithelial cells with 
myoepithelial preservation (Figs. 4.6 and 4.7). Usual ductal 
hyperplasia (UDH), apocrine metaplasia, and sclerotic hya-
linised zones are often encountered (Figs. 4.8, 4.9, 4.10, and 
4.11). Squamous metaplasia may be seen, especially adja-
cent to infarcted areas (Fig. 4.12). Myoepithelial cells may 

also be hyperplastic with spindled or epithelioid morphology 
(Figs. 4.13 and 4.14). Collagenous spherulosis can be seen 
(Fig.  4.15). Epithelial nests and tubules can be entrapped 
within sclerotic portions of the intraductal papilloma. These 
epithelial nests and tubules may be distorted, angulated, and 
squamoid, raising concern for invasion that may be refuted 
by confirming the presence of myoepithelial cells on immu-
nohistochemistry (Figs. 4.16, 4.17, and 4.18).

Intraductal Papilloma



100

Fig. 4.6  Peripheral papilloma. This intraductal papilloma arises in the terminal ductal lobular unit and is also referred to as microscopic papilloma 
or micropapilloma

Fig. 4.7  Peripheral papilloma. A microscopic papilloma shows finger-like papillary fronds projecting into the dilated duct, resembling a glomer-
ulus-like structure

4  Papillary Lesions
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Fig. 4.8  Intraductal papilloma with apocrine metaplasia. The presence 
of apocrine metaplasia in a papilloma is often used as a feature supporting 
benignity. The apocrine cells contain ample pink cytoplasm, and nuclei 

are enlarged with discernible nucleoli. Apocrine metaplasia is usually 
observed in conjunction with usual ductal hyperplasia in the papilloma

Fig. 4.9  Intraductal papilloma with florid (marked) usual ductal hyperplasia (UDH). Papillary fronds are obscured by the proliferation of epithe-
lial cells, with the papillary architecture inferred from the congested fibrovascular septa coursing in between the epithelial cells

Intraductal Papilloma
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Fig. 4.10  Intraductal papilloma with florid UDH. Medium magnification shows the heterogeneous population of epithelial cells with areas of 
nuclear crowding and overlapping. Narrow fibrovascular septa are seen coursing among the epithelial cells

Fig. 4.11  Intraductal papilloma with florid UDH. Some ductal epithelial 
nuclei show pink intranuclear inclusions (arrows indicate some of these 
intranuclear inclusions), which have been described in florid UDH and 

ultrastructurally represent cytoplasmic invaginations into nuclei. Sometimes 
these intranuclear inclusions may have a more eosinophilic hue

4  Papillary Lesions
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Fig. 4.12  Intraductal papilloma with infarction and squamous meta-
plasia. (a) Biopsy cores show portions of a benign intraductal papillary 
lesion with a solidified appearance composed of anastomosed papillary 
fronds. Infarction with haemorrhage is seen (arrow). (b) Higher magni-
fication of the haemorrhagic edge of the infarcted zone shows squa-

mous metaplasia composed of anastomosing pavemented trabeculae of 
polygonal cells with ample pink cytoplasm. Squamous metaplasia 
merges with epithelial nests and tubules in the non-metaplastic portions 
of the intraductal papilloma

a b

Fig. 4.13  Intraductal papilloma with florid UDH. Sometimes the epithelial proliferation may have a slightly spindled appearance with a sweeping 
sheet-like pattern. The spindle cells may be either of luminal epithelial or myoepithelial origin

Intraductal Papilloma
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Fig. 4.14  Intraductal papilloma with myoepithelial hyperplasia. (a) 
Low magnification shows an intraductal papilloma distending the duct 
lumen. Several broad fronds are seen projecting into the cystically 
dilated duct lumen. (b) Higher magnification shows sheets of spindle 
cells in between tubules. Some of the spindle cells merge with myoepi-
thelial cells of tubules. (c) Immunohistochemistry for p63 shows 

nuclear staining of the spindle cells, indicating a myoepithelial origin. 
Note the positive reactivity of myoepithelial cells rimming the tubules. 
(d) Immunohistochemistry for CK14 shows positive staining of the 
spindle cells corroborating a myoepithelial origin. These cells blend 
with the myoepithelial cells surrounding the luminal epithelial cells of 
tubules

a b

c d

The epithelial displacement phenomenon may be seen in 
surgical specimens of papillomas that have undergone prior 
instrumentation, and this may mimic invasive cancer [2]. 
These displaced epithelial nests are mostly limited to granula-
tion tissue or fibrotic zones of the biopsy tract (Figs. 4.19 and 
4.20). Immunohistochemistry may be helpful in confirming 
myoepithelial cuffing, but some displaced epithelial elements 
are devoid of a surrounding myoepithelial cell layer.

�Differential Diagnosis

�Intraductal Papilloma with Florid Usual Ductal 
Hyperplasia, Atypical Ductal Hyperplasia, 
and Low Nuclear Grade Ductal Carcinoma In Situ
Florid usual ductal hyperplasia (UDH) can make the papil-
loma seem solidified, with variable accompaniment by 
mitotic activity and even necrosis (Figs. 4.21, 4.22, 4.23, 
and 4.24). This can lead to overdiagnosis of malignancy. 

Hyperplastic ductal epithelial cells, however, show hetero-
geneity in size, shape, and placement, crowded and over-
lapping nuclei with intranuclear cytoplasmic inclusions 
[3], and irregular slit-like spaces, giving an appearance 
identical to UDH in background breast tissue. Lobular neo-
plasia (atypical lobular hyperplasia and lobular carcinoma 
in situ) may be seen within the intraductal papilloma 
(Fig. 4.25).

Atypical ductal hyperplasia (ADH) within an intraductal 
papilloma is diagnosed when a monotonous uniform epithe-
lial population measuring less than 3 mm in extent is found 
within a recognisable benign intraductal papilloma 
(Fig.  4.26). When the abnormal epithelial population is 
3 mm or more, low nuclear grade ductal carcinoma in situ 
(DCIS) within an intraductal papilloma is diagnosed [4]. 
Immunohistochemistry with high-molecular-weight keratins 
and oestrogen receptor (ER) can serve as an adjunct to diag-
nosing ADH/DCIS versus UDH within the intraductal papil-
loma (Figs. 4.27 and 4.28) [5].

4  Papillary Lesions
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Fig. 4.15  Peripheral papilloma (micropapilloma) with collagenous 
spherulosis and calcifications. The papillary fronds are anastomosed. A 
clue to the underlying papillary architecture is the subtle presence of 
congested fibrovascular septa (arrows). Spaces containing basement 
membrane spherules may mimic the luminal spaces of cribriform duc-

tal carcinoma in situ; however, the epithelial population in collagenous 
spherulosis is heterogeneous, which may be affirmed on immunohisto-
chemistry with ER and high-molecular-weight keratins. Cells rimming 
the spherules are myoepithelial in nature

Fig. 4.16  Intraductal papilloma with florid UDH. Immunohistochem
istry for CK14 (a high-molecular-weight cytokeratin) shows heteroge-
neous reactivity of the epithelial cells. This staining pattern is in contrast 

to papillary DCIS in which epithelial cells are usually uniformly nonre-
active due to their clonal and luminal nature

Intraductal Papilloma
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Fig. 4.17  Intraductal papilloma with florid UDH. Aside from demon-
strating the mosaic-like heterogeneous staining in the epithelial popula-
tion, immunohistochemistry for CK14 can also highlight preserved 
peripheral myoepithelial cells (arrows) in entrapped epithelial nests 

within sclerotic portions of the papilloma. These entrapped epithelial 
nests and tubules may mimic an invasive process due to their distorted 
outlines within fibrotic stroma

Fig. 4.18  Intraductal papilloma with epithelial nests within fibrotic 
stroma. Immunohistochemistry for p63 shows preserved peripheral 
myoepithelial cells around these epithelial nests and tubules, indicating 

a non-invasive nature. These slightly distorted epithelial nests and 
tubules can be found within sclerotic centres or fibrotic walls of the 
papilloma

4  Papillary Lesions
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Fig. 4.19  Intraductal papilloma with epithelial displacement phenom-
enon. (a) Part of the intraductal papilloma is present in the upper field. 
In contiguity with the intraductal papilloma is an area of fibrosis with 
chronic inflammation and scattered small epithelial nests and tubules, 
related to prior instrumentation. (b) There are epithelial nests with a 

squamoid appearance within the loose, lightly inflamed reactive stroma. 
These should not be mistaken as invasive tumour nests. The epithelial 
displacement phenomenon is often seen after instrumentation, espe-
cially in papillary lesions

a b

Fig. 4.20  Intraductal papilloma with epithelial displacement phenom-
enon. (a) At low magnification, the intraductal papilloma is surrounded 
by a fibrotic wall. A fibrotic zone in the left lower field is seen in conti-
guity with the wall of the intraductal papilloma, extending into the fat. 
Scattered small epithelial nests and tubules are seen in this fibrotic 
zone. (b) The fibrotic zone extends into the skeletal muscle, and epithe-
lial nests and tubules are seen among the skeletal muscle fibres, which 
raised concern for invasion. (c) Review of the prior core biopsy shows 
portions of a benign intraductal papillary lesion with a fragment com-
posed of skeletal muscle fibres, correlating with the organizing fibrosis 
extending into skeletal muscle in the subsequent excision specimen. (d) 
Immunohistochemistry for CK14 highlights many small epithelial nests 
and tubules within fibrosis, reflecting marked epithelial displacement. 
These epithelial elements are mostly confined to the reparative fibrotic 

areas and do not permeate into breast parenchyma elsewhere. Inset 
shows high magnification of a few epithelial nests and tubules. Some of 
the epithelial nests can possess a squamoid appearance on light micros-
copy, and together with their haphazard placement, may be erroneously 
interpreted as low grade adenosquamous carcinoma. (e) 
Immunohistochemistry for ER shows generally negative staining in the 
epithelial tubules and nests, with one tubule disclosing patchy epithelial 
nuclear reactivity (arrow). (f) Immunohistochemistry for p63 shows a 
patchily preserved rim of myoepithelial cells around epithelial nests 
and tubules (highlighted with nuclear p63 staining), which is helpful in 
affirming their displaced rather than invasive nature. Not always how-
ever, will p63 immunohistochemistry be able to detect a peripheral rim 
of myoepithelial cells, and in such instances, the diagnosis of displaced 
epithelium will rely on other histological features

a b
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Fig. 4.20  (continued)

c d

e f
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Fig. 4.21  Intraductal papilloma with florid UDH, showing a mitosis in 
an epithelial cell. Mitoses can be observed in UDH (arrow) and their 
presence does not connote malignancy. Epithelial nuclei may also vary 

in size with ovoid to more elongated forms. Nuclear crowding and over-
lapping are present in UDH in an intraductal papilloma

Fig. 4.22  Intraductal papilloma with florid UDH may show necrosis 
(arrow), seen here as a zone of pink amorphous material among hyper-
plastic ductal epithelial cells. The presence of necrosis should not nec-

essarily lean towards a diagnosis of malignancy unless other 
characteristic features are present

Intraductal Papilloma
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Fig. 4.23  Intraductal papilloma with florid UDH. Necrosis may also be focal and punctate, with scattered degenerate cells among some debris 
(arrow)

Fig. 4.24  Intraductal papilloma with perineural involvement in its fibrotic wall. The wall of an intraductal papilloma can be sclerotic, and apart 
from epithelial nests being entrapped in the fibrosclerotic stroma, perineural wrapping by epithelial cells (arrow) can also be rarely encountered

4  Papillary Lesions
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Fig. 4.25  Intraductal papilloma with atypical lobular hyperplasia. 
(a) Low magnification shows a population of rounded cells occupy-
ing the papillae. Inset shows cellular discohesion. (b) Discohesive 
rounded lobular neoplastic cells are seen within the intraductal pap-
illoma. The distinction between atypical lobular hyperplasia and 
lobular carcinoma in situ may be challenging in the context of an 
intraductal papilloma, as the reference to the degree of lobular aci-
nar distension and distortion which distinguishes them is not readily 
available. Comparison with lobular neoplastic changes in the sur-

rounding breast tissue if present, and assessment of the degree of 
effacement of underlying papillary architecture by lobular neoplas-
tic cells, are helpful. (c) Immunohistochemistry for E-cadherin 
shows negative staining of the lobular neoplastic cells. (d) Higher 
magnification of lobular neoplastic cells that display loss of 
E-cadherin immunohistochemical reactivity. Some lobular neoplas-
tic cells show diminished and incomplete staining rather than com-
plete absence of immunoreactivity.

a b

dc
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Fig. 4.26  Complex intraductal papilloma with atypical ductal hyper-
plasia and clear-cell squamous metaplasia. (a) Gross appearance shows 
a multilobulated lesion with partial cystic change. (b) At low magnifica-
tion, the tumour shows predominantly rounded and nodular solidified 
papillary areas with fibrous enclosures. Areas of haemorrhage are pres-
ent in the fibrous wall. The nodules project into the cystic spaces. (c) 
Atypical ductal hyperplasia (ADH) is observed as duct spaces contain-
ing a cribriform proliferation (circled). The cribriform spaces are well 
defined and are lined by relatively uniform epithelial cells. Rigid epi-
thelial arches are also seen. Distinction of ADH from low nuclear grade 
ductal carcinoma in situ (DCIS) within an intraductal papilloma is 
based on size or extent of the cytoarchitecturally atypical alterations. 

The WHO working group recommends a threshold of 3 mm, with cyto-
architecturally atypical lesions measuring less than 3 mm being diag-
nosed as ADH, while those that are 3 mm and above are considered 
DCIS. The size criterion applies only to low nuclear grade lesions, as 
high nuclear grade alterations warrant a diagnosis of DCIS regardless 
of extent. (d) Haemorrhagic infarction is surrounded by epithelial nests 
with clear-cell change. Reactive nuclear atypia may be seen adjacent to 
infarction. (e) Immunohistochemistry for p63 shows positive nuclear 
staining in clear-cell areas, while adjacent ducts disclose peripheral 
myoepithelial nuclear reactivity. (f) Immunohistochemistry for CK5/6 
shows positive staining of the clear cells supporting a squamous meta-
plastic origin

a b
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�Sclerosing Intraductal Papilloma
This is an intraductal papilloma which has undergone extensive 
sclerosis with effacement of the underlying papillary architec-
ture. Histologically, closely placed bilayered tubules are seen 
within a fibrotic wall (Fig. 4.29). The ductal adenoma is con-
sidered by some authors as representing one end of the spec-
trum of sclerosing papillomas, where there is complete 
effacement and solidification of papillary structures [6].

�Adenomyoepithelioma
As adenomyoepithelioma may arise within the ducts and 
have a focally papillary architecture, it may be mistaken for 
an intraductal papilloma. An adenomyoepithelioma, how-
ever, usually comprises a balanced proliferation of both 
luminal epithelial and myoepithelial cells throughout the 
lesion, although there are lesions composed predominantly 

of myoepithelial cells in which the luminal epithelial compo-
nent may be obscured (Fig. 4.30).

�Juvenile Papillomatosis
Intraductal papillomas may be found in juvenile papilloma-
tosis, a benign proliferative lesion that occurs in young 
women and children. Also described as ‘Swiss cheese dis-
ease’ due to the many cysts within dense fibrous stroma, 
juvenile papillomatosis features an admixture of histological 
alterations which include cysts, usual ductal hyperplasia, 
apocrine metaplasia, sclerosing adenosis, fibroadenomatoid 
hyperplasia, apart from intraductal papillomas. The finding 
of isolated papillomas and cysts in a young patient should 
not be diagnosed as juvenile papillomatosis, which com-
prises a wider spectrum and variety of proliferative changes 
(Fig. 4.31).

Fig. 4.27  Intraductal papilloma with ductal carcinoma in situ (DCIS). 
(a) This intraductal papilloma shows an area of relatively monotonous 
cribriform epithelial proliferation that exceeds 3 mm in extent (horizontal 
line). (b) Higher magnification of low nuclear grade DCIS composed of 
a uniform population of epithelial cells punctuated by well-defined 

cribriform spaces. (c) Immunohistochemistry for CK14 shows dimin-
ished staining of the epithelial cells. Only the peripheral myoepithelial 
cuff is decorated. (d) Immunohistochemistry for ER shows diffuse and 
intense nuclear staining of the epithelial cells, supporting a clonal 
neoplastic process

a b

c d
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Fig. 4.28  Intraductal papilloma colonized by neuroendocrine DCIS. 
(a) In this sliced open mastectomy specimen, a lobulated brownish grey 
mass is seen, partially rimmed by whitish fibrous tissue. Histologically, 
this showed an intraductal papilloma with neuroendocrine DCIS. (b) In 
this intraductal papilloma in which the underlying papillary architec-
ture is preserved, there is a population of relatively monotonous cells 
with amphophilic cytoplasm expanding papillary fronds and located 

deep to the luminal epithelium, focally giving a pagetoid appearance 
(arrow) of insinuation in between luminal and myoepithelial cells. (c) 
Higher magnification shows the monomorphic cells containing vesicu-
lar rounded nuclei with small inconspicuous nucleoli and pink to 
amphophilic cytoplasm. A focal pagetoid appearance is seen (arrow). 
(d) Immunohistochemistry for synaptophysin shows positive staining 
of the neuroendocrine cells within the intraductal papilloma

a

c

b

d

Fig. 4.29  (a) Sclerosing intraductal papilloma, also referred to as duc-
tal adenoma when there is near complete-to-complete sclerosis leading 
to a predominant glandular lesion with hardly any fronds. Low magni-
fication shows a solidified lesion with duct spaces, rimmed by a thick 

fibrous wall. A few papillary fronds are seen in the upper right field of 
the lesion. (b) Higher magnification shows a conglomeration of ducts 
with scant intervening stroma

a b
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Fig. 4.30  (a) Adenomyoepithelioma may mimic an intraductal papil-
loma, as it can extend along ducts and have a papillary architecture. 
Here, the adenomyoepithelioma shows a lobulated appearance at low 
magnification, superficially reminiscent of an intraductal papilloma. 

(b) On higher magnification, there is a balanced proliferation of both 
luminal and myoepithelial cells, with the myoepithelial cells possessing 
clear cytoplasm

a b

�Invasive Low-Grade Carcinoma
Distorted epithelial nests and tubules within sclerotic portions 
of the intraductal papilloma may mimic a low-grade invasive 
carcinoma. Clues that they are benign and non-invasive in 
nature are the presence of myoepithelial cells and their focal 
occurrence within sclerotic zones without further extension 
beyond the confines of the papilloma. Squamoid changes or 
squamous metaplasia in some of these epithelial nests may 
raise consideration for low-grade adenosquamous carcinoma, 
but these changes are focal and limited without involvement 
of surrounding breast tissue away from the intraductal papil-
loma, negating a malignant invasive process (Fig. 4.32).

Similarly, displaced epithelial nests from previous core 
biopsy may result in the appearance of epithelial islands hap-
hazardly placed within fibrous and inflamed granulation that 
can resemble invasion. These epithelial nests are usually lim-
ited to the biopsy tract.

�Prognosis and Therapy Considerations

Intraductal papillomas are benign tumours that are associ-
ated with two- and threefold increased risk of subsequent 
breast cancer development for, respectively, central and 
peripheral varieties. When there is ADH or DCIS within the 
papilloma, the risk increases to between 5 and 7.5×, although 
this may be more related to atypical changes in the surround-
ing breast tissue than within the papilloma. When diagnosed 
on core biopsy, many institutions pursue complete excision 
via mammotome or open surgical techniques to avoid under-
sampling worse lesions, though follow-up without excision 
is increasingly being adopted for benign papillary lesions 
discovered on core biopsy (Fig. 4.33).
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Fig. 4.31  Juvenile papillomatosis. (a) Multiple cysts of varying sizes 
are seen in a whitish fibrous background. There are a few yellowish 
areas (arrow) corresponding histologically to collections of foamy his-
tiocytes. (b) Low magnification shows variably sized cysts with several 
luminal broad stromal folds and projections. A fibroadenomatoid 
appearance is noted (arrow). (c) An intraductal papilloma is seen, com-
posed of arborescent papillary fronds with fibrovascular cores (arrow). 

(d) Higher magnification of the intraductal papilloma shows finger-like 
papillary fronds covered by benign bilayered epithelium, well sup-
ported by fibrovascular cores. (e) Apocrine metaplasia and broad stro-
mal fronds (upper field), and usual ductal hyperplasia (lower field) are 
seen. (f) Apocrine metaplasia is noted along the cyst wall as well as 
covering the papillary fronds.
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Fig. 4.32  Intraductal papilloma with sclerotic stroma. Within the scle-
rotic stroma are occasional small squamoid nests (inset) which should 
not be overinterpreted as low-grade adenosquamous carcinoma. 

Although low-grade adenosquamous carcinoma has been described 
arising from intraductal papillomas, they are more permeative and 
extend substantively into the surrounding tissue

Fig. 4.33  Papillary lesion on core biopsy. The usual approach to the 
finding of a papillary lesion on core biopsy is to recommend complete 
excision, either via mammotome or open excision. Some centres opt to 
follow up such benign papillary lesions discovered on core biopsy. This 
core biopsy shows portions of a papillary lesion with anastomosed 

fronds, as well as a sclerotic portion within which are a few ducts. The 
inset shows the papillae supported by well-developed fibrovascular 
cores. While the findings are benign and may be in keeping with an 
intraductal papilloma, they may not be representative of unsampled por-
tions of the lesion
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�Papillary Ductal Carcinoma In Situ 
(Intraductal Papillary Carcinoma)

�Definition

Papillary DCIS is a non-invasive malignant lesion with pap-
illary architecture arising within the ducts. In contrast to an 
intraductal papilloma with DCIS, papillary DCIS is regarded 
as a de novo in situ malignant papillary process without a 
morphologically recognisable benign papilloma in its back-
ground [4]. It is uncommon in its pure form and is often seen 
in conjunction with other morphological patterns of DCIS.

�Clinical and Epidemiological Features

Patients may present with bloodstained nipple discharge or a 
breast lump.

�Imaging Features

Radiological detection as a mass or clustered calcifications 
can be encountered. Ultrasound examination may detect an 
intraductal mass that can contain small cystic spaces or appear 
intracystic when associated with a dilated duct (Fig. 4.34).

�Pathologic Features

�Macroscopic Pathology
Papillary DCIS may appear as an area of induration of the 
breast or form ill-defined firm fibrotic areas. Small lesions 
may be difficult to identify grossly.

�Microscopic Pathology
Histologically, slender papillae covered by a monotonous 
uniform population of epithelial cells are seen arising from 
the duct wall (Fig. 4.35). Myoepithelial cells between epi-
thelium covering the papillae and the stromal cores are 
absent or diminished, while those surrounding the duct 
wall are generally preserved, although they may be attenu-
ated and sparse. Columnar cells with variable stratification 
of hyperchromatic nuclei are commonly observed 
(Fig. 4.36, 4.37, 4.38, and 4.39). Nuclear grade is usually 
low to intermediate, with less frequent high-grade forms. 
Other morphological patterns of DCIS such as cribriform, 
micropapillary, and solid appearances may merge with 
papillary DCIS [4]. Occasionally, a dimorphic pattern of 
epithelial cells can be seen, with the second population 
mimicking myoepithelial cells, but which are in fact neo-
plastic epithelial cells with a different appearance (globoid 
cells) (Fig. 4.40).

Fig. 4.34  Papillary DCIS. Ultrasound shows a tubular, lobulated solid mass (white arrow) that is filling and distending a prominent duct (black 
arrow) (Courtesy of Dr. Lester Leong)
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Fig. 4.35  Papillary DCIS. The duct is distended by a papillary lesion with anastomosed papillae covered by columnar cells with stratified nuclei. 
Hyalinised stroma is seen. Myoepithelial cells can be seen at the periphery of the duct wall (arrows)

Fig. 4.36  Papillary DCIS. The slender congested septa are surmounted by a monotonous population of columnar cells with hyperchromatic strati-
fied nuclei with small but discernible nucleoli
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Fig. 4.37  Papillary DCIS. Occasional calcifications may be observed among the anastomosed papillary fronds. The spaces seen among the fused 
papillae show well-defined rigid outlines

Fig. 4.38  Papillary DCIS. Immunohistochemistry for p63 shows attenuated positively stained myoepithelial nuclei along the periphery of the  
duct wall

4  Papillary Lesions



121

Fig. 4.39  Papillary DCIS. Aberrant nuclear staining for p63 can be 
observed in several neoplastic epithelial nuclei. However, there are no 
myoepithelial cells between the neoplastic epithelial cells and the 

fibrovascular stroma of the papillary fronds. Adjacent ducts show myo-
epithelial nuclei highlighted as a peripheral rim with p63 
immunohistochemistry

Fig. 4.40  Papillary DCIS with dimorphic pattern. (a) Malignant papil-
lae are lined by a uniform population of columnar cells. There is a sec-
ond population of rounded cells with more ample paler cytoplasm 
interdigitating among the columnar cells, giving a dual cell population. 
These rounded cells may mimic myoepithelial cells and potentially 
raise reservations regarding clonality of the epithelial population that is 

characteristic of papillary DCIS. (b) Immunohistochemistry for CK14 
shows intact peripheral myoepithelial cells, with no staining observed 
for the second population of rounded cells insinuating among columnar 
cells. Inset shows diffuse CK7 positivity of epithelial cells of papillary 
DCIS

a b
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�Differential Diagnosis

�Intraductal Papilloma
Compared with papillary DCIS, the intraductal papilloma is 
composed of papillae covered by a heterogeneous epithelial 

cell population supported by well-developed fibrovascular 
stroma. Apocrine metaplasia is often encountered. A panel of 
immunohistochemical stains, including myoepithelial mark-
ers (Table 4.1), can be used when needed to help distinguish 
the two lesions.

Table 4.1  Histological comparison of papillary lesions

Feature Intraductal papilloma
Intraductal papilloma 
with ADH/DCIS Papillary DCIS

Encapsulated papillary 
carcinoma

Solid papillary 
carcinoma

Low magnification 
architecture

May be solitary or 
multiple

May be solitary or 
multiple

Papillary lesion 
extends along 
duct, usually 
associated with 
surrounding 
DCIS of other 
morphological 
patterns

Solitary expansile 
mass

Multinodular, 
lobulated mass

Papillae Broad papillae with 
well-developed 
fibrovascular cores

Broad papillae with 
well-developed 
fibrovascular cores

Narrow papillae 
with slender 
fibrovascular 
cores

Narrow papillae with 
slender fibrovascular 
cores

Solid cellular nodules 
with fine vessels
Papillae are 
inconspicuous

Myoepithelial cells Present within papillae 
and at periphery

Present within 
papillae and at 
periphery
Diminished in areas 
of ADH/DCIS

Absent or 
diminished 
within papillae
Present at 
periphery

Absent or diminished 
within papillae
Absent at periphery

Present or absent at 
periphery

Epithelial population Heterogeneous 
population of luminal 
and myoepithelial 
cells, apocrine cells

Heterogeneous 
population of luminal 
and myoepithelial 
cells, apocrine cells
Monotonous 
population in ADH/
DCIS (low nuclear 
grade)

Monotonous 
single-cell 
population
Usually 
low-to-
intermediate 
nuclear grade, 
rarely high grade

Monotonous 
single-cell population
Usually low-to-
intermediate nuclear 
grade, rarely high 
grade

Monotonous 
single-cell population
Usually low-to-
intermediate nuclear 
grade
Spindle cells may be 
present
Neuroendocrine 
differentiation
Mucin production

Surrounding breast 
tissue

Usual ductal 
hyperplasia
Fibrocystic changes

ADH/DCIS may be 
present

DCIS usually 
present

DCIS may be present DCIS may be present

IHC, p63 Positive within 
papillae and at 
periphery

Positive within 
papillae and at 
periphery
Diminished in ADH/
DCIS

Absent or 
diminished 
within papillae
Present at 
periphery

Absent or diminished 
within papillae
Absent at periphery

Present or absent at 
periphery

IHC, high-molecular-
weight keratins

Positive within 
papillae and at 
periphery
Heterogeneous 
staining in UDH

Positive within 
papillae and at 
periphery
Diminished staining 
in ADH/DCIS

Absent or 
diminished 
within papillae
Present at 
periphery

Absent or diminished 
within papillae
Absent at periphery

Present or absent at 
periphery

IHC, ER Heterogeneous 
positivity in UDH and 
luminal epithelium

Heterogeneous 
positivity in UDH and 
luminal epithelium
Diffuse positivity in 
ADH/DCIS

Diffuse positivity Diffuse positivity Diffuse positivity

ADH atypical ductal hyperplasia, DCIS ductal carcinoma in situ, ER oestrogen receptor, IHC immunohistochemistry, UDH usual ductal 
hyperplasia
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�Intraductal Papilloma with ADH and DCIS
Papillary DCIS shows no discernible underlying benign 
intraductal papilloma, whereas ADH or DCIS arising within 
an intraductal papilloma shows recognisable architecture of 
the latter within which the abnormal epithelial process 
occurs. The underlying benign papilloma, however, may not 
always be readily apparent, and the use of myoepithelial 
markers may be required for its demonstration.

�Encapsulated Papillary Carcinoma
The malignant papillae of both papillary DCIS and the 
encapsulated papillary carcinoma are similar. However, 
the  encapsulated papillary carcinoma usually shows mass-
like distension of the duct surrounded by a fibrous wall, 
while papillary DCIS extends along the duct without exces-
sive distension. Apart from absent-to-diminished myoepi-
thelial cells within the papillae, myoepithelial cells are also 
nearly always absent at the periphery of the encapsulated 
papillary carcinoma, but present in papillary DCIS.

�Prognosis and Therapy Considerations

Prognosis is similar to other forms of DCIS, with surgical 
eradication being the management approach.

�Encapsulated Papillary Carcinoma

�Definition

An encapsulated papillary carcinoma is a malignant papillary 
tumour that forms a circumscribed mass with a fibrous cap-
sule. Myoepithelial cells are invariably absent in the fibrous 
wall. It is also referred to as encysted papillary carcinoma [4].

�Clinical and Epidemiological Features

Encapsulated papillary carcinoma forms a subset of papil-
lary carcinomas. Patients may present with a breast lump 
with or without nipple discharge.

�Imaging Features

Radiologically, the encapsulated papillary carcinoma is seen as 
a rounded mass which may reach a large size at presentation. 
On ultrasound examination, it presents as an irregular intracys-
tic mass, sometimes with papillary projections. The cystic or 
dilated ductal component is commonly associated with echoes 
due to cellular debris and blood products (Fig. 4.41).

Fig. 4.41  Encapsulated papillary carcinoma presenting as a solid–cystic 
mass on sonography. The lobulated solid component (arrow) represents the 
papillary proliferation and shows some papillary projections. Mild internal 

echoes from haemorrhage are seen in the cystic space (asterisk) (Courtesy 
of Dr. Lester Leong)

Encapsulated Papillary Carcinoma



124

�Pathologic Features

�Macroscopic Pathology
Encapsulated papillary carcinoma appears grossly as a cir-
cumscribed solid or solid–cystic mass. It may occur as a 
mural fleshy nodule within a dilated cystic space (Figs. 4.42, 
4.43, 4.44, and 4.45).

�Microscopic Pathology
Histologically, anastomosing slender papillae covered by a 
monotonous uniform population of low-to-intermediate 
nuclear grade epithelial cells project into a dilated space 
(Fig. 4.46). Rarely, the epithelial cells exhibit high nuclear 

grade [7], and necrosis may be seen. There is a fibrous wall of 
varying thickness surrounding the papillary mass (Fig. 4.47). 
Infarction can occur, which can hinder histological appraisal 
when extensive (Fig.  4.48). Myoepithelial cells are absent 
within the papillae and in the vast majority of cases are absent 
at the periphery of the lesion. Small protrusions or entrap-
ment of neoplastic epithelium in the peripheral fibrous wall 
may be seen and do not warrant a diagnosis of invasion unless 
they breach the full thickness of the wall to extend into the 
surrounding breast tissue. Invasive disease, when present, is 
graded, subtyped, and staged separately. Size of the encapsu-
lated papillary carcinoma is not added into the invasive 
tumour measurement (Figs. 4.49, 4.50, 4.51, and 4.52).

Fig. 4.42  Encapsulated papillary carcinoma. A soft haemorrhagic nodule protrudes into a cystic cavity

Fig. 4.43  Encapsulated papillary carcinoma. Mastectomy specimen which is sliced open from the base, shows an encapsulated cystic mass with 
a brownish-grey tumour enclosed within the cystic cavity 

4  Papillary Lesions



125

Fig. 4.44  Encapsulated papillary carcinoma. Serial slices through a 
mastectomy specimen show a solid-cystic tumour mass. There are more 
fleshy, brownish and whitish firm areas (arrows) in the cyst wall, which 
corresponded to invasive disease on histology. It is important when 

grossing such specimens, that close attention is paid to the presence of 
any solid and fleshy areas in the cyst wall, which should be sampled for 
histology to rule out accompanying invasive disease

Fig. 4.45  Encapsulated papillary carcinoma. (a) Gross appearance of 
a cystic lesion with a solid mural nodule protruding into the cystic 
space. The cyst wall is coated with altered blood. (b) Low magnifica-

tion shows the cystic space with haemorrhage and blood clots. In the 
wall of the cyst is a solid tumour nodule with papillary architecture

a
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Fig. 4.46  Encapsulated papillary carcinoma. (a) Anastomosed papil-
lae covered by hyperchromatic cells are present. (b) Higher magnifica-
tion of the papillary fronds show covering by columnar epithelial cells 

with hyperchromatic stratified nuclei. (c) Encapsulated papillary carci-
noma shows diffuse positive staining for oestrogen receptor (ER)

a
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Fig. 4.47  Encapsulated papillary carcinoma. The encapsulated papil-
lary carcinoma shows a fibrous capsule of variable thickness, surround-
ing anastomosed papillary fronds that are covered by a uniform 
population of epithelial cells. Fibrovascular septa are slender and nar-
row, and myoepithelial cells are diminished or absent. Myoepithelial 
cells are usually not identified along the outer wall of the encapsulated 

papillary carcinoma, leading to suggestions that this tumour represents 
an indolent form of invasive carcinoma with pushing contours or a car-
cinoma in transition from in situ to invasive malignancy. Nevertheless, 
the encapsulated papillary carcinoma is regarded as in situ (Tis) disease 
for staging purposes

Fig. 4.48  Infarcted encapsulated papillary carcinoma with invasive 
cribriform carcinoma. At low magnification, necrotic pink material seen 
within the cystic cavity corresponds to the ghost papillary fronds of the 

encapsulated papillary carcinoma. A fibrous capsule of variable thick-
ness is present. In the surrounding tissue is viable tumour with invasive 
cribriform histology and scattered calcifications
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Fig. 4.49  Invasive cribriform carcinoma associated with encapsulated papillary carcinoma. Slightly crushed irregular islands of invasive cribri-
form carcinoma are seen extending beyond the wall of the encapsulated papillary carcinoma into the surrounding adipose tissue

Fig. 4.50  Encapsulated papillary carcinoma with invasive ductal  
carcinoma. At scanning magnification, the tumour shows a partially  
circumscribed contour with a fibrous wall. Invasive carcinoma is seen 

in the right field, where irregular tumour nests extend beyond the 
tumour contours into the adipose tissue (arrows)

�Differential Diagnosis

�Intraductal Papilloma with ADH and DCIS
In contrast to the heterogeneity of intraductal papilloma, 
encapsulated papillary carcinoma comprises a single clonal 
population of malignant epithelial cells. Similarly, the  

underlying architecture of a benign intraductal papilloma is 
identifiable in those harbouring ADH and DCIS.

�Solid Papillary Carcinoma
Like encapsulated papillary carcinoma, solid papillary  
carcinoma may form a nodular mass with more frequent 
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Fig. 4.51  Encapsulated papillary carcinoma (lower field) with invasive ductal carcinoma (upper field)

Fig. 4.52  Invasive ductal carcinoma (invasive carcinoma of no special 
type) adjacent to encapsulated papillary carcinoma. When an invasive 
carcinoma is seen in conjunction with an encapsulated papillary  

carcinoma, it is staged according to the size of the invasive component 
and does not include the size of the encapsulated papillary carcinoma
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multinodular lobulated appearances. Histologically, the pap-
illary architecture of solid papillary carcinoma is less obvi-
ous, with the tumour often being solidified with fine vessels 
coursing into the cellular epithelial nodules. Neuroendocrine 
differentiation and mucin are often observed, while myoepi-
thelial cells can be present or absent around the epithelial 
nodules of solid papillary carcinoma.

�Prognosis and Therapy Considerations

Encapsulated papillary carcinoma is currently staged and 
managed as non-invasive disease (Tis), despite notions of its 
being a low-grade form of invasive carcinoma due to absence 
of myoepithelial cells and rare occurrences of metastases to 
axillary lymph nodes [8]. Prognosis after excision is very 
favourable when there is no surrounding DCIS.

�Solid Papillary Carcinoma

�Definition

This is a malignant tumour consisting of multinodular, 
expansile solid epithelial masses whose underlying papil-
lary architecture is subtly reflected by fine delicate vessels 
coursing through the cellular islands. Myoepithelial cells 
may be present, attenuated, or completely absent around 

the nodular masses. Neuroendocrine differentiation and 
mucin production are frequent. Solid papillary carcinoma 
should be qualified as either in situ (majority of cases) or 
invasive [9].

�Clinical and Epidemiological Features

Solid papillary carcinoma usually occurs in women in the 
older age group. Patients may present with a breast lump, 
sometimes in the nipple-areolar region, with or without 
bloody nipple discharge.

�Imaging Features

Solid papillary carcinoma may be observed as mammo-
graphic nodular masses or ultrasonographic hypoechoic 
lesions with lobulated contours (Fig. 4.53).

�Pathologic Features

�Macroscopic Pathology
Solid papillary carcinoma appears grossly as multinodular 
lobulated soft-to-firm masses. Tumours with mucin produc-
tion may show a glistening cut surface (Figs. 4.54 and 4.55).

Fig. 4.53  Solid papillary carcinoma. Ultrasound shows hypoechoic lesions with lobulated margins
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Fig. 4.54  Solid papillary carcinoma. Serial sections of a breast excision specimen containing a solid papillary carcinoma. The tumour is multi-
nodular and lobulated (arrows). In some slices, the tumour is ill-defined and consists of firmer, fleshy nodular areas

Fig. 4.55  Solid papillary carcinoma. (a) Gross appearance shows a 
vaguely lobulated soft-to-firm, greyish, slightly myxoid mass with 
whitish yellowish foci. A prominent haemorrhagic area is related to 

recent prior biopsy. (b) Low-magnification view of the mass with 
solidified ducts forming vague nodules corresponding to the gross 
appearance

a b

�Microscopic Pathology
Histologically, solid nodules of monotonous low or interme-
diate nuclear grade epithelial cells are punctuated by fine 
congested vessels (Figs. 4.56 and 4.57). Focal papillary for-
mations may be seen. Epithelial nuclei possess fine chroma-
tin with inconspicuous nucleoli, while cytoplasm can be 
eosinophilic to amphophilic when there is neuroendocrine 
differentiation. Sweeping spindle cell sheets, perivascular 
pseudorosettes, and mucin production may be observed 
(Figs. 4.58, 4.59, 4.60, 4.61, and 4.62). Myoepithelial cells 
are sometimes found around nodular tumour islands, but 
they may be attenuated or completely absent (Fig.  4.63). 
Despite the absence of myoepithelial cells, rounded islands 

of solid papillary carcinoma with pushing contours are 
regarded as non-invasive Tis disease. Apart from neuroendo-
crine differentiation, solid papillary carcinoma is usually dif-
fusely oestrogen receptor positive (Figs. 4.64 and 4.65).

When the tumour islands are more irregular in outlines 
and occur as jigsaw puzzle-like pieces within desmoplastic 
stroma, a diagnosis of invasive solid papillary carcinoma is 
warranted (Figs. 4.66, 4.67, and 4.68). Invasive carcinoma of 
ductal, mucinous, neuroendocrine, and other subtypes may 
be associated with solid papillary carcinoma in situ. These 
are graded, subtyped, and staged separately. Size of solid 
papillary carcinoma in situ is not added into the invasive 
tumour measurement.
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Fig. 4.56  Solid papillary carcinoma. Low magnification shows expanded ducts filled with epithelial cells, aggregated within fibrous stroma and 
giving a mass-like appearance. Some of the solidified expanded ducts are confluent. Cystic spaces with haemorrhage are seen

Fig. 4.57  Solid papillary carcinoma. Congested vessels course into the solid nodules of epithelial cells, giving a clue to the papillary architecture 
although well-developed papillary fronds are not seen
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Fig. 4.58  Solid papillary carcinoma. Tumour cells show uniform vesicular nuclei with inconspicuous nucleoli. There is alignment of tumour cells 
around fibrovascular cores and septa, giving the appearance of perivascular rosettes. Cytoplasm of tumour cells shows amphophilic to pink hues

Fig. 4.59  Solid papillary carcinoma. Hyalinised stroma is seen among the solid sheets of tumour cells with amphophilic cytoplasm
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Fig. 4.60  Solid papillary carcinoma. A cribriform architecture is also seen, composed of uniform epithelial cells with amphophilic cytoplasm. 
Congested foci are clues to the presence of underlying fine vascularity

Fig. 4.61  Solid papillary carcinoma. Extracellular mucin may be present, which can be found as small puddles in between tumour cells or as 
mucin pools extruding into the stroma
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Fig. 4.62  Solid papillary carcinoma. Some tumours may disclose a 
spindled morphology that can mimic usual ductal hyperplasia. Spindle 
cells of solid papillary carcinoma tend to be monomorphic, with hardly 

any secondary luminal spaces, and are occasionally punctuated by slen-
der narrow vessels

Fig. 4.63  Solid papillary carcinoma. Immunohistochemistry for CK14 
shows positive staining of myoepithelial cells at the periphery of the large 
rounded islands, while there is absent staining within the epithelial popula-

tion. Cases in which myoepithelial cells are preserved or which have 
rounded nodular contours represent in situ disease. It is important to specify 
if a case of solid papillary carcinoma represents in situ or invasive disease
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Fig. 4.64  Solid papillary carcinoma. Immunohistochemistry for neuroendocrine markers (synaptophysin, upper panel; chromogranin, lower 
panel) shows positive reactivity in tumour cells

Fig. 4.65  Solid papillary carcinoma. ER is diffusely expressed in the tumour cell nuclei
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Fig. 4.66  Invasive solid papillary carcinoma. Tumour islands show irregular jagged contours within desmoplastic stroma. Invasion is further 
affirmed with the absence of myoepithelial cells on immunohistochemistry

Fig. 4.67  Invasive solid papillary carcinoma. Solid tumour islands invested by fine congested vessels reside within fibrous stroma and focally 
extend into the skeletal muscle of the pectoralis major

Solid Papillary Carcinoma



138

�Differential Diagnosis

�Intraductal Papilloma
The intraductal papilloma shows visible fronds and has a 
heterogeneous cell population. Intraductal papillomas may 
sometimes be seen juxtaposed to solid papillary carcinoma.

�Encapsulated Papillary Carcinoma
Unlike solid papillary carcinoma which is usually multinod-
ular, encapsulated papillary carcinoma shows a solitary 
expansile mass with a variably distinct fibrous capsule. 
Solidification of papillae, spindling of epithelial cells, peri-
vascular pseudorosettes, neuroendocrine differentiation, are 
features of solid papillary carcinoma that are lacking in 
encapsulated papillary carcinoma.

�Prognosis and Therapy Considerations

Solid papillary carcinoma without areas of conventional 
invasive carcinoma is currently staged and managed as non-
invasive disease (Tis), despite occasional absence of myo-
epithelial cells and rare reports of metastases to axillary 
lymph nodes [10]. Prognosis after excision is generally 
favourable. The presence of a solid papillary carcinoma pat-
tern is associated with favourable clinicopathological 
parameters when evaluated among breast cancers with neu-
roendocrine differentiation [11].

�Invasive Papillary Carcinoma

�Definition

Invasive papillary carcinoma is an invasive carcinoma with a 
papillary architecture in more than 90 % of the tumour. 
Invasive carcinoma without papillarity that is associated with 
encapsulated papillary carcinoma or solid papillary carci-
noma should not be referred to as invasive papillary carci-
noma; it should be subtyped according to the morphological 
appearance of the invasive tumour [4, 9].

�Clinical and Epidemiological Features

Invasive papillary carcinoma in its pure form is extremely 
rare, and there are no specific clinical or epidemiologic data.

�Imaging Features

Invasive papillary carcinoma may present as a radiological 
or palpable mass. Associated spiculations are rare, and 
abnormal microcalcifications may be seen on mammogra-
phy. On ultrasound examination, a complex solid–cystic 
mass with papillary projections and internal echoes from cel-
lular debris and haemorrhage may be observed, with ill-
defined margins reflecting invasion. The solid components 
are commonly hypervascular on colour Doppler.

Fig. 4.68  Invasive solid papillary carcinoma. (a) Solid tumour islands 
with angulated and irregular outlines are seen within the fibrous stroma. 
The tumour nests have a jigsaw puzzle-like appearance. (b) 
Immunohistochemistry with CK5/6 shows no myoepithelial rimming of 
the tumour islands, confirming absence of myoepithelial cells, and  

corroborating the diagnosis of invasive disease. Absence of myoepithe-
lial cells alone should not be regarded as diagnostic of invasion, as 
rounded islands of solid papillary carcinoma with smooth contours are 
considered in situ disease, even when myoepithelial cells are absent. An 
in situ solid papillary carcinoma component is present (arrows)
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�Pathologic Features

�Macroscopic Pathology
These tumours have solid fleshy appearances that may be 
friable due to papillary formation.

�Microscopic Pathology
Histologically, papillary fronds are seen in the tumour as it 
invades into surrounding breast parenchyma (Figs. 4.69 and 
4.70). Stromal desmoplasia and inflammation may be pres-
ent at the advancing tumour front. The presence of invasive 
carcinoma with another morphological subtype in more than 

10 % but less than 50 % of the tumour warrants designation 
as a tumour of mixed pattern.

�Differential Diagnosis

�Metastatic Papillary Adenocarcinoma
As invasive papillary carcinoma of the breast is very uncom-
mon, possible metastasis from other organ sites such as the 
lung (Fig. 4.71) and ovary should be excluded. Uncommonly, 
thyroid papillary carcinoma may also metastasise to the breast 
but should be recognised by the presence of colloid production 

Fig. 4.69  Invasive papillary carcinoma shows islands of tumour recapitulating a papillary architecture within a desmoplastic stroma

Fig. 4.70  Invasive papillary carcinoma. Papillary fronds are seen at the invasive tumour front
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Fig. 4.71  Metastatic pulmonary adenocarcinoma to the breast shows 
glands with papillary luminal folds (a, b). Immunohistochemistry for 
TTF1 is diffusely positive in the nuclei of the tumour cells (c). As pri-
mary invasive papillary carcinoma is rare in the breast, the finding of an 
invasive tumour with papillary architecture occurring in the breast war-
rants exclusion of papillary metastases from other organ sites. Apart 

from comparison with the morphology of the non-mammary primary 
tumour, the use of immunohistochemistry can be diagnostically helpful. 
It is important to be aware of cross-reactivities of antibodies. For 
instance, TTF1 can be rarely positive in primary breast carcinomas, and 
ER can be expressed by lung adenocarcinomas. A panel of markers, 
including GATA3, which is expressed in breast carcinoma, is helpful

a
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Fig. 4.72  Invasive micropapillary carcinoma shows morular nests of tumour cells surrounded by stromal spaces

and typical nuclear morphology. Immunohistochemistry is a 
useful adjunct in distinguishing metastatic papillary carci-
noma from primary breast disease. However, there is a need to 
be aware of antibody cross-reactivities. TTF1, which is usu-
ally used to determine a primary lung adenocarcinoma origin, 
may be expressed in 2.4 % of breast cancers [12]. A panel of 
markers, including GATA3, is recommended [13].

�Encapsulated Papillary Carcinoma
Encapsulated papillary carcinoma shows a rounded contour 
with a fibrous capsule of varying thickness, contrasting with 
invasive papillary carcinoma where papillary tumour perme-
ates the breast tissue in an irregular manner.

�Invasive Micropapillary Carcinoma
This invasive cancer shows morular, often centrally hol-
low, clusters of tumour cells residing within empty spaces. 
There is an inside-out pattern where luminal surfaces of 
epithelial cells face outwards into the stromal spaces, indi-
cating reverse polarity. These micropapillary collections of 
tumour cells are devoid of investment by fibrovascular 
septa, unlike the invasive papillary carcinoma where invad-
ing papillary processes are accompanied by fibrovascular 
cores (Figs. 4.72 and 4.73). Immunohistochemistry for epi-
thelial membrane antigen (EMA) and MUC-1 shows stain-
ing of the outer surfaces of the cells forming the morules 
(Fig. 4.74).

Fig. 4.73  Invasive micropapillary carcinoma. High magnification 
shows morular nests and micropapillary clusters of tumour cells with 
vesicular nuclei and discernible nucleoli. Several nests disclose central 

hollow spaces, while the micropapillary clusters are devoid of central 
fibrovascular cores. Empty spaces surround the tumour cells

Invasive Papillary Carcinoma
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�Prognosis and Therapy Considerations

As invasive papillary carcinomas are rare, specific informa-
tion regarding clinical behaviour is not known. Prognosis is 
related to grade and stage.
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Benign Sclerosing Lesions

Many different types of both benign and malignant breast 
lesions can be associated with stromal fibrosis and collagen 
deposition and can be broadly classified as sclerosing 
lesions [1–3]. Recognising the aetiology of the fibrosis on 
excisional biopsy is usually not very difficult; however, 
extensive fibrosis and related histologic changes may create 
major diagnostic challenges on a limited sample such as a 
core needle biopsy. Sclerosing adenosis and radial scar/
complex (radial) sclerosing lesion are two benign entities 
that will be described in this chapter. The main clinical  
significance of these lesions is that they may mimic invasive 
carcinoma clinically and radiographically as well as in gross 
and microscopic evaluations.

�Sclerosing Adenosis

�Definition

Adenosis is defined as a relative increase in the number of 
acinar units in a terminal ductal lobular unit. Sclerosing ade-
nosis refers to adenosis with extensive fibrosis that includes 
compression and distortion of acinar units [4]. When prolif-
erating glands expand lobular units significantly and form 
nodules or mass lesions, the terms nodular adenosis and 
adenosis tumour are used [5].

�Clinical Features

Sclerosing adenosis is a frequent incidental microscopic find-
ing in breast specimens removed for other indications. 
Sclerosing adenosis has been reported in 15–20 % of breast 
biopsies without carcinoma. It occurs in a wide age group but 
is most frequent in perimenopausal women. Regression of 
sclerosing adenosis has been noted in postmenopausal women. 
Most lesions are less than 2  cm and can be unifocal or  
multiple. The majority are associated with microcalcifications 

and/or architectural distortion that leads to biopsy. Therefore, 
screen detection in an asymptomatic patient is the most  
common mode of discovery. Less commonly, the presenting 
symptom may be a mass lesion on palpation or on imaging. 
Rarely, sclerosing adenosis may be associated with breast pain.

�Imaging Features

Sclerosing adenosis may present as microcalcifications, 
architectural distortion, or mass lesions (Fig.  5.1) [6]. 
Microcalcifications are typically described as amorphous 
and clustered; pleomorphic and punctate microcalcifica-
tions can also be associated with sclerosing adenosis. This 
latter pattern cannot be differentiated from that of carci-
noma, and biopsy is required for definitive diagnosis. 
Increased density with irregular margins with or without 
microcalcifications can also be a radiographic finding of 
sclerosing adenosis. This pattern closely mimics invasive 
carcinoma, especially tubular carcinoma. Mass-forming 
lesions are typically well circumscribed or lobulated. 
There are usually no significant MR findings. Twenty per-
cent of cases of sclerosing adenosis may show intermedi-
ate enhancement.

�Pathologic Features

�Macroscopic Pathology
The gross appearance of sclerosing adenosis depends on the 
size and microscopic composition of the lesion. Since the 
majority of sclerosing adenosis lesions are small and have a 
combination of stromal and glandular components, they are 
imperceptible on macroscopic evaluation. If a lesion has 
extensive fibrosis, it may appear as white and vaguely nodu-
lar (Fig. 5.2). Lesions composed predominantly of glandular 
components with epithelial proliferation may appear as cir-
cumscribed, rubbery, pale tan nodules.

5
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a

b

Fig. 5.2  Adenosis tumour. Gross and imaging features. (a) Imaging and specimen show a partially-circumscribed white nodule. (b) Higher  
magnification of specimen displays a mixture of grey-white and yellow tissue. Note that the grey-white tissue blends into adjacent fat

Fig. 5.1  Sclerosing adenosis. (a) Mammography shows a mix of pow-
dery, punctate and rounded types of microcalcifications in this cluster. 
Stereotactic-guided percutaneous biopsy revealed that the calcifications 
were associated with sclerosing adenosis. (b) Ultrasound examination 

shows a group of lobulated and tubular-oriented nodules that can mimic 
ductal pathology on imaging. When sclerosing adenosis forms nodules 
or mass lesions, it is referred to as nodular sclerosing adenosis.
(Courtesy of Dr. Lester Leong)
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�Microscopic Pathology
Sclerosing adenosis is characterised by enlarged lobular units 
due to nodular proliferation of ducts and acini that are com-
pressed and distorted by stromal collagen (Figs. 5.3, 5.4, and 
5.5) [4, 7]. The normal lobular appearance is distorted by 
fibrosis, particularly in the centre of the lesion, where distorted 
glands may have an angulated appearance and mimic invasive 
carcinoma (Fig. 5.6). However, the lobulocentric nature of the 
lesion, which is best appreciated on low magnification, is 
maintained and can be the most important histologic feature to 
differentiate it from invasive cancer (Fig. 5.6). The ducts have 
both luminal epithelial and peripheral myoepithelial cells. 
Although the presence of a dual cell population is easy to 
appreciate on haematoxylin and eosin (H&E) sections in most 
cases, confirmation by immunohistochemistry may be helpful 
in selective instances to illustrate the preservation of myoepi-
thelial cells (Fig. 5.7). The ratio of epithelial and myoepithe-
lial cells can vary significantly from case to case (Fig. 5.8).

In some cases, there is significant epithelial atrophy and 
preferential proliferation of myoepithelial cells. In others, both 
epithelial and myoepithelial components appear hyperplastic. 
The basement membrane around glands of sclerosing adenosis 
is usually thickened and prominent. Occasionally, both epithe-
lial and myoepithelial cells undergo metaplastic changes. 
Apocrine metaplasia of epithelium, spindle cell morphology, 
and myoid differentiation of myoepithelium are commonly 
seen in sclerosing adenosis. The term apocrine adenosis is used 
when the entire lesion of sclerosing adenosis shows apocrine 
metaplasia (Fig. 5.9) [8–10]. Microcalcifications are a common 
microscopic feature of sclerosing adenosis and can be present 
either in fibrotic stroma or in ductal lumens. Atypical ductal and 
atypical lobular hyperplasia or in situ carcinoma may involve 
sclerosing adenosis. These may cause major diagnostic difficul-
ties, especially on core needle biopsies. Involvement of scleros-
ing adenosis by ductal carcinoma in situ may mimic invasive 

carcinoma, and it is one of the  commonly mistaken diagnoses 
on core needle biopsies. Ductal carcinoma in situ involving 
sclerosing adenosis can be high grade and arise within scleros-
ing adenosis. The integrity of the individual acini and preserva-
tion of myoepithelium may be difficult to appreciate on H&E 
sections alone (Figs. 5.10, 5.11, and 5.12). Lobulocentric archi-
tecture of sclerosing adenosis versus infiltrative growth pattern 
of invasive carcinoma, a background of dense fibrotic stroma of 
sclerosing adenosis versus the more cellular (desmoplastic) 
stroma of invasive carcinoma, should be useful in arriving at the 
correct diagnosis. Using immunohistochemical stains to high-
light myoepithelial cells will be helpful [11–14].

Perineural pseudoinvasion has been reported in 2 % of 
sclerosing adenosis cases (Fig.  5.13) [15]. Sclerosing  
adenosis glands and ducts may be present around nerves, 
most commonly in the perineurium, but rarely in nerve 
fibres. The benign appearance of the glands and the pre-
served myoepithelial layer around the ducts will be helpful 
to differentiate these glands from invasive carcinoma.

�Differential Diagnosis

�Normal Breast Parenchyma
Breast lobules undergo involution with age and large involuting 
lobules may resemble sclerosing adenosis. Similarly, breast lob-
ules enlarge during pregnancy and lactation, which usually is a 
diffuse process. During regression of pregnancy and lactational 
changes, the focal retention of involuting lobules can be confused 
with sclerosing adenosis. In contrast to normal breast parenchyma, 
ducts in sclerosing adenosis show prominent myoepithelial cells. 
In pregnancy- and lactation-related changes, the lining of ducts is 
composed predominantly of epithelial cells with plump hyper-
chromatic nuclei. In ducts of sclerosing adenosis, myoepithelial 
cells may predominate and basement membranes are thickened.

Fig. 5.3  Sclerosing adenosis. (a) Core biopsies show cellular areas at low 
magnification. (b) Medium magnification shows a dense population of 
cells with slightly spindled appearances, merging with small tubules with 
patent lumens. (c) Higher magnification shows small tubules among ovoid 
to spindle cells of myoepithelial origin. (d) CK14 immunohistochemistry 

shows prominent myoepithelial cells rimming the small tubules and com-
pressed epithelial nests. (e) Immunohistochemistry for p63 also shows 
retention of myoepithelial cells. (f) Higher magnification shows p63 immu-
nostaining of many myoepithelial nuclei among the luminal epithelial cells. 
Myoepithelial hyperplasia is often encountered in sclerosing adenosis

a b
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Fig. 5.4  Sclerosing adenosis. Microscopic features. (a) Low magnification of lobulocentric growth. (b) Medium magnification of (a) shows that 
some glands have collapsed closed lumens, while others have open tubular structures
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Fig. 5.3  (continued)
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Fig. 5.5  Sclerosing adenosis. Microscopic features. (a) Low magnifi-
cation shows a distinct nodule with sharp demarcation from adjacent 
breast parenchyma. (b) Medium magnification shows distorted small 

glands that have predominantly closed lumens. (c) High magnification 
of the same case shows a small glandular proliferation surrounded by 
dense collagenized stroma
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Fig. 5.6  Sclerosing adenosis. Microscopic features. (a) Low magnifi-
cation of core needle biopsy shows a crowded glandular proliferation 
with fibrotic areas and a pseudo-infiltrative pattern (arrows). (b) Glands 
with open as well as compressed lumens are present, rimmed externally 
by spindled myoepithelial cells. Occasional luminal calcifications are 
seen. (c) High magnification shows the compressed ductules to be lined 

by bilayered epithelium – an inner luminal layer that is composed of 
cuboidal to flattened cells, and an outer layer of myoepithelial cells with 
spindled morphology and pink cytoplasm indicating myoid metaplasia. 
(d) Atypical lobular hyperplasia is seen superimposed on sclerosing 
adenosis. Inset shows negative immunohistochemical staining of lobu-
lar neoplastic cells for E-cadherin
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Fig. 5.7  Sclerosing adenosis. Immunohistochemical features. (a, b) Lower and higher magnification shows positive staining for smooth muscle 
myosin that highlights peripheral myoepithelial cells
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Fig. 5.8  Sclerosing adenosis. Microscopic features. (a) Low magnifica-
tion shows sclerosis of several small atrophic glands associated with 
hypocellular stroma (upper field). (b) Closer view shows that the small 
glands are bilayered, with variably prominent myoepithelial cells. (c) 

High magnification shows compressed glands with myoepithelial cells in 
a linear distribution, which may mimic an invasive carcinoma growth 
pattern
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Fig. 5.9  Sclerosing adenosis with apocrine metaplasia (apocrine adenosis). Microscopic features. (a) Low magnification shows a lobulocentric 
proliferation of small glands in a fibrotic background. (b, c) Higher magnification shows apocrine metaplasia
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Fig. 5.10  Ductal carcinoma in situ (DCIS) involving sclerosing ade-
nosis. Gross and microscopic features. (a) Specimen shows a haemor-
rhagic area (arrow) corresponding histologically to foci of glandular 
proliferation. (b, c) Low magnification of different areas of the prior 
core biopsy showing a glandular proliferation in a fibrous background. 

(d) Higher magnification indicates a proliferation of low-to- 
intermediate grade ductal carcinoma in situ cells expanding the glands. 
(e) A few scattered glands are not involved by DCIS (arrows). (f) 
Immunohistochemistry for CK14 decorates an intact outer layer of 
myoepithelial cells around DCIS
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Fig. 5.11  DCIS involving sclerosing adenosis. Histologic and immu-
nohistochemical features. (a) Low magnification shows a proliferation 
of varying sizes of glandular structures with focal infiltrative growth 
pattern. (b) Stroma is cellular. (c) Higher magnification shows that indi-
vidual glandular structures contain pleomorphic-appearing cells. (d) 
Irregular contours of distorted glands appear infiltrative. (e, f) Staining 
for smooth muscle actin highlights myoepithelial cells wrapping around 
the tubules. No invasion is present. (g) Myoepithelial cells stain strongly 

positive for p63. (h) Myoepithelial cells, highlighted with p63 immuno-
histochemistry, are present around the irregular islands of DCIS, con-
firming non-invasion. On light microscopy and without the aid of 
myoepithelial immunohistochemical markers, histological appearances 
closely resemble invasive disease. Clues to the in situ nature are the 
hyalinised stroma and the presence of peripheral ovoid myoepithelial 
nuclei which are smaller than carcinoma cell nuclei. Convergence with 
recognizable sclerosing adenosis is another helpful microscopic cue
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Fig. 5.11  (continued)

g h

Fig. 5.12  Sclerosing adenosis with DCIS. (a) Core biopsies show a 
cellular proliferation at low magnification. (b) A solid tumour cell pro-
liferation fills the ducts of sclerosing adenosis. A few unaffected 
tubules are seen. (c) The irregular pattern of the epithelial islands 

within the slightly oedematous stroma mimics invasive carcinoma. 
Comedonecrosis is seen in one expanded duct affected by DCIS. (d) 
Cribriform islands lined by in situ carcinoma cells with intermediate 
nuclear grade are noted. Debris is observed within several lumens
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�Microglandular Adenosis
A main differential diagnosis includes microglandular adeno-
sis, which is characterised by a haphazard, non-lobulocentric 
proliferation of small round tubular structures that lack myo-
epithelial cells. Luminal spaces of microglandular adenosis are 
open and contain colloid-like secretions, in contrast to col-
lapsed closed lumens of sclerosing adenosis.

�Invasive Carcinoma
The haphazard infiltrative pattern of invasive carcinoma 
versus the lobulocentric growth pattern of sclerosing ade-
nosis is the main histologic feature to differentiate them. 
Immunohistochemical staining for myoepithelial cells can 
be helpful to confirm the absence of a myoepithelial com-
ponent in ducts of invasive carcinoma.

�Prognosis and Therapy Considerations

Sclerosing adenosis reflects a generalised disturbance of the 
breast parenchyma including both stromal and epithelial com-
ponents [4, 16]. It is not a direct precursor lesion of breast 
cancer but is associated with a doubling of the risk of breast 
cancer, which is the same risk as proliferative lesions without 
atypia such as florid hyperplasia. If the diagnosis of sclerosing 
adenosis is clearly established on a core needle biopsy, and 
there is no imaging or clinical discordance with this diagnosis, 
routine follow-up without excision is appropriate. Excision 
should be considered if there is an atypical epithelial prolifera-
tion involving sclerosing adenosis or an imaging or clinical 
discrepancy. Nassar et al. suggested that women with scleros-
ing adenosis showing increased Ki67 expression have 
increased risk of subsequent breast cancer [17–19].

�Radial Scar/Complex Sclerosing Lesion

�Definition

Radial scar and complex sclerosing lesion refer to prolifera-
tive breast lesions with typical stellate configuration on 
imaging and histologic evaluation. Radial scar and complex 
sclerosing lesion are considered to be the same process and 
are arbitrarily distinguished on the basis of size. Lesions up 
to 1 cm are designated as radial scars and larger ones as com-
plex sclerosing lesions. The term “radial sclerosing lesion” 
encompasses both the radial scar and complex sclerosing 
lesion.

�Clinical Features

A radial scar is usually found as an incidental microscopic 
finding in breast biopsies performed for other indications. 
The reported incidence varies from 5 to 28 % in the litera-
ture. Bilateral and multifocal lesions are frequent [20, 21].

�Imaging Features

The typical mammographic finding is a stellate or spiculated 
lesion with a lucent centre mimicking invasive carcinoma 
(Fig.  5.14). Microcalcifications are uncommon in radial 
scars. When microcalcifications are present, they are usually 
identified in associated epithelial proliferations. On ultra-
sound evaluation, it appears as an ill-defined mass with sur-
rounding distortion but it is commonly subtle or difficult to 
be visualised. It can be seen as an enhancing area with  

Fig. 5.13  Sclerosing adenosis with perineural invasion. Histologic features. (a, b) Small glands with identical morphologic features to adjacent 
sclerosing adenosis glands have infiltrated the perineural space (arrows). Note the lack of any stromal or inflammatory reaction
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spiculations and surrounding distortion on MRI which pro-
vides better visualisation and 3D localisation of subtle 
lesions [22, 23].

�Pathologic Features

�Macroscopic Pathology
Large radial scars/complex sclerosing lesions appear as  
stellate masses, which are indistinguishable from invasive 
carcinoma (Fig. 5.15).

�Microscopic Features
Histologically, a radial scar or complex sclerosing lesion is 
composed of central elastotic stroma surrounded by 

numerous glands emanating from the centre (Fig.  5.16). 
The radiating ducts usually expand and show cystic dilata-
tion around the periphery. Epithelial proliferation and 
metaplasia are commonly seen. Glands may be trapped at 
the central scar area and become angulated mimicking 
invasive carcinoma, especially tubular carcinoma 
(Figs. 5.17, 5.18, 5.19, 5.20, and 5.21). While lesional size 
is used to separate radial scar from the complex sclerosing 
lesion, there are some histological differences, with com-
plex sclerosing lesions being usually more disorganized 
and may not always display a radial or radiating configura-
tion. Just like other benign lesions, any type of atypical 
hyperplasia or in situ carcinoma can occur in a radial scar 
or complex sclerosing lesion. Invasive carcinomas may 
involve radial scars [24].

Fig. 5.14  Radial scar. Mammographic 
imaging. Imaging shows architectural 
distortion with fine spicules radiating from 
the central portion to the periphery

Fig. 5.15  Radial scar. Gross features. (a) Thin grey-white fibrous bands radiate into adipose tissue from the ill-defined whitish lesion (arrow).  
(b) A well-formed mass with radiating white streaks mimicking an invasive carcinoma

a b
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Fig. 5.16  Radial scar. Microscopic features. (a) Low magnification 
displays a central fibroelastotic core. Ducts are shown to be cystically 
dilated or collapsed around the periphery. (b, c) Medium and higher 

magnification of the same case showing a fibroelastotic centre as well 
as proliferation of ducts with a radiating pattern. Note the lumens are 
open and peripheral ducts have cystic change with apocrine metaplasia
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Fig. 5.17  Radial scar. Microscopic features. (a) Stellate ductal pro-
liferation with central fibrosis. (b) Radiating ducts appear to be 
enlarged by epithelial hyperplasia with central ducts being smaller, 

angulated, and distorted by central fibrosis. (c) Higher magnification 
showing epithelial proliferation and apocrine metaplasia in periph-
eral ducts
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Fig. 5.18  Radial scar. Microscopic and immunohistochemical fea-
tures. (a, b) Breast core needle biopsy showing irregular distribution of 
small ductules and tubular structures associated with hypocellular col-
lagenized stroma. Due to marked stromal sclerosis, the tubules appear 

angulated and distorted, mimicking an invasive carcinoma. (c) Staining 
for smooth muscle actin highlights intact myoepithelial cells around 
these tubules, supporting a non-invasive nature

5  Benign Sclerosing Lesions



159

�Differential Diagnosis

�Invasive Carcinoma
The haphazard infiltrative pattern of radial scar and complex 
sclerosing lesion simulates invasive carcinoma. The cyto-
logic features of malignancy are lacking in a radial scar/com-
plex sclerosing lesion (Table  5.1). Invasive carcinomas 
usually have more cytologic atypia. Immunohistochemical 
staining for myoepithelial cells can be helpful to confirm the 
absence of a myoepithelial component in invasive carci-
noma, whereas radial scars show preservation of myoepithe-
lial cells around glands (Fig. 5.17).

�Prognosis and Therapy Considerations

Radial scars and complex sclerosing lesions are considered 
benign lesions associated with only a slightly increased risk 
of breast cancer, rather than being direct precursors. In most 
radial scar lesions, the increased risk of breast cancer is asso-
ciated with the accompanying epithelial proliferation. 
Mammographic follow-up or complete surgical excision is 
the treatment of choice. If a radial scar is diagnosed on core 
needle biopsy and there are no atypical features, excision 
may not be required [25–27]. In particular, microscopic 
radial scars that are incidentally discovered on core needle 
biopsy do not require excision. Correlation with imaging and 
pathologic features is essential.

a
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Fig. 5.19  Radial sclerosing lesion with DCIS. (a) Biopsy performed for 
a retroareolar breast distortion shows cores with fibrotic stroma and small 
areas of elastosis, in keeping with a radial sclerosing lesion. Several duct 
spaces are expanded and filled with a cribriform and solid epithelial pop-
ulation, observed in several cores. (b) Fibroelastotic stroma (long vertical 

arrow) is present. A few small calcifications are seen (short horizontal 
arrows). Ducts show a cribriform epithelial population. (c) Cribriform 
DCIS shows low nuclear grade features. (d) Immunohistochemistry for 
CK14 shows preservation of myoepithelial cells as an outer rim, while the 
in situ carcinoma cells are devoid of staining
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Fig. 5.20  Radial scar. Microscopic features. (a) Low magnification view shows a stellate arrangement of radially distributed small glands. (b, c), 
Medium and higher magnification showing tubular structures entrapped within the central zone mimicking invasive carcinoma
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Fig. 5.21  Radial scar. Microscopic features. (a) The peripheral ductal spaces display epithelial proliferation. (b) The intraductal proliferation 
consists of both epithelial and myoepithelial cells, and there is collagenous spherulosis associated with the radial scar

Table 5.1  Differential diagnosis of sclerosing breast lesions

Histologic characteristics Tubular carcinoma Sclerosing adenosis Radial scar/complex sclerosing lesion

Gland shape Angulated Round Dilated

Gland size Small Small Large

Lumen type Open Mostly closed Open

Epithelial lining Single layer Two layers Two layers

Gland distribution Haphazard Lobulocentric Radial

Margins Infiltrative Circumscribed Infiltrative

Collagen Haphazard Mostly prominent at periphery Evenly distributed
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Mucinous Lesions

Mucinous breast lesions represent a heterogeneous group of enti-
ties that are described together based on the presence of pre-
dominantly extracellular mucin as a common feature. 
Intracytoplasmic mucin may be seen rarely as part of benign 
metaplasia, but are more frequently observed in invasive and in 
situ carcinomas [1]. Mucinous breast lesions listed in the chapter 
range from benign conditions like cysts and dilated ducts with 
luminal mucin to mucocele-like lesions that can be associated 
with a range of epithelial proliferations, and to mucin-producing 
malignant neoplasms of mucinous carcinoma and solid papillary 
carcinoma with mucin production.

�Cysts with Luminal Mucin and Mucinous 
Metaplasia

�Definition

Cysts of varying sizes, commonly encountered in breast 
biopsies, comprise dilated ducts within fibrous parenchyma. 
While microscopic breast cysts are commonly encountered 
incidentally on histological assessment of breast tissue, duct 
dilatation can be minimal to significant, forming cysts that 
may be clinically symptomatic. These cysts often contain 
luminal secretions which are granular and eosinophilic. On 
occasion however luminal mucin which distends the ducts, 
may be observed.

�Clinical and Epidemiological Features

Mild cystic changes of the breast are asymptomatic. The 
exact incidence of breast cysts is unknown; they are likely to 

be widely prevalent. When cystic dilatation is marked, 
patients may present with mastalgia, breast lumps, or lumpi-
ness. Luminal mucin in ducts has been reported in 6 % of 
normal breasts, compared to its occurrence in benign ducts 
of 80 % of breasts containing mucinous carcinoma [2].

�Imaging Features

Breast cysts can be seen on imaging. Scattered or loose 
groups of luminal microcalcifications are commonly 
observed on mammography. In particular, layering of cal-
cium in microcysts giving rise to a teacup appearance on 
mammography is unique to cystic changes in the breast 
(Fig. 6.1).

�Pathologic Features

�Macroscopic Pathology
Breast cysts may be macroscopically occult. They are often 
associated with fibrous areas in the breast parenchyma within 
which are scattered small cysts (Fig. 6.2).

�Microscopic Pathology
Breast lobules show variable dilatation of ducts and acini 
within fibrous stroma. Luminal mucin can occur as small 
amounts of wispy, acellular material within dilated  
ducts or as more abundant mucin that distends ducts 
(Fig. 6.3). Calcifications may be observed within the mucin 
(Fig. 6.4). When there is marked ductal distension with rup-
ture and extrusion of mucin into surrounding stroma, the 
diagnosis of mucocele-like lesion is appropriate.
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Fig. 6.2  Breast cystic change. Gross appearance shows ill-defined fibrous areas with scattered small cysts

Fig. 6.1  Mammographic appearance of breast cysts. Magnification view in the true lateral projection shows teacups or layering of calcifications 
in the dependent aspect of microcysts (Courtesy of Dr. Lester Leong)

Mucinous metaplasia is an uncommonly encountered 
microscopic alteration in the breast, in which lining epithe-
lial cells show mucinous cytoplasm (Figs. 6.5 and 6.6).

�Differential Diagnosis

�Cystic Changes with Luminal Mucin 
Versus Mucocele-Like Lesion
The key difference between these lesions is the degree of 
distension of ducts by luminal mucin. Marked duct disten-
sion with mucin extravasation into surrounding stroma  

indicates a mucocele-like lesion. Calcifications superim-
posed on mucin may be observed in both conditions.

�Mucinous Metaplasia Versus Mucoepidermoid 
Carcinoma
Mucoepidermoid carcinoma is a rare, salivary-gland type of 
breast cancer; in its low-grade variety, it may show a preva-
lence of mucous cells that can resemble mucinous metapla-
sia [3]. However, mucinous metaplasia does not show 
additional features of low-grade mucoepidermoid carcinoma 
such as the presence of intermediate and squamous cells, 
apart from the invasive nature of the latter (Fig. 6.7).

6  Mucinous Lesions
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Fig. 6.3  Breast cyst with luminal mucin. Cystically dilated ducts con-
tain luminal mucin. Although the lining of one of the affected ducts 
appears to be incomplete, no convincing extrusion of mucin into the 

surrounding stroma is seen. If there is mucin extravasation, the diagno-
sis of mucocele-like lesion is appropriate

Fig. 6.4  Cystically dilated ducts contain luminal mucin and calcifications

�Cysts with Luminal Mucin and Mucinous Metaplasia
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Fig. 6.6  Mucinous metaplasia observed within an intraductal papil-
loma. The underlying papillary architecture is not well appreciated at 
this high magnification. Here, mucinous cells replace the lining epithe-

lium of tubules within the intraductal papilloma. Some luminal mucin 
is also found in the glands lined by mucinous cells

Fig. 6.5  A duct shows mucinous metaplasia of lining cells with basally oriented nuclei and mucinous cytoplasm. The duct architecture is  
preserved, with an outer rim of myoepithelial cells, with florid usual ductal hyperplasia filling the lumen
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�Prognosis and Therapy Considerations

Breast cysts with luminal mucin and mucinous metaplasia 
have no clinical impact. Cysts can be accompanied by pro-
liferative epithelial changes that may have corresponding 
risk implications for subsequent breast cancer 
development.

�Mucocele-Like Lesions

�Definition

Mucocele-like lesions (MLL) are defined by the presence 
of cysts and dilated ducts distended by mucin with associ-
ated rupture and mucin seepage into the surrounding 
breast stroma. The term “lesion” is preferred over 
“tumour”, as the accompanying epithelial changes are 
often not neoplastic. Associated epithelial alterations are 
assessed separately.

�Clinical and Epidemiological Features

The incidence of MLL is not known, though these lesions are 
increasingly detected in the mammographic era because of 

the occurrence of calcifications. Large MLL may present 
clinically as breast lumps.

�Imaging Features

Clustered, coarse microcalcifications with or without a lobu-
lated mass may be observed (Fig. 6.8).

�Pathologic Features

�Macroscopic Pathology
Mucin-containing cysts within fibrous stroma and grittiness 
related to calcifications can be present (Figs. 6.9 and 6.10).

�Microscopic Pathology
Cysts distended by luminal mucin with mucin extravasa-
tion into the stroma are present. The lining of the mucin-
filled cysts may be flattened, attenuated benign epithelium, 
or it may show a variety of alterations including usual 
ductal hyperplasia, columnar cell change, columnar cell 
hyperplasia, flat epithelial atypia, atypical ductal hyper-
plasia (ADH), and ductal carcinoma in situ (DCIS). 
Coarse calcifications may be seen in luminal and extruded 
mucin (Figs. 6.11, 6.12, and 6.13).

Fig. 6.7  Mucoepidermoid carcinoma. Invasive tumour islands incorporating mucinous cells (arrows) are seen within fibrotic stroma

Mucocele-Like Lesions



168

Fig. 6.9  Mucocele-like lesion with calcifications. Hookwire localisation excision specimen (hookwire has been removed) shows cysts with 
mucoid material on cut sections, within a fibrofatty parenchyma. Calcifications were identified histologically

Fig. 6.8  Mucocele-like lesion. Magnification mammogram view shows a cluster of fine granular and amorphous microcalcifications together with 
a focus of coarse calcification (Courtesy of Dr. Lester Leong)
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Fig. 6.10  Mucocele-like lesion with ductal carcinoma in situ (DCIS). Macroscopically, viscid mucin is seen extruding from the cut surface. DCIS 
was found on histological examination

Fig. 6.11  Benign mucocele-like lesion with calcifications. Cystically dilated ducts are lined by attenuated epithelium without any cytoarchitec-
tural atypia. Calcifications are observed within the mucin

�Mucocele-Like Lesions
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Fig. 6.13  Mucocele-like lesion on core biopsy. Cystically dilated ducts containing luminal mucin are present, with stromal mucin extravasation 
and scattered calcifications

Fig. 6.12  Mucocele-like lesion with calcifications seen on core biopsy of mammographically detected calcifications

6  Mucinous Lesions
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Fig. 6.14  (a) Mucocele-like lesion with a borderline lesion for which 
the differential diagnosis is between atypical ductal hyperplasia versus 
low nuclear grade ductal carcinoma in situ. Excision biopsy shows a 
cluster of cystically dilated ducts filled with mucin, accompanied by 
coarse calcifications. Several ducts show architectural atypia with 
arches and micropapillary projections which may be difficult to appre-
ciate at this magnification. (b) On higher magnification, the ducts show 

rigid arches and cribriform spaces, with involvement of at least two 
duct spaces. Luminal mucin and calcifications are present. The lesional 
extent measured more than 2 mm, fulfilling the size criterion of DCIS, 
although size assessment may be challenging in these markedly dis-
tended ducts. Lesser degrees of involvement warrant a diagnosis of 
atypical ductal hyperplasia (ADH)

a

b

�Differential Diagnosis

�MLL with ADH Versus MLL with Low Nuclear 
Grade DCIS
The distinction between MLL with ADH and MLL with low 
nuclear grade DCIS (Figs. 6.14 and 6.15) follows usual qualita-
tive and quantitative criteria used to distinguish between these 
two lesions, with ADH diagnosed when duct spaces are only par-

tially involved by the atypical epithelial population or when the 
lesional size does not exceed 2 mm. As MLL features dilated 
cysts, it may be difficult to apply the 2-mm size criterion. Using 
the involvement of two duct spaces as a diagnostic guide may be 
a practical alternative, although caution needs to be exercised in 
order not to overdiagnose small foci of atypical epithelial changes 
as DCIS. An appraisal of the entire lesion and a careful assess-
ment of the extent of the atypical epithelial alterations are required.

�Mucocele-Like Lesions
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�MLL Versus Cystic Hypersecretory Breast Lesions
MLL may resemble cystic hypersecretory hyperplasia and 
cystic hypersecretory carcinoma with similar cystically 
dilated ducts. However, the luminal contents differ, with 
mucin in MLL and colloid-like eosinophilic material in cys-
tic hypersecretory lesions (Fig. 6.16).

�MLL Versus Mucinous Cystadenocarcinoma
Mucinous cystadenocarcinoma is a vanishingly rare lesion 
resembling that reported in the pancreas and ovary [4]. It 
resembles MLL because of the presence of cystically dilated, 
mucin-filled ducts, but it differs from MLL because of its 

tall, columnar mucinous cells with basally oriented nuclei, 
and hormone receptor negativity (Fig. 6.17).

�MLL with Detached Epithelium Versus Mucinous 
Carcinoma
Disruption of cyst walls in MLL can dislodge epithelium 
into the extruded mucin pools, raising concern for a muci-
nous carcinoma histologically (Fig. 6.18). This diagnosis is 
especially problematic when the MLL is accompanied by 
DCIS, making the detached epithelium similarly neoplastic 
and suspicious for mucinous carcinoma when found sus-
pended within mucin (Figs. 6.19 and 6.20).

Fig. 6.15  Mucocele-like lesion with ductal carcinoma in situ. (a) 
Hookwire localisation excision biopsy of radiologically detected calcifi-
cations in the right breast shows a cluster of mucin-filled cysts near the 
tissue edge (black arrow). A yellowish-brown nodule (white arrow) is 
present, representing the previous mammotome biopsy site. Histological 
findings of the prior mammotome biopsy showed a mucocele-like lesion 
with atypical ductal hyperplasia accompanied by calcifications. (b) 
Corresponding histological section reveals distended cysts (black arrow) 
aggregated near the inked surgical edge of the tissue. The previous mam-
motome biopsy site is noted (white arrow). (c) The cystically dilated 
ducts are lined by flattened epithelium that is punctuated by rigid epithe-
lial arches. Mucin distends the duct lumens, with spillage into the sur-
rounding stroma. While the degree of epithelial architectural atypia 

depicted in this illustration may not qualify for a diagnosis of low grade 
ductal carcinoma in situ and may be considered atypical ductal hyperpla-
sia in the absence of further ductal epithelial abnormalities, presence of a 
greater extent (> 2mm; or 2 or more affected ducts) of cytoarchitecturally 
abnormal epithelial changes could be regarded as ductal carcinoma in 
situ. Careful assessment of the extent of involvement is important to 
avoid overdiagnosing small foci of atypical epithelial alterations as ductal 
carcinoma in situ. (d) Higher magnification shows cytoarchitecturally 
abnormal epithelial changes in the wall of this distended duct. Stiff epi-
thelial arches with secondary rigid lumens are seen. These abnormal 
alterations were found in several contiguous sections of the breast tissue, 
indicating a significant disease extent fulfilling the size criterion of low 
nuclear grade ductal carcinoma in situ

a b

dc
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Fig. 6.16  Cystic hypersecretory carcinoma (in situ). (a) Macroscopic 
specimen shows clusters of cysts of varying sizes within a fibrous paren-
chyma. (b) Histologically, dilated ducts are filled with luminal pink pro-
teinaceous secretions resembling colloid. Haemosiderophages are also 
present. The ducts are lined by columnar epithelium with micropapillary 
protrusions into the lumens. At this magnification and in this focus, cyto-
architectural abnormalities are not well appreciated. (c) Here, ducts are 

lined by uniform epithelial cells forming stiff arcades and rigid lumens, 
with micropapillary tufts projecting into distended lumens containing 
pink secretions admixed with blood and haemosiderophages. (d) High 
magnification shows columnar cells with stratified vesicular nuclei and 
occasionally discernible nucleoli lining the cystic duct wall as well as the 
papillary projections. Small amounts of pink secretions with red blood 
cells and haemosiderophages are seen in the lumen.

a b

dc

Fig. 6.17  Mucinous cystadenocarcinoma. (a) Low magnification 
shows cystically dilated ducts filled with luminal mucin, resembling the 
mucocele-like lesion. (b) High magnification shows neoplastic cells 

containing cytoplasmic mucin with basally oriented nuclei lining the 
dilated duct. Wispy luminal mucin is present (Courtesy of Dr Thomas 
Putti)

a b

�Mucocele-Like Lesions



174

Fig. 6.18  Mucocele-like lesion with detached epithelium. Sometimes, 
detached clusters of epithelium may be observed within extravasated 
mucin pools of MLL. Distinguishing this finding from mucinous carci-
noma may be challenging. Clues are the focal nature and heterogeneous 
appearance of the epithelial cells, including the presence of myoepithe-

lial cells, which may sometimes be demonstrated with immunohisto-
chemistry. On deeper levels, the focus is often diminished. Additionally, 
if the rest of the lesion shows no atypical epithelial changes, it is 
unlikely that the detached epithelium would reflect a neoplastic 
process

Fig. 6.19  Mucocele-like lesion with DCIS and detached epithelium. 
(a) Here, epithelial detachment is confined to the lumens of affected 
ducts. Consideration for mucinous carcinoma does not arise. (b) Several 
mucin-distended ducts show abnormal epithelial lining. Acellular 

mucin lakes are seen in the surrounding stroma. No floating neoplastic 
epithelium is present to suggest a mucinous carcinoma. Deeper levels 
are useful to exclude the possibility of an accompanying early invasive 
mucinous carcinoma

a b

A practical approach is to review the epithelial changes in 
the MLL.  If they are entirely benign, benignity for the 
detached epithelium is likely [5]. The diagnosis may be  
more challenging if ADH and/or DCIS accompanies  
the MLL. If the detached epithelial nests are few, focal, and 
observed in the vicinity of previous instrumentation tracts, 

they are unlikely to represent invasive carcinoma. 
Immunohistochemistry for the presence of myoepithelial 
cells may be helpful in indicating a non-invasive process, but 
only if positive. It is acknowledged, however, that sometimes 
it may be difficult to be entirely sure, and the possibility of 
microinvasion cannot be ruled out.
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Fig. 6.20  Mucocele-like lesion with DCIS and adjacent mucinous car-
cinoma. (a) Many epithelial clusters are seen floating within extracel-
lular mucin, adjacent to mucin-distended ducts with DCIS. (b) This 
duct, which is distended by mucin, shows features of low nuclear grade 
DCIS. In the adjacent stroma are pools of mucin with floating neoplas-

tic epithelium, features of mucinous carcinoma. (c) Mucinous carci-
noma adjacent to mucocele-like lesion with DCIS. The mucinous 
carcinoma comprises epithelial clusters that are completely surrounded 
by mucin pools

a

b

c
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Fig. 6.21  Mucinous carcinoma. Malignant epithelial nests are floating within mucin pools. Narrow, delicate connective tissue septa with fine, 
subtle thin-walled vessels are present within the mucin (arrows), indicating neovascularization

Some authors have described neovascularisation in muci-
nous DCIS, postulating that neoplastic mucin promotes for-
mation of vessels and subsequent invasion of tumour cells 
into mucinous stroma [6]. This finding may be a subtle but 
helpful clue in favouring the presence of a malignant neo-
plastic process (Fig. 6.21).

�Prognosis and Therapy Considerations

MLL with benign epithelial changes found on excision 
specimens do not require follow-up. Whether MLL with 
benign epithelial alterations on core biopsy require surgical 
excision is debatable [7]. It has been advocated that obser-
vation may be appropriate when there is no epithelial atypia 
or when all radiological calcifications associated with MLL 
have been removed through biopsy [8–10]. MLL with atypia 
or DCIS on core biopsy needs to be excised. MLL with 
ADH in excisions is managed with high-risk screening; 
MLL with DCIS in excisions is managed with complete 
resection.

�Mucinous Carcinoma

�Definition

Mucinous carcinoma, also known as mucoid, colloid or 
gelatinous carcinoma, consists of malignant epithelial nests 
floating within extracellular mucin.

�Clinical and Epidemiological Features

Mucinous carcinoma is reported to account for about 2 % of 
all breast cancers, occurring in older women usually above 
55 years of age.

�Imaging Features

Mammographically, it presents as a dense mass (Fig. 6.22). 
The borders are slightly ill-defined, but there can be partially 
circumscribed margins. The mucinous contents give rise to 
posterior enhancement on sonography and high T2W signal 
on MRI, mimicking a benign mass.

�Pathologic Features

�Macroscopic Pathology
Mucinous carcinoma consists of a mucinous or gelatinous mass. 
It is grossly circumscribed and may demonstrate haemorrhage 
and lobulated contours (Figs. 6.23, 6.24, 6.25, and 6.26).

�Microscopic Pathology
Malignant epithelial nests, usually with low or intermediate 
nuclear grade, are seen within mucin pools (Fig. 6.27). Both 
paucicellular (Capella type A) (Fig. 6.28) and hypercellular 
(Capella type B) (Fig. 6.29) tumours are described. Mucinous 
carcinoma is usually hormone receptor positive and human 
epidermal growth factor receptor 2 (HER2) negative 
(Fig. 6.30). Hypercellular mucinous carcinoma often demon-
strates neuroendocrine differentiation (Figs. 6.31 and 6.32).

6  Mucinous Lesions
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Fig. 6.22  Radiology of mucinous carcinoma. On mammography, a rounded mass is present, which may mimic a benign lesion

Fig. 6.23  Invasive mucinous carcinoma. Macroscopically, mucinous carcinoma shows a rounded appearance with relatively circumscribed con-
tours with a gelatinous, glistening cut surface. Several cyst-like spaces are present

Mucinous Carcinoma
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Fig. 6.25  Invasive mucinous carcinoma. Haemorrhagic tumour with a mucinous cut surface contains several cyst-like spaces

Fig. 6.24  Invasive mucinous carcinoma. A large, circumscribed, gelatinous, and haemorrhagic tumour with lobulated contours is present within 
the breast
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Fig. 6.26  Mixed ductal–mucinous carcinoma. More solid, fleshy, 
grey-white areas are present, admixed with gelatinous foci, the former 
representing the non-mucinous ductal component. Adjacent to the 

mixed ductal–mucinous carcinoma is an intraductal papilloma (arrow), 
confirmed histologically

Fig. 6.27  Mucinous carcinoma. Mucicarmine stain highlights mucin with a rosy magenta hue. Tumour cells are suspended within the mucin pool

Mucinous Carcinoma
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Fig. 6.28  Mucinous carcinoma, paucicellular variant (Capella type A), shows mucin lakes with a few scattered malignant epithelial nests

Fig. 6.29  Mucinous carcinoma, hypercellular variant (Capella type B), shows relatively circumscribed contours. Tumour islands are densely 
arranged and suspended within extracellular mucin

6  Mucinous Lesions
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�Differential Diagnosis

�Mucinous Carcinoma Versus Mixed  
Ductal–Mucinous Carcinoma
Mucinous carcinoma is diagnosed when more than 90 % of 
the tumour shows characteristic appearances of tumour 

cells floating within mucin. When mucinous differentiation 
is seen in more than 50 % but less than 90 % of the tumour, 
with ductal features in the remainder, a diagnosis of mixed 
mucinous–ductal carcinoma is made (Figs.  6.33, 6.34  
and 6.35).

Fig. 6.30  (a) Mucinous carcinoma shows oestrogen receptor nuclear positivity. The majority of mucinous carcinomas are hormone receptor posi-
tive. (b) Immunohistochemistry for progesterone receptor shows patchy nuclear positivity in mucinous carcinoma cells

a b

Fig. 6.31  Mucinous carcinoma. Tumour cells show eosinophilic cytoplasm, suggesting neuroendocrine differentiation, which can be confirmed 
on immunohistochemistry. Several tumour cells also disclose nuclear eccentricity

Mucinous Carcinoma
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Fig. 6.32  (a) Hypercellular (type B) mucinous carcinoma shows neo-
plastic epithelium densely aggregated amid mucin pools. (b) High mag-
nification shows islands of neoplastic epithelium with low nuclear 

grade features, suspended within mucin. (c) Immunohistochemistry for 
the neuroendocrine marker synaptophysin shows diffuse cytoplasmic 
reactivity in mucinous carcinoma cells

a

b

c
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Fig. 6.33  Mucinous carcinoma. The tumour shows lobulated, relatively circumscribed contours. The mucin present contributes to the glistening 
gross appearance. Parts of the peripheral portions of the tumour do not show extracellular mucin and represent a focal non-mucinous component

Fig. 6.34  Mixed mucinous–ductal carcinoma. Tumour nests floating within mucin are juxtaposed to invasive carcinoma of no special type (inva-
sive ductal carcinoma), where no extracellular mucin is seen

Mucinous Carcinoma
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�Mucinous Micropapillary Carcinoma 
Versus Invasive Micropapillary Carcinoma
A recently characterised form of mucinous carcinoma shows 
a distinctive micropapillary arrangement of tumour cells. 
This form is reported to be a clinically aggressive subset of 
mucinous carcinoma, with cells of intermediate to high 
nuclear grade that are often hobnailed, accompanied by 

psammomatous calcifications (Fig.  6.36) [11]. The micro-
papillary pattern of neoplastic epithelial cells resembles 
invasive micropapillary carcinoma, but the difference lies in 
the mucinous background within which tumour nests reside 
in mucinous micropapillary carcinoma; malignant nests of 
invasive micropapillary carcinoma lie within retraction 
spaces (Figs. 6.37 and 6.38).

Fig. 6.35  Mixed mucinous-ductal carcinoma shows mucinous carcinoma with tumour nests suspended in mucin lakes (left field) while invasive 
ductal carcinoma comprising irregular solid islands of malignant cells are observed within fibrous stroma (right field)

Fig. 6.36  (a) Mucinous micropapillary carcinoma on core biopsy. 
Micropapillary tumour nests float within abundant extracellular mucin, 
with accompanying calcifications. (b) Mucinous micropapillary carci-

noma with calcifications. Morular tumour nests are completely enclosed 
by extracellular mucin, with accompanying calcifications

a b
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�Mucinous Carcinoma Versus Secretory 
Carcinoma
In secretory carcinoma, secretions that are pink and some-
times scalloped are observed within the lumens of neoplastic 
glands as well as within cytoplasmic lumens. In contrast, 
mucin in mucinous carcinoma is extracellular and envelopes 
tumour islands (Fig. 6.39).

�Mucinous Carcinoma, Hypercellular Variant, 
with Neuroendocrine Differentiation 
Versus Solid Papillary Carcinoma with Mucin 
Production
These two lesions may coexist. However, categorisation as 
mucinous carcinoma requires suspension of tumour within 
mucin pools. In solid papillary carcinoma (in situ or inva-

Fig. 6.37  Invasive micropapillary carcinoma. (a) The tumour nests 
morphologically resemble those in mucinous micropapillary carci-
noma, but the spaces surrounding the tumour nests in invasive micro-
papillary carcinoma are empty, without any mucinous material. (b) 

Epithelial membrane antigen (EMA) immunohistochemistry shows 
accentuation of staining on the outer surfaces of tumour cells that face 
the retraction spaces

a b

Fig. 6.38  Mucinous carcinoma. EMA immunohistochemistry also demonstrates accentuated staining of the outer surfaces of tumour cells in 
contact with extracellular mucin

�Mucinous Carcinoma
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Fig. 6.39  Secretory carcinoma shows luminal pink, viscid, colloid-like secretions. The secretions are confined to glandular lumens or sometimes 
are observed within the cytoplasm of malignant cells. No stromal mucin pools are present

Fig. 6.40  Mucinous carcinoma, hypercellular variant, seen adjacent to solid papillary carcinoma with mucin production

sive), on the other hand, fine vessels extend into the midst of 
the tumour, with mucin within tumour cell cytoplasm or 
among tumour cells, rather than tumour cells being sus-
pended within mucin lakes (Fig. 6.40).

�Mucinous Carcinoma Versus Polyacrylamide Gel
Injections of polyacrylamide gel for breast augmentation 
may show histologic features slightly reminiscent of the 
mucin pools of mucinous carcinoma. However, polyacryl-

amide gel is acellular with a violaceous hue and is rimmed 
by foreign-body-type multinucleated giant cells (Fig. 6.41).

�Prognosis and Therapy Considerations

Pure mucinous carcinoma has an excellent prognosis, with 
10-year survivals exceeding 80 %. Mixed mucinous carcino-
mas have less excellent outcomes [12].
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Fig. 6.41  Polyacrylamide gel injection. (a) Acellular pools of poly-
acrylamide gel within the breast parenchyma can mimic mucin pools, 
but these pools are acellular with a lilac hue and are rimmed by foreign-

body giant cells. (b) High magnification shows foreign-body multinu-
cleated giant cells surrounding the foreign substance

a b

�Solid Papillary Carcinoma with Mucin 
Production

�Definition

Solid papillary carcinoma is a distinctive form of papillary 
carcinoma composed of expansile cellular nodules within 
which are relatively inconspicuous, delicate fibrovascular 
cores [13]. A solid growth pattern can be seen at low mag-
nification. Neuroendocrine differentiation, spindle cell 
morphology, and mucin production are frequent 
(Fig. 6.42). Both in situ and invasive forms of solid papil-
lary carcinoma exist, and it is necessary to specify whether 
a particular case represents the in situ or invasive counter-
part or both (see section “Solid Papillary Carcinoma”, in 
Chap. 4).

�Clinical and Epidemiological Features

Solid papillary carcinoma usually occurs in women in the 
older age group. Those with mucin production form a subset 
of this tumour. Patients may present with a breast lump, 
sometimes in the nipple-areolar region, with or without 
bloody nipple discharge.

�Imaging Features

Solid papillary carcinoma may be observed as mammo-
graphic nodular masses or ultrasonographic hypoechoic 
lesions with lobulated contours.

�Pathologic Features

�Macroscopic Pathology
Solid papillary carcinoma with mucin production can show a 
glistening appearance.

�Microscopic Pathology
Solid nodules of monotonous low or intermediate nuclear 
grade epithelial cells are punctuated by fine, congested ves-
sels, accompanied by variable amounts of mucin, which 
can be spotted between cells within the solid islands or 
seeping between tumour cells and stroma. When mucin 
becomes more abundant, enclosing tumour nests, it 
becomes difficult to distinguish solid papillary carcinoma 
with mucin production from the hypercellular variant of 
mucinous carcinoma.

�Differential Diagnosis

�Solid Papillary Carcinoma with Mucin Production 
Versus Intraductal Papilloma with Mucin
In solid papillary carcinoma, the epithelial population is uni-
formly composed of cells harbouring nuclei with fine chro-
matin, amphophilic to eosinophilic cytoplasm, and 
inconspicuous nucleoli. Fibrovascular septa are fine and 
imperceptible. Pseudorosettes and spindle cells can be seen 
(Fig. 6.43). In contrast, the intraductal papilloma with mucin 
shows a heterogeneous cell population with fronds supported 
by well-developed fibrovascular cores. Myoepithelial cells 
are present. Mucin is found within the cystic lumen of the 
papilloma (Fig. 6.44).

Solid Papillary Carcinoma with Mucin Production

http://dx.doi.org/10.1007/978-1-4939-6697-4_4
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Fig. 6.43  Solid papillary carcinoma (in situ) with mucin production. 
(a) Large, rounded solid islands of uniform epithelial cells are punctu-
ated by delicate fibrovascular septa. Mucin puddles are observed among 
the epithelial cells. (b) High magnification shows mucin among monot-

onous epithelial cells. Perivascular rosettes are seen. The epithelial cells 
show uniform nuclei with fine chromatin and amphophilic cytoplasm.

a b

Fig. 6.42  Solid papillary carcinoma (in situ) with mucin production. 
(a) Parts of the tumour show an intraductal papillary appearance. Mucin 
is seen within the dilated ducts into which the papillary structures pro-
trude. (b) Mucin is seen among tumour cells. There is a well-defined 

interphase of the tumour edge with the surrounding stroma. (c) 
Mucicarmine stain shows mucin accumulation between cells. (d) 
Immunohistochemistry for synaptophysin shows positive reactivity in 
the tumour cells, indicating neuroendocrine differentiation

a b

dc
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Fig. 6.44  Intraductal papilloma with mucin. (a) Extracellular mucin is seen within the intraductal papilloma. (b) Immunohistochemistry for CK14 
shows a mosaic pattern of positivity among epithelial cells within the intraductal papilloma, supporting a benign process

a b

�Solid Papillary Carcinoma with Mucin Production 
Versus Hypercellular-Variant Mucinous 
Carcinoma
When mucin of solid papillary carcinoma tracks between the 
tumour and stroma, it becomes difficult to distinguish it from 
established mucinous carcinoma of the hypercellular variety. 
Mucinous carcinoma is diagnosed when mucin pools are 
extensive and completely surround the nests and islands of 
tumour. Solid papillary carcinoma may be associated with 
invasive mucinous carcinoma as well.

�Prognosis and Therapy Considerations

Solid papillary carcinoma has a generally good prognosis 
[14], which also applies to those with mucin production.
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Apocrine Lesions

Apocrine morphology is characterised by abundant eosin-
ophilic cytoplasm containing finely granular, periodic 
acid–Schiff (PAS)-positive, diastase-resistant granules and 
moderate to large, centrally or eccentrically located nuclei 
with prominent nucleoli and distinctive cell borders. It is 
commonly observed in a wide variety of breast lesions 
[1–4] (Fig. 7.1), ranging from simple cysts to intraductal 
proliferative lesions with and without atypia and to inva-
sive carcinoma (Fig. 7.2). The majority of apocrine breast 
lesions are benign and have no major clinical conse-
quences. They are often considered normal features of the 
female breast after the age of 25–30 years [5]. Some apo-
crine proliferations may cause diagnostic problems, how-
ever, especially when they involve pre-existing lesions 

such as adenosis or papilloma [3, 6]. Accurate diagnosis 
and classification of these lesions are important. The bio-
logic and clinical significance of breast carcinomas with 
apocrine morphology remains controversial, mainly 
because of the subjectivity of histopathological criteria 
and the lack of specific biomarkers for reliable classifica-
tion of this histological subtype of breast carcinoma. 
Identification of novel molecular markers that can define 
apocrine carcinoma and determine the true clinical signifi-
cance of apocrine differentiation in breast cancer is an area 
of active research.

Gross cystic disease fluid protein 15 (GCDFP-15), origi-
nally isolated from the contents of a breast cyst, is a sensitive 
immunohistochemical marker of apocrine differentiation. 

7

Fig. 7.1  Apocrine metaplasia. (a) On H&E staining, apocrine cells are 
characterised by abundant pink, granular cytoplasm and centrally 
located hyperchromatic nuclei, which may have one or two prominent 
nucleoli. The nuclear to cytoplasmic ratio is very low. The apical por-

tions of the cells contain coarse eosinophilic granules. These type A 
apocrine cells are more commonly observed than type B apocrine cells 
which feature abundant foamy cytoplasm. (b) Type B apocrine cells 
(arrows) with abundant pale to foamy cytoplasm

a b
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a b c

Fig. 7.2  Apocrine change in the breast is seen in a broad range of lesions. (a) Benign microcyst with apocrine metaplasia. (b) Usual ductal 
hyperplasia with apocrine change. (c) Invasive apocrine carcinoma

Fig. 7.3  Immunohistochemical staining for gross cystic disease fluid protein 15 (GCDFP-15). Almost all benign apocrine lesions and a 
great majority of malignant apocrine lesions show strong positivity for this marker

It  can be used to confirm apocrine differentiation in both 
benign and malignant conditions (Fig. 7.3) [7, 8]. Some non-
apocrine breast lesions can also be positive for GCDFP-15. 
Similarly, androgen receptor is a sensitive but not a specific 
marker of apocrine differentiation (Fig. 7.4). Today, apocrine 

differentiation is determined primarily on morphologic 
features.

This chapter reviews histopathologic features of apocrine 
lesions of the breast, with an emphasis on the differential diag-
nosis of benign, borderline, and malignant apocrine lesions.

7  Apocrine Lesions
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Fig. 7.4  Immunohistochemical staining for androgen receptor in adenosis with apocrine differentiation. Though apocrine cells show strong dif-
fuse expression of androgen receptor, only scattered non-apocrine cells are positive (arrow)

�Benign Lesions: Apocrine Metaplasia

�Definition

Apocrine metaplasia, defined as the change of the breast epi-
thelium into an epithelium similar to that found in apocrine 
glands of cutaneous origin, is quite common and is observed 
in a variety of benign breast lesions (cystic changes, fibroad-
enoma, papilloma, and sclerosing adenosis) (Figs.  7.5 and 
7.6). Embryologically, the breasts develop from the anlage 

that gives rise to apocrine glands, but apocrine glands are not 
basic histologic components of the breast. There are several 
hypotheses regarding the origin of apocrine cells in breast 
tissue. The presence of apocrine epithelium is generally 
regarded as a metaplastic or degenerative process, but some 
suggest that apocrine cells may be a normal constituent of 
glandular structures of the breast and may represent apocrine 
glands of cutaneous origin entrapped in breast tissue [9]. 
Apocrine cells in the breast are histologically indistinguish-
able from apocrine cells in cutaneous apocrine glands.

Benign Lesions: Apocrine Metaplasia
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Fig. 7.5  Cystic duct with apocrine metaplasia. Transition from normal ductal epithelium to apocrine metaplasia is shown (arrow)

Fig. 7.6  Apocrine metaplasia is a common component of breast cystic changes (left lower field) and is frequently associated with adenosis and a 
broad range of benign proliferative changes. An intraductal papilloma is present (right field)
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�Clinical and Epidemiological Features

Apocrine metaplasia is frequently found along the epithelial 
lining of cysts (Fig. 7.7), which can be part of breast cystic 
changes that may present as a palpable mass (Fig. 7.8) or be 
associated with microcalcifications [3–5]. There is no 

specific clinical feature that can be attributed to apocrine 
metaplasia. Apocrine metaplasia is a common histologic 
finding in the female breast after 25–30 years of age [3–6, 
10]. It is rarely seen in women younger than 20 years, and 
the frequency increases with age, being highest in the fifth 
decade.

Fig. 7.7  Cystic apocrine metaplasia. Dilated cysts are lined by apocrine cells

a b c

Fig. 7.8  Cystic apocrine metaplasia. (a, b) Cystically dilated glands 
lined by benign apocrine epithelium. (c) Higher magnification shows 
that the nuclei are centrally and basally located and there is no cytologic 

atypia. The lumen contains eosinophilic secretory material mixed with 
a few degenerative cells. Rare mitoses can be identified even in benign 
apocrine proliferations (b, arrow)

Benign Lesions: Apocrine Metaplasia
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�Imaging Features

Clusters of ducts with apocrine metaplasia may form a mass 
that can be identified on imaging. They may be associated 
with microcalcifications, which can be calcium phosphate or 
calcium oxalate (Fig. 7.9).

�Pathologic Features

�Macroscopic Pathology
There are no specific macroscopic findings associated with 
apocrine metaplasia. Large cystic lesions may be grossly 
visible and contain dark-coloured fluid.

�Microscopic Pathology
Cystic apocrine metaplasia is composed of flat and cuboidal 
cells with abundant eosinophilic granular cytoplasm and 
round nuclei located in either the basal or central positions. 
The nuclei often have prominent nucleoli. The cells are typi-
cally evenly spaced and have distinct borders (Fig. 7.10).

Apocrine cells lining glands usually show apical snouts 
projecting into the lumen (Fig. 7.11). A myoepithelial layer 
is easily distinguishable, but diminished or focally absent 
myoepithelium has been reported in benign apocrine cysts.

�Differential Diagnosis

Apocrine metaplasia has a distinct histological appearance 
that usually does not pose diagnostic difficulty. Other benign 
lesions such as duct ectasia with abundant histiocytes may 
mimic apocrine metaplasia (Fig. 7.12).

�Prognosis and Therapy Considerations

Apocrine metaplasia is a benign lesion, and it is not consid-
ered to be associated with risk for developing breast cancer 
[3–6, 11].

�Malignant Apocrine Lesions

�Apocrine Ductal Carcinoma In Situ

�Definition
Apocrine-like changes are common findings in ductal carci-
noma in situ (DCIS) (Figs. 7.13 and 7.14). The incidence of 
pure apocrine DCIS is difficult to establish in the literature 
because of the variable diagnostic criteria used to define apo-
crine differentiation [12–17]. The presence of abundant 
eosinophilic cytoplasm and centrally located enlarged nuclei, 
which are the defining histologic features of apocrine differ-
entiation, are common findings in high-grade DCIS. High-
grade apocrine DCIS, characterised by proliferation of pure 
apocrine cells with marked nuclear pleomorphism, high 
mitotic rate, and comedonecrosis, presents the least diagnos-
tic difficulty (Fig. 7.15). Comedonecrosis is a common find-
ing in apocrine DCIS, and some experts require the presence 
of necrosis to establish the diagnosis of DCIS in apocrine 
proliferations [14, 16]. They consider that all apocrine DCIS 
should be at least intermediate grade based on nuclear fea-
tures. Others support classification of apocrine DCIS into 
categories of low grade, intermediate grade, and high grade, 
similar to non-apocrine DCIS (Figs.  7.16, 7.17, 7.18, and 
7.19) [16, 17].

a b

Fig. 7.9  (a) Apocrine cyst. A cystically dilated gland lined by apocrine cells shows luminal pale secretions and transparent calcium oxalate. 
(b) Polarised microscopy shows refractility of the calcium oxalate within the lumen
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Fig. 7.10  Benign cystic apocrine metaplasia. The apocrine cyst lining may be a single layer (a) or multiple layers of apocrine cells (b). The cells 
are typically evenly spaced and have distinct borders

a b

Fig. 7.11  Benign cystic apocrine metaplasia with typical apical snouts, low (a) and higher (b) magnification

a b
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Fig. 7.12  Foamy histiocytes within the duct wall and lumen may 
mimic apocrine metaplasia. Here, the foamy histiocytes have ample 
pale brown cytoplasm reflecting intracytoplasmic ceroid or lipofuscin, 
whereas apocrine cells have pink cytoplasm. Presence of intraluminal 

foam cells with identical histological appearances as those along the 
duct wall, together with accompanying chronic inflammation, favour a 
histiocytic origin

Fig. 7.13  Non-apocrine ductal carcinoma in situ (DCIS) mimicking 
apocrine differentiation. (a) Although the cells have eosinophilic cyto-
plasm, this proliferation is not classified as apocrine because of the lack 

of other characteristics of apocrine differentiation, such as cytoplasmic 
granularity and ample pink cytoplasm. (b) Similarly, this in situ ductal 
malignant proliferation is classified as non-apocrine

a b
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Fig. 7.14  High-grade ductal carcinoma in situ. (a, b) Although they have some features such as eosinophilic cytoplasm and prominent nucleoli, 
these cases are not classified as apocrine DCIS

a b

Fig. 7.15  Apocrine ductal carcinoma in situ. (a, b) Tumour cells show marked nuclear pleomorphism, granular eosinophilic cytoplasm, and 
prominent nucleoli. Necrosis is seen in (b)

a b

�Clinical and Epidemiological Features
Clinical and epidemiological features are similar to those of 
non-apocrine DCIS.

�Imaging Features
There are no identifying imaging features specific to apo-
crine morphology. Similar to non-apocrine DCIS, apocrine 
DCIS may be associated with microcalcifications or may 
present as densities or masses.

�Pathologic Features
Similar to non-apocrine DCIS, apocrine DCIS shows marked 
heterogeneity in terms of grading. In most cases, the diagnosis 
is not difficult because intermediate-grade or high-grade areas 
can be identified adjacent to low-grade apocrine lesions [18, 
19]. The main diagnostic challenge is accurate categorisation 
of low-grade intraductal apocrine proliferations when they are 
identified on small biopsy specimens or when the low-grade 
apocrine proliferation is focal. Differentiating these lesions 

Malignant Apocrine Lesions
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Fig. 7.16  Apocrine ductal carcinoma in situ. (a) Low grade. (b) Intermediate grade. (c) High grade

a b c

Fig. 7.17  Low-grade apocrine proliferation with focal cribriform architecture. Depending on its extent, this lesion can be classified as either a 
borderline lesion (atypical apocrine proliferation) or in situ ductal carcinoma
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Fig. 7.18  Apocrine ductal carcinoma in situ shows a cribriform architecture with several well-defined spaces and high nuclear grade features

Fig. 7.19  Apocrine ductal carcinoma extending into adenosis and 
lobular units, distorting involved ducts and acini, making it difficult  
to separate in situ from invasive disease. Immunohistochemistry for 

myoepitheilial cells is helpful in distinguishing in situ from invasive 
components, with preserved myoepithelial cells in non-invasive 
elements

Malignant Apocrine Lesions
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from complex benign proliferations can be challenging. 
Architectural complexity such as cribriforming, rigid arches, 
and bridges may serve as criteria to separate benign versus 
malignant intraductal proliferations of the breast in general, 
but benign intraductal apocrine proliferations can show simi-
lar complex architecture. Cytologic monotony is another fea-
ture that supports the atypical nature of an intraductal breast 
lesion, but cytologic monotony is a common finding in apo-
crine proliferations, even in benign apocrine metaplasia. In 
general, several features are used to distinguish apocrine DCIS 
from other intraductal apocrine proliferations: threefold varia-
tion in nuclear size, markedly enlarged nucleoli, necrosis, and 
mitotic activity (Fig. 7.20).

�Differential Diagnosis

Apocrine Adenosis
The term “apocrine adenosis” has been used to describe a 
range of apocrine proliferations, including adenosis, scle-
rosing adenosis, radial scars, and complex sclerosing 
lesions with apocrine cytologic features (Fig.  7.21). 
Apocrine adenosis is typically a lobulocentric proliferation 
of small ducts and acini associated with architectural distor-
tion secondary to stromal fibrosis (Fig. 7.22). The ducts and 
acini are lined by apocrine cells [20–25]. The term “atypi-
cal apocrine adenosis” is used to define cytologic atypia in 
these lesions. However, there is significant diagnostic diffi-
culty in assessing cytologic atypia because even non-atypi-
cal apocrine cells have enlarged nuclei and prominent 
nucleoli, which may be regarded as morphologic evidence 
of “atypia”. Although there are clinically validated studies 
to categorise non-apocrine lesions as non-atypical versus 
atypical hyperplasia, these criteria are not directly applica-
ble to apocrine lesions. An intraductal lesion with cytologic 

atypia characterised by a significant increase in nuclear size 
(three-time difference compared with the nuclei of non-
neoplastic apocrine cells), enlarged nucleolus or multiple 
nucleoli, and necrosis is highly suggestive of DCIS 
(Figs.  7.23 and 7.24). Caution should be exercised when 
these features are present singularly or are focal. In general, 
atypical apocrine lesions with cytologic atypia are small 
(2–3  mm) and involve only single ductal lobular units, 
whereas DCIS is usually more extensive (>8 mm) [25, 26].

Papillary Apocrine Change
Apocrine cells lining breast cysts may be arranged in papil-
lary projections (Figs. 7.25 and 7.26). These changes may be 
associated with other ductal proliferative lesions of the breast 
such as florid usual ductal hyperplasia or atypical ductal 
hyperplasia. Additionally, papillary apocrine changes fre-
quently coexist with columnar cell changes. When cystically 
dilated ducts are lined by multiple layers of apocrine epithe-
lium with luminal infoldings, the term “papillary apocrine 
change” is used (Figs. 7.27 and 7.28) [27]. This term should 
not be confused with papillary lesions (chapter 4) and some 
authors prefer to regard papillary apocrine change as part of 
the broader category of apocrine metaplasia. According to 
the architectural complexity of these papillary structures, 
these lesions are subclassified as complex or highly complex 
papillary apocrine change in a review by Page et  al. [27] 
(Figs. 7.29 and 7.30). Complex lesions are characterised as 
papillary structures forming cribriform spaces and arches 
(Figs.  7.31 and 7.32). Highly complex papillary apocrine 
lesions are described as papillary lesions with arches extend-
ing into the central portion of the ductal lumen and crossing 
or touching each other. The authors indicated that papillary 
apocrine change was associated with a mild increase in 
breast cancer risk. However, biopsy specimens with highly 

Fig. 7.20  Apocrine DCIS. (a) Marked variation in nuclear size of apocrine DCIS cells (threefold increase in size as compared with nuclei of an 
adjacent, relatively unaffected duct, right field) is present, as well as mitoses (arrows) and distinct nucleoli. (b) Amorphous necrosis is present

a b

7  Apocrine Lesions



203

Fig. 7.21  Sclerosing adenosis focally involved by apocrine prolifera-
tion with cribriform architecture (apocrine adenosis). Although the 
complex cribriform architecture is suggestive of low-grade apocrine 

DCIS, the lesion is classified as atypical apocrine adenosis because of 
its limited extent. Note the lobulocentric configuration on low 
magnification

Fig. 7.22  Atypical apocrine adenosis. Apocrine change with focal cribriform architecture in a sclerosing lesion is shown

Malignant Apocrine Lesions
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Fig. 7.23  Apocrine DCIS, low nuclear grade. The nuclei vary slightly in size and shape and they are larger than those found in normal apocrine 
metaplasia. The lesion measured more than 1 cm on the slide

Fig. 7.24  (a, b) Apocrine DCIS is composed of cells with large, hyperchromatic nuclei and prominent nucleoli. These abnormal cytoarchitectural 
changes were extensive

a b
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complex papillary apocrine change had concurrent ductal 
epithelial proliferations, 20 % of which were atypical ductal 
hyperplasia and 80 % were other proliferative lesions such as 
usual ductal hyperplasia. They concluded that the increased 
risk of breast cancer was more related to ductal hyperplasia 
than to papillary apocrine change. Therefore, the presence of 
complex papillary apocrine lesions in a biopsy specimen 
may be considered a surrogate marker for significant prolif-
erative change in the rest of the breast parenchyma. 
Pathologists should be alerted to search for high-risk lesions 
elsewhere in the specimen. When papillary apocrine change 
is complex, it may mimic apocrine DCIS.  O’Malley and 
Bane [2] proposed the combination of cytologic and size cri-
teria for distinguishing atypical apocrine lesions from apo-
crine DCIS. Apocrine DCIS should have nuclear enlargement 
in addition to cytologic atypia (defined as irregular nuclear 
membranes). Importantly, nuclear atypia should be extensive 
and not confined to only a few scattered cells. A few cyto-

logically atypical cells may be observed even in benign 
apocrine metaplasia. Most experts use a minimum size of 
4–8  mm, in conjunction with architectural atypia, as a 
requirement for establishing the diagnosis of low-grade 
apocrine DCIS.  A borderline category has been proposed, 
consisting of proliferations with cytologic atypia that mea-
sure from 4 to 8 mm. Unfortunately, the clinical significance 
of such cases is unclear. Unless both cytologic and size crite-
ria for in situ carcinoma are fully met, the lesion should not 
be classified as DCIS based on complex papillary architec-
ture or cytologic atypia alone [26].

The coexistence of papillary apocrine change with colum-
nar cell change and low-grade invasive carcinoma has been 
observed, and some authors postulate a common molecular 
pathway for the development of these lesions [28, 29]. 
Molecular apocrine lesions however, segregate with the 
ER-negative group of breast cancers, and may play a role in 
their pathogenesis [30].

Fig. 7.25  Papillary apocrine metaplasia. (a–d) Micropapillary growth can be seen. The nuclei are uniform and regular, and there is no 
pleomorphism

a

c

b

d
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Fig. 7.26  Papillary apocrine metaplasia. Papillary tufts of apocrine cells with snouts protrude into glandular lumens

Fig. 7.27  Papillary apocrine metaplasia. Dilated terminal ductal lobular units show papillary fronds with architectural complexity
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Apocrine Adenoma
Apocrine adenoma is a rare, benign, neoplastic proliferation 
of the breast, characterised by a nodular proliferation of pap-
illary and/or cystic apocrine breast ductal epithelium, sur-
rounded by myoepithelial cells (Fig.  7.33). It is usually a 
well-demarcated mass lesion, and some may represent nodu-
lar sclerosing adenosis with extensive apocrine metaplasia. 
Based on the circumscription and the monotonous apocrine 
features of proliferating cells, this is usually a straightfor-
ward diagnosis [3, 31].

�Prognosis and Therapy Considerations
In general, many apocrine DCIS cases show a mixture of histo-
logic patterns and cytologic types. These do not appear to have 
a major biologic significance, so recognition of DCIS is more 
important than subcategorisation as apocrine DCIS. Treatment 
and prognosis depend mainly on other factors such as size, 
extent, margin status, and biomarker expression.

�Invasive Apocrine Carcinoma

�Definition
Invasive apocrine carcinoma has generally been regarded as 
a morphologic variant of invasive breast carcinoma not oth-
erwise specified, rather than a special type of invasive cancer 
[32–36].

�Clinical and Epidemiological Features
Invasive apocrine carcinomas of the breast are not clinically 
distinct from invasive carcinoma not otherwise specified. 
The reported incidence of apocrine carcinoma varies from 
<0.5 to 4 % in the literature [6, 16, 17, 32–37]. This variabil-
ity in incidence is most likely due to the lack of well-defined 
diagnostic criteria to define apocrine carcinoma. In general, 
it is recommended that the term should be reserved for neo-
plasms in which almost all tumour cells show apocrine cyto-
logical features. In contrast, focal apocrine differentiation is 

Fig. 7.28  Papillary apocrine metaplasia. Intraluminal papillary projections formed by apocrine cells are seen, giving a complex architectural 
appearance
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Fig. 7.29  Proliferative papillary apocrine metaplasia. Cystically dilated ducts are lined by multiple layers of apocrine epithelium

Fig. 7.30  Complex papillary apocrine metaplasia. (a–c) Architecturally 
complex papillary apocrine change shows arches extending into the 
central luminal space while crossing or touching each other. (d–f) 

Cytologic atypia (hyperchromasia and three-time size variation) can be 
focally present (arrow)

a b c
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Fig. 7.31  Atypical ductal hyperplasia/low-grade DCIS in a back-
ground of apocrine change. A true cribriform architecture is more char-
acteristic of low-grade apocrine DCIS. The conclusion of whether this 

represents atypical ductal hyperplasia or DCIS depends on the lesional 
extent of the cytoarchitectural atypia

Fig. 7.32  Apocrine ductal carcinoma in situ. (a) Low-grade DCIS is 
characterised by cribriform architecture and a solid proliferation of 
apocrine cells with angular and hyperchromatic nuclei. Some authors 
require the size of this proliferation to be at least 8  mm in order to 

establish the diagnosis. Lesions measuring 4–8 mm may be classified as 
“borderline” lesions. (b) High-grade apocrine DCIS is characterised by 
marked nuclear pleomorphism, central comedonecrosis, and individual 
cell necrosis

a b
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quite common and has been reported in up to 60 % of inva-
sive carcinomas of no special type.

When the diagnosis of apocrine carcinoma is based on the 
immunohistochemical expression of GCDFP-15, the inci-
dence of apocrine carcinoma has been as high as 70 % [16, 
17]. Areas of apocrine differentiation have also been reported 
in other special types of invasive breast cancers, such as inva-
sive papillary and lobular carcinomas [16, 17].

�Imaging Features
Tumour size, presentation, incidence of lymph node positiv-
ity, and imaging findings of apocrine carcinomas do not dif-
fer significantly from invasive carcinomas of no specific type 
[38, 39].

�Pathologic Features

Macroscopic Pathology
There are no distinct findings associated with apocrine carci-
noma. Invasive apocrine carcinomas are grossly indistin-
guishable from other invasive breast carcinomas [34–37].

Microscopic Pathology
Microscopically, apocrine carcinomas show growth pat-
terns similar to invasive carcinomas not otherwise speci-
fied. The only distinct feature is the cytological appearance. 
The cells typically have apocrine morphology with abun-
dant granular cytoplasm and enlarged nuclei with promi-
nent, often multiple, nucleoli (Figs. 7.34, 7.35, 7.36, and 
7.37). The grade of the lesion can be low (grade 1), inter-
mediate (grade 2), or high (grade 3). Necrosis and abun-
dant mitoses are common in high-grade lesions (Figs. 7.38 
and 7.39) [32–37]. Most apocrine carcinomas are of the 
ductal type, but lobular carcinomas (especially pleomor-
phic lobular carcinomas) may show apocrine cytologic 
features. At the ultrastructural level, apocrine carcinomas 
have abundant intracytoplasmic organelles including 
secretory granules, mitochondria, and incomplete cristae 
[16, 17].

Immunohistochemical Profile
Apocrine lesions have a distinct immunohistochemical 
profile [16, 17, 40]. A high percentage of invasive and in 

Fig. 7.33  Apocrine adenoma, composed of a proliferation of small glands lined by apocrine cells. Note the circumscription of the border of the 
lesion (arrow)
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Fig. 7.34  Invasive apocrine carcinoma. Apocrine differentiation can be identified based on abundant granular cytoplasm and round, centrally 
located nuclei. A significant portion of the tumour must show this morphology in order to be classified as apocrine carcinoma

Fig. 7.35  Invasive apocrine carcinoma. Large tumour cells have abundant, granular, eosinophilic cytoplasm and large, round nuclei. Invasive 
apocrine carcinoma almost always shows moderate to marked nuclear pleomorphism
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Fig. 7.36  Invasive apocrine carcinoma, intermediate grade (grade 2). Irregular clusters and nests of malignant apocrine cells infiltrate the stroma. 
The infiltrating tumour clusters have cribriform architecture. Tumour cells have pleomorphic nuclei

Fig. 7.37  Invasive apocrine carcinoma, intermediate grade (grade 2). Tumour cells have abundant eosinophilic and granular cytoplasm and large 
nuclei with prominent nucleoli. In apocrine carcinomas, tubule formation is rarely greater than 75 %
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Fig. 7.38  Invasive apocrine carcinoma, high grade (grade 3). Markedly abnormal tumour cells infiltrate the surrounding fibrous tissue. The 
tumour cells have round to oval nuclei with distinct cell borders. Extensive individual cell necrosis is evident

situ carcinomas with apocrine morphology are positive 
for GCDFP-15 (Fig.  7.40), whereas fewer than 40 % of 
non-apocrine breast carcinomas show positivity. Similarly, 
a higher percentage of apocrine carcinomas show immu-
noreactivity for carcinoembryonic antigen, compared 
with non-apocrine carcinomas. Apocrine carcinomas, 
similar to invasive carcinomas not otherwise specified, 
have been reported to express CK7, CK8, and CK18. In 
general, CK20 is not commonly positive in breast carcino-
mas, but 50 % of invasive apocrine carcinomas have been 
reported to express CK20. Usually, there is no positivity 
for basal cytokeratins (CK5/6 and CK14) in apocrine car-
cinomas [40].

Both benign apocrine lesions and most malignant apo-
crine tumours are positive for androgen receptor expression 
(Figs. 7.41 and 7.42) [41–44]. Some experts require andro-
gen receptor positivity for defining apocrine carcinoma. The 
majority of apocrine carcinomas are negative for oestrogen 

and progesterone receptors. Positivity for androgen receptor 
and negativity for oestrogen and progesterone receptor have 
been recognised as the “typical” apocrine phenotype [41–
46]. Recently, Gromov et al. [47] have identified HMGCS2 
and FABP7 as two novel markers to recognise apocrine dif-
ferentiation in breast lesions.

Approximately half of apocrine carcinomas have been 
reported to show c-erbB-2 overexpression and gene amplifi-
cation (Fig.  7.43). High levels of bcl-2, which is an 
anti-apoptotic protein, usually correlate with oestrogen 
receptor positivity in breast cancer [37, 44, 48, 49]. Routine 
evaluation of androgen receptor is not recommended in all 
breast carcinomas, but in certain subsets, such as triple-neg-
ative and c-erbB-2-positive tumours, such an evaluation can 
help in identifying a therapy target [50]. Almost 50 % of apo-
crine carcinomas have been reported to overexpress bcl-2 
despite being oestrogen receptor negative. The clinical sig-
nificance of this finding remains unknown (Table 7.1).
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Fig. 7.39  Invasive apocrine carcinoma, high grade (grade 3). Nests, sheets, and cords of tumour cells with abundant, granular, eosinophilic cyto-
plasm are seen, as well as numerous mitotic figures

Fig. 7.40  Immunohistochemical staining for GCDFP-15 in invasive apocrine carcinoma shows diffuse and strong cytoplasmic positivity in the 
tumour cells
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Fig. 7.41  Immunohistochemical staining for androgen receptor in invasive apocrine carcinoma shows positive nuclear reactivity

Fig. 7.42  High-grade invasive ductal carcinoma. (a) Tumour shows 
solid growth pattern. (b) Although the tumour cells have round nuclei, 
other characteristic features of apocrine differentiation are not seen. 
This lesion is classified as invasive carcinoma not otherwise specified. 

(c) Immunohistochemical staining for androgen receptor shows diffuse 
positivity. Androgen receptor is a commonly expressed receptor in all 
types of breast cancer, with reported positivity rates of 70–80 %, but by 
itself, it is not adequate for defining apocrine differentiation

a b c
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Table 7.1  Immunohistochemical profile of apocrine lesions of the breast

Marker Benign Lesions, % Carcinomas, %

Androgen receptor >90 >80

Oestrogen receptor 0 <10

Progesterone receptor 0 <10

c-erbB-2 10a 50

EGFR 0 50

p53 10 50

Bcl-2 0 50

E-cadherin >90 80

GCDFP-15 >90 85
aImmunohistochemistry positive, gene amplification negative
EGFR epidermal growth factor receptor, GCDFP gross cystic disease fluid protein

�Differential Diagnosis

Breast Neoplasms with Abundant Cytoplasm
Abundant eosinophilic, granular cytoplasm is a hallmark of 
cells of apocrine lesions. Many other epithelial and mesen-
chymal lesions of the breast may have abundant cytoplasm 
owing to accumulation of mitochondria, lysosomes, secre-
tory granules, glycogen, or fat and thus may mimic apocrine 
carcinoma. These lesions include granular cell tumour and 
histiocytoid, lipid-rich, and secretory carcinomas [51]. 
Breast carcinomas with squamous differentiation or meta-
static carcinomas also may have similar features mimicking 
apocrine breast cancer.

Granular cell tumours are characterised by a proliferation 
of cells with abundant, coarsely granular cytoplasm. In appear-
ance, the cytoplasm and granules can be basophilic, in contrast 
to the eosinophilia of apocrine carcinoma (Fig. 7.44). Granular 
cell tumour nuclei are small and typically do not have promi-
nent nucleoli, which are commonly seen in apocrine carcino-
mas. Immunohistochemical staining for cytokeratins 
(negative) and S100 (positive) is helpful in this diagnosis.

Histiocytoid breast cancer is characterised by abundant, 
pale to eosinophilic cytoplasm. The nuclei usually are not as 
large as in typical apocrine carcinoma, and they lack 
prominent nucleoli, which are a typical feature of apocrine 
carcinoma. The distinction may not be very easy in all cases, 

Fig. 7.43  Immunohistochemical staining for c-erbB-2, showing strong membrane immunoreactivity
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and some experts regard this tumour as a subtype of apocrine 
carcinoma [52, 53], though it is usually categorised as a lob-
ular subtype (Fig. 7.45) [53].

Lipid-rich breast cancer characteristically has abundant 
cytoplasm due to fat accumulation. In contrast to apocrine 
carcinoma, the cytoplasm of lipid-rich carcinoma appears 

clear on H&E sections. Special stains can demonstrate cyto-
plasmic fat accumulation (Fig. 7.46) [54].

Secretory carcinoma may have areas that mimic apocrine 
carcinoma, but secretory carcinoma has more luminal secre-
tions and glandular differentiation. Nuclear enlargement and 
prominent nucleoli usually are not seen (Fig.  7.47). 

Fig. 7.44  Granular cell tumour. Tumour cells have copious amounts of granular cytoplasm, which can appear slightly basophilic. Nuclei are small 
without distinct nucleoli

Fig. 7.45  Histiocytoid invasive breast carcinoma. Sheets of histiocyte-
like cells invade the stroma, with hyperchromatic, eccentric nuclei and 
ample pale cytoplasm. Immunohistochemistry shows positive staining 

for MNF116 and negative reactivity for E-cadherin, supporting a lobu-
lar subtype
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GCDFP-15 staining can be helpful in differentiating this 
tumour from apocrine carcinoma, as secretory carcinomas 
are typically negative for GCDFP-15. Secretory carcinoma 
has a characteristic gene fusion transcript (ETV6-NTRK3), 
which can be detected by FISH analysis.

Focal or extensive squamous differentiation can be seen 
in breast carcinomas. Pink cytoplasm of squamous cells 
may mimic apocrine differentiation. The presence of kera-
tinisation and intercellular bridges is helpful in identifying 

squamous differentiation (Fig.  7.48). Squamous cells are 
typically p63 positive, which is helpful in the differential 
diagnosis.

Metastatic Carcinomas
Any metastatic tumour with eosinophilic cytoplasm may 
mimic apocrine carcinoma. Melanoma, renal cell carcinoma, 
and oncocytic carcinomas may have cytologic features simi-
lar to those of apocrine carcinoma. In addition to clinical and 

Fig. 7.46  Lipid-rich invasive breast carcinoma shows tumour cells with clear to vacuolated cytoplasm. The presence of cytoplasmic lipid may be 
confirmed with Oil Red O or Sudan black staining

Fig. 7.47  Secretory carcinoma. (a) At low magnification, large sheets 
of pink tumour cells with glands that contain luminal dense secretions 
are present. (b) Scalloped, pink, colloid-like secretions are found 

among tumour cells, which demonstrate nuclear vesicularity with a few 
discernible nucleoli in this case, though most secretory carcinomas 
show bland nuclear features

a b
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imaging findings, immunohistochemical stains are helpful. 
In general, the use of a panel of immunohistochemical mark-
ers instead of a single marker is recommended (Fig. 7.49). 
Aberrant expression of some markers may occur. Recently, 
napsin A expression, a sensitive marker for pulmonary ade-
nocarcinoma, has been reported in about 40 % of breast 
apocrine carcinomas [55].

Apocrine Ductal Carcinoma In Situ (DCIS)
Just like non-apocrine-type DCIS, apocrine DCIS may 
mimic invasive carcinoma in small biopsy samples or when 

it involves pre-existing lesions, especially sclerosing lesions. 
As with non-apocrine lesions, immunohistochemical mark-
ers can be utilised to demonstrate intact myoepithelium in 
establishing a diagnosis of DCIS (Fig. 7.50). One caution is 
that myoepithelial staining may be discontinuous in both 
DCIS and benign apocrine lesions [56, 57].

�Prognosis and Therapy Considerations
The concept that apocrine morphology may be associated 
with significant biological differences in both DCIS and 
invasive carcinoma is highlighted by recent molecular studies 

Fig. 7.48  Invasive carcinoma with squamous differentiation. (a) Anastomosing nests of tumour cells have a pavemented appearance with squa-
mous whorls. (b) Tumour cells are polygonal and show ample pink cytoplasm with intercellular windows and bridges

a b

Fig. 7.49  Metastatic melanoma to the breast shows plump, rounded cells with pink cytoplasm. Nuclei are enlarged, with prominent nucleoli. 
Immunohistochemistry shows positive staining for S100 (inset) and HMB45
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[58–60]. Apocrine carcinomas have been shown to have 
chromosomal abnormalities including losses and gains com-
monly seen in invasive carcinomas of no special type, but 
they are also found to harbour alterations not previously 
reported. These include losses at 2p and 9q and gains at 2q, 
3p, and 13q. Using gene expression microarrays, Farmer 
et al. [61] reported a subset of breast tumours characterised 
by high androgen signalling, absence of oestrogen receptor, 
high rate of c-erbB-2 amplification, and enrichment of genes 
involved in lipid and amino acid metabolism. These tumours 
were reported to have predominantly apocrine features on 
histological examination and were referred to as the “molec-
ular apocrine group”. However, not all cases with gene 
expression patterns of this category meet histopathological 
criteria for apocrine carcinoma. The existence of a molecular 
apocrine signature to define a distinct type of breast carci-
noma has been generally accepted, and 8–14 % of breast car-
cinomas are categorised as “molecular apocrine” by 
microarray analysis [59, 62]. Nevertheless, the association 
between molecular apocrine breast tumours and histologi-
cally defined apocrine carcinomas remains controversial. It 
has been suggested that the “molecular apocrine” group 
might be much broader than initially reported by microarray 
analysis. The clinical significance of these findings remains 
to be seen in future studies.

Based on the high frequency of androgen receptor expres-
sion, androgen receptor antagonist therapy has been sug-
gested for apocrine breast cancer. However, early trials of 

androgen receptor-directed therapies did not yield encour-
aging results. With the development of next-generation 
androgen receptor antagonists, there is renewed interest in 
this approach [63, 64].
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Vascular Lesions

A variety of vascular proliferations, both benign and malignant, 
can occur in the breast. Overall, they represent only a minority 
of tumours originating in the breast. Benign vascular lesions 
other than incidental perilobular haemangiomas are extremely 
rare in the breast. Malignant vascular lesions (angiosarcomas) 
are also rare, constituting less than 1 % of all breast neoplasms; 
they may be primary, or they may be secondary tumours occur-
ring after radiation treatment. Also seen in association with 
radiation therapy are “atypical vascular lesions” affecting the 
skin of the breast. The relationship between atypical vascular 
lesions and radiation-associated angiosarcoma is still being 
debated and remains to be clarified. This chapter reviews the 
common vascular lesions in the breast, focusing on their diag-
nostic features and potential interpretive pitfalls.

�Benign Vascular Lesions

�Haemangioma

�Definition
Haemangiomas are benign vascular proliferations that can 
arise in breast parenchyma. Most of these lesions, called 
perilobular haemangiomas, are smaller than 0.5 cm and are 
identified incidentally on microscopic evaluation. Perilobular 
haemangiomas are not confined histologically to a perilobu-
lar distribution; they can occur in intralobular or extralobular 
stroma and may not have any relationship with ducts or lobu-
lar units. When a benign vascular proliferation is large 
enough to form a clinically palpable mass or is detectable by 
imaging (usually larger than 0.5  cm), it is diagnosed as 
haemangioma.

�Clinical and Epidemiological Features
Haemangiomas occur in both female and male breasts and 
have been reported in a wide age range (infants to 85 years 
old). Haemangiomas may also occur as part of rare genetic 

syndromes, including Kasabach–Merritt and Poland syn-
dromes. Rare congenital cases have been reported. Some 
lesions resolve spontaneously.

�Imaging Features
Most haemangiomas are incidental findings on biopsies per-
formed for other reasons. Larger lesions may present as pal-
pable masses or may be detected on imaging as superficial, 
well-demarcated, circumscribed, lobulated masses with an 
average size of 0.5–2  cm. Phleboliths or calcified venous 
thromboses may be present. They are commonly hyper-
echoic on ultrasound examination.

�Pathologic Features

Macroscopic Features
In general, haemangiomas are lobulated, well-circumscribed, 
soft, or spongy lesions with a dark red, brown, or haemor-
rhagic appearance.

Microscopic Features
Just like haemangiomas arising anywhere else in the body, 
haemangiomas arising in the breast can be of a capillary, cav-
ernous, or venous type (Figs. 8.1, 8.2, 8.3, 8.4, and 8.5). The 
histologic subclassification has no biologic or clinical sig-
nificance (Table 8.1).

Cavernous Haemangioma
Cavernous haemangiomas, the most common histologic 
type, consist of a mesh of dilated vessels congested with red 
cells. The vascular channels usually do not anastomose and 
are lined by flat endothelial cells with inconspicuous nuclei.

Capillary Haemangioma
Capillary haemangiomas consist of densely packed prolifer-
ations of capillary-sized small vessels lined by flat endothe-
lial cells. Frequently, a feeder vessel with a muscular wall 
can be identified.
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Fig. 8.1  Haemangioma. Microscopic features. (a, b) Proliferation of small capillaries in breast parenchyma. The vascular proliferation is sup-
ported by fibrous stroma. (c) Endothelial nuclei are flat and inconspicuous. No cytologic atypia is evident

a

b

c

8  Vascular Lesions



225

a b

dc

Fig. 8.2  Haemangioma. Microscopic features. (a–d) Proliferation of both small and large dilated vascular channels containing red blood cells

a b

Fig. 8.3  Perilobular haemangioma. Microscopic features. (a) An aggregate of histologically benign capillaries in the periductal stroma. (b) Higher 
magnification of the same case shows that the lesion consists of thin-walled vessels that contain red blood cells
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Fig. 8.4  Perilobular haemangioma. Microscopic features. (a, b) A collection of small vessels in periductal and perilobular stroma. (c) Vascular 
channels extend into intralobular stroma. Vascular channels are lined by small, flat endothelial cells
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Fig. 8.5  Breast haemangioma. (a) Circumscribed collection of con-
gested vessels of varying sizes is seen within the breast, with benign 
breast lobules in the adjacent breast parenchyma. (b) The blood vessels 
are intensely congested with red blood cells. The border shows a 

smooth circumscription. (c) High magnification shows flattened endo-
thelial cells with no atypia. Thin, fibrous stroma is seen among the 
congested vessels
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Venous Haemangioma
Venous haemangiomas consist of irregularly dilated vascular 
channels with vascular walls of varying thickness. A smooth 
muscle layer can be evident in the vascular walls. Vessels 
may contain homogeneous pink fluid (presumably lymph) in 
addition to red blood cells.

Complex Haemangioma
“Complex haemangioma” is a term used to describe 
haemangiomas that have variable patterns, with dilated vascu-
lar spaces admixed with dense areas of small capillary prolif-
eration. A complex capillary network with focal anastomoses 
may be seen.

�Differential Diagnosis

Angiosarcoma
The diagnosis of haemangioma is often straightforward. As 
most vascular lesions arising in the breast are malignant, 
angiosarcoma is the main differential diagnosis. There is a 
major difference in the growth pattern of these two lesions. 
Haemangiomas show lobular, well-circumscribed margins, 
whereas angiosarcomas typically have an infiltrative growth 
pattern with dissection into the breast parenchyma. Based 
on this difference, when the edges of the lesion can be 
assessed on excision, it is easy to establish whether the 
nature of the vascular lesion is benign or malignant. It may 
be difficult to establish the diagnosis if only a small biopsy 
specimen is obtained which does not include the entire 

tumour edge. In such a situation, it may be necessary to 
further evaluate the lesion. Additional histologic features 
that help to differentiate the two lesions include the lack of 
anastomosing channels and endothelial atypia in haeman-
giomas and the presence of large blood lakes in 
angiosarcomas.

Degenerative changes, including infarct and thrombosis, 
may occur in any type of haemangioma.

Thrombosis with recanalisation or endothelial prolifera-
tions, which may have a papillary configuration, can rarely 
occur. Papillary endothelial proliferation may mimic an 
angiosarcoma, especially on a small biopsy sample. The lack 
of cytologic atypia, a non-anastomosing growth pattern, and 
circumscription of haemangiomas should be helpful in estab-
lishing the diagnosis.

Pseudoangiomatous Stromal Hyperplasia
Pseudoangiomatous stromal hyperplasia (PASH) may mor-
phologically mimic haemangioma. In contrast to haemangi-
oma, the cells lining the spaces in PASH are stromal cells 
(myofibroblasts) and do not express vascular markers. The 
spaces of PASH are empty; the spaces in haemangiomas 
typically contain red cells. PASH tends to be a diffuse pro-
cess, whereas haemangiomas are characteristically lobulated 
and well circumscribed (Fig. 8.6).

Lymphangioma
A lymphangioma is also a differential and can be distin-
guished by the relative absence of red blood cells within the 

Table 8.1  Haemangiomas of the breast: key histologic features

Histologic type Features

Cavernous Large, dilated vascular spaces separated by fibrous septa

Capillary Compact proliferation of small vessels

Feeding vessel often present at the periphery of the lesion

Venous Irregularly dilated vascular spaces with variable muscular walls

Complex Mixture of large, dilated vessels and dense areas of small capillaries

a b

Fig. 8.6  Pseudoangiomatous stromal hyperplasia. (a) Macroscopy 
shows a diffuse, whitish, rubbery appearance. Several small cysts are 
seen, representing cystic changes in the breast. (b) Pseudoangiomatous 

stromal hyperplasia is often an incidental histological finding. (b) Note 
that the spaces are empty. The lining cells show flattened nuclei of 
fibroblasts and myofibroblasts
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Fig. 8.7  Breast lymphangioma. (a) A circumscribed, nodular lesion is 
seen in the adipose tissue of the breast. The overlying dermis shows 
oedema. (b) Medium magnification shows empty spaces, which are 

interconnected among thin fibrous septa. (c) Lymphocytes are seen 
within the spaces, with some admixed red blood cells

ba

c

spaces, which instead tend to contain lymphocytes (Fig. 8.7). 
D2-40 immunostaining decorates the lymphatic endothe-
lium (Fig. 8.8).

�Prognosis and Therapy Considerations
Haemangiomas are benign neoplasms, and simple excision 
is curative. If the diagnosis is established on a core biopsy, 
usually an excision is recommended to exclude an angiosar-

coma because some angiosarcomas may have areas of over-
lapping histologic features with haemangiomas. Histologic 
evaluation of the entire lesion may be necessary to establish 
the diagnosis. Local recurrence or metastasis of completely 
excised haemangioma has not been reported. Although some 
angiosarcomas may have very benign-appearing areas mim-
icking haemangiomas, transition from haemangioma to 
angiosarcoma in the breast has not been documented.

Benign Vascular Lesions
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�Angiolipoma

�Definition
Angiolipoma is a benign neoplasm that may occur in the 
subcutis or in breast parenchyma. Angiolipomas are consid-
ered variants of lipomas. When the angiolipoma develops in 
the subcutaneous tissue overlying the breast, it presents as a 
well circumscribed and painful nodule. Angiolipoma arising 
within the breast parenchyma usually occurs as a small and 
painless nodule.

�Clinical and Epidemiological Features
An angiolipoma manifests as a mass, which is either identi-
fied on imaging or palpated on physical examination.

�Imaging Features
Mammographic and ultrasonographic features are very simi-
lar to those of haemangiomas. These lesions also present as 
superficial small masses, usually less than 2  cm They are 
often well-demarcated but can sometimes appear ill-defined. 
They are hyperechoic on ultrasound examination.

�Pathologic Features

Macroscopic Features
Angiolipomas usually appear as well-circumscribed and 
often encapsulated masses. The cut surface is typically 
yellow and somewhat lobulated, indistinguishable from 
a conventional lipoma. As the vascular component 
increases, angiolipomas may appear more firm and red/
brown.

Microscopic Features
Angiolipoma is characterised by a dispersed proliferation of 
small-calibre capillary vessels showing prominent intravas-
cular fibrin microthrombi in a lipomatous background 
(Figs. 8.9 and 8.10). The lipomatous component has a benign 
appearance, with no nuclear atypia or pleomorphism. The 
small, round, usually thick-walled blood vessels tend to con-
gregate at the periphery of the lesion. Fibrin thrombi may be 
the most conspicuous feature in some cases. In cellular 
angiolipoma, a prominent vascular component is seen with  
little to no admixed lipomatous elements.

Fig. 8.8  Breast lymphangioma. Immunohistochemistry for D2-40 shows positive staining of the lining lymphatic endothelial cells. The inset 
shows higher magnification of the lymphatic endothelium
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Fig. 8.9  Angiolipoma. Excision shows a circumscribed lipovascular lesion with congeries of congested capillaries interspersed with mature adi-
pocytes (Reproduced with permission from Goh et al. [4]) Inset shows congested capillaries with occasional fibrin thrombi

Fig. 8.10  Angiolipoma. (a) On core biopsy, the circumscribed border 
of the lesion is not readily appreciated histologically, though there is a 
clue from the upper end of the tissue core where a relatively distinct 
interphase of the lesion from the adjacent adipose is seen. (b) Higher 
magnification of the core biopsy material shows capillaries with fibrin 

thrombi. Although the subcutaneous location and radiological circum-
scription may point to the correct diagnosis, a benign conclusion of this 
lipovascular lesion on core biopsy is often not definitive, and excision 
may be required to confirm the diagnosis

a b
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�Differential Diagnosis
Angiolipoma is usually a straightforward diagnosis.  
However, it may be difficult to recognise in some cases espe-
cially in small core biopsies. An excision may be required to 
exclude an angiosarcoma. Lipomatous–predominant angio-
lipoma may be confused with lipoma and atypical lipoma-
tous tumour (ALT). Although both lipomas and angiolipomas 
are well circumscribed, often with thin fibrous capsules, 
lipomas usually have scant vascularity and do not possess 
fibrin microthrombi. ALTs show variation in nuclear size 
and shape in adipocytes of the lipomatous component, with 
occasional lipoblasts. Immunohistochemical stains for 
MDM2 and CDK4 demonstrate nuclear positivity in most 
ALTs. Cellular angiolipomas may be misdiagnosed as a hae-
mangioma or angiosarcoma due to its high cellularity and 
inconspicuous adipose component. In contrast to angioli-
poma, haemangiomas comprise vessels of different calibres 
without displaying any fibrin microthrombi. Angiosarcoma 
shows an infiltrative growth pattern with dissection into the 
breast parenchyma and nuclear atypia. Vascular channels in 
angiolipoma and angiosarcoma are positive for endothelial 
markers such as factor VIII, CD31, and CD34. Angiosarcoma 
however, lacks smooth muscle actin-positive pericytes sur-
rounding its vasoformative channels.

�Prognosis and Therapy Considerations
Angiolipomas are benign lesions and simple excision is 
curative.

�Atypical Vascular Lesions of the Breast Skin

�Definition
Atypical vascular lesions of the breast skin are radiation-
associated lesions, which were first documented by Fineberg 
and Rosen. These lesions arise in patients who had received 
radiation therapy to the breast.

�Clinical and Epidemiological Features
Initially thought to be precursors of angiosarcomas, follow-
up studies have demonstrated that atypical vascular lesions 
of the breast skin have benign clinical behaviour in most 
patients. The mean patient age at presentation is 55–60 
years. Skin lesions occur in the radiation field, typically 3–5 
years after the completion of radiation therapy.

�Pathologic Features

Macroscopic Features
Clinically, atypical vascular lesions of the breast skin pres-
ent as flesh-coloured, erythematous or brownish, painless 
papules or patches on the irradiated skin, usually less than 
1  cm in greatest dimension though they can reach larger 
sizes.

Microscopic Features
Atypical vascular lesions of the breast skin feature  thin-walled, 
dilated, anastomosing small vascular channels that may dis-
close complex branching patterns (Fig. 8.11). The lesions may 
be well circumscribed, and wedge-shaped without extension 
into subcutaneous fat or breast parenchyma. A single layer of 
hyperchromatic endothelial cells without overt nuclear pleo-
morphism or atypia lines the vascular channels.

�Differential Diagnosis
The main differential diagnoses for atypical vascular lesions of 
the breast skin are cutaneous haemangioma and radiation-
associated angiosarcoma. Cutaneous haemangioma is usually 
well circumscribed and does not demonstrate any vasoforma-
tive dissection of dermal collagen; nuclear atypia is absent. As 
compared with atypical vascular lesions of the breast skin, 
cutaneous angiosarcomas are infiltrative, with invasion into 
the deep dermis and subcutaneous tissue. Extension of the 
lesion into subcutaneous tissue warrants the exclusion of 
angiosarcoma. Angiosarcomas are also characterised by cyto-
logic pleomorphism. Amplification of MYC and FLT4 genes is 
described in radiation-associated angiosarcoma, but is not 
encountered in atypical vascular lesions of the breast skin [1].

�Prognosis and Therapy Considerations
Atypical vascular lesions follow a benign clinical course in 
most cases. Although new lesions can develop, progression to 
angiosarcoma is exceedingly rare. Surgical excision is the rec-
ommended treatment, and long-term follow-up is needed for 
detection of any recurrences.

�Angiosarcoma

�Definition

Angiosarcoma is a malignant vasoformative neoplasm that 
demonstrates endothelial differentiation.

�Clinical and Epidemiological Features

Angiosarcoma of the breast may be primary, arising de novo 
within breast parenchyma, or it may be secondary, develop-
ing in the skin, chest wall, or breast parenchyma after surgi-
cal and radiation treatment for breast cancer. Primary 
angiosarcoma is the second-commonest sarcoma of the 
breast after malignant phyllodes tumour, accounting for 
0.05 % of all primary breast malignancies [2]. The median 
age of patients with primary angiosarcoma is 40 years, ver-
sus 60–80 years for those with secondary disease. Affected 
women present with a mass, diffuse breast enlargement, or 
skin discolouration (Fig. 8.12). A history of prior radiation 
therapy is present in patients with secondary angiosarcoma.
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Fig. 8.11  Atypical vascular lesion. (a) Irregularly shaped ectatic ves-
sels with occasionally plump nuclei are found within the dermis of the 
skin of the post-irradiated breast. (b) Fli1 immunohistochemistry shows 

positive reactivity in endothelial nuclei. (c) No c-Myc expression is 
present on immunohistochemistry
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�Imaging Features

Radiological findings may be normal or nonspecific [3]. 
When masses are visible, they may appear as oval, lobu-
lated, or irregular lesions with ill-defined or circumscribed 
margins. The internal echogenicity on sonography is vari-

able; lesions have been shown to appear heterogeneously 
hyperechoic, as opposed to the hypoechoic appearance of 
most breast cancers [4]. They can also present as ill-defined 
asymmetric densities on mammography and ill-defined, het-
erogeneously mixed hyper-hypoechoic breast tissue on 
sonography, without a discrete mass (Fig. 8.13) [5].

Fig. 8.12  Angiosarcoma of the breast. A large patch of purplish pink pigmentation of the skin over the breast is seen (Courtesy of Dr. Esther 
Chuwa)

Fig. 8.13  Angiosarcoma. Ultrasonography shows an irregular, heterogeneous mass with internal acoustic shadows (Courtesy of Dr. Esther 
Chuwa)

8  Vascular Lesions



235

�Pathologic Features

�Macroscopic Pathology
Angiosarcomas are typically haemorrhagic on gross appear-
ance, and a deeply haemorrhagic lesion should raise suspi-
cion of the diagnosis (Figs.  8.14 and 8.15). Borders are 
ill-defined, and there may be a spongy consistency, though 
poorly differentiated disease may be solid and firm.

�Microscopic Pathology
Anastomosing vessels dissect through the breast parenchyma 
and lobules. In low-grade or well-differentiated lesions, vas-
cular spaces are well-developed with minimal endothelial 
atypia (Figs.  8.16, 8.17, 8.18, 8.19, 8.20, 8.21, 8.22, 8.23, 
and 8.24).

Fig. 8.14  Angiosarcoma. Mastectomy specimen shows violaceous skin discolouration in the breast skin from involvement of the skin by angio-
sarcoma. This primary angiosarcoma developed in a woman without any history of prior radiation

Fig. 8.15  Angiosarcoma. A large haemorrhagic lesion is observed on cut sections of the breast tissue (upper field). The borders are ill-defined. In 
other parts of the breast, a whitish-grey nodularity is observed due to lactational hyperplasia of the breast parenchyma (lower field)
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Fig. 8.16  Angiosarcoma. A vasoformative tumour is seen in the dermis, subcutaneous tissue, and breast parenchyma. Involvement by angiosar-
coma of the dermis accounts for the pigmentation of the skin

Fig. 8.17  Angiosarcoma. Small-calibre, congested vessels dissect through collagenous stroma of the dermis
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Fig. 8.18  Angiosarcoma. Anastomosing vessels show red blood cells in the vascular spaces. These vessels are in continuity with those of the 
dermis (upper field)

Fig. 8.19  Angiosarcoma. Collections of neoplastic vessels are inter-
spersed among adipocyte lobules, reminiscent of angiolipoma. In con-
trast to angiolipoma, which usually occurs in the subcutaneous plane 

and has a circumscribed border, angiosarcoma of the breast is perme-
ative, with anastomosing and destructive vasoformative growth, and it 
involves the parenchyma of the breast

Angiosarcoma
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Fig. 8.20  Angiosarcoma. Complex anastomosing vasculature is seen, 
with a pseudoalveolar pattern (left field). Free-floating fibrous stroma 
covered by neoplastic endothelial cells is seen in some of the spaces. 
Small vessels percolate among adipocytes (right field). This is a well-

differentiated or low-grade angiosarcoma, as the vascular spaces are 
relatively well formed, endothelial atypia is mild, and no solid spindle 
cell foci are present

Fig. 8.21  Angiosarcoma. The neoplastic vessels invade the lobule and extend between the acini. The bilayered acini with luminal pink secretions 
are splayed apart by the abnormal vessels
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Fig. 8.22  Angiosarcoma. This low-grade, well-differentiated lesion 
shows anastomosing vessels dissecting through a breast lobule, separat-
ing groups of bilayered acini with luminal pink secretions. Neoplastic 
endothelial cells show flattened nuclei with minimal atypia. Red blood 

cells are seen within the vascular spaces. The diagnosis of angiosar-
coma is based on the diffusely permeative pattern and anastomosing 
nature of the vessels, as endothelial atypia is mild in low-grade tumours

Fig. 8.23  Angiosarcoma. Immunohistochemistry for CD31 shows positive reactivity of the cells lining variably sized spaces
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In high-grade or poorly differentiated tumours, vessels 
are inconspicuous with a predominantly solid, spindle cell 
appearance accompanied by brisk mitoses and necrosis, 

often requiring immunohistochemistry to confirm the endo-
thelial origin of the spindle cells. Blood lakes may be seen 
(Figs. 8.25, 8.26, 8.27, 8.28, 8.29, and 8.30).

Fig. 8.24  Angiosarcoma. Ki67 immunohistochemistry shows increased proliferation fraction of the endothelial cells

Fig. 8.25  Angiosarcoma, intermediate to poorly differentiated. More solid foci of spindle cells are seen permeating the breast parenchyma. Areas 
of haemorrhage are present among the spindle cells
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Fig. 8.26  Angiosarcoma, intermediate to poorly differentiated. Blood lakes or pools of red blood cells are seen. Coalescent vascular spaces are 
present, within which are free-floating scaffolds of malignant endothelial cells

Fig. 8.27  Angiosarcoma, intermediate to poorly differentiated. Solid sheets of malignant spindle cells (left field) merge with areas in which 
spindle cells surround small spaces containing puddles of red blood cells, representing attempts at vessel formation by malignant endothelial cells
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Fig. 8.28  Angiosarcoma, intermediate to poorly differentiated. 
Malignant endothelial cells show hyperchromatic nuclei with marked 
nuclear pleomorphism. There are individual cell lumens containing 

single red blood cells (white arrows), which are useful clues to a vaso-
formative origin

Fig. 8.29  Angiosarcoma, intermediate to poorly differentiated. CD31 (a) and CD 34 (b) immunohistochemistry shows diffuse and intense stain-
ing of the spindle cells

a b
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The epithelioid variant of angiosarcoma particularly mim-
ics carcinoma, and close examination is needed to identify its 
vasoformative nature, especially in limited core biopsy mate-
rial. The presence of haemorrhage, slit-like spaces, individ-
ual cell lumens containing red blood cells, and negativity for 
hormone receptors and c-erbB-2 are useful clues to the cor-
rect diagnosis (Figs. 8.31, 8.32, 8.33, and 8.34).

Intermediate-grade angiosarcoma shows endothelial 
atypia, multilayering, and mitoses without the diffuse solid 
appearance of high-grade tumours. Immunohistochemistry 
for CD31, CD34, factor VIII, ERG and D2-40 helps verify 
the endothelial origin (Fig. 8.35). Proliferation index using 
Ki67 is variable depending on histologic grade, with high-
grade angiosarcomas displaying markedly increased prolif-
erative activity (Fig. 8.36). c-Myc positivity (overexpression 
and amplification) is reported in radiation-induced second-
ary angiosarcoma (Figs. 8.37 and 8.38).

�Differential Diagnosis

�Pseudoangiomatous Stromal Hyperplasia
Pseudoangiomatous stromal hyperplasia (PASH) comprises 
anastomosing slit-like spaces lined by myofibroblasts,  
mimicking vascular spaces of a well-differentiated angiosar-
coma (Figs.  8.39 and 8.40). A hormonally related lesion, 

progesterone receptor expression is often seen in the myofi-
broblast nuclei. Actin, desmin, and calponin are also positive 
in PASH, in contrast to angiosarcoma, which is negative for 
these markers. Endothelial markers are negative in PASH, 
except for CD34, which is positive in both.

�Angiolipoma
Similar to angiolipomas elsewhere, these can occur in the 
breast subcutis and often do not extend into breast parenchyma. 
Congeries of capillaries, which may contain fibrin thrombi, are 
admixed with mature adipocytes. Borders of the angiolipoma 
are circumscribed, differing from angiosarcoma, which dem-
onstrates a permeative appearance.

�Haemangioma
The haemangioma is a benign proliferation of mature vessels. 
It is histologically circumscribed and may show calcifications 
and thrombosis. The vessels are of variable calibres and are 
lined by endothelial cells without significant atypia. Capillary, 
cavernous, and venous haemangiomas can occur, and histo-
logically similar areas may be encountered in well-
differentiated angiosarcoma. Papillary endothelial hyperplasia 
associated with an organising thrombus may be mistaken for 
angiosarcoma. The perilobular haemangioma displays ves-
sels within the lobule as well as in the interlobular stroma 
(Figs. 8.41 and 8.42).

Fig. 8.30  Angiosarcoma, intermediate to poorly differentiated. Factor VIII immunohistochemistry shows positive staining of the spindle cells and 
decorates the neoplastic endothelial cells lining the slit-like vessels
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Fig. 8.32  Angiosarcoma, intermediate grade. Anastomosing vessels are lined by abnormal endothelial cells with scattered mitoses (arrows). Red 
blood cells are seen within the vascular spaces

Fig. 8.31  Angiosarcoma, intermediate grade. Large pools of blood are present within the tumour, which shows infiltration into adipose tissue
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Fig. 8.33  Epithelioid angiosarcoma, occurring in an irradiated breast 
after wide excision for breast carcinoma. Sheets of malignant epitheli-
oid cells with enlarged vesicular nuclei and prominent nucleoli are seen 
invading the breast tissue, closely resembling a high-grade carcinoma. 

Clues to the vasoformative nature are the presence of extravasated red 
cells within spaces and small lumens lined by the epithelioid cells, or 
red cells found within intracytoplasmic lumens of the epithelioid cells

Fig. 8.34  Epithelioid angiosarcoma. Abortive vessels are noted among the malignant epithelioid cells. Scattered mitoses are present (arrows)
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Fig. 8.36  Epithelioid angiosarcoma. Immunohistochemistry for Ki67 shows a high proliferation fraction with diffuse nuclear staining of tumour 
cells

Fig. 8.35  Epithelioid angiosarcoma. Immunohistochemistry for CD31 
(a) and D2-40 (b) shows positive reactivity in the epithelioid cells, con-
firming their endothelial origin. There should be a high index of suspi-
cion for this diagnosis when there are the following features: history of 

breast irradiation, extensively haemorrhagic tumour, presence of abor-
tive vessels within the tumour, absence of in situ carcinoma, and triple-
negative status. Epithelioid angiosarcoma is a particular pitfall on core 
biopsy material

a b
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Fig. 8.37  Angiosarcoma, post-irradiation. Irregular vessels are lined by endothelial cells with moderate nuclear atypia and variably conspicuous 
nucleoli. A small nerve is trapped amid the anastomosing vessels

Fig. 8.38  Angiosarcoma, post-irradiation. Immunohistochemistry for c-Myc shows positive nuclear staining of the neoplastic endothelial cells. 
c-Myc overexpression or amplification is reported in angiosarcoma secondary to irradiation
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Fig. 8.39  Pseudoangiomatous stromal hyperplasia. Slit-like spaces lined by myofibroblasts with flattened nuclei are seen in the interlobular and 
intralobular stroma

Fig. 8.40  Pseudoangiomatous stromal hyperplasia. Immunohistochemistry for CD34 shows positive reactivity of myofibroblasts that rim the slit-
like spaces

8  Vascular Lesions



249

Fig. 8.41  Perilobular haemangioma. Ectatic capillaries are found within the lobular stroma. There is a relatively circumscribed outline with a few 
capillaries extending into the interlobular stroma. The lesion is usually microscopic and often incidental

Fig. 8.42  Perilobular haemangioma. Ectatic capillaries are lined by flattened endothelial cells with luminal red blood cells. These capillaries are 
present between ductules within the lobule. In contrast to angiosarcoma, the perilobular haemangioma does not efface underlying structures

Angiosarcoma
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�Angiomatosis
Also known as diffuse angioma, angiomatosis is a very 
uncommon lesion in the breast, comprising a proliferation of 
variably sized abnormal vessels in the interlobular breast 
stroma, without destroying or disrupting the lobules.

�Atypical Vascular Lesion
This angioformative lesion develops in the skin of the breast 
after conservation surgery and radiotherapy for breast carci-
noma. It may be a potential precursor to angiosarcoma 
though most are clinically indolent. The lesion occurs in the 
radiation field, forming geographically shaped vessels lined 
by plump endothelial cells. In contrast to secondary radia-
tion-related angiosarcomas, atypical vascular lesions do not 
show c-Myc amplification or protein expression [6].

�Kaposi Sarcoma
Kaposi sarcoma, a low-grade vascular neoplasm that 
expresses human herpes virus 8 (HHV8) [7], may rarely 
develop in the breast or skin overlying the breast. It can be 
limited to the breast or can occur as part of disseminated 
cutaneous disease [8]. Histologically, it has wide-ranging 
appearances, including vessels that dissect through dermal 
collagen accompanied by a mild inflammatory infiltrate and 
hyaline globules. The presence of human immunodeficiency 
virus (HIV), lesions elsewhere, and identification of HHV8 

within the lesion support the diagnosis of Kaposi sarcoma 
(Fig. 8.43).

�Metaplastic Carcinoma with Pseudoangiomatoid 
Features
The acantholytic variant of metaplastic squamous cell carci-
noma with spaces between malignant cells (pseudoangioma-
toid variant) may mimic angiosarcoma (Figs. 8.44, 8.45, and 
8.46). In metaplastic carcinoma, the pseudoangiomatoid 
spaces merge with more recognisable metaplastic carcinoma 
areas. Immunohistochemistry for epithelial markers is help-
ful to confirm metaplastic carcinoma, though keratins may 
be expressed in epithelioid angiosarcomas [9]; p63 is 
reported to be observed (at least focally) in 24 % of malig-
nant vascular lesions of the breast [10].

�Prognosis and Therapy Considerations

Although grade was described as being non-prognostic in a 
large series of breast angiosarcomas, with low-grade lesions 
also capable of metastasising [11], recent studies indicate 
the utility of grade and histological parameters in prognos-
tication [12, 13]. Metastases usually occur to the lungs, 
skin, bone, and liver; the lymph nodes are infrequently 
affected.

8  Vascular Lesions
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Fig. 8.43  Kaposi sarcoma. (a) A cellular spindle cell lesion is present 
on the chest wall. Small pools of blood are seen among the spindle cells. 
(b) Red blood cells are seen in the slit-like spaces among plump spindle 
cells that contain ovoid-to-elongated vesicular nuclei, with inconspicu-

ous nucleoli and occasional mitoses. A rare hyaline globule is seen 
(arrow). (c) Immunohistochemistry shows positive nuclear staining for 
human herpesvirus 8 (HHV8), which is present in almost all Kaposi 
sarcoma lesions

a

b

c
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Fig. 8.44  Spindle cell metaplastic carcinoma with pseudoangiomatoid 
features. (a) Intersecting fascicles of spindle cells show pleomorphic, 
hyperchromatic nuclei. Pseudoangiomatoid features are not well appre-
ciated here, although there are several small spaces among the spindle 
cells that contain occasional red blood cells. (b) In this section, the 
spaces are better visualised, with separation of more epithelioid tumour 

cells giving the appearance of pseudovascular spaces containing extrav-
asated red blood cells. (c) Higher magnification shows blood-filled 
spaces among epithelioid tumour cells with pleomorphic nuclei and 
scattered mitoses (arrows)

a

b

c
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Fig. 8.45  Spindle cell metaplastic carcinoma with pseudoangiomatoid features. Immunohistochemistry shows diffuse positive staining of epithe-
lioid and spindle tumour cells for CK14 (a) and p63 (b), indicating an epithelial origin. Endothelial cell markers were negative

a b

Fig. 8.46  Spindle cell metaplastic carcinoma with pseudoangiomatoid 
features. (a) Tumour shows spindle cells with variably sized nuclei and 
several spaces resembling vascular lumens. A few epithelioid as well as 
more nested groups of cells are noted. (b) Here, the tumour forms a 
cohesive aggregate of abnormal cells separated by an untidy meshwork 
of irregular spaces, some of which contain red blood cells. While the 
spaces give a pseudovascular appearance, the sharp and well defined 

interphase of the island of abnormal cells with the stroma suggests their 
epithelial nature. (c) Immunohistochemistry for CK14 confirms the epi-
thelial nature of the invasive tumour, with permeative, anastomosing 
and tight aggregates of malignant cells. (d) At higher magnification, 
several spaces can be observed among the CK14 immunoreactive 
tumour cells that resembled vascular spaces on H&E microscopy

a b
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Intraductal Proliferative Lesions

Intraductal proliferative epithelial lesions are a heteroge-
neous group that have in common an epithelial prolifera-
tion within the terminal ductal lobular unit of the breast. 
They affect women over a broad age range and are asso-
ciated with varying risks of subsequent breast cancer. 
Some lesions, such as ductal carcinoma in situ (DCIS), 
may be direct but non-obligate precursors to invasive 
carcinoma.

�Usual Ductal Hyperplasia

�Definition

In usual ductal hyperplasia (UDH), epithelial cells proliferate 
to fill the duct space (Fig. 9.1). UDH is also referred to as usual 
epithelial hyperplasia, intraductal hyperplasia, epitheliosis, 
hyperplasia of usual type, and hyperplasia without atypia.

9

Fig. 9.1  Breast duct cut in a transverse section shows a bilayered epithelial lining, with luminal epithelial cells rimmed by an outer myoepithelial 
layer. The myoepithelial cells here have a slightly myoid appearance with plump pink cytoplasm
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�Clinical and Epidemiological Features

UDH associated with cysts and fibrosis may present as breast 
lumpiness.

�Imaging Features

UDH does not have a characteristic radiological picture. 
Clustered amorphous, punctate, or pleomorphic microcalci-
fications can occur on mammography and can be mixed with 
or indistinguishable from microcalcifications of low-grade 
DCIS, atypical ductal hyperplasia, and other benign pro-
cesses.  On sonography, the appearance is diverse, ranging 
from well-defined lesions to indeterminate, ill-defined 
masses depending on the associated lesions.

�Pathologic Features

�Macroscopic Pathology
As UDH is a microscopic finding, there is no specific  
macroscopic abnormality unless the UDH occurs  

within an underlying lesion such as a cyst, radial scar, or 
papilloma.

�Microscopic Pathology
Mild UDH shows three to four layers of epithelial cells 
lining the walls of ducts. The epithelial cells project into 
the duct lumens without anastomosis, bridging, or fusion 
of the epithelial tufts. The inner lining of the duct has a 
ruffled appearance due to irregular protrusions of the 
hyperplastic epithelial cells (Fig. 9.2). In moderate UDH, 
epithelial cells exceed four layers and efface part of the 
duct lumen. Epithelial nuclei are crowded and overlapped, 
with ovoid-to-elongated shapes. Irregular, slit-like spaces 
may be observed, particularly at the periphery of the epi-
thelial proliferation (Figs.  9.3, 9.4, and 9.5). Florid or 
marked UDH shows an exaggerated appearance of epithe-
lial proliferation obscuring the duct lumen, sometimes fill-
ing the lumen completely. Nuclei are overlapped and have 
a streaming pattern. Nuclear grooves, pseudoinclusions, 
occasional mitoses, and even necrosis can be seen 
(Figs. 9.6, 9.7, and 9.8).

Fig. 9.2  Usual ductal hyperplasia (UDH) of a mild degree, showing three to four layers of epithelial cells lining the duct wall, with a ruffled 
luminal contour
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Fig. 9.3  Moderate UDH. Epithelial cells pile and anastomose, forming secondary luminal spaces that have ruffled borders. Epithelial nuclei are 
crowded and heterogeneous. A stromal calcification is seen adjacent to the duct

Fig. 9.4  Moderate UDH. The epithelial cells proliferate to form pro-
trusions into the duct lumen, without traversing or effacing the lumen. 
A differential diagnosis is atypical ductal hyperplasia, but the epithelial 

tufts are non-rigid, with epithelial nuclei that appear heterogeneous and 
overlapping. Luminal spaces have gentle contours

Usual Ductal Hyperplasia



258

Fig. 9.6  Usual ductal hyperplasia. A lobule shows UDH of varying degrees, with a predominance of florid UDH, where crowded epithelial cells 
efface the ductular lumens

Fig. 9.5  Moderate UDH. (a) Proliferating epithelial cells protrude into 
duct lumens, forming soft arches that feature nuclei oriented in parallel 
to the direction of the arches. Secondary luminal spaces are variably 

sized and slit-like. (b) High magnification shows crowded and over-
lapped epithelial nuclei, with those along the arches being oriented par-
allel to the direction of the arch (arrow)

a b

�Differential Diagnosis

�UDH Versus Atypical Ductal Hyperplasia/Low-
Grade Ductal Carcinoma In Situ
UDH shows a heterogeneous epithelial population with 
uneven nuclear placement and overlapping. Spaces are irreg-
ular, rimmed by swirling epithelial nuclei with their longitu-

dinal axes aligned around the spaces. Atypical ductal 
hyperplasia (ADH) and low nuclear grade DCIS, on the other 
hand, show areas of cytoarchitectural atypia, with clonality as 
evidenced by the uniform cell population within a rigid archi-
tectural framework, where well-defined cribriform spaces 
and rigid micropapillae are present. Immunohistochemistry 
for CK5/6, CK14, and oestrogen receptor (ER) can help  
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Fig. 9.7  Florid UDH with a heterogeneous population of epithelial cells filling the duct space, containing haphazardly placed nuclei that are 
overlapping. Irregular spaces are seen towards the periphery of the duct. Intranuclear inclusions (arrows) are present

Fig. 9.8  Usual ductal hyperplasia. Darker, ovoid myoepithelial nuclei are seen at the periphery of the duct and are also occasionally discerned among the 
proliferative epithelial cells (black arrows indicate some representative myoepithelial nuclei). An intranuclear inclusion (red arrow) is seen

Usual Ductal Hyperplasia
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distinguish UDH from ADH and low nuclear grade DCIS, 
with CK5/6 and CK14 demonstrating a heterogeneous cell 
population with mosaic-like staining pattern for UDH, com-
pared with diminished to absent reactivity in ADH and low 

nuclear grade DCIS. Similarly, ER is patchily reactive with 
variable nuclear immunostaining intensity in UDH, whereas 
it is diffusely and strongly positive in ADH and low nuclear 
grade DCIS (Figs. 9.9, 9.10, 9.11, 9.12, 9.13, 9.14, and 9.15).

Fig. 9.10  Usual ductal hyperplasia. Immunohistochemistry for CK14 shows mosaic-like positivity of epithelial cells in UDH. Peripheral myoepi-
thelial cells are also decorated

Fig. 9.9  Florid UDH. (a) The duct space is filled with epithelial cells 
featuring crowded, overlapping, vesicular, ovoid-to-elongated nuclei 
with occasional grooves, with interspersed irregular, slit-like spaces. 
Longitudinal axes of epithelial nuclei tend to align around and parallel 

to luminal spaces. (b) High magnification shows a heterogeneous epi-
thelial population with crowded and overlapping nuclei. The irregular 
slit-like spaces are lined by epithelial cells with nuclei that have their 
longitudinal axes oriented in parallel to the spaces

a b
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Fig. 9.11  Florid UDH. A duct is filled with a proliferation of epithelial cells with streaming nuclei, which show overlapping and crowding. A few 
slit-like spaces are present. The cell population is heterogeneous, with variable nuclear sizes

Fig. 9.12  Florid UDH. CK5/6 immunohistochemistry shows a mosaic pattern of epithelial cell staining in ducts with UDH

Usual Ductal Hyperplasia
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Fig. 9.13  Florid UDH. CK14 immunohistochemistry shows a mosaic 
pattern of epithelial cell staining in ducts with UDH. CK5/6 and CK14 
staining patterns are usually similar, although sometimes antibody  

sensitivities may vary. A panel approach is recommended when immu-
nohistochemistry is applied, using antibodies that the laboratory has 
validated and is familiar with

Fig. 9.14  Florid UDH. ER immunohistochemistry shows a non-diffuse, patchy pattern of epithelial nuclear staining in ducts with UDH. Note that 
the staining intensity also varies, with a range of intensities from weak to strong
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Fig. 9.15  Florid UDH.  Immunohistochemistry for p63 highlights 
peripheral myoepithelial cells, but it does not demonstrate the mosaic 
pattern of staining depicted with antibodies to high-molecular-weight 

keratins (CK5/6 and CK14) observed in UDH. Hence, p63 is less useful 
in differentiating UDH from atypical ductal hyperplasia (ADH) and 
low-grade ductal carcinoma in situ (DCIS)

�UDH Versus Intermediate Nuclear Grade DCIS
Sometimes, the heterogeneous appearance of epithelial cells 
with reactive nuclear atypia in moderate and florid UDH may 
mimic intermediate nuclear grade DCIS (Figs. 9.16 and 9.17). 
The presence of mitoses and necrosis which may be encountered 
in UDH may exacerbate the differential diagnostic challenge. 

Clues to a benign diagnosis are the epithelial nuclear features of 
UDH, with vesicularity and smooth nuclear contours without 
clumpy chromatin or prominent nucleoli. These epithelial cells 
are often admixed with ovoid, darker myoepithelial cells. The 
haphazard overlapping placement with slit-like spaces and sup-
portive immunohistochemistry allow a correct diagnosis.

Fig. 9.16  DCIS, intermediate nuclear grade. (a) Complete filling of 
the duct space by DCIS cells with variability in nuclear size and small 
intervening spaces among the epithelial cells is reminiscent of florid 
UDH. Clues to a more sinister nature are the atypical mitosis (arrow), 

karyorrhexis, and more pronounced cytologic atypia. Additionally, sur-
rounding ducts show features of DCIS. (b) Higher magnification of the 
malignant epithelial cells shows moderate nuclear pleomorphism. 
Individual cell necrosis (arrow), karyorrhexis and a mitosis are present

a b
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Fig. 9.17  DCIS, intermediate nuclear grade. Immunohistochemistry for CK14 shows a peripheral intact rim of positively staining myoepithelial 
cells, whereas the neoplastic DCIS population is largely nonreactive

�Prognosis and Therapy Considerations

UDH is reported to be associated with a 1.5–2 times increased 
risk of subsequent breast cancer development, with the risk 
applicable to both breasts, but this estimate is based on long-
term follow-up studies. Whether an individual woman with 
UDH will develop breast cancer is unknown, and currently 
UDH is not regarded as a significant risk factor that would 
alter clinical management.

�Columnar Cell Change and Flat  
Epithelial Atypia

�Definition

Columnar cell change is an alteration of the terminal duc-
tal lobular unit featuring slightly dilated ducts and duct-
ules lined by columnar cells that often possess apical 
snouts, accompanied by luminal secretions that not infre-
quently calcify (Figs. 9.18, 9.19, and 9.20). Columnar cell 
change is known by several other terms, including blunt 
duct adenosis, columnar alteration of lobules, columnar 
metaplasia, hyperplastic unfolded lobules, hyperplastic 
enlarged lobular units, and enlarged lobular units with 
columnar alteration.

The term columnar cell hyperplasia is used when there is 
more than one layer of columnar epithelial cells.

Flat epithelial atypia is diagnosed when there is mild 
nuclear atypia in columnar cell change/hyperplasia, with 
slightly enlarged, rounded nuclei with visible nucleoli, with 
cytologic appearances similar to those of low nuclear grade 
DCIS (Figs. 9.21 and 9.22). Synonymous terms are colum-
nar cell change with atypia or columnar cell hyperplasia 
with atypia.

�Clinical and Epidemiological Features

Columnar cell change and flat epithelial atypia are clinically 
asymptomatic lesions, which can be detected on mammographic 
screening because of the accompanying calcifications.

�Imaging Features

Clustered, indistinct amorphous-type, or fine pleomorphic 
microcalcifications that are deposited within the terminal 
ductal lobular units can be observed on mammography 
(Fig. 9.23). Cysts may be encountered on sonography if the 
columnar cell change or flat epithelial atypia is associated 
with cystic changes.
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Fig. 9.18  Columnar cell change. At low magnification, several ductules within the enlarged lobule are slightly dilated

Fig. 9.19  Columnar cell change. Luminal pink secretions are seen

�Columnar Cell Change and Flat Epithelial Atypia
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Fig. 9.20  Columnar cell change. In the duct, the lining epithelium is 
composed of columnar cells with the long axes of the nuclei oriented 
perpendicularly to the basement membrane. Where there is piling and 

stratification of nuclei, the term columnar cell hyperplasia is used. The 
apical portions of the columnar cells disclose apical snouts represented 
by cytoplasmic blebs

Fig. 9.21  Flat epithelial atypia (columnar cell change with nuclear 
atypia). The ducts are lined by a relatively flat layer of epithelial cells 
with apical snouts. There is a “dark” appearance of the epithelial cells 

at low magnification, contributed by the increased nuclear–cytoplasmic 
ratios. Psammomatous calcifications are observed

9  Intraductal Proliferative Lesions
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Fig. 9.22  Flat epithelial atypia. Short, mound-like protrusions of epithelial cells may be encountered in flat epithelial atypia, but the presence of 
clear-cut architectural atypia in the form of micropapillae, arches, or bridges warrants the diagnosis of ADH

Fig. 9.23  Columnar cell change and flat epithelial atypia are often associated with calcifications that are detected on mammography. Here, the 
calcifications are clustered and resemble crushed stones

Columnar Cell Change and Flat Epithelial Atypia
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�Pathologic Features

�Macroscopic Pathology
There are no specific gross alterations. Cysts may be 
observed if there is accompanying cystic change of ducts and 
ductules. Grittiness related to calcifications can be present 
when the tissue is sliced.

�Microscopic Pathology
Histologically, columnar cell change features mild dilatation 
of terminal ducts and ductules surrounded by a loose stroma, 
which may appear slightly cellular. Lining epithelial cells 
disclose columnar shapes with vertical axes exceeding their 
widths, set perpendicularly to the underlying basement 
membranes. Nuclei are ovoid or elongated and are also ori-
ented along the vertical plane. Apical snouts, luminal secre-
tions, and calcifications are often present. Columnar cell 
hyperplasia shows multiple layers of columnar epithelial 
cells, leading to an irregular, ruffled luminal contour, often 
with a micropapillary or mound-like appearance.

In flat epithelial atypia, epithelial cells become more cuboi-
dal in shape, with slightly enlarged, rounded, vesicular nuclei 
that have discernible but usually small nucleoli. Because of  

cellular uniformity and monotony, the luminal surface appears 
relatively flat and rigid at low magnification. Additionally, 
there is a darker appearance that is due to increased nuclear–
cytoplasmic ratios. As in columnar cell change, luminal secre-
tions and calcifications are frequently present. By definition, if 
architectural atypia is observed in such a lesion, it should be 
classified as ADH. Lobular neoplasia, ADH, and low-grade in 
situ and invasive carcinomas can be found in proximity because 
of the similar genetic abnormalities [1] (Figs. 9.24 and 9.25).

�Differential Diagnosis

�UDH Versus Columnar Cell Change/Hyperplasia
In UDH, there is variability of the epithelial cell population 
without distinct columnarity, contrasting against columnar cell 
change or hyperplasia, in which the epithelial cells assume 
columnar shapes, with stratification in columnar cell hyperpla-
sia. On immunohistochemistry, ER shows patchy nuclear reac-
tivity in UDH, whereas columnar cell change or hyperplasia is 
usually diffusely ER positive (Fig. 9.26). Similarly, columnar 
cells are nonreactive with basal cytokeratins, whereas heteroge-
neous basal cytokeratin staining is observed in UDH.

Fig. 9.24  Columnar cell change with atypical lobular hyperplasia. 
Columnar cell change with nuclear atypia (flat epithelial atypia), ADH, 
lobular neoplasia, low-grade DCIS, and low-grade invasive carcinoma 
share similar genetic abnormalities and have been referred to as belonging 

to the low-grade neoplasia family of breast lesions. Here, a duct with lumi-
nal cells demonstrating prominent apical snouts is surrounded by discohe-
sive lobular neoplastic cells that have also involved adjacent ductules
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Fig. 9.25  Columnar cell hyperplasia with lobular neoplasia. Several 
ductules lined by columnar cells with stratified nuclei, associated with 
calcifications, are present. Lobular neoplasia, with features bordering 

on lobular carcinoma in situ, is observed in the same lobule where 
mildly distended acini filled with a population of uniform and slightly 
discohesive cells are seen

Fig. 9.26  Columnar cell change. Oestrogen receptor (ER) staining shows relatively diffuse nuclear positivity of columnar cells

Columnar Cell Change and Flat Epithelial Atypia
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�Columnar Cell Change/Hyperplasia Versus Flat 
Epithelial Atypia
The distinction between columnar cell change or hyperpla-
sia and flat epithelial atypia rests on the presence of nuclear 
atypia. This distinction may be rather subjective [2, 3], 
making consistent diagnosis of flat epithelial atypia chal-
lenging. It was reported that nuclear size is increased in flat 
epithelial atypia [4]. Clues to flat epithelial atypia include 
a relatively rigid luminal contour and darker-appearing 
cells (because of increased nuclear–cytoplasmic ratios) 
with more cuboidal shapes, rounded nuclei, and visible 
nucleoli.

�Flat Epithelial Atypia Versus Atypical Ductal 
Hyperplasia or Low Nuclear Grade DCIS
The cells of flat epithelial atypia are similar to those of 
ADH or low nuclear grade DCIS.  The key difference is 
the presence of architectural atypia in the latter, with pat-
terns of micropapillary, cribriform, solid, and papillary 
morphology.

�Flat Epithelial Atypia Versus High Nuclear 
Grade DCIS
High nuclear grade features of a single layer to a few layers 
of abnormal cells lining duct walls should be diagnosed as 
DCIS. High nuclear grade cytological atypia is incompatible 
with flat epithelial atypia (Figs. 9.27, 9.28, 9.29, and 9.30).

�Prognosis and Therapy Considerations

Columnar cell change or hyperplasia has a very low risk 
(about 1.5×) for subsequent breast cancer development, 
which may be related to other concurrent lesions [5]. Though 
the risk for flat epithelial atypia is considered higher, it is 
believed to be significantly lower than the risk associated 
with ADH and atypical lobular hyperplasia. As such, its pres-
ence in excision specimens does not warrant specific clinical 
management if no worse lesions are seen. The approach to its 
finding on core biopsy is controversial, however, and requires 
close multidisciplinary discussion [6, 7]. A recent study 

Fig. 9.27  DCIS, clinging subtype, resembling flat epithelial atypia at low magnification. Luminal pink secretions, rectangular crystals, and calci-
fications are present
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Fig. 9.28  DCIS, clinging subtype, at medium magnification, shows mostly single-layered epithelium with apical snouts

Fig. 9.29  DCIS, clinging subtype, with moderate to marked nuclear atypia at high magnification, and luminal debris with rectangular crystals

Columnar Cell Change and Flat Epithelial Atypia
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found that flat epithelial atypia did not confer an independent 
risk of breast cancer beyond that associated with prolifera-
tive breast disease without atypia or atypical hyperplasia [5].

�Atypical Ductal Hyperplasia

�Definition

Atypical ductal hyperplasia (ADH) is a clonal proliferation of 
monomorphic epithelial cells involving the terminal ductal lob-
ular unit, with architectural atypia constituted by cribriform, 
micropapillary, papillary, and solid morphologies. Patients with 
ADH harbour a risk of subsequent breast cancer development 
that is three to five times greater than in the general population.

�Clinical and Epidemiological Features

As ADH is a microscopic lesion, it is almost always asymp-
tomatic, but it can be associated with calcifications or accom-
pany other lesions such as cystic changes, so the presentation 
may be through mammographic detection of, or symptoms 
from, associated lesions.

�Imaging Features

Clustered microcalcifications that are often indistinct and 
amorphous in morphology can be seen on mammography. 
The microcalcifications may also appear pleomorphic and 
indistinguishable from those observed in DCIS. ADH does 
not have any characteristic features on sonography, but it 
may occasionally involve underlying conditions like intra-
ductal papillomas or fibroadenomas. ADH is often an inci-
dental finding from biopsy for other lesions. There is no 
specific MRI morphology for ADH.  It can be found as 
enhancing masses or non-mass enhancing lesions (likely 
related to accompanying lesions) that are focal, linear, or 
regional in distribution, with no reliable MR imaging fea-
tures to predict upgrade.

�Pathologic Features

�Macroscopic Pathology
No specific macroscopic changes are present, apart from 
accompanying cystic changes and grittiness due to associ-
ated calcifications.

Fig. 9.30  DCIS, high nuclear grade, which may resemble flat epithe-
lial atypia because of the single-layered lining of abnormal epithelial 
cells, associated with calcifications. However, the nuclear atypia here is 

of moderate to marked degree, with accompanying necrotic debris 
incompatible with flat epithelial atypia
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�Microscopic Pathology
ADH resembles low nuclear grade DCIS, but it is a more 
limited lesion, which measures 2 mm or less, or only par-
tially involves ducts. A useful histological guide is that ADH 
is diagnosed only when low nuclear grade DCIS is being 
seriously considered. Cytologically, ADH shows monomor-
phic, low-grade nuclei in atypical architectural formations. 
Calcifications may be observed (Figs. 9.31, 9.32, 9.33, 9.34, 
9.35, and 9.36).

�Differential Diagnosis

�UDH Versus ADH
Florid UDH should not be classified as ADH. In florid UDH, 
a heterogeneous population of epithelial cells fills and effaces 
the ductal lumen. Nuclear overlapping and variability, 
streaming, and slit-like spaces are present in florid UDH. In 
contrast, ADH shows a homogeneous epithelial population 
with rigid architectural patterns.

�ADH Versus Low Nuclear Grade DCIS
Quantitative criteria are used to distinguish ADH from low 
nuclear grade DCIS, as the epithelial cells of these two lesions 

are qualitatively similar. ADH is a small, usually focal lesion, 
either partially involving ducts or completely involving ducts 
but measuring only up to 2 mm in maximal extent. A similar 
lesion measuring more than 2 mm may be diagnosed as low 
nuclear grade DCIS.  Although the size criterion appears 
objective and is widely used, it is acknowledged that this cut-
off is arbitrary, intended to avoid overtreatment of small, 
focal, low-grade lesions. The WHO working group also 
accepts the approach of using two or more membrane-bound 
spaces involved by a monotonous neoplastic population to 
define low-grade DCIS, with lesions below this threshold 
regarded as ADH [8]. As both ADH and low nuclear grade 
DCIS are composed of a similar clonal cell population, immu-
nohistochemical panels are unable to distinguish these lesions.

�ADH Versus Collagenous Spherulosis
ADH with a cribriform pattern may mimic collagenous 
spherulosis (Figs. 9.37 and 9.38). In collagenous spherulosis, 
however, the cribriform spaces are pseudolumens rimmed by 
myoepithelial cells, whereas the true lumens of ADH are 
surrounded by neoplastic epithelial cells. Also, ADH shows 
a uniform population of ER-positive epithelial cells, whereas 
collagenous spherulosis features a mixed population of both 
luminal and myoepithelial cells.

Fig. 9.31  Atypical ductal hyperplasia. Part of the wall of this cystically 
dilated duct shows abnormal architecture with bland epithelial cells 
forming rigid spaces. A stiff epithelial arch is seen in another part of the 

duct wall. A few fractured calcifications are observed within the cystic 
lumen
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Fig. 9.32  Atypical ductal hyperplasia. (a) Several small ducts in this 
core biopsy show an atypical epithelial proliferation with partial 
involvement of the duct spaces. Calcifications and some mucinous 
material are seen within the lumens. (b) Higher magnification shows 
atypical architecture with epithelial structures containing nuclei that are 

partially overlapping, with some nuclei oriented perpendicularly to the 
directions of the bridges. (c) High magnification shows epithelial nuclei 
that are oriented perpendicularly to the direction of the epithelial bar 
(arrow)

a

b

c

9  Intraductal Proliferative Lesions



275

Fig. 9.33  Atypical ductal hyperplasia shows one duct space with a 
cribriform pattern and calcifications. Luminal spaces are crisp, but epi-
thelial cells along the walls of these lumens are oriented in parallel. 

Though the morphological appearance resembles low-grade DCIS, 
both qualitative and quantitative criteria are not fulfilled, and the diag-
nosis is that of ADH

Fig. 9.34  Atypical ductal hyperplasia. ER immunohistochemistry shows diffuse and intense nuclear staining of epithelial cells. The staining pat-
tern is similar to that of low-grade DCIS, differing from UDH, in which ER staining is patchy, non-diffuse, and variable in intensity
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Fig. 9.35  Atypical ductal hyperplasia. CK14 immunohistochemistry highlights only the peripheral rim of myoepithelial cells. No staining is seen 
around secondary lumens, in contrast with collagenous spherulosis, which is a mimic of cribriform ADH/DCIS

Fig. 9.36  Atypical ductal hyperplasia. Immunohistochemistry for p63 shows positive nuclear staining of myoepithelial cells around the duct wall. 
As with CK14, no staining of cells is seen around secondary lumens, unlike collagenous spherulosis
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Fig. 9.37  Collagenous spherulosis. Its cribriform appearance and well-
defined spaces can mimic ADH or low nuclear grade DCIS with cribri-
form morphology. Differences from the latter are the absence of a 

monotonous cell population, the presence of attenuated myoepithelial cells 
lining the spaces, and pink spherules with wispy, radiating extensions com-
posed of basement membrane material elaborated by myoepithelial cells

Fig. 9.38  Collagenous spherulosis. On immunohistochemistry, myoepithelial cells that are highlighted by p63 and CK14 are seen rimming the 
cribriform spaces. Fractured calcifications are noted

p63 CK14
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�Prognosis and Therapy Considerations

With ADH, the risk of subsequent breast cancer is three to 
five times higher than the risk for the general population, and 
the risk applies to both breasts. Women with ADH are sub-
jected to high-risk screening and in some cases risk reduc-
tion with anti-oestrogen therapy. If ADH is discovered on 
core biopsy, an excision is usually performed to exclude a 
larger lesion that would warrant a diagnosis of DCIS.

�Ductal Carcinoma In Situ

�Definition

Ductal carcinoma in situ (DCIS) is a non-invasive malig-
nant epithelial cell proliferation that is confined within the 
basement membranes, arising in the terminal ductal lobular 
unit, with cytological atypia that ranges from mild to 
marked in severity. DCIS is a non-obligate precursor to 
most invasive breast carcinomas.

�Clinical and Epidemiological Features

With the advent of mammographic screening, the incidence 
of DCIS has increased tremendously in recent decades, as 

many cases are associated with calcifications that are radio-
logically detected. Currently, DCIS accounts for 25–30 % of 
all newly detected breast cancers. Occasionally, DCIS may 
present symptomatically as a mass, nipple discharge, or nip-
ple erosion (Paget disease) (Figs. 9.39 and 9.40).

�Imaging Features

DCIS is often associated with microcalcifications visual-
ised on mammography. The type of microcalcifications 
observed radiologically depends on the DCIS grade. 
Powdery, amorphous microcalcifications are associated 
with low-grade lesions. Linear, branching-type microcalci-
fications due to casting of necrotic cells within ducts are 
highly associated with high-grade DCIS [9]. Pleomorphic 
calcification morphology can be due to any grade of DCIS 
(Fig. 9.41). Occasionally, DCIS may present as radiological 
masses, particularly in cases with papillary architecture or 
when high-grade DCIS is accompanied by stromal fibrosis. 
Discrete masses with indistinct margins or intraductal 
masses with a tubular, ductal configuration may be seen on 
sonography. MRI is poor in the assessment of low-grade 
DCIS but has a very high sensitivity for DCIS overall. 
Lesions on MRI that demonstrate linear or clumped non-
mass enhancement with ductal or segmental distribution are 
highly suspicious for DCIS.

Fig. 9.39  Paget disease of the breast. The nipple is covered by a whitish coat of flaky material with irregular protuberances (Courtesy of  
Dr. Joy Lee)
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Fig. 9.40  Paget disease of the breast. Abnormal cells are scattered 
throughout the nipple epidermis, featuring enlarged vesicular nuclei with 
visible nucleoli and occasional mitoses. Inset shows positive membrane 

staining for c-erbB-2  in the tumour cells on immunohistochemistry, a 
characteristic of Paget disease that is almost always associated with under-
lying high nuclear grade DCIS and, in some cases, invasive carcinoma

Fig. 9.41  Radiology of DCIS. (a) Tight cluster of slightly pleomor-
phic microcalcifications histologically corresponding to low nuclear 
grade DCIS (circled). (b) Loose cluster of pleomorphic microcalcifica-

tions associated with intermediate nuclear grade DCIS (circled).  
(c) Linear branching microcalcifications seen in high nuclear grade 
DCIS (circled)

a b c
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Fig. 9.42  DCIS, high nuclear grade. Mastectomy shows grey to yellow nodularities in the breast parenchyma deep to the nipple

Fig. 9.43  DCIS extensively involving the breast. Parenchymal fibrosis 
is interspersed with multiple cysts containing pale yellow, brown, and 
haemorrhagic contents. Some of the macroscopic cysts correspond his-

tologically to cystically dilated ducts involved by DCIS, with the yel-
lowish contents representing necrotic material

�Pathologic Features

�Macroscopic Pathology
Small lesions of DCIS may not be visible macroscopically. 
When the lesions are associated with cysts or fibrosis, or 

when they harbour luminal necrosis, DCIS may appear as an 
indurated area with firmer consistency, punctuated by yel-
lowish, necrotic foci that extrude debris when compressed 
(Figs. 9.42, 9.43, and 9.44).

9  Intraductal Proliferative Lesions



281

Fig. 9.44  DCIS shows multiple small nodularities within the fibrous 
breast parenchyma. More solid, fleshy areas correspond histologically 
to invasive carcinoma (arrows). It is important to detect and sample 

these solid areas during macroscopic evaluation of the specimen, in 
order not to miss associated invasive disease

�Microscopic Pathology
DCIS shows a variety of histological patterns, with cribriform, 
comedo, micropapillary, solid, and papillary architectures 
being the most frequently observed (Figs.  9.45, 9.46, 9.47, 
9.48, 9.49, 9.50, 9.51, 9.52, 9.53, and 9.54). Less commonly, 
clear-cell (Fig.  9.55) and spindle forms are seen, the latter 
classified with solid papillary carcinoma in situ. These pat-
terns do not have predictive or prognostic impact, although the 
micropapillary variety has been reported to be more often 
multicentric (Figs. 9.56 and 9.57) [10]. DCIS is currently clas-
sified according to nuclear grade, with low-, intermediate-, 
and high-grade categories. The presence of necrosis is an 
important feature, and calcifications allow correlation with 
radiological findings. Larger cases of DCIS are more often 
associated with occult invasion. High nuclear grade DCIS may 
be accompanied by stromal fibrosis and chronic inflammation, 
with the distorted contours of the involved spaces sometimes 
mimicking invasion. Overexpression of the protein c-erbB-2 is 
observed more frequently in DCIS, especially the high-grade 
variety, than in invasive carcinoma (Fig. 9.58).

�Differential Diagnosis

�Low Nuclear Grade DCIS Versus Lobular 
Carcinoma In Situ (Classic)
The solid pattern of low nuclear grade DCIS may resemble 
classic lobular carcinoma in situ (LCIS). In contrast to the 
pavemented cell arrangement with well-defined cytoplas-
mic membranes of DCIS, the cells of LCIS are discohe-
sive, with indistinct membranes and cells falling away 
from each other. Occasional intracytoplasmic lumens are 
seen. Adjacent atypical lobular hyperplasia with pagetoid 
involvement of ducts may support a lobular phenotype of 
the solid epithelial proliferation, whereas other patterns of 
DCIS may be seen in continuity with solid DCIS. 
Immunohistochemistry for E-cadherin can arbitrate. It is 
important to make the distinction on core biopsies, as the 
diagnosis of DCIS requires surgical excision, but classic 
LCIS may not always warrant excision, depending on 
radiologic–pathologic correlation (Figs. 9.59, 9.60, 9.61, 
9.62, 9.63, and 9.64).
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Fig. 9.45  DCIS, low nuclear grade, micropapillary and cribriform pat-
terns with rigid arches. Two duct spaces are involved by the cytoarchi-
tecturally atypical epithelial population. The maximal lesional extent 

exceeds 2 mm. The differential diagnosis is ADH, but the involvement 
of two duct spaces and the size of the lesion (exceeding 2 mm) favour 
low nuclear grade DCIS

Fig. 9.46  DCIS, low nuclear grade, cribriform pattern, with punched-out, sieve-like luminal spaces among monotonous epithelial cells
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Fig. 9.47  DCIS, low nuclear grade, with cribriform spaces rimmed by epithelial cells that are polarised or oriented with their apical borders 
towards the cribriform lumens

Fig. 9.48  ER immunohistochemistry in low nuclear grade DCIS, showing diffuse and uniform nuclear staining with relatively even intensity. In 
contrast, non-diffuse, patchy staining is seen in UDH, which demonstrates variable staining intensities
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Fig. 9.49  DCIS, low nuclear grade, composed of well-defined luminal spaces and rigid epithelial bridges that show nuclei oriented perpendicu-
larly to the direction of the bridge. Some wispy mucin is present in the luminal spaces

Fig. 9.50  DCIS with a pagetoid appearance, with neoplastic cells 
extending along a duct. Inset shows the attenuation of the luminal layer 
of epithelial cells, with DCIS cells containing enlarged vesicular nuclei 

with visible nucleoli insinuating between the luminal epithelial and 
myoepithelial cells. Pagetoid extension is usually described as a feature 
of lobular neoplasia, but infrequently it can also be encountered in DCIS
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Fig. 9.51  DCIS with a pagetoid appearance. Immunohistochemistry for CK14 shows negative reactivity of the tumour cells; immunohistochem-
istry for E-cadherin shows complete membrane staining, supporting a ductal phenotype of the tumour cells

CK14 E-cadherin

Fig. 9.52  DCIS, high nuclear grade with comedonecrosis and calcifications
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Fig. 9.53  High nuclear grade DCIS. Necrosis composed of amorphous debris with karyorrhexis is present within the ductal lumens. Fractured 
calcifications are observed within the necrosis

Fig. 9.54  High nuclear grade DCIS with comedonecrosis. Tumour cells show marked nuclear pleomorphism with abnormal mitoses. Degenerate 
epithelial cells and karyorrhectic debris are found within the lumen
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Fig. 9.55  DCIS with clear cells. Ducts with clear-cell DCIS are expanded by a population of cells with ample clear cytoplasm. A few ducts  
contain pink secretions. Inset shows high magnification of the clear cells, with ovoid, dense nuclei and abundant clear cytoplasm

Fig. 9.56  DCIS, intermediate nuclear grade, micropapillary pattern. 
At low magnification, the affected ducts show micropapillary protru-
sions of neoplastic epithelial cells into the lumen. Some of the cells 

appear hobnailed. The surrounding stroma is fibrotic, with a few scat-
tered chronic inflammatory cells
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Fig. 9.57  DCIS, intermediate nuclear grade, micropapillary pattern. 
At high magnification, the nuclei are hobnailed and vesicular, contain-
ing small to more conspicuous nucleoli. Occasional cells with cytoplas-

mic vacuoles are noted. The lumen contains necrotic debris with 
degenerate tumour cells

Fig. 9.58  DCIS with overexpression of c-erbB-2. In this case, the 
accompanying invasive ductal carcinoma is negative for c-erbB-2 
(arrows, inset). Possible explanations for this discordance in c-erbB-2 
expression between in situ and invasive disease may be that its expression 
is diminished during evolution from in situ to invasive breast carcinoma 
or that invasive disease occurs via mechanisms that do not involve the 

c-erbB-2 gene. An alternative postulate is that a proportion of c-erbB-
2-negative invasive breast cancers are preceded by a very transient in situ 
stage, hence diluting the overall numbers of c-erbB-2-positive invasive 
carcinomas as compared with DCIS. It is important to report the c-erbB-2 
status for the invasive component rather than for the in situ element
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Fig. 9.59  DCIS, low nuclear grade with solid morphology. This pattern may mimic lobular carcinoma in situ, with duct and acinar spaces com-
pletely filled by the neoplastic population

Fig. 9.60  DCIS, low nuclear grade with solid morphology. Closer scrutiny shows that the epithelial cells have relatively distinct cell boundaries, 
with the cell membranes tightly apposed between cells
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Fig. 9.61  DCIS, low nuclear grade with solid morphology. Immunohistochemistry for E-cadherin discloses complete membrane staining of the 
neoplastic cells, corroborating a ductal phenotype

Fig. 9.62  Lobular carcinoma in situ (LCIS). Acini are distended and filled by a relatively uniform, monotonous cell population. The pagetoid 
extension along the terminal duct is a characteristic feature of lobular neoplasia (atypical lobular hyperplasia and LCIS)
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Fig. 9.63  LCIS closely mimics solid-type DCIS. Some discohesion is observed among the lobular neoplastic cells

Fig. 9.64  LCIS. Immunohistochemistry for E-cadherin is negative in the lobular neoplastic cells, with positive staining observed in myoepithelial 
cells and residual luminal epithelial cells
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�Low Nuclear Grade DCIS with Spindle Cells 
Versus Florid UDH
Spindle cell DCIS, low nuclear grade, usually shows neuro-
endocrine differentiation and is part of the spectrum of solid 
papillary carcinomas in situ. As the spindle cells in this form 
of DCIS often show a streaming appearance, they mimic 
benign UDH.  Spindle cell DCIS tends to occur in older 
women presenting with bloody nipple discharge. Histology 
shows uniform spindle cells with relative lack of nuclear 
overlapping, fine stippled nuclear chromatin, granular cyto-
plasm, and absence of slit-like secondary luminal spaces. 
Immunohistochemistry shows diminished or absent staining 
for CK5/6 and CK14, but ER is diffusely positive (Figs. 9.65, 
9.66, 9.67, and 9.68) [11].

�High Nuclear Grade DCIS Versus Pleomorphic 
Lobular Carcinoma In Situ
Pleomorphic LCIS is not infrequently mistaken for high 
nuclear grade DCIS with both lesions often showing come-
donecrosis and calcifications. Clues to pleomorphic LCIS 
are cellular discohesion, presence of classic LCIS, as well as 
atypical lobular hyperplasia. An apocrine cytomorphology is 

commonly associated with pleomorphic LCIS although apo-
crine features can also be found in high nuclear grade 
DCIS. Immunohistochemistry for E-cadherin can help make 
the distinction, though in many institutions, pleomorphic 
LCIS is often managed in a similar manner to DCIS 
(Figs. 9.69 and 9.70).

�DCIS Versus Microinvasive Carcinoma
Microinvasive carcinoma is defined as an invasive focus 
measuring not more than 1 mm in maximal extent. In high 
nuclear grade DCIS, the distortion of affected duct outlines, 
with resulting irregular protrusions of tumour cells within 
an inflamed background, may resemble microinvasion, but 
these protrusions retain contact with the duct involved by 
DCIS and may also sometimes manifest myoepithelial cells, 
which can be further confirmed with immunohistochemis-
try. Tangential sectioning and lobular involvement by DCIS 
may lead to small tumour nests emerging from a variably 
inflamed background, suggesting microinvasion. When fur-
ther levelled, however, these foci disappear or show their 
contiguity with adjacent intact ducts (Figs. 9.71, 9.72, 9.73, 
and 9.74).

Fig. 9.65  Spindle cell DCIS with low nuclear grade mimics florid 
UDH. Clues are the relatively uniform spindle population and fine, nar-
row vessels coursing into the solid epithelial proliferation (red arrows), 

suggesting that this lesion belongs to the solid papillary carcinoma 
group. Occasionally, small intercellular mucin puddles may be dis-
cerned, not present in this case
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Fig. 9.66  Spindle cell DCIS with low nuclear grade. Ducts are expanded and filled with a uniform and monotonous epithelial population of 
spindle cells, which stream and swirl in a similar single direction without significant nuclear overlapping.

Fig. 9.67  Spindle cell DCIS. Immunohistochemistry for CK14 shows hardly any staining among the epithelial cells
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Fig. 9.68  Spindle cell DCIS. Synaptophysin immunohistochemistry shows diffuse positivity, indicating neuroendocrine differentiation, which is 
often encountered in solid papillary carcinoma

Fig. 9.69  LCIS with necrosis and pleomorphic features, mimicking high nuclear grade DCIS. The malignant cells are poorly cohesive and have 
pink cytoplasm reminiscent of an apocrine appearance
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Fig. 9.70  LCIS with pleomorphic features. Immunohistochemistry for E-cadherin is negative in the tumour cells, confirming a lobular Phenotype. 
Necrosis is not observed here

Fig. 9.71  DCIS with adjacent microinvasion. Microinvasion is defined 
as invasive carcinoma that measures up to 1 mm in maximal extent. In 
this case, a duct involved by DCIS is present in the right lower field. In 
the immediate vicinity are nests of tumour cells that have irregular con-
tours, accompanied by chronic inflammation. These irregular nests 

measure less than 1 mm in maximal extent. The measurement is deter-
mined from the actual size of the invasive focus, and does not include 
the distance of the invasive focus from the basement membrane of the 
adjacent duct affected by DCIS
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Fig. 9.72  DCIS with microinvasion. Immunohistochemistry for p63 shows intact myoepithelial cells around the island of DCIS. In contrast, they 
are absent from the nests of microinvasive carcinoma (arrow)

Fig. 9.73  DCIS with microinvasion. Immunohistochemistry for CK5/6 shows intact myoepithelial cells around the island of DCIS, in contrast to 
their absence from the nests of microinvasive carcinoma (arrow)
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Fig. 9.74  DCIS with irregular protrusions mimicking microinvasion. 
In this duct affected by DCIS, there are bulges of tumour cells into the 
stroma, as well as smaller, rounded nests in close proximity. No stromal 
reaction is present, and the presence of CK14-positive myoepithelial 

cells around these nests indicates that they are non-invasive and are 
likely to be tangential sections of the outer, undulant contours of the 
DCIS-affected duct

�DCIS Superimposed on Sclerosing Adenosis 
Versus Invasive Carcinoma
It can be particularly challenging to differentiate invasive 
carcinoma from DCIS superimposed on sclerosing adeno-
sis. Not infrequently, invasive carcinoma has been errone-
ously diagnosed in such cases. It is useful to survey the 
lesion at low magnification, whereupon the lobular archi-
tecture of the underlying sclerosing adenosis may be 
appreciated. Often, benign ductules of sclerosing adenosis 
that are uninvolved by DCIS may be observed at the 
lesional periphery and merging with it. Another clue is the 
presence of an intact, hyaline basement membrane sheath 
around sclerosing adenotic ducts within unperturbed com-
pact stroma, although it is noted that some invasive carci-
nomas may also elaborate basement membrane material. 
Immunohistochemistry can affirm the presence of myoepi-
thelial cells around DCIS superimposed on sclerosing ade-
nosis (Figs. 9.75, 9.76, 9.77, 9.78, 9.79, 9.80, 9.81, 9.82, 
9.83, 9.84, 9.85, 9.86, and 9.87).

�DCIS Versus Lymphovascular Emboli
Tumour emboli plugging lymphovascular spaces can 
resemble DCIS, with endothelial nuclei mimicking those of 
myoepithelial cells. D2-40, which decorates endothelial 
cells, is also reactive with myoepithelial cells and hence is 

not useful in this setting (Fig. 9.88). DCIS is either observed 
as an expanded lobule with several duct spaces involved by 
the malignant epithelial proliferation or seen adjacent to 
other unaffected lobules. In contrast, lymphovascular 
emboli are often noted at the advancing front of an invasive 
tumour and may be located together with other vessels, 
away from lobules. Myoepithelial immunohistochemistry 
is helpful, with antibodies to p63 and basal cytokeratins 
being potentially more suitable than smooth muscle ones, 
which may also decorate smooth muscle fibres around vas-
cular spaces (Fig. 9.89).

�Prognosis and Therapy Considerations

DCIS is a non-obligate precursor of invasive carcinoma. The 
duration to progression varies; high-grade forms transform 
to invasive disease more quickly than low-grade lesions, 
which can take many years before invasion occurs. Current 
management of DCIS is complete excision with negative 
margins. Adjuvant radiation is usually administered for con-
servatively excised cases. Hormonal therapy has a role in 
hormone receptor-positive DCIS. A trial of active surveil-
lance in non-high grade DCIS diagnosed on core biopsy is 
underway in the United Kingdom [12].
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Fig. 9.76  DCIS superimposed on sclerosing adenosis. At higher magnification, epithelial nests and trabeculae anastomose within a slightly myx-
oid stroma with mild chronic inflammatory cell infiltrates

Fig. 9.75  DCIS superimposed on sclerosing adenosis closely mimick-
ing invasive carcinoma. At low magnification, there is a cellular tumour 
nodule with relatively circumscribed boundaries within breast tissue 

that also displays DCIS in surrounding ducts and lobules. Chronic 
inflammation is present around the periphery of the tumour nodule
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Fig. 9.77  DCIS superimposed on sclerosing adenosis. Many epithelial nests show rounded edges. There is a subtle appearance of the merging of 
these nests with adjacent lobules

Fig. 9.78  DCIS superimposed on sclerosing adenosis. Hyalinisation is present around the anastomosing tumour nests

�Ductal Carcinoma In Situ



300

Fig. 9.80  DCIS superimposed on sclerosing adenosis. Immunohistochemistry with p63 shows myoepithelial nuclei that are preserved around the 
tumour nests

Fig. 9.79  DCIS superimposed on sclerosing adenosis. On high magnification, the epithelial nests are round and appear rimmed by a thin base-
ment membrane layer
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Fig. 9.81  DCIS superimposed on sclerosing adenosis. Higher magnification shows myoepithelial nuclei stained with p63 rimming the epithelial 
nests, indicating a non-invasive process

Fig. 9.82  DCIS superimposed on sclerosing adenosis. High magnification of myoepithelial nuclei that are positively highlighted by p63 
immunohistochemistry
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Fig. 9.83  DCIS superimposed on sclerosing adenosis. Low magnification of CK5/6  in the tumour nodule, demonstrating its presence in the 
lesion, with a clear peripheral rim of positivity in adjacent DCIS

Fig. 9.84  DCIS superimposed on sclerosing adenosis. CK5/6 immunohistochemistry shows the preserved rims of myoepithelial cells in the larger 
DCIS islands, as well as in DCIS superimposed on sclerosing adenosis
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Fig. 9.85  DCIS superimposed on sclerosing adenosis. Medium magnification shows a peripheral CK5/6-positive myoepithelial rim around the 
tumour nests

Fig. 9.86  DCIS superimposed on sclerosing adenosis. High magnification of CK5/6 immunohistochemistry with decoration of myoepithelial 
cells around tumour islands
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Fig. 9.87  DCIS superimposed on sclerosing adenosis. Intact myoepithelial cells unveiled by CK5/6 immunohistochemistry

Fig. 9.88  Lymphovascular emboli mimicking DCIS. Lymphovascular 
spaces are filled with tumour cells, which can mimic a duct involved by 
DCIS, especially if D2-40 is used as a myoepithelial marker, as it also high-
lights endothelial cells. A benign lobule is present, with ductules rimmed by 
positively stained myoepithelial cells on D2-40 immunohistochemistry. In 

the interlobular stroma are lymphovascular spaces containing tumour cells. 
D2-40 immunohistochemistry decorates endothelial cells, which have a flat-
tened continuous appearance, compared with the more polygonal positivity 
of myoepithelial cells
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Fig. 9.89  DCIS mimicking a lymphovascular embolus. (a) At low 
magnification, malignant cells are partially attached to the wall of a 
space mimicking a lymphovascular tumour embolus. (b) High magnifi-
cation shows high nuclear grade malignant tumour cells that are adher-
ent to the wall of a space that appears to be lined by flattened cells 
which may be misinterpreted as endothelial cells. On closer scrutiny 
however, an outer layer of cells resembling myoepithelial cells (arrows) 

is seen cuffing the tumour cells. (c) Immunohistochemistry confirms 
that the cells lining the space are myoepithelial cells with positive 
nuclear staining for p63. The separation or retraction of malignant cells 
of DCIS from its duct wall can sometimes be observed, especially in 
specimens that may not be optimally fixed. (d) CK14 immunohisto-
chemistry shows cytoplasmic reactivity of the myoepithelial cells rim-
ming the affected duct wall. Endothelial markers are negative

a b

c d
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Lobular Lesions (Lobular Neoplasia, 
Invasive Lobular Carcinoma)

Lobular breast lesions described in this chapter encompass a 
spectrum of conditions that share in common a proliferation 
of neoplastic lobular-type cells, which are morphologically 
rounded, mostly uniform cells with a tendency for 
discohesion.

Lobular neoplasia refers to the presence of these cells within 
the terminal ductal lobular unit, with or without pagetoid exten-
sion along terminal and segmental ducts. Lobular neoplasia 
includes atypical lobular hyperplasia and lobular carcinoma in 
situ (LCIS), which are distinguished by the degree and extent 
of lesional involvement of the terminal ductal lobular unit.

Invasive lobular carcinoma comprises invading tumour 
cells with lobular morphology and unique patterns of 
infiltration.

�Lobular Neoplasia (Atypical Lobular 
Hyperplasia and Lobular Carcinoma In Situ)

�Definition

Lobular neoplasia is a non-invasive, abnormal proliferation 
of discohesive cells within the lobule. Lobular neoplastic 
cells are characterised by aberration of the E-cadherin gene 
leading to a dysfunctional E-cadherin protein, an intercellu-
lar adhesion molecule. Lobular neoplasia usually features 
cells with uniform, rounded morphology referred to as type 
A cells, but it may also be composed of type B cells with 
moderate nuclear variation.

�Clinical and Epidemiological Features

Lobular neoplasia may be encountered in up to 4 % of 
breast core biopsies, often in premenopausal women [1]. 

As it is usually an incidental lesion discovered during his-
tologic evaluation of biopsy specimens and excisions per-
formed for other clinicoradiological indications, there are 
no specific clinical or radiological characteristics of lobu-
lar neoplasia per se. Unusually, lobular neoplasia may be 
mass forming, resulting in clinical or radiological 
detection, and occasionally it can be associated with 
necrosis and calcifications leading to mammographic dis-
covery [2].

�Imaging Features

Most lobular neoplastic lesions do not have specific imag-
ing features, apart from those variants that are mass form-
ing or accompanied by calcifications. The majority are 
incidental findings on biopsy. Sampled microcalcifica-
tions are not commonly found within the lobular neopla-
sia itself, but are discovered more frequently in adjacent 
cystic alterations or atypical ductal hyperplasia. Lobular 
carcinoma in situ (LCIS) can occasionally form irregular 
masses and present as suspicious non-mass enhancement 
on MRI [3]. Pleomorphic LCIS may display clustered, 
punctate, or pleomorphic-type microcalcifications on 
mammography [4].

�Pathologic Features

�Macroscopic Pathology
Lobular neoplasia is usually a microscopic lesion that does 
not produce a macroscopic abnormality. Mass-forming 
examples can be associated with a grossly visible lesion 
(Fig. 10.1), and those harbouring calcifications can be gritty 
in consistency.

10
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�Microscopic Pathology
Both atypical lobular hyperplasia and LCIS are composed 
of monomorphic, discohesive, round cells in the terminal 
ductal lobular unit, differing by the severity of involvement 
of lobules. In atypical lobular hyperplasia, the neoplastic 
cells variably fill the acini, leading to rounded acinar con-
tours, but they do not significantly distend or distort the aci-
nar shapes (Figs.  10.2, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8, 
10.9, and 10.10). In LCIS, there is filling of all acini in the 
affected lobule, accompanied by distention and/or distor-
tion of at least half of the filled acini (Figs. 10.11, 10.12, 
10.13, 10.14, 10.15, 10.16, 10.17, 10.18, and 10.19). Not 
infrequently, there is a gradation of changes, and it may be 
difficult to clearly separate atypical lobular hyperplasia 
from LCIS.  There is also interobserver variability in the 
assessment of the degree of lobular neoplastic changes. It is 
useful to distinguish atypical lobular hyperplasia from 
LCIS because the risk implications for subsequent develop-
ment of breast carcinoma differ, but to do so is admittedly 
challenging in some cases, whereupon lobular neoplasia 
may be applied as an encompassing term. Lobular neopla-

sia can coexist with columnar cell lesions, flat epithelial 
atypia, atypical ductal hyperplasia, and low-grade invasive 
carcinoma, referred to as the “low nuclear grade neoplasia 
family” of breast lesions (Figs.  10.20, 10.21, 10.22, and 
10.23) [5].

Marked nuclear pleomorphism, often with apocrine 
cytomorphology, is sometimes seen in LCIS and is referred 
to as the pleomorphic variant (Figs.  10.24, 10.25, 10.26, 
10.27, 10.28, 10.29, 10.30, 10.31, 10.32, 10.33, 10.34, and 
10.35) [6]. Necrosis and calcifications may be found in 
pleomorphic LCIS, but they can also be observed in classic 
forms of the disease. Lobular neoplasia with type B cells 
should not be diagnosed as pleomorphic LCIS.  When 
required, E-cadherin immunohistochemistry can be used to 
confirm a lobular phenotype, displaying negative staining 
of the lobular neoplastic cells [7]. It is important to be 
familiar with aberrant E-cadherin staining patterns 
(Figs.  10.36, 10.37, and 10.38) [7]. Other immunohisto-
chemical markers include p120 catenin and β-catenin, 
which show cytoplasmic rather than membrane localisation 
of staining [8].

Fig. 10.1  Florid lobular carcinoma in situ (LCIS). This skin-sparing mastectomy specimen shows multiple fleshy nodules with a pinkish-grey 
appearance (arrows) amid fibrofatty breast parenchyma

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.2  Atypical lobular hyperplasia. At low magnification, the terminal ductal lobular units contain monomorphic, discohesive cells. The 
luminal spaces of terminal ducts and acini are obscured

Fig. 10.3  Atypical lobular hyperplasia. High magnification shows the discohesive cells filling the acinar spaces. No distension or distortion of the 
acinar outlines is seen

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.4  Atypical lobular hyperplasia shows a monomorphic, disco-
hesive epithelial population filling the acini. The cells display incon-
spicuous spaces in between them, with ill-defined cell contours and 

cytoplasmic membranes. The epithelial lining of the terminal duct is 
attenuated. These lobular neoplastic cells are of type A morphology

Fig. 10.5  Atypical lobular hyperplasia. Lobular neoplastic cells show a greater degree of nuclear variation, with several slightly enlarged, vesicu-
lar nuclei and discernible nucleoli; features are consistent with type B cells. Occasional cytoplasmic vacuoles are seen

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.6  Atypical lobular hyperplasia shows cells with cytoplasmic vacuoles and discohesion, filling but not distending acinar spaces of the 
lobule. Affected acini show rounded contours

Fig. 10.7  Atypical lobular hyperplasia is seen adjacent to an unaffected terminal duct, with atypical lobular neoplastic cells filling the affected 
terminal duct and acini

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.8  Atypical lobular hyperplasia. E-cadherin immunohisto-
chemistry shows diminished and absent staining in the lobular neoplas-
tic cells. There appears to be some patchy E-cadherin staining in 
affected ducts and acini, which may reflect staining of intermingled 

myoepithelial cells. Some lobular neoplastic cells can also demonstrate 
diminished and incomplete E-cadherin staining of their cytoplasmic 
membranes

Fig. 10.9  Atypical lobular hyperplasia. E-cadherin immunostaining 
shows positive cytoplasmic membrane reactivity of the epithelial cells 
lining the terminal duct, whereas the lobular neoplastic cells are devoid 

of E-cadherin expression, apart from some staining likely originating 
from intermingled myoepithelial cells

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.10  Lobular neoplasia (atypical lobular hyperplasia) featuring a histiocytoid appearance

Fig. 10.11  Lobular carcinoma in situ (LCIS) with pagetoid extension 
along the terminal duct. Lobular neoplastic cells insinuate in between 
the luminal epithelium and the myoepithelial cells. Pagetoid extension 

may be encountered in both atypical lobular hyperplasia and 
LCIS. Adjacent acini are distended by lobular neoplastic cells with dis-
tortion of their outlines, features of LCIS

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.13  E-cadherin immunohistochemistry shows negative staining of LCIS cells, whereas there is positive staining for attenuated luminal 
epithelial cells, as well as the peripheral myoepithelial cells

Fig. 10.12  Lobular neoplasia with pagetoid extension. E-cadherin 
immunohistochemistry shows preserved staining in luminal epithelial 
cells; the lobular neoplastic cells are negative. It is difficult to be certain 

from this illustration whether the lesion represents atypical lobular 
hyperplasia or LCIS; a final conclusion will depend on assessing the 
entire lesion especially the severity of changes in the acini

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.14  Lobular carcinoma in situ. Duct and acinar spaces are completely filled and distended by lobular neoplastic cells. When assessing 
whether there is distension of acini, comparison with adjacent uninvolved lobules is useful

Fig. 10.15  Lobular carcinoma in situ. At low magnification, LCIS 
shows discohesive cells with pink cytoplasm suggesting an apocrine 
cytomorphology. Several unaffected acini are seen; when compared 

with acini involved by lobular neoplasia, there is confirmation of acinar 
distension by lobular neoplastic cells

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.17  Lobular carcinoma in situ. Fractured calcifications are observed in several distended islands of LCIS. Inset shows negative E-cadherin 
staining of LCIS cells

Fig. 10.16  Lobular carcinoma in situ with apocrine pleomorphic features. Here, the nuclei show moderate and marked pleomorphism, with pink 
cytoplasm indicating apocrine cytomorphology. A mitosis is seen (white arrow)

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.18  Lobular carcinoma in situ with apocrine features. Apocrine cells with characteristic pink cytoplasm and enlarged vesicular nuclei with 
discernible nucleoli distend the duct spaces. The cells show discohesion

Fig. 10.19  Lobular carcinoma in situ with apocrine features. E-cadherin immunohistochemistry shows negative staining of the lobular neoplastic 
cells. A few individual cells in several affected spaces disclose incomplete cytoplasmic membrane staining

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.20  Lobular neoplasia associated with calcifications. 
Infrequently, lobular neoplasia may be accompanied by calcifications, 
which can be detected mammographically. More often, lobular neopla-

sia is incidentally identified adjacent to columnar cell lesions that cal-
cify, rather than being directly associated with calcifications

Fig. 10.21  Lobular carcinoma in situ (arrow) with adjacent columnar cell hyperplasia and calcifications

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.22  Lobular carcinoma in situ with invasive tubular carcinoma. 
Low magnification of breast tissue shows LCIS affecting multiple ter-
minal ductal lobular units. Centrally, there is an invasive tubular carci-

noma composed of haphazardly placed tubules. Invasive lobular 
carcinoma is also present (arrow) but is difficult to appreciate at this 
low magnification

Fig. 10.23  Lobular carcinoma in situ with invasive tubular carcinoma. 
Patent, rounded, and angulated tubules of invasive tubular carcinoma 
are found adjacent to LCIS.  Lobular neoplasia, flat epithelial atypia, 

atypical ductal hyperplasia, and low-grade invasive carcinomas form 
part of the spectrum of the low nuclear grade neoplasia family of breast 
lesions

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.24  Pleomorphic LCIS. This duct space is expanded by abnor-
mal, discohesive cells with moderate to marked nuclear pleomorphism. 
Some cells show cytoplasmic vacuoles. Cytoplasm of many cells is 

pink, giving an apocrine appearance. A calcification is noted. The diag-
nosis of pleomorphic LCIS requires the presence of marked nuclear 
pleomorphism (grade 3 nuclei)

Fig. 10.25  Pleomorphic LCIS.  Immunohistochemistry for p120 
catenin shows cytoplasmic localisation of staining, without any mem-
brane reactivity. In interpreting p120 catenin staining, it is important to 
compare with the internal positive controls of benign ducts and duct-
ules, which display crisp membrane positivity, in contrast to the cyto-

plasmic reactivity of lobular neoplasia and invasive lobular carcinoma. 
Sometimes, apposition or overlapping of lobular neoplastic and lobular 
carcinoma cells can lead to an accentuation of staining near the cyto-
plasmic membrane, which may mimic membrane staining (Reprinted 
from Ho and Tan [6]; with permission)

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.26  Lobular carcinoma in situ within a radial sclerosing lesion. Excision of a radiologically stellate lesion shows an ill-defined, whitish, 
firm area in the breast tissue (arrow). Histological assessment disclosed a radial sclerosing lesion with superimposed LCIS

Fig. 10.27  Lobular carcinoma in situ within a radial sclerosing lesion. At scanning magnification, the fibrotic core of the radial sclerosing lesion 
is seen (arrow). Solidified epithelial islands radiate from the fibrotic centre

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.28  Lobular carcinoma in situ within a radial sclerosing lesion. At low magnification, there is a central fibrotic nidus around which the 
solidified duct spaces emanate

Fig. 10.29  Lobular carcinoma in situ within a radial sclerosing lesion. 
A discohesive cell population fills the duct and acinar spaces. The larg-
est duct space is distended by pleomorphic apocrine cells with intercel-

lular spaces and apoptosis, features of pleomorphic apocrine 
LCIS. Surrounding acini contain a more uniform population of classic 
LCIS, accompanied by a calcification (left field)

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.30  Lobular carcinoma in situ with pleomorphic apocrine features. Occasional intracytoplasmic lumens are present (black arrows), with 
a targetoid secretory droplet observed in one lumen (white arrow)

Fig. 10.31  Pleomorphic apocrine LCIS. Discohesive apocrine cells with moderate to marked nuclear pleomorphism and pink cytoplasm distend 
duct spaces

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.32  Pleomorphic apocrine LCIS. Multinucleation (arrows) and intranuclear inclusions are present

Fig. 10.33  Lobular carcinoma in situ within a radial sclerosing lesion. E-cadherin immunohistochemistry shows loss of staining in the lobular 
neoplastic cells

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.34  Lobular carcinoma in situ within a radial sclerosing lesion. Higher magnification shows negative staining for E-cadherin in the lobular 
neoplastic cells, with a positively stained peripheral myoepithelial rim

Fig. 10.35  Pleomorphic apocrine LCIS shows positive staining for c-erbB-2 (HER2). This type of staining is not performed for prognostic pur-
poses, but it can be applied to support a pleomorphic morphology, as pleomorphic LCIS has a higher rate of c-erbB-2 overexpression

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.36  Aberrant E-cadherin staining in LCIS shows cytoplasmic rather than membrane staining, contrasting against the membrane localisa-
tion of E-cadherin in the adjacent ducts

Fig. 10.37  Aberrant E-cadherin staining. (a) Invasive lobular carci-
noma cells show diminished intensity and incomplete membrane stain-
ing for E-cadherin, contrasting against the benign ducts and acini, 
which disclose more intense membrane reactivity of epithelial cells. (b) 

A globular, dot-like staining is seen in the cytoplasm of invasive lobular 
carcinoma cells. Inset shows paranuclear globular staining for 
E-cadherin of lobular carcinoma cells

a b
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Fig. 10.38  (a) Lobular neoplasia comprising both atypical lobular 
hyperplasia and lobular carcinoma in situ is present in the breast tissue 
(left), confirmed with E-cadherin immunohistochemistry that reveals 
diminished staining in several of the affected acini. Some of the acini that 
are affected by lobular neoplasia however, appear to retain E-cadherin 
staining at this magnification. (b) Higher magnification of several acini 
affected by lobular neoplasia, with rounded discohesive cells with occa-
sional intracytoplasmic lumens. A small acinar lumen is discerned 
(arrow). (c) Immunohistochemistry of apparently positive E-cadherin 

membrane staining in acini that on light microscopy showed involvement 
by lobular neoplasia. Close scrutiny shows epithelial cells lining the cen-
tral lumens of the acini to disclose smooth continuous linear staining of 
their cytoplasmic membranes (black arrows), while the surrounding cells 
display thick clumpy membrane positivity (red arrows), which may be 
interpreted as aberrant staining. (d) Closer view of E-cadherin immunos-
taining shows thick, clumpy and smudgy cytoplasmic membrane staining 
of lobular neoplastic cells, compared against the smooth, uninterrupted 
and continuous cytoplasmic membrane staining of luminal epithelial cells

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.38  (continued)
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�Differential Diagnosis

�Myoepithelial Hyperplasia and Apocrine Cells
Myoepithelial hyperplasia may resemble lobular neoplasia 
when the hyperplastic myoepithelial cells encroach against 
and obscure luminal epithelial cells (Figs. 10.39 and 10.40). 
These myoepithelial cells may display pale to clear cyto-
plasm with round nuclei that mimic lobular neoplasia. 
Lobular neoplasia is often multifocal, whereas myoepithelial 
hyperplasia may be confined to specific acini within a lobule, 
and cellular discohesion is not a distinct feature. 
Immunohistochemistry for E-cadherin is helpful in verifying 
its membranous retention in myoepithelial hyperplasia, 
although the staining in myoepithelial cells may be slightly 
less intense than in the luminal epithelial cells. Occasionally, 
apocrine cells in acini can also mimic lobular neoplastic cells 
(Figs. 10.41, 10.42, 10.43, and 10.44).

�Solid Ductal Carcinoma In Situ, Low Nuclear 
Grade
Lobular carcinoma in situ (classic type) may resemble solid 
ductal carcinoma in situ (DCIS) of low nuclear grade 
(Figs. 10.45, 10.46, 10.47, and 10.48). Distinguishing features 
are discussed in the section “Low Nuclear Grade DCIS Versus 
Lobular Carcinoma In Situ (Classic)”, in Chapter 9.

�Lobular Cancerisation
Lobular cancerisation refers to DCIS involvement of pre-
existing lobules that retain the lobular architecture [9]. 
Usually, an invasive ductal carcinoma is present in the vicin-
ity. In lobular cancerisation, acini are variably distended by 
in situ ductal carcinoma cells, giving a solid growth pattern 
that resembles LCIS. When lobular cancerisation shows high 
nuclear grade, it mimics pleomorphic LCIS (Figs. 10.49 and 
10.50).

Fig. 10.39  Myoepithelial hyperplasia. Prominence of myoepithelial 
cells at the periphery of ducts and acini may resemble lobular neoplasia. 
In contrast to lobular neoplasia, myoepithelial hyperplasia is seen as a 

layer of cells at the periphery, without substantial effacement of the 
luminal epithelial population

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.40  Myoepithelial hyperplasia. Prominent myoepithelial cells are seen rimming the luminal epithelial cells. There is no effacement of the 
luminal spaces, nor rounded contouring of acini

Fig. 10.41  Apocrine cells in acini resembling lobular neoplasia. In a 
few acini of this lobule, there are scattered rounded, plump cells with 
pale to light pink cytoplasm and central vesicular nuclei, interspersed 

among the luminal epithelial cells and myoepithelial cells, mimicking 
atypical lobular hyperplasia

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.42  Apocrine cells in acini mimicking lobular neoplasia. Plump, rounded apocrine cells are seen in the acini (arrows)

Fig. 10.43  Apocrine cells in acini mimicking lobular neoplasia. Immunohistochemistry for p63 shows positive nuclear staining of myoepithelial 
cells; the apocrine cells and luminal epithelial cells are negative

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.44  Apocrine cells in acini mimicking lobular neoplasia. Immunohistochemistry for CK7 (a) shows positive membrane staining of the 
apocrine cells (black arrows). Similarly, E-cadherin also decorates the cytoplasmic membranes of the apocrine cells (white arrows, b)

Fig. 10.45  Solid ductal carcinoma in situ (DCIS) in sclerosing adenosis. Several duct spaces are expanded and solidified by a monomorphic 
epithelial population, with rounded contours resembling LCIS
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Fig. 10.46  Solid DCIS.  Higher magnification shows solidified duct 
spaces filled with a monomorphic epithelial population of low nuclear 
grade. Clues to the ductal origin are the presence of true luminal spaces 

with polarisation of epithelial cells, which may be very subtle and dif-
ficult to identify. Here, no obvious luminal spaces are seen

Fig. 10.47  Solid DCIS. Merging with the solidified islands are expanded ducts containing a morphologically similar epithelial population but 
with scattered luminal spaces around which polarisation of epithelial cells is noted. Here, some of the islands show a cribriform appearance

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.48  Solid DCIS. E-cadherin immunohistochemistry shows cytoplasmic membrane reactivity of the in situ carcinoma cells, corroborating 
a ductal phenotype

Fig. 10.49  Lobular cancerisation. In cancerisation of lobules, the 
underlying architecture of the lobule is preserved and identifiable, with 
tumour cells replacing the epithelium. The result is a solidified appear-
ance of the affected acini resembling LCIS. More conventional DCIS 

can be seen. Invasive carcinoma (right field) can be seen extending into 
the stroma of the lobule, with malignant cells “cancerising” the terminal 
duct and acini

10  Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
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Fig. 10.50  Lobular cancerisation. Terminal duct and acini are filled with carcinoma cells. Stromal oedema and chronic inflammation are 
present

�High Nuclear Grade Ductal Carcinoma In Situ
Pleomorphic LCIS is often mistaken for high nuclear grade 
DCIS (Figs.  10.51 and 10.52). Distinguishing features are 
discussed in the section “High Nuclear Grade DCIS Versus 
Pleomorphic Lobular Carcinoma In Situ” in Chapter 9.

�Dimorphic Pattern of Ductal Carcinoma In Situ
Some forms of DCIS may have two cell populations, with 
the outer set of neoplastic cells potentially mimicking paget-
oid lobular neoplasia (Figs. 10.53, 10.54, and 10.55).

�Lobular Neoplasia in Collagenous Spherulosis
The occurrence of lobular neoplasia in collagenous spheru-
losis accentuates its resemblance to low nuclear grade cribri-
form DCIS, because of the monomorphic appearance of the 
lobular neoplastic cells replacing the epithelial cell 
population, punctuated by cribriform spaces containing 
basement membrane spherules. Cellular discohesion and 
E-cadherin immunohistochemistry will help in securing the 
correct diagnosis (Figs.  10.56, 10.57, 10.58, 10.59, 10.60, 
and 10.61).

�Invasive Lobular Carcinoma
Lobular neoplasia involving sclerosing adenosis may mimic 
invasive lobular carcinoma (Figs. 10.62 and 10.63). On the 
other hand, early invasive lobular carcinoma associated with 
LCIS can be very subtle, observed as dispersed single cells 

or small groups of cells, which may potentially be dismissed 
on cursory examination as innocuous stromal nuclei or 
inflammatory cells. It is important to have a high index of 
suspicion for small or microinvasive foci in the presence of 
florid LCIS, especially when there is a sprinkling of cells 
within altered oedematous or fibrotic stroma (Figs.  10.64, 
10.65, 10.66, 10.67, 10.68, and 10.69).

�Prognosis and Therapy Considerations

Lobular neoplasia represents both a risk factor and non-
obligate precursor for subsequent invasive breast cancer of 
lobular and ductal subtypes in both breasts, although about 
two thirds occur in the ipsilateral breast. The risk of invasive 
breast cancer development is four to five times that of the 
general population for atypical lobular hyperplasia and eight 
to ten times for LCIS. Negative surgical margins are not pur-
sued for lobular neoplasia (atypical lobular hyperplasia and 
classic LCIS), but mass-forming (florid) and pleomorphic 
LCIS may be regarded as potentially biologically aggressive, 
with corresponding treatment strategies that include com-
plete excision.

When lobular neoplasia is discovered on core biopsy, 
close clinicoradiological correlation is needed. Incidentally 
discovered lobular neoplasia does not warrant further exci-
sion if there is radiologic–pathologic concordance.

Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
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Fig. 10.52  High nuclear grade DCIS.  Comedonecrosis is present 
(lower field). In situ ductal carcinoma cells do not display significant 
discohesion, apart from the few irregular spaces among the tumour 
cells. Usually, other patterns of DCIS, such as cribriform and micropap-

illary morphologies, may be seen and assist in making the correct diag-
nosis. In pleomorphic LCIS, accompanying classic lobular neoplasia 
may be observed

Fig. 10.51  High nuclear grade DCIS. The duct is expanded by high-grade malignant cells with enlarged vesicular nuclei, distinct nucleoli, and 
pink cytoplasm, which may resemble pleomorphic LCIS. Necrosis and scattered irregularly sized spaces are present
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Fig. 10.53  Dimorphic pattern of DCIS. Cribriform DCIS with well-defined luminal spaces is present. Pink luminal secretions are seen. In two 
affected ducts, there is a second population of rounded cells at the periphery (arrows), which may mimic lobular neoplasia

Fig. 10.54  Dimorphic pattern of DCIS. A peripheral rim of plumper, more rounded cells encircles a central population of cells with smaller, 
darker, and more elongated nuclei
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Fig. 10.56  Collagenous spherulosis with lobular neoplasia. Atypical lobular hyperplasia involves ducts with cribriform spaces containing base-
ment membrane material, with the monomorphic appearance of the lobular neoplastic cells resulting in a close resemblance to cribriform DCIS

Fig. 10.55  Dimorphic pattern of DCIS.  Immunohistochemistry for 
p63/CK14 shows a peripheral layer of myoepithelial cells. The epithe-
lial population filling the duct spaces is completely negative, corrobo-

rating a clonal process. ER immunostaining (inset) shows diffuse, 
intense reactivity of the epithelial cells
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Fig. 10.57  Collagenous spherulosis with lobular neoplasia. E-cadherin immunohistochemistry shows negative reactivity of the lobular neoplastic 
cells, with faint, incomplete staining representing intermingled myoepithelial cells

Fig. 10.58  Collagenous spherulosis with lobular neoplasia. The crib-
riform spaces contain wispy, delicate material. Lobular neoplastic cells 
colonise the ducts with collagenous spherulosis, with discohesive, 

monomorphic cells populating the left duct space and the peripheral 
portion of the larger duct space (arrows)
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Fig. 10.59  Collagenous spherulosis with lobular neoplasia. 
Immunohistochemistry for CK14 shows positively stained myoepithe-
lial cells at the periphery of the duct, as well as decorate attenuated 
myoepithelial cells lining the pseudoluminal spaces. Collagenous 

spherulosis is an epithelial–myoepithelial lesion, with myoepithelial 
cells elaborating the basement membrane material contained within the 
pseudoluminal spaces

Fig. 10.60  Collagenous spherulosis with lobular neoplasia. E-cadherin 
immunohistochemistry shows negative reactivity in the lobular neo-
plastic cells. There is accentuation of staining at the periphery of the 

ducts and around the cribriform spaces, reflecting staining of myoepi-
thelial cells, but the staining is diminished and not complete or crisp
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Fig. 10.61  Collagenous spherulosis with lobular neoplasia. Oestrogen receptor (ER) immunohistochemistry shows diffusely positive nuclear 
staining of lobular neoplastic cells, which exacerbates the resemblance to low nuclear grade cribriform DCIS

Fig. 10.62  Lobular neoplasia involving sclerosing adenosis, mimick-
ing invasive carcinoma. In this core biopsy, lobular neoplasia is seen 
effacing the tubules of sclerosing adenosis, resembling invasive carci-

noma. The overall intact architecture of the lobule can be observed at 
low magnification. The presence of myoepithelial cells can be con-
firmed using immunohistochemistry
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Fig. 10.63  Lobular neoplasia involving sclerosing adenosis, mimicking invasive carcinoma. At higher magnification, myoepithelial nuclei are 
observed in the epithelial nests (arrows point to a few myoepithelial nuclei). The stroma is collagenised

Fig. 10.64  Lobular carcinoma in situ with a small focus of invasive lobular carcinoma. A few scattered nuclei are seen in the stroma adjacent to 
the acini distended by LCIS. These nuclei, which appear bland, could very easily be overlooked as stromal nuclei or inflammatory cells
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Fig. 10.65  Lobular carcinoma in situ with a small focus of invasive lobular carcinoma. On closer scrutiny, these dispersed cells are rounded and 
show vesicular to dense nuclei similar to those of the adjacent LCIS. In the lower field, occasional small clusters of cells are seen

Fig. 10.66  Lobular carcinoma in situ with a small focus of invasive lobular carcinoma. An invasive carcinoma cell with an intracytoplasmic vacu-
ole containing a targetoid secretion is noted (arrow)
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Fig. 10.67  Lobular carcinoma in situ with a small focus of invasive lobular carcinoma. MNF116 immunohistochemistry unveils a greater number 
of single and small aggregates of tumour cells in the stroma around LCIS

Fig. 10.68  Lobular carcinoma in situ with a small focus of invasive lobular carcinoma. ER immunohistochemistry shows strong nuclear staining 
of both in situ and invasive lobular carcinoma cells
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�Invasive Lobular Carcinoma

�Definition

Invasive lobular carcinoma comprises discohesive, mono-
morphic tumour cells with linear and targetoid patterns of 
infiltration, often accompanied by lobular neoplasia. Like 
lobular neoplasia, invasive lobular carcinoma harbours muta-
tions in the E-cadherin gene resulting in a dysfunctional 
E-cadherin protein.

�Clinical and Epidemiological Features

Invasive lobular carcinoma accounts for 5–15 % of all inva-
sive breast cancers; it generally occurs in postmenopausal 
women. An increased incidence over the past few decades is 
believed to be related to hormone replacement therapy and 
greater alcohol consumption.

�Imaging Features

Invasive lobular carcinoma can be difficult to detect on imag-
ing. On mammography, it can present as a mass with ill-
defined or spiculated margins, an ill-defined asymmetric 

density, or an area of architectural distortion (Fig.  10.70). 
Not infrequently, these carcinomas are radiologically occult 
because of the lack of desmoplastic reaction to invading 
tumour. On sonography, they commonly occur as ill-defined 
or spiculated masses, but they can also present as vague, ill-
defined, mass-like, hypoechoic areas of echotexture change 
and posterior shadowing, with no visible discrete mass. 
Solid-type, signet-ring, and alveolar subtypes of invasive 
lobular carcinoma are more disposed to forming lobulated, 
circumscribed masses [10].

MRI is more sensitive for identifying invasive lobular car-
cinoma, but it is also known that it may not enhance or dem-
onstrate the classic type of rapid wash-in and wash-out 
enhancement kinetics. Invasive lobular carcinoma is usually 
observed as an ill-defined or spiculated mass on MRI, and it 
may be associated with a conglomerate of closely grouped 
masses or enhancing foci. It can also present with architec-
tural distortion and areas of heterogeneous, non-mass 
enhancement with no definite discrete mass. Contraction of 
the breast volume may occasionally be observed.

Invasive lobular carcinoma has a high predisposition for 
multicentric and contralateral disease. Hence, MRI and 
ultrasound screening of the rest of the ipsilateral breast and 
the contralateral breast are usually suggested. Radiologic–
pathologic size discordance is common, with the pathologic 
size tending to be larger than radiologic size estimates.

Fig. 10.69  Lobular carcinoma in situ with a small focus of invasive lobular carcinoma. Immunohistochemistry for p63 shows a few retained 
myoepithelial nuclei around LCIS, whereas the invasive carcinoma cells are negative
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�Pathologic Features

�Macroscopic Pathology
Invasive lobular carcinomas have a range of macroscopic 
appearances (Figs. 10.71, 10.72, and 10.73). Some may be 
grossly difficult to identify, as the breast parenchyma appears 
deceptively normal, with only more firm, fibrous areas; oth-
ers comprise stellate lesions and irregular masses.

�Microscopic Pathology
Invasive lobular carcinoma shows discohesive cells perco-
lating the stroma in linear arrays or single cells. Tumour 
cells also surround benign ducts and acini in a circumferen-
tial manner, described as a targetoid arrangement of inva-
sion. In the classic form, tumour cells are monomorphic 
with generally bland nuclei (Figs.  10.74, 10.75, 10.76, 
10.77, and 10.78). Intracytoplasmic vacuoles may be pres-

Fig. 10.71  Invasive lobular carcinoma. A stellate, irregular tumour is present deep to the nipple, which appears retracted in these mirror slices 
from a mastectomy specimen

Fig. 10.70  Invasive lobular carcinoma. There is an area of mild distor-
tion in the left upper outer periareolar region with straightening of the 
Cooper’s ligaments owing to the primary tumour (red circles). The mass 
is not well appreciated in this mammographically dense breast. There is 

also a small satellite malignant mass noted more posteriorly (yellow 
arrows). Ultrasound (inset) shows an ill-defined, irregular mass associ-
ated with distortion in the surrounding breast tissue. (Courtesy of Dr. 
Lester Leong)
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ent, which are not specific to invasive lobular carcinoma 
(Figs.  10.79 and 10.80). Other patterns include alveolar, 
solid, tubulolobular, and pleomorphic (Fig.  10.81, 10.82, 
10.83, 10.84, 10.85, 10.86, 10.87, and 10.88). The invasive 
tubulolobular subtype is described as demonstrating positive 
E-cadherin membrane staining [11, 12]. Invasive pleomor-
phic lobular carcinoma is characterised by grade 3 nuclei 

and may often show apocrine cytomorphology. Rare sub-
types are histiocytoid and signet-ring forms (Figs.  10.89, 
10.90, 10.91, 10.92, 10.93, and 10.94). Invasive lobular car-
cinoma is nearly always ER positive, variably progesterone 
receptor positive, and c-erbB-2 negative, although the pleo-
morphic variant may be hormone receptor negative and 
c-erbB-2 positive.

Fig. 10.72  Invasive lobular carcinoma. In this mastectomy specimen, serial slices show an ill-defined whitish lesion (arrows). Invasive lobular 
carcinoma occasionally may be difficult to identify grossly

Fig. 10.73  Invasive lobular carcinoma. Irregular whitish areas are seen. Haemorrhage represents prior core biopsy
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Fig. 10.74  Invasive lobular carcinoma, classic type. Linear streams and single cords of tumour cells with mostly uniform nuclei percolate through 
the stroma, without eliciting a significant desmoplastic reaction

Fig. 10.75  Invasive lobular carcinoma, classic type. Higher magnification shows some of the tumour cells harbouring eccentric nuclei, giving a 
signet-ring cell appearance (arrows)
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Fig. 10.76  Invasive lobular carcinoma, classic type. Immunohistochemistry shows diffuse nuclear positivity for ER

Fig. 10.77  Invasive lobular carcinoma, pleomorphic subtype. Tumour cells show moderate to marked nuclear pleomorphism and hyperchroma-
sia. Several tumour cells show peripherally compressed nuclei with ample pale to pink cytoplasm, giving a signet-ring cell appearance
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Fig. 10.78  Invasive lobular carcinoma. E-cadherin immunohistochemistry shows negative staining of tumour cells, with resident benign ducts 
displaying positive staining

Fig. 10.79  Invasive ductal carcinoma with cytoplasmic vacuoles. Irregular, anastomosed tubules are seen within the desmoplastic stroma. 
Occasional cytoplasmic vacuoles are noted in a few tumour cells
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Fig. 10.80  Invasive ductal carcinoma with cytoplasmic vacuoles. At 
high magnification, several tumour cells show cytoplasmic vacuoles 
with targetoid secretions. Cytoplasmic vacuoles are not specific to inva-

sive lobular carcinoma; they can be also found in other invasive carci-
noma subtypes

Fig. 10.81  Invasive lobular carcinoma, solid subtype. Scanning magnification shows solid nests of tumour cells with irregular outlines within the 
adipose
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Fig. 10.82  Invasive lobular carcinoma, solid type. Solid confluent sheets of tumour cells permeate the breast parenchyma

Fig. 10.83  Invasive lobular carcinoma, solid type. Monomorphic tumour cells show uniform nuclei with inconspicuous cytoplasmic membranes 
and discohesion
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Fig. 10.84  Invasive lobular carcinoma, solid type. E-cadherin immunohistochemistry is negative in the tumour cells, with resident benign ducts 
in the upper field serving as the internal positive control

Fig. 10.85  Invasive lobular carcinoma, solid type. Immunohistochemistry for p120 catenin shows cytoplasmic staining; in comparison, benign 
ducts show cytoplasmic membrane staining
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Fig. 10.86  Invasive tubulolobular carcinoma. Linear cords of tumour cells are punctuated by luminal spaces within a hyalinised stroma

Fig. 10.87  Invasive tubulolobular carcinoma. E-cadherin immunohis-
tochemistry shows diminished and incomplete membrane staining of 
the tumour cells. Some reports of tubulolobular carcinoma have docu-
mented retention of E-cadherin cytoplasmic membrane positivity, sug-

gesting that this subtype may be of ductal rather than lobular phenotype, 
but the WHO classification of 2012 [1] classifies it within the spectrum 
of invasive lobular carcinomas
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Fig. 10.88  Invasive lobular carcinoma, alveolar variant. Invasive lobular carcinoma cells form nests and groups of 20 or more tumour cells that 
infiltrate the breast parenchyma.  An admixture of different patterns may be seen in the same tumour

Fig. 10.89  Histiocytoid invasive lobular carcinoma. At low magnification, sheets of pale cells are present, resembling histiocytes
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Fig. 10.90  Histiocytoid invasive lobular carcinoma. Sheets of pale cells resembling foamy histiocytes are seen percolating through the fibroadi-
pose stroma. Many cells have eccentric, hyperchromatic nuclei. Accompanying inflammatory cells are scant

Fig. 10.91  Histiocytoid invasive lobular carcinoma. Tumour cells encircle the terminal duct, giving a targetoid pattern of infiltration
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Fig. 10.92  Histiocytoid invasive lobular carcinoma. Lobular neoplasia is present amid the invading histiocytoid carcinoma cells

Fig. 10.93  Immunohistochemistry shows positive cytoplasmic reactivity of histiocytoid invasive lobular carcinoma cells for CK7 (a) and GCDFP-15 
(b); E-cadherin is negative (c), and p120 catenin (d) shows cytoplasmic localisation of positive reactivity instead of cytoplasmic membrane staining

a b

dc
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Fig. 10.94  (a) Recurrent histiocytoid invasive lobular carcinoma in 
the skin of the chest wall. Because of the often bland appearance of the 
histiocytoid carcinoma cells, such an infiltrate may be mistaken for 
benign histiocytes. Clues to the correct diagnosis are the nuclear atypia 
(readily evident in this case), coexistence with classic or pleomorphic 

invasive lobular carcinoma, and lack of accompanying inflammatory 
cells. A history of previous breast carcinoma should increase the index 
of suspicion in recurrent cases. (b, c) Immunohistochemistry shows 
positive reactivity of the tumour cells for CK7 (b), with absent staining 
for E-cadherin (c)

a

b

c
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�Differential Diagnosis

�Sclerosing Adenosis
When sclerosing adenosis is severe and tubular lumens are 
obscured, the nuclei of both luminal and myoepithelial cells 
resemble those of classic invasive lobular carcinoma 
(Figs. 10.95, 10.96, and 10.97). Clues to the correct diagno-
sis are the occasional lumens and the presence of myoepithe-
lial cells, which can be verified with immunohistochemistry 
for myoepithelial markers.

�Histiocytic Inflammation
The histiocytoid variant of invasive lobular carcinoma can 
appear deceptively bland and resemble a histiocytic inflam-
mation. The presence of lobular neoplasia and classic inva-
sive lobular carcinoma is helpful in making the correct 
diagnosis. In contrast, histiocytic inflammation tends to be 
accompanied by other inflammatory cells and may be related 
to duct ectasia, fat necrosis, and other inflammatory pro-
cesses (Fig. 10.98).

�Myofibroblastoma
Myofibroblastoma, especially the epithelioid variant, may be 
mistaken for invasive lobular carcinoma, particularly on lim-
ited material such as core biopsy. Plump myofibroblasts can 
mimic invasive lobular carcinoma cells, further aggravated 
by their ER positivity. The circumscribed boundary of the 
myofibroblastoma (which may not be appreciated on core 
biopsy) is a helpful feature. Myofibroblastoma is positive for 
CD34 and negative with epithelial markers (Figs.  10.99, 
10.100, 10.101, and 10.102).

�Invasive Ductal Carcinoma with Low Nuclear 
Grade Features
Invasive ductal carcinoma with mild nuclear pleomorphism 
and a narrow trabecular or nested form of infiltration may 
resemble invasive lobular carcinoma (Fig. 10.103). Tubular 
differentiation and E-cadherin staining favour a ductal phe-
notype, though the tubulolobular variant of invasive lobular 
carcinoma may be difficult to separate from a low-grade 
invasive ductal carcinoma, especially since the tubulolobular 
variant also has been reported to be E-cadherin positive.

Fig. 10.95  Sclerosing adenosis. Compressed and elongated epithelial nests are present, featuring inconspicuous tubular lumens. There is merging 
with benign ducts and acini
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Fig. 10.96  Sclerosing adenosis. Immunohistochemistry for p63 shows many myoepithelial cell nuclei, indicating their preservation in a benign, 
non-invasive process

Fig. 10.97  Sclerosing adenosis. Immunohistochemistry for smooth muscle myosin heavy chain (SMMS) shows cytoplasmic decoration of intact 
myoepithelial cells
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Fig. 10.98  Histiocytic inflammation. Sheets of pale histiocytes with small bland nuclei are present. A few lymphocytes are scattered among the 
histiocytes

Fig. 10.99  Myofibroblastoma. This benign neoplasm is composed of 
stromal fibroblasts and myofibroblasts. It has a circumscribed border, 
which is a helpful feature in affirming its benign nature. Adipose tissue 

is often present, resembling a spindle cell lipoma which is regarded as 
closely related to the myofibroblastoma
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Fig. 10.100  Myofibroblastoma. Some of the stromal cells may contain rounded nuclei aligned in a linear pattern resembling invasive lobular 
carcinoma. The well-circumscribed border of the tumour, with no accompanying lobular neoplasia, should help point to the correct diagnosis

Fig. 10.101  Myofibroblastoma. Immunohistochemistry shows positive nuclear staining for ER, which may accentuate its resemblance to invasive 
lobular carcinoma. Keratin immunostaining is negative
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Fig. 10.102  Myofibroblastoma. CD34 decorates the spindle stromal cells. Fluorescence in situ hybridisation confirms deletion of chromosome 
13q14 in most myofibroblastomas

Fig. 10.103  Invasive ductal carcinoma with a nested pattern, resembling an alveolar variant of invasive lobular carcinoma. Inset shows positive 
E-cadherin staining of the cytoplasmic membranes of tumour cells
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�Invasive Carcinoma with Neuroendocrine 
Features
Carcinoma with neuroendocrine features comprising rounded 
tumour nests can be mistaken for the alveolar variant of inva-
sive lobular carcinoma because of the uniform appearance of 
the tumour cells (Figs. 10.104 and 10.105). Fine, even nuclear 
chromatin, cytoplasmic amphophilia and granularity, spin-
dling, pseudorosettes, and a plasmacytoid appearance are 
clues to a neuroendocrine nature. Immunohistochemistry for 
neuroendocrine markers is helpful.

�Invasive Apocrine Carcinoma
As pleomorphic invasive lobular carcinoma may harbour 
apocrine cytomorphology, it can mimic invasive apocrine 
carcinoma (Figs.  10.106 and 10.107). Both feature 
GCDFP-15 positivity, but invasive apocrine carcinoma is 
also E-cadherin positive.

�Malignant Lymphoma
Discohesion and uniformity of invasive lobular carcinoma 
cells can closely resemble a low-grade malignant lym-
phoma (Figs.  10.108, 10.109, 10.110, 10.111, 10.112, 

10.113, 10.114, 10.115, 10.116, 10.117, and 10.118). Clues 
to the correct diagnosis are the presence of lobular neopla-
sia and classic invasive lobular carcinoma, with cytoplas-
mic vacuoles in lobular neoplastic and carcinoma cells. 
Accompanying lymphocytes are usually seen in malignant 
lymphoma.

�Metastatic Signet-Ring Cell Carcinoma
When signet-ring cell features are extensive, possible metas-
tasis from organs such as the stomach may need to be consid-
ered (Fig. 10.119).

�Prognosis and Therapy Considerations

Whether the prognosis for invasive lobular carcinoma is bet-
ter than for invasive ductal carcinoma is debatable; reports 
have suggested better, similar, and poorer prognostic out-
comes. In terms of metastases, invasive lobular carcinoma 
has a greater tendency to metastasise to the bone, gastroin-
testinal tract, uterus, meninges, and serosal surfaces 
(Fig. 10.120).

Fig. 10.104  Invasive carcinoma with neuroendocrine features. Some of the small, solid nests may resemble the alveolar variant of invasive lobu-
lar carcinoma
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Fig. 10.105  Invasive carcinoma with neuroendocrine features. Rounded nests of tumour cells are present, with relatively uniform nuclei with fine 
chromatin and pink, granular cytoplasm. Inset shows positive staining of the tumour cells for synaptophysin

Fig. 10.106  Invasive carcinoma with apocrine features. Anastomosing trabeculae of tumour cells with ample pink cytoplasm and dense nuclei 
are seen extending through the stroma
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Fig. 10.107  Invasive lobular carcinoma with pleomorphic apocrine 
features. (a) Small nests and singly disposed discohesive cells show 
ample pale to pink cytoplasm with pleomorphic vesicular nuclei and 

distinct nucleoli. (b) Immunohistochemistry for E-cadherin shows 
diminished to absent staining in the invasive lobular carcinoma cells. A 
benign duct in the section serves as the internal positive control

a b

Fig. 10.108  Invasive lobular carcinoma mimicking lymphoma. At low magnification, sheets of cells with dark nuclei permeate the fibroadipose 
breast tissue, extending between the adipocytes
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Fig. 10.109  Invasive lobular carcinoma mimicking lymphoma. Discohesive tumour cells show vesicular nuclei with discernible nucleoli and thin 
cytoplasmic rims that appear amphophilic, resembling malignant lymphoid cells

Fig. 10.110  Invasive lobular carcinoma mimicking lymphoma. Some of the discohesive tumour cells show nuclei with a semblance of nuclear 
folds. Occasional cytoplasmic vacuoles are present (arrows)
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Fig. 10.111  Invasive lobular carcinoma mimicking lymphoma. Immunohistochemistry for MNF116 shows diffuse positive reactivity of the 
tumour cells

Fig. 10.112  Invasive lobular carcinoma mimicking lymphoma. Immunohistochemistry for MNF116 shows positive cytoplasmic reactivity of the 
tumour cells, with an accentuated, almost dot-like staining in some cells (arrows)
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Fig. 10.113  Invasive lobular carcinoma mimicking lymphoma. 
E-cadherin immunohistochemistry shows apparent cytoplasmic mem-
brane staining, which is unexpected for invasive lobular carcinoma 

cells, but some tumour cells show diminished reactivity. When 
E-cadherin does not corroborate the morphologic appearance, p120 
catenin, which is part of the same complex, may be more informative

Fig. 10.114  Invasive lobular carcinoma mimicking lymphoma. 
Immunohistochemistry for p120 catenin shows cytoplasmic localisa-

tion of positive staining, rather than delineating the cytoplasmic mem-
branes of tumour cells
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Fig. 10.115  Invasive lobular carcinoma mimicking lymphoma. (a) 
Immunohistochemistry for p120 catenin shows cytoplasmic staining of 
lobular carcinoma cells. (b) By comparison, positive cytoplasmic mem-
brane staining of benign ductal epithelium is observed as a well-defined 

delineation of the cytoplasmic membranes. In lobular carcinoma cells, 
there is a smudgy cytoplasmic reactivity without precise decoration of 
the cytoplasmic membranes

a b

Fig. 10.116  Invasive lobular carcinoma mimicking lymphoma. Immunohistochemistry shows positive nuclear staining for ER. Lymphoid mark-
ers were negative
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Fig. 10.117  Breast lymphoma (low grade, small lymphocytic). Dense collections of lymphoid cells are seen within the breast parenchyma

Fig. 10.118  Breast lymphoma (small lymphocytic, low grade, B cell). Sheets of small- to intermediate-sized lymphoid cells extend around 
benign ducts. Inset shows positive staining for CD20, a B-cell marker
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Fig. 10.119  Metastatic gastric signet ring adenocarcinoma to the 
breast. (a) Malignant cells with signet ring appearances infiltrate among 
benign breast ductules. (b) Many lymphovascular tumour emboli are 
present in the breast tissue. (c) Immunohistochemistry for ER is nega-
tive in the metastatic carcinoma cells. Note the positive internal control 
of benign breast ducts and ductules which show nuclear reactivity of 

luminal epithelial cells for ER. (d) CDX2 immunohistochemistry 
shows patchy nuclear staining of metastatic carcinoma cells. The diag-
nosis of a metastasis to the breast requires correlation of clinicoradio-
logical information with histological findings, aided by relevant 
adjunctive immunohistochemical stains

a b

c d
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Fig. 10.120  Metastatic lobular carcinoma to the endometrium. (a) 
Invasive lobular carcinoma can metastasise to unusual sites. Here, met-
astatic lobular carcinoma cells are seen within the endometrial stroma. 
The malignant cells may be difficult to discern in the midst of the endo-
metrial stromal cells. Close examination identifies the small clusters of 
cells with occasional cytoplasmic vacuoles (arrows indicate some of 
these clusters). Benign endometrial glandular epithelium is present in 

the left field. Inset shows invasive lobular carcinoma of the breast diag-
nosed previously. (b) At higher magnification, the malignant lobular 
cells are seen in small clusters with cytoplasmic vacuoles and occa-
sional eccentric nuclei resembling signet-ring cells (arrows). (c) In this 
section of the endometrial currettings, malignant cells are more readily 
appreciated as groups and cords of tumour cells within the endometrial 
stroma surrounding an endometrial gland in the centre

a

b

c
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Spindle Cell Lesions

A spindle cell is a fusiform cell that is tapered at both ends. 
Although both luminal epithelial and myoepithelial cells may 
assume spindle shapes, spindle cell lesions of the breast usu-
ally refer to conditions that are composed of mesenchymal or 
mesenchymal-like cells that harbour elongated and stretched 
cytoplasm. A variety of different lesions may comprise mes-
enchymal spindle cells, including nodular fasciitis, fibrous 
scarring, pseudoangiomatous stromal hyperplasia, myofibro-
blastoma, fibromatosis, stromal overgrowth in phyllodes 
tumour, and sarcoma. Mesenchymal-like malignant epithelial 
cells are encountered in fibromatosis-like and spindle cell 
metaplastic carcinomas.

�Nodular Fasciitis

�Definition

Nodular fasciitis is a self-limited clonal proliferation of 
fibroblasts and myofibroblasts.

�Clinical and Epidemiological Features

Nodular fasciitis is rare in the breast parenchyma. It may 
occur in the subcutis and deeper in the chest wall, clinically 
masquerading as a breast mass. Rapid onset with pain and 
tenderness is typical, with spontaneous involution over a 
couple of months.

�Imaging Features

Nodular fasciitis is a mimic of breast malignancy on imag-
ing, usually presenting as ill-defined, spiculated nodular 
masses, although well-circumscribed, benign-appearing 
masses have also been described. It is commonly seen super-
ficially in the subcutaneous fascia but can also be found deep 
to the muscle or intramuscularly. It is usually hypoechoic on 
sonography because of its fibrous content [1, 2].

�Pathologic Features

�Macroscopic Pathology
Nodular fasciitis has a greyish-white, myxoid appearance.

�Microscopic Pathology
Histologically, plump, spindled fibroblasts and myofibro-
blasts are arranged in a fascicular pattern with oedema, 
microhaemorrhages with red cell extravasation, and scat-
tered inflammatory cells, giving a “feathery” tissue culture-
like appearance (Figs.  11.1 and 11.2). Reactive nuclear 
changes with vesicularity and rare mitoses may be observed 
(Fig.  11.3). Immunohistochemically, there is reactivity for 
smooth muscle actin, but desmin is usually negative 
(Fig. 11.4). No staining is seen for keratins, CD34, or S100. 
Proliferative myositis is a microscopically similar lesion, dif-
fering from nodular fasciitis by the presence of plump, 
ganglion-like cells (Figs. 11.5, 11.6, and 11.7).
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Fig. 11.1  Nodular fasciitis. Low-magnification view shows a spindle cell lesion with ill-defined boundaries. A few skeletal muscle fibres are seen 
in the vicinity (left upper field)

Fig. 11.2  Nodular fasciitis. A feathery tissue culture-like oedematous appearance is seen at medium magnification. Several dark nuclei of scat-
tered lymphocytes are present

Fig. 11.3  Nodular fasciitis. High magnification shows elongated and ovoid vesicular nuclei with inconspicuous nucleoli. Cytoplasm is tapered, 
with ill-defined outlines. Rare mitoses may be seen. A light sprinkle of lymphocytes with dense nuclei is found among the spindle cells
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Fig. 11.4  Immunohistochemistry for smooth muscle actin shows positive reactivity of the spindle cells, which comprise both myofibroblasts and 
fibroblasts

Fig. 11.5  Proliferative myositis. The patient presented clinically with a breast lump. Histologically, the excised specimen showed an oedematous 
spindle cell proliferation of fibroblasts and myofibroblasts with ill-defined margins, incorporating skeletal muscle fibres and scattered small vessels

Fig. 11.6  Proliferative myositis. Plump, ganglion-like cells are seen among oedematous fibrous stroma

Nodular Fasciitis



378

�Differential Diagnosis

�Fibrous Scarring
Fibrous scarring occurs consequent to tissue injury, most 
commonly after instrumentation. In the immediate postop-
erative or post-biopsy period, granulation tissue may 
resemble nodular fasciitis. An exuberant tissue response 
can lead to a nodular spindle lesion referred to as a spindle 
cell nodule [3].

�Fibromatosis
In fibromatosis, there are long, intersecting fascicles of spin-
dle cells in a collagenous background. The spindle cells 
show elongated, wavy nuclei. Oedema and inflammation 
seen in nodular fasciitis are usually absent.

�Fibromatosis-Like Metaplastic Carcinoma
Fibromatosis-like metaplastic carcinoma shows bland spin-
dle cells arranged in interlacing fascicles. There is usually no 
tissue culture-like appearance. Transitioning to plumper epi-
thelioid cells and occasional squamous foci are seen. 
Immunohistochemical positivity for keratins confirms its 
epithelial nature, with p63 often being expressed as well.

�Inflammatory Myofibroblastic Tumour
This extremely rare condition in the breast is composed of 
myofibroblasts with minimal atypia accompanied by promi-
nent inflammatory infiltrates. Ganglion-like cells may be 
observed. Immunohistochemistry shows positive reactivity 
for smooth muscle actin, and some lesions also demonstrate 
desmin and keratin staining. Anaplastic lymphoma kinase 
(ALK) rearrangements are seen in 50 % of cases, manifesting 
as positive immunohistochemical staining for the ALK pro-
tein (Figs. 11.8, 11.9, 11.10, and 11.11).

Fig. 11.8  Inflammatory myofibroblastic tumour. A lesion with a lobulated outline is seen at low magnification

Fig. 11.7  Proliferative myositis. Ganglion-like cells are observed among skeletal muscle fibres
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Fig. 11.9  Inflammatory myofibroblastic tumour. Scattered dense nuclei of lymphocytes are interspersed among spindle cells with bland nuclear 
features

a b

Fig. 11.10  Inflammatory myofibroblastic tumour. (a) Immunohistochemistry shows smooth muscle actin (SMA) positivity of the spindle cells, 
supporting a myofibroblastic origin. (b) Anaplastic lymphoma kinase (ALK) shows patchy cytoplasmic reactivity
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�Sarcoma
Apart from angiosarcoma of the breast occurring as a pri-
mary tumour or secondary to radiation treatment of breast 
cancer, primary breast sarcoma is exceedingly rare. There 

have been anecdotal reports of sarcomas of myofibroblastic 
origin (Figs. 11.12, 11.13, 11.14, 11.15, and 11.16) [4, 5]. 
The possibility that the sarcoma originates from an underly-
ing malignant phyllodes tumour must be ruled out.

Fig. 11.11  Inflammatory myofibroblastic tumour. Interphase nuclei 
show rearrangement of the ALK break-apart probe using fluorescence 
in situ hybridisation. The signal pattern consists of one yellow fusion 
signal (yellow arrow), one red signal (3′ ALK gene, red arrow), and one 

green signal (5′ ALK gene, green arrow), indicating disruption of the 
ALK gene at 2p23 (Courtesy of Cytogenetics Laboratory, SGH 
Pathology)

Fig. 11.12  Myofibroblastic sarcoma. Chest wall lesion occurring after mastectomy for recurrent ductal carcinoma in situ with prior wide excision 
and radiation treatment for invasive ductal carcinoma
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Fig. 11.13  Myofibroblastic sarcoma. Sheets of plump spindle cells with vesicular nuclei and mitotic activity

Fig. 11.14  Myofibroblastic sarcoma. High magnification shows spindle cells with enlarged, variably sized vesicular nuclei with occasionally 
discernible nucleoli and ill-defined cytoplasmic borders

Fig. 11.15  Myofibroblastic sarcoma. SMA immunohistochemistry shows diffuse cytoplasmic reactivity of the spindle cells. Immunohistochemistry 
showed focal reactivity for low molecular weight keratins, but high molecular weight keratins and p63 were negative
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�Prognosis and Therapy Considerations

Nodular fasciitis is a spontaneously resolving lesion.

�Fibromatosis

�Definition

Fibromatosis is a locally aggressive but non-metastasising 
lesion composed of fibroblasts and myofibroblasts.

�Clinical and Epidemiological Features

Fibromatosis presents as a breast mass or may arise in the 
interpectoral region with extension into the breast parenchyma. 

Skin retraction may be observed. There can be an association 
with trauma or breast implants.

�Imaging Features

Fibromatosis can mimic breast malignancy, presenting as an 
ill-defined mass with spiculations, typically adjacent to or 
arising from the pectoralis muscle.

�Pathologic Features

�Macroscopic Pathology
A fibrous, whorled appearance with ill-defined borders may 
be observed on cut sections (Fig. 11.17). Size can range from 
a few millimetres detected radiologically to clinical presen-
tation as a mass.

Fig. 11.16  Myofibroblastic sarcoma. MIB1 (Ki67) immunohistochemistry shows positively stained nuclei of spindle cells

Fig. 11.17  Fibromatosis. Gross specimen shows a whitish whorled lesion with both circumscribed and ill-defined margins within the breast 
parenchyma and involving the chest wall muscle
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�Microscopic Pathology
Fibromatosis consists of long, intersecting fascicles of spin-
dle cells with flattened wavy nuclei without atypia 
(Figs. 11.18, 11.19, and 11.20). Mitoses are usually absent; 
if present, they are few. Extension around benign breast lob-
ules and a few chronic inflammatory infiltrates may be 
observed at the periphery. Immunohistochemically, there is 

reactivity for nuclear beta-catenin (Fig. 11.21), but this is not 
specific, as beta-catenin staining has been found in metaplas-
tic spindle cell carcinoma, phyllodes tumours, and fibrosar-
coma. SMA and desmin may be expressed. No staining is 
seen for keratins, CD34, or S100 (Fig. 11.22). The diagnosis 
of fibromatosis is particularly challenging on core biopsy 
(Figs. 11.23, 11.24, 11.25, 11.26, 11.27, and 11.28).

Fig. 11.18  Fibromatosis of breast. Low magnification shows long, intersecting, sweeping fascicles of collagenised tissue, extending around 
residual breast lobules

Fig. 11.19  Fibromatosis. Intersecting bands of spindle cells within a collagenous stroma show minimal nuclear atypia, with elongated, stretched 
cells containing compressed nuclei
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Fig. 11.20  Fibromatosis. High magnification shows the spindle cell nuclei to have slender shapes with narrow, tapered ends, with some nuclei 
displaying slight waviness. The nuclei are separate from each other, without significant overlapping. An occasional mitosis may be observed

Fig. 11.21  Immunohistochemistry for beta-catenin shows nuclear staining of the spindle cells in fibromatosis. This staining is often used as support-
ive evidence for the diagnosis, but beta-catenin expression has been reported in other tumours such as metaplastic carcinoma and phyllodes tumours

Fig. 11.22  Immunohistochemistry for CD34 is negative in fibromatosis, with only several small, interspersed, thin-walled vessels being 
highlighted
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Fig. 11.23  On core biopsy, the diagnosis of fibromatosis is challeng-
ing. Radiologically, fibromatosis often forms a stellate mass with spicu-
lations mimicking cancer. Careful assessment of the cores is needed in 
order to identify the spindle cell proliferation (arrows). An immunohis-

tochemical workup may narrow the differential diagnostic spectrum 
and suggest the diagnosis, but complete excision is usually required for 
confirmation

Fig. 11.24  Fibromatosis on core biopsy. The spindle cell process has low cellularity, with a few chronic inflammatory cell infiltrates

Fig. 11.25  Fibromatosis on core biopsy. A dense, fibrocollagenous process is seen partially encircling a breast lobule
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Fig. 11.26  Fibromatosis on core biopsy. High magnification shows slender, elongated, and slightly wavy nuclei with tapered ends. Cytoplasmic 
outlines are indistinct

Fig. 11.27  Excision biopsy shows the stellate outlines of the lesion at 
low magnification. With the history of a prior core biopsy, a differential 
that needs to be excluded is fibrous scarring, but this excision was per-
formed within a week after the core biopsy, and histologically the repar-
ative process would comprise relatively fresh granulation rather than a 

fibrous-like lesion. Inset shows a higher magnification of the spindle 
cell lesion, which resembles the observations on the core biopsies. 
Correlation with the core biopsy findings is important in finalising the 
diagnosis

Fig. 11.28  Excision specimen of fibromatosis, with the previous biopsy site identified as an area of haemorrhage and granulation (arrows). 
Inset shows fibrin and blood, with granulation representing tissue reaction to the previous biopsy
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�Differential Diagnosis

�Fibrous Scarring
Reparative granulation in the immediate postoperative or 
post-biopsy period may resemble nodular fasciitis, but more 
remote instrumentation can lead to fibrous organisation that 

can mimic fibromatosis (Figs. 11.29 and 11.30). A clinical 
history and histological evidence of prior instrumentation 
(such as foreign-body-type giant cells and haemosiderin 
deposits) are useful in reaching the correct diagnosis.

Fig. 11.29  Fibrous scar resembling fibromatosis. At low magnification, there is a somewhat stellate fibrous lesion with focal haemorrhage. 
Previous stereotactic core biopsy was performed close to 7 weeks prior to this excision

Fig. 11.30  Fibrous scar resembling fibromatosis. A few foreign-body-
type, multinucleated giant cells are seen amid the fibrosis. A history of 
previous biopsy is useful in reaching the correct diagnosis. Correlation 
with the radiological appearance is also important, as fibromatosis pres-
ents as a stellate lesion or as an architectural distortion on imaging, 

whereas a fibrous scar is consequent to instrumentation, which may 
have been performed for other reasons such as calcifications or a mass. 
The organised fibrosis reflects tissue injury that was more remote, 
which can be temporally compared with when the biopsy was 
performed
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�Myoid Hamartoma
Myoid hamartoma is regarded as a variant of breast hamar-
toma, comprising spindle cells in short fascicles that 
extend around lobules. The spindle cells are histologically 

bland and show smooth muscle differentiation, which may 
be verified with desmin and smooth muscle markers on 
immunohistochemistry (Figs. 11.31, 11.32, and 11.33) [6].

Fig. 11.31  Myoid hamartoma. Low magnification shows a spindle cell lesion incorporating breast lobules, especially towards its periphery

Fig. 11.32  Myoid hamartoma. Spindle cells in short fascicles and vague storiforming, extending around breast lobules. Inset shows high magni-
fication of the spindle cells with ovoid-to-elongated, banal nuclei. No mitoses are found
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Fig. 11.33  Myoid hamartoma. Immunohistochemistry shows positive reactivity of the spindle cells for desmin (a) and SMA (b), corroborating a 
smooth muscle origin. Epithelial markers including high molecular weight keratins are negative

�Fibromatosis-Like Metaplastic Carcinoma
On light microscopy, fibromatosis-like metaplastic carci-
noma closely resembles fibromatosis. The presence of histo-
logical transitioning to more epithelioid and squamous foci 
and the coexistence with ductal carcinoma in situ are clues to 
metaplastic carcinoma, which also can be corroborated with 
positive keratin immunostaining.

�Fibrosarcoma
Fibrosarcoma is a more cellular tumour than fibromatosis, 
with a greater degree of cytological atypia and mitotic activ-
ity. Fibrosarcoma is very rare in the breast; when observed, it 
may be part of a dermatofibrosarcoma with secondary 
involvement of the breast, or it may be associated with a bor-
derline or malignant phyllodes tumour.

�Lipomatous Myofibroblastoma
The intermingling of adipocytes with spindle cells in lipo-
matous myofibroblastoma can mimic fibromatosis extending 
among adipose tissue [7]. The general circumscription of 
myofibroblastoma and its CD34 positivity differentiate it 
from fibromatosis (Figs. 11.34, 11.35, 11.36, 11.37, 11.38, 
11.39, 11.40, 11.41, 11.42, 11.43, and 11.44). Monosomy of 
chromosome 13q14 and 16q helps corroborate the diagnosis 
of myofibroblastoma.

Fig. 11.34  Myofibroblastoma. Gross appearance shows a well-
circumscribed border with a cut surface that is yellowish white. Some 
of the yellowish areas correspond to adipose; the more streaky, whitish 
zones comprise lesional myofibroblasts and fibroblasts within a col-
lagenous background
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Fig. 11.35  Myofibroblastoma. A lobulated appearance resembling a fibroadenoma can be seen. Cut section shows a whitish appearance with 
slightly rubbery consistency and a few linear indentations

Fig. 11.36  Myofibroblastoma. Low-magnification view shows a well-circumscribed border. Scattered adipocytes are seen among pink, collage-
nous stroma that contains bland spindle cells. Variable cellularity and oedema are seen

Fig. 11.37  Myofibroblastoma. Spindle cells with ovoid-to-elongated nuclei are seen with pink collagen. Several adipocytes are noted
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Fig. 11.38  Myofibroblastoma. Ropy, pink collagen fibres are seen 
among the spindle cells with ovoid nuclei. Some of the spindle cells 
appear relatively plump and are aligned in a vaguely linear fashion, 
which can mimic an invasive lobular carcinoma of classic type,  

especially when nuclear reactivity for oestrogen receptor is seen (which 
can be encountered in myofibroblastoma). Immunohistochemistry con-
firms the absence of epithelial differentiation

Fig. 11.39  Myofibroblastoma. Some of the epithelioid spindle cells can be aggregated into bundles resembling an epithelial process

Fig. 11.40  Myofibroblastoma. Occasional individually dispersed epithelioid cells are present (arrows)
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Fig. 11.41  Myofibroblastoma. Diffuse CD34 immunohistochemical positivity in the spindle cells

Fig. 11.42  Myofibroblastoma. CD34 immunohistochemistry shows diffuse reactivity of the spindle cells

Fig. 11.43  Myofibroblastoma. Oestrogen receptor can be expressed in 
the spindle nuclei of myofibroblastoma. This appearance can resemble 
positively stained invasive lobular carcinoma cells. Circumscription of 

the lesion, absence of lobular neoplasia, and lack of keratin immu-
nopositivity point away from carcinoma
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Fig. 11.44  Myofibroblastoma. On fluorescence in situ hybridisation 
(FISH), the LSI RB1 probe is labelled with SpectrumOrange fluoro-
phore and is specific for the RB1 gene at 13q14. The control probe LSI 
13q34 is labelled with SpectrumGreen fluorophore, and the probe is 

located near the telomere region of the q arm at 13q34. FISH signals 
show a one red and one green pattern, indicating monosomy 13 with 
loss of RB1 gene (arrows) (Courtesy of Cytogenetics Laboratory, SGH 
Pathology)

�Neural Tumours
Neurofibroma and schwannoma (Figs.  11.45, 11.46, and 
11.47) may rarely present as breast lumps, usually in the skin 

overlying the breast. Intraparenchymal lesions can also be 
encountered. These lesions stain immunohistochemically 
with S100.

Fig. 11.45  Schwannoma. Core biopsy of a breast lump in an elderly man shows a spindle cell lesion with oedematous and myxoid zones among 
more cellular areas, representing the Antoni B and Antoni A appearances of a schwannoma

Fig. 11.46  Schwannoma. Higher magnification shows palisading of the spindle cell nuclei with interspersed hyalinised vessels
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�Prognosis and Therapy Considerations

Fibromatosis may locally recur in about 20–30 % of cases, 
usually consequent to incomplete resection. Correlation 
between positive surgical margins and recurrence, however, 
is not always direct, as some cases with positive margins do 
not recur, whereas some with negative margins may recur. 
Spontaneous resolution has been reported.

�Fibromatosis-Like Metaplastic Carcinoma

�Definition

Fibromatosis-like metaplastic carcinoma is a histologically 
low-grade spindle cell form of metaplastic carcinoma that 
usually expresses epithelial keratins diffusely and may dis-
close focal squamous differentiation [8].

�Clinical and Epidemiological Features

Fibromatosis-like metaplastic carcinoma is clinicoradiologi-
cally similar to the more common breast cancers; it presents 
as a palpable breast mass or is mammographically detected.

�Imaging Features

Radiologically, it typically presents as a spiculated, ill-
defined breast mass on mammography, though some may be 
well defined.

�Pathologic Features

�Macroscopic Pathology
Macroscopically, the tumour may have circumscribed con-
tours with a whitish, fibrous to fleshy appearance (Fig. 11.48).

Fig. 11.47  Schwannoma. Immunohistochemistry for S100 shows faint cytoplasmic reactivity in some spindle cells

Fig. 11.48  Fibromatosis-like metaplastic carcinoma. Grossly, the whitish tumour shows a relatively circumscribed boundary
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�Microscopic Pathology
Comprising interlacing fascicles of spindle cells with low-
grade nuclear atypia and scattered but usually few mitoses, the 
tumour shows infiltration at the periphery among benign 
breast lobules and adipose (Figs.  11.49, 11.50, 11.51, and 
11.52). Its bland histology often leads to an initial benign 

impression. There may be focal squamous differentiation or 
plumper epithelioid cells, which are clues to the correct diag-
nosis. An association with papillomas and complex sclerosing 
lesions is reported [9]. Immunohistochemistry is needed to 
confirm the presence of epithelial differentiation (Figs. 11.53 
and 11.54). Hormone receptors and c-erbB-2 are negative.

Fig. 11.49  Fibromatosis-like metaplastic carcinoma. At low magnification, the tumour seems to have a relatively circumscribed border, but the 
presence of entrapped adipocytes can be visualised at the tumour periphery

Fig. 11.50  Fibromatosis-like metaplastic carcinoma. Spindle cells 
interweave in short fascicles and surround benign ducts. In contrast to 
fibromatosis, this tumour shows areas of increased cellularity, where 

the spindle nuclei are more closely approximated and overlap. Nuclear 
atypia tends to remain mostly modest
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Fig. 11.51  Fibromatosis-like metaplastic carcinoma. At high magnification, a greater degree of nuclear variation may be seen, with scattered 
mitoses, but there are no high-grade nuclear alterations in this tumour

Fig. 11.53  Fibromatosis-like metaplastic carcinoma. MNF116 immu-
nohistochemistry shows diffuse positivity, accentuating the subtle anas-
tomosing network of more aggregated cells observed on light 

microscopy. In addition, larger, solid islands of pavemented squamous-
like cells are unveiled, which are also decorated by MNF116

Fig. 11.52  Fibromatosis-like metaplastic carcinoma. Histologically, 
sheets of spindle cells are arranged in an interlacing pattern with a focal 
semblance of storiforming. In the right lower field, there are irregular 

nests of cells that have an anastomosing, net-like appearance. The pres-
ence of more aggregated epithelioid and squamoid cells distinguish it 
from fibromatosis and should raise suspicion of metaplastic carcinoma
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�Differential Diagnosis

�Fibromatosis
The main differential is fibromatosis, which differs from fibro-
matosis-like metaplastic carcinoma by the absence of squa-
mous and epithelioid foci and the lack of keratin expression on 
immunohistochemistry. Beta-catenin, which is positive in the 
nuclei of fibromatosis, is not a definitive distinguishing 
marker; it has been reported to be expressed in metaplastic 
carcinoma, though it is often focal in distribution [10].

�Spindle Cell Metaplastic Carcinoma
Spindle cell metaplastic carcinoma shows a greater degree of 
cytological atypia than fibromatosis-like metaplastic carci-
noma, with frequent squamous and epithelioid foci. It over-
laps histologically with spindle squamous cell carcinoma 
and myoepithelial carcinoma.

�Prognosis and Therapy Considerations

Fibromatosis-like metaplastic carcinoma has a more favour-
able prognosis than other types of metaplastic breast carci-
noma. It can locally recur, but metastases are infrequent. 
Recent molecular studies suggest that it has low genomic 
instability, unlike metaplastic carcinomas in general [11].

�Spindle Cell Metaplastic Carcinoma

�Definition

Spindle cell metaplastic carcinoma is a breast carcinoma 
showing a predominant spindle cell morphology. It overlaps 

with spindle squamous cell carcinoma and myoepithelial 
carcinoma, both of which are classified under the rubric of 
spindle cell metaplastic carcinoma [12].

�Clinical and Epidemiological Features

Metaplastic carcinoma is uncommon, accounting for less 
than 1 % of all breast cancers. Spindle cell metaplastic carci-
noma constitutes a morphological subtype of the heteroge-
neous family of metaplastic breast carcinomas.

�Imaging Features

On imaging, metaplastic carcinoma tends to be seen as 
lobulated, well-defined masses. The margins can demon-
strate both well-defined and ill-defined borders with spicu-
lations. Sonography may show cystic areas within the 
masses, which are due to necrosis or haemorrhage. The 
masses usually grow rapidly and tend to be large at the 
time of imaging.

�Pathologic Features

�Macroscopic Pathology
Gross appearances may resemble those of conventional inva-
sive ductal carcinoma, but some spindle cell metaplastic car-
cinomas have circumscribed outlines with whitish-grey, 
fleshy cut surface (Fig. 11.55).

Fig. 11.54  Fibromatosis-like metaplastic carcinoma. Immunohistochemistry for p63 discloses diffuse nuclear positivity
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�Microscopic Pathology
Malignant spindle cells arranged in interlacing fascicles per-
meate around and efface residual ducts and lobules, with 
irregular extensions into surrounding adipose. Mitoses and 
necrosis are present. Squamoid and squamous foci with 
keratinisation, and ductal carcinoma in situ, can be seen 
(Figs. 11.56, 11.57, 11.58, 11.59, 11.60, 11.61, and 11.62). 

Immunohistochemistry confirms the presence of keratin 
expression, although this may be patchy, requiring assess-
ment on different tumour blocks, especially if there is no 
accompanying ductal carcinoma in situ to support a meta-
plastic carcinoma origin. A panel of antibodies to keratins is 
recommended, owing to different antibody sensitivities and 
specificities (Figs. 11.63 and 11.64) [13, 14].

Fig. 11.55  Spindle cell metaplastic carcinoma. The tumour shows ill-defined borders and has a greyish-beige cut surface

Fig. 11.56  Malignant spindle cell tumour on core biopsy, showing 
variable cellularity with pleomorphic spindle cells. Inset shows plump 
epithelioid and spindle cells with marked nuclear pleomorphism with 
hyperchromasia. The presence of keratin immunopositivity may favour 

a diagnosis of spindle cell metaplastic carcinoma, but it is important to 
note that focal keratin staining may be encountered in malignant phyl-
lodes tumours and sarcomas, especially those with epithelioid 
morphology
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Fig. 11.57  Spindle cell metaplastic carcinoma. Excision of the case 
with the malignant spindle cell tumour on core biopsy (Fig. 11.56). At 
low magnification, cohesive aggregates of tumour cells with central 

necrosis (right field) indicate epithelial differentiation. Ductal carci-
noma in situ is also present, though it is difficult to discern at this 
magnification

Fig. 11.58  Spindle cell metaplastic carcinoma. The presence of focal 
epithelial differentiation is observed as confluent, malignant epithelial 
islands with central amorphous necrosis. Malignant spindle cells sur-

round and merge with these epithelial islands. The finding of ductal 
carcinoma in situ in a malignant spindle cell tumour supports the diag-
nosis of metaplastic carcinoma

Fig. 11.59  Spindle cell metaplastic carcinoma. Higher magnification shows the malignant epithelial island transitioning to high-grade abnormal 
spindle cells
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Fig. 11.60  Spindle cell metaplastic carcinoma. High-grade malignant spindle and epithelioid cells are seen forming a large part of the tumour

Fig. 11.61  Spindle cell metaplastic carcinoma. This tumour shows percolation into surrounding adipose

Fig. 11.62  Spindle cell metaplastic carcinoma. Abnormal spindle 
cells swirl around small tubules, appearing to arise from the outer bor-
der, suggesting the possibility that the malignant spindle cells are 

derived from a myoepithelial origin. Carcinomas of myoepithelial deri-
vation are classified as metaplastic spindle cell carcinoma, as there is 
substantial histological and immunophenotypic overlap
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Fig. 11.63  Spindle cell metaplastic carcinoma. Immunohistochemistry for CK14, a high molecular weight cytokeratin, shows diffuse reactivity 
of the tumour cells, with accentuation of aggregated anastomosing and confluent tumour groups

Fig. 11.64  Spindle cell metaplastic carcinoma. Higher magnification of CK14-positive tumour cells shows a net-like interlacing pattern of 
tumour cells

�Differential Diagnosis

�Metaplastic Carcinoma with Mesenchymal 
Differentiation
In this category of metaplastic carcinoma, malignant osteoid, 
chondroid, and chondromyxoid elements are present. 

Liposarcoma is an uncommon heterologous component in 
metaplastic carcinoma, being more commonly observed in 
malignant phyllodes tumours (Figs.  11.65, 11.66, 11.67, 
11.68, 11.69, 11.70, and 11.71) [15].
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Fig. 11.65  Metaplastic carcinoma with mesenchymal differentiation. Core biopsy of the breast tumour shows a malignant spindle cell process 
with hypercellular tumour zones interspersed with fibrous areas. At low magnification, the tumour merely shows sheets of tumour cells

Fig. 11.66  Metaplastic carcinoma with mesenchymal differentiation. The tumour shows vaguely cohesive and anastomosing groups of tumour 
cells amid myxoid matrix

Fig. 11.67  Metaplastic carcinoma with mesenchymal differentiation. Elsewhere, the tumour consists of elongated malignant spindle cells that 
blend with more trabecular groups
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Fig. 11.68  Metaplastic carcinoma with mesenchymal differentiation. Higher magnification reveals chondromyxoid material among abnormal 
spindle cells with hyperchromatic nuclei

Fig. 11.69  Metaplastic carcinoma with mesenchymal differentiation. Immunohistochemistry for p63 shows patchy nuclear positivity. As immu-
nostaining for p63 and keratins may be patchy and focal, a panel of antibodies is recommended rather than relying on a single marker

Fig. 11.70  Metaplastic carcinoma with mesenchymal differentiation. MNF116 immunohistochemistry accentuates the invasive aggregates of 
malignant epithelial cells
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�Malignant Phyllodes Tumour
The sarcomatous component of a malignant phyllodes 
tumour may be morphologically indistinguishable from 
spindle cell metaplastic carcinoma. Adequate sampling is 
required to identify characteristic phyllodal leafy fronds. 
Though diffuse keratin staining of the malignant spindle 
cells favours metaplastic carcinoma, focal keratin staining, 
as well as p63 and p40 staining, has been described in malig-
nant phyllodes tumours [14, 16].

�Sarcoma
High-grade sarcoma may be microscopically indistinguish-
able from spindle cell metaplastic carcinoma. It is a diagno-
sis of exclusion, after metaplastic carcinoma and malignant 
phyllodes tumour have been ruled out [17–19].

�Prognosis and Therapy Considerations

Spindle cell metaplastic carcinoma is frequently triple-
negative, with no expression of hormone receptors and 
c-erbB-2, resulting in limited therapeutic options apart from 
chemotherapy, though some reports indicate that it has a lower 
response rate than other forms of triple-negative disease [12]. 
Spindle cell metaplastic carcinoma has a propensity to dis-
tantly metastasise without axillary nodal involvement.

�Phyllodes Tumour with Stromal Overgrowth

�Definition

These phyllodes tumours have stromal expansion that 
exceeds one low-power field (×4 microscope objective, ×10 

eyepiece), without accompanying epithelial elements. This 
phenomenon is usually seen in phyllodes tumours of border-
line or malignant grades.

�Clinical and Epidemiological Features

Phyllodes tumours occur in older women in the fifth decade 
of life and beyond. They are usually clinically symptomatic 
as breast lumps with recent rapid growth. Large tumours 
may erode through the skin.

�Imaging Features

Imaging reveals a well-defined oval or gently lobulated, 
inhomogeneous mass, which is usually indistinguishable 
from fibroadenoma. It does not calcify like fibroadeno-
mas, and several cleft-like, cystic spaces may be seen on 
sonography. A rapidly growing fibroadenoma-like mass 
should be evaluated carefully to exclude a phyllodes 
tumour. Ill-defined margins are suggestive of malignant 
grade.

�Pathologic Features

�Macroscopic Pathology
These tumours may achieve large sizes exceeding 10  cm, 
with whitish, whorled cut surfaces, myxoid degeneration, 
and yellowish necrotic zones (Fig. 11.72). A fibrous capsule 
is usually present but does not translate to microscopic 
circumscription.

Fig. 11.71  Metaplastic carcinoma with mesenchymal differentiation. More patchy reactivity for MNF116 is observed in the chondromyxoid 
zones
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Fig. 11.72  Excision specimen of a malignant phyllodes tumour, show-
ing a greyish-brown appearance with elongated, curvilinear clefts giv-
ing a broad, fronded appearance. Areas of haemorrhage and focal 

yellowish necrosis are present. The tumour borders seem relatively cir-
cumscribed, with bosselated contours

�Microscopic Pathology
Phyllodes tumours with stromal overgrowth show 
expanses of stroma only, devoid of epithelial elements. In 
borderline tumours, the stromal overgrowth usually takes 
the form of low-grade spindle cells, which may mimic 
nodular fasciitis, fibromatosis, and other low-grade spin-
dle cell neoplasms if characteristic phyllodal fronds are 
absent. For malignant phyllodes tumours with high-grade 
sarcomatous overgrowth (Figs. 11.73, 11.74, 11.75, 11.76, 

11.77, and 11.78), there is marked nuclear pleomorphism 
with high mitotic activity and occasional malignant heter-
ologous elements. Immunohistochemistry is useful in 
excluding metaplastic carcinoma, though caution must be 
exercised in interpreting keratin and p63/p40 immunos-
tains because of their presence in malignant phyllodes 
tumours [14–16]. CD34 is useful, as it can be expressed in 
phyllodes tumours but is infrequent in metaplastic carci-
noma [13].

Fig. 11.73  Malignant phyllodes tumour. At low magnification, the 
tumour consists of hypercellular sheets of tumour cells with areas of 
haemorrhagic necrosis. Although the borders seem circumscribed 

grossly, there is no fibrous capsule separating tumour from surrounding 
tissue microscopically; there are areas in which tumour cells appear to 
extend into surrounding tissue

Phyllodes Tumour with Stromal Overgrowth
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Fig. 11.74  Malignant phyllodes tumour. Higher magnification shows plump epithelioid and spindle cells that are closely packed, with scattered 
microhaemorrhages. An osteoclastic-type, multinucleated giant cell is noted

Fig. 11.75  Malignant phyllodes tumour. Sheets of tumour cells are percolating irregularly into the fat. No obvious stromal fronds with accompa-
nying epithelium are present

Fig. 11.76  Malignant phyllodes tumour. Review of the previous core biopsy of the tumour shown in Figs. 11.72, 11.73, 11.74, and 11.75 dis-
closed phyllodal fronds with hypercellular stroma, which could not be found in the subsequent mastectomy
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�Differential Diagnosis

Depending on whether the stromal overgrowth features low-
grade or high-grade cytological features, corresponding dif-
ferential diagnostic considerations apply; these 
considerations are discussed above and in the figure 
legends.

�Prognosis and Therapy Considerations

Borderline and malignant phyllodes tumours have a higher 
likelihood of recurrence than benign phyllodes tumours, 

with the malignant category potentially metastasising and 
leading to death. Complete surgical removal remains the 
current treatment of choice, though the extent of margin 
clearance is still controversial [15].

�Dermatofibrosarcoma Protuberans

�Definition

Dermatofibrosarcoma protuberans is a tumour that arises in 
the dermal skin but may secondarily involve the breast paren-
chyma, mimicking a primary spindle cell lesion of the breast.

Fig. 11.77  Malignant phyllodes tumour on core biopsy. Elongated stretches of epithelium are seen in conjunction with hypercellular malignant 
stroma

Fig. 11.78  Malignant phyllodes tumour. Cam5.2 immunohistochem-
istry shows focal reactivity of the spindle tumour cells. Based on the 
light microscopy, without the presence of characteristic phyllodal 
fronds, a firm diagnosis of phyllodes tumour cannot be made. The three 
key differentials of a malignant spindle cell tumour in the breast are 
metaplastic carcinoma, malignant phyllodes tumour, and sarcoma. 

Keratin positivity favours metaplastic carcinoma, but it has been 
described in both malignant phyllodes tumour and sarcoma. Focal posi-
tivity for keratin is demonstrated in this malignant phyllodes tumour. 
Additionally, keratin reactivity in metaplastic carcinoma may also be 
focal, compounding the difficulty in making the diagnosis

Dermatofibrosarcoma Protuberans
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�Clinical and Epidemiological Features

Dermatofibrosarcoma protuberans usually presents as a 
lump in the skin of the breast, with tethering to the skin; it 
potentially mimics carcinoma. Pain has been reported. 
Rarely, it can occur in the breast parenchyma without visible 
skin attachment [20].

�Imaging Features

Imaging typically shows a superficial mass in the subcutane-
ous tissue adjacent to the dermis. The mass is often round or 
oval and shows variable internal echogenicity on sonogra-
phy. Margins are usually well defined, but they can also be 
poorly defined, with a hyperechoic rim on ultrasound 
evaluation.

�Pathologic Features

�Macroscopic Pathology
Grossly, there is a whitish, firm mass without encapsulation, 
which can be fibrous or slightly myxoid, attached to the 
overlying skin (Fig. 11.79). A reddish-brown to bluish color-
ation may be observed, depending on the amount of haemor-
rhage or melanin pigment.

�Microscopic Pathology
Dermatofibrosarcoma protuberans consists of a monomor-
phous proliferation of spindle cells with elongated, hyper-
chromatic nuclei and scattered mitoses. A short, storiform, 
and intersecting fascicular pattern is present. Infiltration of 
surrounding tissue is seen, with permeation into fat in a lace-
like, intercalated manner (Figs.  11.80, 11.81, 11.82, and 
11.83). Immunohistochemically, there is positive staining for 
CD34, with negative reactivity for factor XIIIa.

Fig. 11.79  Dermatofibrosarcoma protuberans. The gross appearance is whitish, glistening, and smooth. On low magnification, the tumour is close 
to the epidermis and arises in the dermis with deep extension. The appearance is uniformly hypercellular, with a few irregular, fibrous areas

Fig. 11.80  Dermatofibrosarcoma protuberans. Hypercellular sheets of spindle cells encircle residual ducts
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Fig. 11.81  Dermatofibrosarcoma protuberans. Higher magnification shows fascicles of spindle cells with ovoid to spindle nuclei that generally 
demonstrate mild atypia

Fig. 11.82  Dermatofibrosarcoma protuberans. Neoplastic spindle cells entrap fat in their midst

Fig. 11.83  Dermatofibrosarcoma protuberans. Immunohistochemical reactivity for CD34 is frequently positive, though in this case the staining 
intensity is relatively weak
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�Differential Diagnosis

�Dermatofibroma
The dermatofibroma is usually confined to the upper dermis, 
though occasionally it can extend into the deep dermis and sub-
cutis. There are accompanying foamy histiocytes, sometimes 
including Touton giant cells and haemosiderin deposits. A prom-
inent storiform pattern is absent. There is no atypia, and mitoses 
are rare. In contrast to dermatofibrosarcoma protuberans, the 
dermatofibroma is CD34 negative and factor XIIIa positive. 
Stromelysin 3, which is positive in dermatofibroma but negative 
in dermatofibrosarcoma protuberans, may also be useful [21].

�Phyllodes Tumour with Stromal Overgrowth
Stromal overgrowth in phyllodes tumour may resemble der-
matofibrosarcoma protuberans, especially when CD34 posi-
tivity is demonstrated. Demonstration of phyllodal fronds 
helps to clinch the correct diagnosis.

�Fibromatosis
Dermatofibrosarcoma protuberans is more cellular, has a sto-
riform pattern with spindle cells harbouring hyperchromatic 
nuclei, and is diffusely CD34 positive.

�Fibromatosis-Like Metaplastic Carcinoma
Dermatofibrosarcoma protuberans is hypercellular and has a 
“bluish” appearance at low magnification, whereas 
fibromatosis-like metaplastic carcinoma is often less cellu-
lar. Immunohistochemical positivity for keratins confirms 
metaplastic carcinoma.

�Prognosis and Therapy Considerations

Because of its infiltrative nature, dermatofibrosarcoma pro-
tuberans is reported to recur locally in up to 50 % of cases 

[20]. Complete excision with negative margins of 2–3  cm 
clearance is the mainstay of treatment.

�Sarcoma

�Definition

Primary breast sarcoma is uncommon and encompasses a 
heterogeneous group of tumours, of which angiosarcoma is 
the most common [17].

�Clinical and Epidemiological Features

Patients present with a breast lump or a radiologically 
detected mass. Patients with angiosarcoma may have a prior 
history of radiation, and the overlying skin can be 
discoloured.

�Imaging Features

Sarcoma usually presents as an ill-defined and lobulated 
mass. It shows variable internal echogenicity on sonography 
and may appear heterogeneously hyperechoic.

�Pathologic Features

�Macroscopic Pathology
Grossly, sarcomas show fleshy, whitish appearances with ill-
defined outlines (Fig.  11.84). Angiosarcomas are haemor-
rhagic, and there may be blood clots.

Fig. 11.84  Breast osteosarcoma. This large, necrotic tumour shows haemorrhagic and fibrotic areas. Primary sarcoma of the breast is 
extremely rare and is a diagnosis of exclusion, after metaplastic carcinoma and malignant phyllodes tumour are excluded

11  Spindle Cell Lesions



411

�Microscopic Pathology
Spindle cells of varying degrees of anaplasia are present. For 
angiosarcomas, vascular spaces can be observed among the 
spindle cells or may occur as intracytoplasmic lumens con-
taining red blood cells. Malignant osteoid is seen in osteosar-
coma (Figs. 11.85 and 11.86), myxochondroid elements in 

chondrosarcoma, and rhabdomyoblasts in rhabdomyosar-
coma (Figs. 11.87, 11.88, 11.89, 11.90, and 11.91). Lineage 
such as smooth muscle and neural differentiation may also 
be demonstrated by immunohistochemistry. Granulocytic 
sarcoma is an extramedullary tumour-forming collection of 
myeloid leukaemic cells (Figs. 11.92, 11.93, and 11.94).

Fig. 11.85  Breast osteosarcoma. Sheets of malignant spindle cells are present, with a few ectatic, thin-walled vessels and an area of 
haemorrhage

Fig. 11.86  Breast osteosarcoma. Spindle and epithelioid malignant cells show pink, lace-like material consistent with osteoid. Osteoclastic giant 
cells are noted
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Fig. 11.87  Rhabdomyosarcoma metastatic to the breast in a young 
girl who was previously diagnosed with nasal rhabdomyosarcoma. 
Histologically, there are anastomosing aggregates of cells with hyper-

chromatic nuclei and thin, pink cytoplasmic rims. The nested pattern 
mimics carcinoma

Fig. 11.88  Metastatic rhabdomyosarcoma. At high magnification, tumour cells show moderately pleomorphic nuclei with vaguely discernible 
pink, cytoplasmic rims

Fig. 11.89  Metastatic rhabdomyosarcoma. Immunohistochemistry for MNF116 is negative in this tumour. Tumour cells invade the breast paren-
chyma between benign breast lobules and are positively displayed by the broad-spectrum keratin stain
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Fig. 11.90  Metastatic rhabdomyosarcoma. MyoD1 immunohistochemistry shows positive nuclear staining in the majority of tumour cells

Fig. 11.91  Metastatic rhabdomyosarcoma. Myogenin is diffusely highlighted in tumour cells on immunohistochemistry

Fig. 11.92  Granulocytic sarcoma. Core biopsy of a breast mass shows 
a diffuse infiltrate of hyperchromatic tumour cells, which on higher 
magnification (inset) shows a semblance of compartmentalisation. 

Although “sarcoma” may be a misnomer (this tumour is derived from 
haemopoietic cells), its histological appearance may resemble sarco-
mas arising from a mesenchymal origin

Sarcoma



414

�Differential Diagnosis

�Metaplastic Carcinoma
This is a key differential diagnosis, and clues are the pres-
ence of more conventional invasive carcinoma components 
or identification of ductal carcinoma in situ. In their absence, 
immunohistochemical demonstration of keratin expression 
by sarcomatoid cells enables the diagnosis.

�Malignant Phyllodes Tumour
Diagnosis of sarcoma warrants exclusion of a malignant 
phyllodes tumour, which (though rare) is more common than 
primary breast sarcoma. Heterologous elements of liposar-
coma, osteosarcoma, chondrosarcoma, or rhabdomyosar-
coma can be encountered in malignant phyllodes tumours. 
Diligent sampling of the tumour to locate the typical phyl-
lodal fronds is needed.

�Metastatic Sarcoma to the Breast
Uncommonly, primary sarcomas originating elsewhere in 
the body may metastasise to the breast. Appropriate clinical 
history and clinicoradiological workup are useful.

�Prognosis and Therapy Considerations

Breast sarcoma in general tends to have a poorer prognosis 
than breast carcinoma, though the prognosis may depend 
on the specific histological subtype. Complete surgical 
resection with negative margins is the main therapeutic 
modality. A multidisciplinary management approach is 
needed, with possible targeted treatment for angiosarcoma 
(Table 11.1) [17].

Fig. 11.93  Granulocytic sarcoma. High magnification shows tumour cells with ovoid nuclei with irregular nuclear contours

Fig. 11.94  Granulocytic sarcoma. Immunohistochemistry for CD117 shows cytoplasmic reactivity of tumour cells
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Table 11.1  Comparison of clinicopathological features of key spindle cell lesions of the breast

Nodular 
fasciitis Fibrous scar Fibromatosis

Fibromatosis-like 
metaplastic  
carcinoma

Spindle cell 
metaplastic 
carcinoma

Phyllodes 
tumour Sarcoma

Clinical 
information

Rapid growth
Tissue plane 
usually 
subcutis or 
chest wall 
rather than 
breast 
parenchyma

Prior 
instrumentation 
or tissue injury

Rare association 
with breast 
implants

Clinicoradiologically 
similar to breast 
carcinoma, may be 
radiologically 
circumscribed

Symptomatic 
or 
radiologically 
detected breast 
mass

Usually large 
lump, may have 
history of recent 
rapid growth

Symptomatic 
or 
radiologically 
detected breast 
mass.
May have past 
diagnosis of 
sarcoma if 
metastatic in 
origin

Histological 
pattern

“Feathery” 
tissue 
culture-like 
appearance 
with red cell 
extravasation 
and chronic 
inflammation

Depending  
on duration 
between tissue 
injury and 
biopsy, 
changes range 
from reactive 
granulation to 
collagenous 
fibrosis. 
Haemosiderin 
deposits may 
be present

Intersecting 
fascicles of 
spindle cells with 
wavy nuclei, 
minimal atypia, 
and scant mitoses

Intersecting fascicles 
of spindle cells with 
modest nuclear atypia 
and low mitotic 
activity
Squamous and 
epithelioid foci may 
be present
May be associated 
with papilloma, 
complex sclerosing 
lesion

Spindle cells 
with nuclear 
pleomorphism 
and mitoses. 
Squamous foci, 
DCIS may be 
present

Spindle cells 
with variable 
nuclear atypia
The presence of 
stromal fronds 
with 
accompanying 
stromal 
hypercellularity 
is characteristic

Spindle cell 
morphology 
with wide-
ranging 
appearances 
depending on 
the lineage

Keratins Negative Negative Negative Positive Positive (a 
wide antibody 
panel may be 
needed)

Negative, but 
may sometimes 
show focal 
positivity

Mostly 
negative but 
can be focally 
positive

Beta-catenin Negative Negative Positive May be positive May be 
positive

Negative, but 
aberrant 
expression is 
reported

May be 
positive in 
fibrosarcoma

CD34 Negative Negative Negative Negative Negative Often positive, 
inverse 
correlation with 
grade

Negative

DCIS ductal carcinoma in situ
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Invasive Carcinoma

Most breast malignancies arise from epithelial cells of termi-
nal ductal lobular units and are categorised as carcinomas 
[1–3]. Invasive or infiltrative carcinoma refers to a prolifera-
tion of neoplastic cells with penetration through the basement 
membrane of ducts and lobular units into the breast stroma. 
Breast carcinoma, although often discussed as a single dis-
ease, actually constitutes a diverse group of tumours that differ 
in clinical presentation, imaging features, histopathologic 
appearance, expression of biologic markers, and clinical 
behaviour. Several histological subtypes of invasive breast car-
cinoma have been recognised based on a wide range of crite-
ria, including cell type, architectural features, type and location 
of secretions, and biomarker profiles. The WHO classification 
of breast tumours recognises 21 different histologic types of 
breast cancer with distinct morphologic features [1]:

•	 Invasive ductal carcinoma (invasive carcinoma no special 
type, invasive carcinoma not otherwise specified)

•	 Invasive lobular carcinoma
•	 Tubular carcinoma
•	 Invasive cribriform carcinoma
•	 Mucinous carcinoma
•	 Carcinoma with medullary features
•	 Carcinoma with apocrine differentiation
•	 Carcinoma with signet-ring cell differentiation
•	 Invasive micropapillary carcinoma
•	 Metaplastic carcinoma
•	 Carcinoma with neuroendocrine features
•	 Secretory carcinoma
•	 Invasive papillary carcinoma
•	 Acinic cell carcinoma
•	 Mucoepidermoid carcinoma
•	 Polymorphous carcinoma
•	 Oncocytic carcinoma
•	 Lipid-rich carcinoma
•	 Glycogen-rich clear-cell carcinoma
•	 Sebaceous carcinoma
•	 Salivary gland/skin adnexal-type tumours

Invasive breast cancers are broadly classified into invasive 
carcinomas with special morphologic types and invasive car-
cinomas without any special morphologic features. When an 
invasive carcinoma does not have any special histologic fea-
tures, the terms invasive or infiltrative ductal carcinoma, 
invasive carcinoma no special type, or invasive carcinoma 
not otherwise specified are used. Some special types of breast 
carcinomas have relevant prognostic implications, and it is 
clinically important to recognise them. Others have unique 
morphologic features but have no special biologic behaviour 
associated with the special morphology. Mucinous carci-
noma is described in Chap. 6; invasive lobular carcinoma is 
detailed in Chap. 10; invasive papillary and micropapillary 
carcinomas are included in Chap. 4. Some of the vanishingly 
rare subtypes are not specifically described.

�Invasive Ductal Carcinoma (Invasive 
Carcinoma No Special Type, Invasive 
Carcinoma Not Otherwise Specified)

�Definition

Invasive ductal carcinoma or infiltrative ductal carcinoma is 
defined as an invasive breast cancer with histologic features 
that do not fit any of the special types of breast cancer. 
Therefore, the diagnosis of invasive ductal carcinoma is 
based on the exclusion of other special types of breast can-
cers [1–3].

�Clinical and Epidemiological Features

Invasive ductal carcinoma constitutes 45–75 % of all inva-
sive breast carcinomas and comprises a heterogeneous group 
of tumours. The main reason for the wide incidence range 
reported in the literature is that many breast cancers show 
focal components of special types of breast carcinoma [4–7]. 
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Many invasive carcinomas show a mixture of growth pat-
terns, and some experts recognise a mixed invasive ductal 
and special-type carcinoma category. The amount of special-
type carcinoma that is required for a tumour to be catego-
rised into a mixed category is not well established in the 
literature. For tumours with excellent prognosis, such as 
tubular carcinoma or invasive cribriform carcinoma, more 
than 90 % of the tumour must be special type in order to clas-
sify it as such. In the case of other types of special carcino-
mas, however, there are no established criteria for designating 
a tumour as a mixed category or simply classifying it as an 
invasive ductal carcinoma. The term “ductal” does not imply 
that these tumours arise from ducts; rather, it indicates that 
these tumours commonly show ductal differentiation.

There are no specific clinical features that distinguish 
invasive carcinoma of no special type from other types of 
invasive breast cancer. Invasive ductal carcinoma occurs in a 
wide age range [1]. Although it can occur at any age, it is 
more common in the fifth and sixth decades. In most series, 
the average age is 55–60 years. The incidence decreases after 
age 80. A painless, palpable mass is the most common pre-
sentation. Nipple discharge or retraction, skin fixation, or 
oedema can be seen in advanced cases. Some patients pres-
ent with redness of the breast skin (inflammatory breast car-
cinoma) (Fig. 12.1). The average tumour size at the time of 
diagnosis is about 2 cm. Patients diagnosed from screening 
mammography tend to have smaller lesions [8].

�Imaging Features

Invasive ductal carcinomas most commonly present as 
masses on radiology. Because of its infiltrative growth  

pattern, it usually appears irregular and lobulated on mam-
mography, in contrast to benign mass-forming lesions, which 
tend to be round or oval (Fig. 12.2). Margins of the mass are 
typically irregular, with spiculated borders corresponding to 
an invasive growth pattern on histologic evaluation 
(Fig. 12.3). Microcalcifications (grouped, clustered, or seg-
mental in appearance) are commonly found on mammogra-
phy (Fig.  12.4). Microcalcifications are more frequently 
associated with the in situ carcinoma component of the 
tumour, though the stroma of invasive carcinoma or necrosis 
within the invasive carcinoma can also show microcalcifica-
tions. Ultrasound typically reveals an irregular mass with 
indistinct margins and inhomogeneous echo texture with 

Fig. 12.1  Inflammatory breast carcinoma shows reddened skin over 
the breast, which may feel warm. Histologically, it corresponds to 
the presence of dermal lymphovascular emboli (Courtesy of  
Dr. Benita Tan)

a

b

Fig. 12.2  Invasive ductal carcinoma. Radiographic and gross features. (a) Mammogram shows a radiodense mass with irregular, infiltrating bor-
ders. (b) Mastectomy specimen shows a grey-white mass invading the fatty breast parenchyma
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Fig. 12.3  Invasive ductal carcinoma. Gross and microscopic features. 
(a, b) Strands of grey-white tissue infiltrate the adipose tissue. (c, d) 
Histologic sections of the tumour show tumour cells growing into 

adipose tissue with associated fingerlike projections corresponding to 
the infiltrative gross appearance

a

b

Fig. 12.4  Invasive ductal carcinoma. Radiographic and gross features. (a) X-ray of an irregular tumour mass associated with a large area of micro-
calcifications. (b) Corresponding irregular grey-white mass with white, fibrous streaks indicating tumour extension
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Fig. 12.5  Invasive ductal carcinoma. Sonographic and gross features. (a) Tumour appears as a hypoechoic mass with posterior shadowing. (b) 
Corresponding excised specimen shows an irregular mass

acoustic shadowing (Fig. 12.5) [9]. On MRI, invasive carci-
noma usually appears as an irregular mass with enhancement 
kinetics that show a suspicious rapid wash-in and wash-out 
pattern. Several other functional MRI techniques are also 
applied to improve the diagnostic evaluation.

�Pathologic Features

�Macroscopic Pathology
Most invasive ductal carcinomas form solid masses with ill-
defined margins and infiltrative edges (Fig. 12.6) or are round 
and circumscribed with pushing margins (Fig.  12.7). Some 
tumours have contours with a mixture of these patterns 
(Fig. 12.8). The consistency and colour of the lesion vary based 
on the amount of stroma present within the tumour. Invasive 
carcinomas with an abundant stromal component appear more 
grey-white and tend to be firm on palpation. In contrast, tumours 
with less stroma appear tan or yellow and are softer (Fig. 12.9). 
Certain tumours appear red-brown, not only because of dense 
cellularity but also because of other morphologic features such 
as papillary growth pattern and intratumoural haemorrhage 
(Fig. 12.10). These tumours typically have a concave cut sur-
face as a distinguishing feature, in contrast to benign lesions 
such as fibroadenomas, which have convex, bulging cut sec-
tions (Fig. 12.11). Cystic change can rarely be present and is 
usually due to tumour necrosis (Figs. 12.12 and 12.13).

Because the tumour size is an important prognostic factor of 
breast cancer, macroscopic evaluation of tumour size is essen-
tial, with careful measurement expressed in three dimensions. 

Dimensions of smaller tumours are confirmed microscopically. 
Satellite tumour nodules may be present (Fig. 12.14).

�Microscopic Pathology
The microscopic appearance of invasive ductal carcinoma 
is highly variable [1–3]. The degree of tumour cellularity, 
growth pattern, extent of associated in situ carcinoma com-
ponent, degree of cytologic atypia, mitotic activity, amount 
of stroma, presence or absence of necrosis, and the pres-
ence and amount of lymphocytic infiltrate in the stroma and 
among tumour cells all vary significantly in different 
tumours. Some of these features may even differ in different 
areas of the same tumour [10–13]. Tumour cells may show 
varying degrees of gland formation (Fig. 12.15); may form 
nests, cords, or trabeculae; or may grow in solid sheets. 
Necrosis may be present and can be extensive, potentially 
leading to pseudocyst formation. The appearance of malig-
nant cells varies significantly. Some tumours have minimal 
cellular atypia and pleomorphism; the tumour cells are 
small and uniform, similar to the cells of normal duct epi-
thelium. In other tumours, there can be marked cellular 
atypia and pleomorphism, with tumour cells that have 
enlarged, hyperchromatic nuclei (Fig. 12.16). The degree of 
mitotic activity varies significantly, from abundant and eas-
ily identified to almost none. Focal mucin production (both 
intracellular and extracellular) can sometimes be seen. 
Squamoid, clear-cell, and apocrine differentiation are other 
histologic findings that can be observed. Similar to tumour 
cells, the stroma may display marked variation in its 
amount, composition, and distribution. The amount of 
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stroma can range from none to abundant (Fig. 12.17). Some 
tumours have large amounts of dense, hyalinised stroma 
resulting in a very firm consistency, termed scirrhous carci-
noma. In some tumours, the stroma consists of only colla-
gen, whereas others are cellular and include fibroblasts and 
myofibroblasts (Fig.  12.18). Elastosis can be present. 
Stromal distribution throughout the tumour is also variable. 
Tumour cells may proliferate around the central sclerotic 
stromal component, but in other tumours, the stroma is uni-
formly distributed (Figs.  12.19 and 12.20). Calcifications 
can be detected in more than half of the cases. Additionally, 
the amount of lymphoplasmacytic infiltrate in tumour and 
stroma varies considerably, from moderate or marked to 
none (Fig. 12.21). Recent studies have suggested that the 
amount of lymphoplasmacytic infiltrate may have a prog-
nostic and potentially predictive value, particularly in tri-
ple-negative and c-erbB-2-overexpressing breast cancers 

[14]. Osteoclast-like giant cells or giant-cell granulomas 
are rarely seen in the stroma. With adequate sampling of the 
tumour, an in situ carcinoma component can be identified in 
most cases of invasive ductal carcinomas (Fig. 12.22). The 
in situ component is most often ductal, but rarely it can be 
lobular. When ductal carcinoma in situ (DCIS) is identified, 
its grade is usually similar to that of the invasive compo-
nent. The presence of lymphovascular invasion should be 
carefully evaluated in all invasive ductal carcinomas, pref-
erably at the peripheral aspect of the tumour (Fig. 12.23) 
[15, 16]. Retraction artefacts that are commonly seen 
around clusters of tumour should not be confused with true 
lymphovascular space invasion. Unless a tumour embolus 
is identified in a large blood vessel, it is not recommended 
to try to distinguish small capillaries from lymphatics. 
Perineural invasion occasionally may be seen, but this find-
ing is not of prognostic significance (Fig. 12.24) [17].

a

b

c

Fig. 12.6  Invasive ductal carcinoma. Gross features. (a–c) Different examples of invasive ductal carcinoma showing typical infiltrative margins
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Fig. 12.7  Invasive ductal carcinoma. Gross features. (a–c) Tumour examples presenting with well-defined margins and pushing edges
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a

b

Fig. 12.8  Invasive ductal carcinoma. Gross features. (a, b) Examples showing both well-circumscribed (arrow) and infiltrative (opposite side) 
growth patterns in the same tumour

Grading of Invasive Ductal Carcinoma
Grading of invasive ductal carcinoma of the breast has been 
shown to be a robust predictor of clinical outcome [18–24]. 
Providing a grade for all newly diagnosed breast cancers has 
been recommended by several different breast cancer prac-
tice guidelines, including the College of American 
Pathologists (CAP), American Society of Clinical Oncology 
(ASCO) and the American Joint Committee on Cancer 
(AJCC). Several different grading systems using either 
nuclear features, architectural growth pattern, or a combina-
tion of these have been proposed [18, 21, 24]. The most 
widely used grading system is the Nottingham histologic 
grading, which was modified by Elston and Ellis [18] to 
include precise definitions. In this grading system, three 
tumour characteristics—tubule formation, nuclear pleomor-
phism, and mitotic count—are evaluated using defined 
criteria (Table  12.1). Each characteristic is assessed sepa-
rately and given a score of 1–3, with the values being added 
to reach a final score of 3–9. Final grading is assigned based 
on this score, as shown in Table 12.2. The relative impor-
tance of the components of this grading system is uncertain, 
but it is essential to apply the histologic criteria strictly. The 

subjective nature of histologic grading and interobserver 
agreement rates have been extensively studied in the litera-
ture [19, 20]. Technical factors such as quality of tissue fixa-
tion, preservation, and section preparation are recognised as 
some of the main problems that contribute to poor interob-
server reproducibility. Therefore, the well-defined guidelines 
recommended by the College of American Pathologists for 
tissue handling should be followed.

Several studies have evaluated the concordance rates of 
breast cancer grading on core needle biopsy and excision 
[25, 26]. Most studies show good concordance when there is 
adequate tumour on core needle biopsy. Tumour heterogene-
ity is a main concern when determining the grade of breast 
cancer on small samples. Reported studies suggest that a his-
tologic grade can be reliably assessed from core needle biop-
sies in most cases. In clinical practice, the core needle biopsy 
specimen will be the only sample available for patients who 
are undergoing neoadjuvant therapies. Recent molecular 
studies emphasise the importance of histologic grading, as 
breast cancers with different grades show distinct molecular 
profiles at genomic, transcriptomic, and proteomic levels 
[13, 21].
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Fig. 12.9  Invasive ductal carcinoma. Gross features. (a) The white 
appearance of this tumour is due to extensive stromal fibrosis. (b) The 
grey-tan appearance of this large invasive tumour is due to high tumour 

cellularity and scant stroma. (c) Close-up of the tumour in (b) shows a 
white area indicating abundant stromal fibrosis (arrow) in a background 
of nodular tumour growth
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Fig. 12.10  Invasive ductal carcinoma. Gross features. (a) Invasive car-
cinoma with high tumour cellularity on histology, shows prominent 
papillary growth and a red-brown appearance. (b) Higher magnification 

of (a). (c) The red-brown colour of this intracystic tumour is due to 
intratumoural haemorrhage
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Fig. 12.12  Invasive ductal carcinoma. Gross features. Example of tumour with areas of haemorrhage and necrosis leading to cystic spaces 
(arrows)

a

b

Fig. 12.11  Comparison of gross features of invasive ductal carcinoma 
and fibroadenoma. (a) Cut section of invasive ductal carcinoma is typi-
cally concave with central indentation. Yellow-white fibrous strands 

extending into and retracting the surrounding tissue result in a concave 
appearance with central indentation (arrow). (b) In contrast, the cut sec-
tion of a fibroadenoma is bulging
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Fig. 12.13  Invasive ductal carcinoma. Radiographic and gross fea-
tures. (a) X-ray of invasive ductal carcinoma in a section of a total mas-
tectomy and its corresponding gross specimen showing an irregular 

grey-white mass replacing almost the entire breast parenchyma, involv-
ing the subareolar region. (b) Higher magnification shows a nodular 
growth pattern with areas of punctate necrosis (arrows)

a b

Fig. 12.14  Invasive ductal carcinoma. Gross features. (a, b) Invasive ductal carcinoma with satellite nodules (arrows)
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Fig. 12.15  Invasive ductal carcinoma. Microscopic features. Three different invasive ductal carcinoma cases show more than 75 % glandular dif-
ferentiation (a) compared with 30 % (b) and less than 10 % (c)
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Immunohistochemistry Features
Invasive ductal carcinoma cells are typically positive for 
cytokeratin 7. Luminal type cytokeratins (cytokeratin 7/8, 
18, and 19) are positive in most tumours, whereas basal 
cytokeratins (cytokeratin 5/6 and 14) are positive in only a 
small subset of breast carcinomas. Nearly all invasive duc-
tal carcinomas are negative for cytokeratin 20, and they are 
positive for epithelial membrane antigen and E-cadherin. 
Gross cystic disease fluid protein 15 (GCDFP-15) and 
mammaglobin are reported to be positive in 50–70 % of 
invasive ductal carcinomas [27, 28]. GATA3 expression is 
closely related to the molecular typing of breast cancer, and 
it is present in 90 % of invasive ductal carcinomas. It is 
expressed in almost 100 % of oestrogen-positive tumours, 
although at lower levels in oestrogen receptor-negative and 

triple-negative breast cancers (Fig.  12.25) [29]. Similarly, 
FOXA1, a member of the forkhead transcription factor fam-
ily, is associated with oestrogen receptor expression. Studies 
have shown that FOXA1 is an excellent breast carcinoma 
marker, but its utility is limited in the triple-negative sub-
type [30]. Two thirds of invasive ductal breast carcinomas 
are positive for oestrogen and progesterone receptors. In 
addition to being prognostic markers, these receptors also 
predict the likelihood of response to endocrine therapy [31]. 
In current clinical practice, about 15 %–20 % of invasive 
ductal carcinomas show c-erbB-2 (HER2/neu) protein over-
expression or gene amplification, correlating with high-
grade carcinomas (Fig. 12.26). The primary clinical use of 
c-erbB-2 is to predict the likelihood of response to c-erbB-
2-targeted therapy [32].

b

a

Fig. 12.16  Invasive ductal carcinoma. Microscopic features. (a) Low-
grade tumour composed of uniform tumour cells having small nuclei, 
which are similar to adjacent normal ductal cells. (b) High-grade 

tumour with a solid growth pattern and moderate to marked nuclear 
atypia characterized by significant variation in nuclear size and shape
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Fig. 12.17  Invasive ductal carcinoma. Microscopic features. (a) Invasive carcinoma with minimal stromal component. (b) Tumour showing a 
moderate amount of stroma. (c) Invasive tumour with abundant, fibrous, collagenised stroma
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Molecular Classification
Over the past two decades, the advent of genomic technolo-
gies has allowed molecular characterisation of breast cancer 
and supported the concept that invasive ductal carcinoma is 
not a single tumour type but a collection of biologically and 
clinically different tumours arising from the breast epithe-
lium. Based on high-throughput gene expression analysis, 
four different molecular types of breast carcinoma were orig-
inally described: luminal A, luminal B, basal-like, and 
c-erbB-2 positive [33–36]. Recent studies have identified 
several additional distinct subtypes of breast carcinomas, 
including claudin low, interferon rich, and molecular apo-
crine. Furthermore, six subtypes of basal-like carcinoma 
(basal-like1, basal-like2, immunomodulatory, luminal 
androgen receptor, mesenchymal-like, and mesenchymal 
stem-like) have been described. Multiple independent stud-

ies have demonstrated a significant association between 
these molecular classes of invasive ductal carcinomas and 
histologic grade, clinical behaviour, and response to systemic 
therapy [37–39]. Luminal A tumours account for 50 % of 
invasive breast cancers and generally correspond to low- to 
intermediate-grade, oestrogen receptor-positive, c-erbB-2-
negative tumours with low proliferation. They include a 
wide range of low-grade invasive carcinomas, including 
classic lobular, tubular, and mucinous carcinomas. Luminal 
B tumours comprise 20 % of invasive breast cancers and cor-
respond to intermediate- to high-grade, oestrogen receptor-
positive tumours with a high proliferation rate; c-erbB-2 
expression is variable (positive or negative) [36]. The 
c-erbB-2-positive molecular subclass includes generally 
high-grade carcinomas, which are mostly but not always 
c-erbB-2-positive by conventional immunohistochemical 

a

b

Fig. 12.18  Invasive ductal carcinoma. Microscopic features. (a) The stroma of this invasive tumour consists predominantly of collagen bundles 
without a cellular component. (b) Highly cellular stroma, in contrast to (a)
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Fig. 12.19  Invasive ductal carcinoma. Microscopic features. (a) Low magnification of the tumour, showing a central, sclerotic area with tumour 
cells radiating outwards. (b) Medium magnification of the periphery of the same tumour. (c) High magnification of tumour in the sclerotic centre
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and gene amplification analyses. This group accounts for 
15 % of all invasive breast cancers. They are usually negative 
for oestrogen and progesterone receptors, Ki-67 expression 
is high, and TP53 mutation is common. These tumours are 
more likely to have lymph node metastasis and poor progno-
sis. Basal-like carcinomas account for 15 % of all invasive 
carcinomas and include oestrogen receptor-negative and 
c-erbB-2-negative tumours; they are typically high-grade 
cancers with high proliferation rates. They express basal epi-
thelial markers such as cytokeratins 5/6, 14, and 17. Subsets 
of these tumours also show mesenchymal differentiation as 
evidenced by spindle cell morphology and positivity for 
vimentin.

In clinical practice, immunohistochemical classification 
based on the expression of oestrogen and progesterone 
receptors, c-erbB-2 overexpression, and evaluation of prolif-
eration markers is applied as a surrogate for molecular sub-
types. Invasive ductal carcinomas are classified into four 
categories: oestrogen receptor-positive low proliferation, 
oestrogen receptor-positive high proliferation, c-erbB-2 pos-
itive, and triple-negative. These four categories roughly cor-
respond to the molecular subtypes. The importance of these 
markers has been shown in multiple studies, and recently it 
has been proposed that these biomarkers should be included 
in the staging of breast cancer [40].

�Differential Diagnosis

The differential diagnosis of invasive ductal carcinoma includes 
malignant tumours such as special types of invasive breast 
cancers, metastatic carcinomas, non-invasive carcinomas, and 
benign lesions such as sclerosing adenosis and radial scar.

Invasive ductal carcinoma should be distinguished from 
special types of invasive carcinomas, especially those associ-
ated with exceptionally favourable prognoses, including tubu-
lar, invasive cribriform, and mucinous carcinomas. Invasive 
ductal carcinoma with extensive tubule formation may mimic 
tubular carcinoma. The diagnosis of tubular carcinoma should 
be restricted to tumours that show tubule formation in more 
than 90 % of the tumour. In tubular carcinoma, tubules are 
lined by a single layer of low-grade tumour cells. In contrast, 
well-differentiated invasive ductal carcinomas with extensive 
tubular differentiation show tubules that are lined by more 
than one layer of cells which typically show nuclear atypia. 
Metastatic carcinomas may mimic invasive ductal carcinoma. 
The presence of DCIS is good evidence for establishing the 
diagnosis of primary breast cancer. It is important to remem-
ber that some metastatic tumours may show a nested growth 
pattern mimicking in situ ductal carcinoma. Clinical history 
and immunohistochemical stains can be used to establish the 
primary versus metastatic nature of the tumour.

Fig. 12.20  Invasive ductal carcinoma. Microscopic features. Uniform distribution of sclerosis, unlike Fig. 12.19
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Fig. 12.21  Invasive ductal carcinoma. Microscopic features. (a) Invasive carcinoma with no tumour-infiltrating lymphocytes. (b) Invasive carci-
noma with extensive lymphocyte infiltration. (c) Higher magnification of (b)
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In situ ductal carcinomas involving pre-existing lesions 
with infiltrative margins such as sclerosing adenosis may 
mimic invasive ductal carcinoma. This is a particularly major 
diagnostic pitfall when only a small biopsy sample is avail-
able. The demonstration of intact myoepithelial cells or intact 
basement membranes will establish the in situ nature of the 
ductal carcinoma. Similarly, benign lesions with infiltrative 
growth patterns may mimic invasive carcinoma (see Chap. 5).

�Prognosis and Therapy Considerations

The prognosis for invasive ductal carcinoma depends on the 
stage of the disease and biomarker expression. Staging 
includes tumour size, lymph node status, and the presence or 
absence of distant metastasis. Therapy depends on the stage 
and involves a multimodality approach including surgery, 
radiation, and systemic therapy. Recently, targeted therapy 
and immunotherapy approaches have been integrated into 
clinical practice [41].

�Invasive Breast Carcinoma, Special Types

�Definition

Special types of breast carcinomas are defined based on spe-
cific morphologic features which may be associated with 

distinct biologic behaviour. These tumours collectively con-
stitute approximately 25–30 % of all invasive breast cancers. 
Probably the most important special types of invasive carci-
noma include tubular and invasive cribriform carcinomas, as 
well as mucinous carcinomas (see Chap. 6); these types are 
uniformly associated with good clinical outcomes [1, 2, 42].

�Tubular Carcinoma

�Definition
Tubular carcinoma is a well-differentiated invasive carci-
noma composed almost completely of tubules, which are 
lined by a single layer of low-grade tumour cells and have 
open lumens.

�Clinical and Epidemiological Features
Tubular carcinoma accounts for 2–10 % of all invasive breast 
cancers in published series. The wide range of reported inci-
dence reflects variations of histologic criteria (percentage of 
tubules required) to establish this diagnosis and inclusion of 
patients’ data from screening programmes, in which the 
incidence of tubular carcinoma is much higher. Tubular car-
cinoma accounts for up to 25 % of carcinomas detected by 
mammographic screening, whereas it is less than 5 % of 
breast cancers in unscreened populations [43, 44].

Although tubular carcinoma has been reported in a wide 
age range (25–80 years), the average age is 60 years, which 
is slightly older than that of invasive ductal carcinoma. Most 

Fig. 12.22  Invasive ductal carcinoma. Microscopic features. Invasive carcinoma with associated in situ ductal carcinoma component (right lower 
field). The nuclear grade is similar in both components though this may be difficult to appreciate at this magnification
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Fig. 12.23  Invasive ductal carcinoma. Microscopic features. (a) 
Lymphovascular space invasion of ductal carcinoma. Clusters of carci-
noma cells are seen in endothelium-lined spaces away from the invasive 

carcinoma. (b) Higher magnification shows the flattened endothelial 
cells lining the spaces (arrows)
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Fig. 12.24  Invasive ductal carcinoma. Microscopic features. Lower 
(a) and higher (b) magnification of invasive carcinoma showing peri-
neural invasion. Lower (c) and higher (d) magnification of another 

example of perineural invasion. Note that the malignant glands sur-
round and indent the nerve

patients present with either a palpable mass or mammo-
graphic abnormality [44, 45]. Tubular carcinoma has also 
been documented in males. About 10–20 % of patients have 
been reported with multifocal tubular carcinomas growing as 
separate foci in one or more quadrants.

�Imaging Features
Most tubular carcinomas present as irregularly shaped 
masses with spiculated margins and central density 
(Fig. 12.27a). In most cases, the spicules are longer than the 
diameter of the central lesion. Microcalcifications are pres-
ent in half of the cases. Mammographic findings may overlap 
with radial scar. Sonography reveals ill-defined and 
hypoechoic masses, with posterior acoustic shadowing seen 
in the majority of cases [45].

�Pathologic Features

Macroscopic Pathology
Most tubular carcinomas are less than 2  cm. 
Mammographically identified tumours tend to be less than 
1 cm. They form grey-white, stellate nodules (Fig. 12.27b).

Microscopic Pathology
Microscopically, these tumours are characterised by a hap-
hazard proliferation of angulated, oval, or elongated tubules 
with open lumens (Fig. 12.27c, d). The tubules have angu-
lated contours with tapering ends and are lined by a single 
layer of epithelium without a peripheral myoepithelial cell 
layer (Fig.  12.28). The nuclear grade is generally low. 
However, focal nuclear atypia and enlargement (nuclear 
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pleomorphism score of 2) may be allowed when tubular 
architecture is present throughout the tumour. The tumour 
cells have small nuclei, which resemble adjacent normal 
ductal epithelium. Individual tumour cells may form apical 
cytoplasmic snouts. Mitoses are very scant and difficult to 
find. The stroma can be fibrotic or elastotic. Infiltration of 
tubules into fat at the periphery of the tumour is commonly 
seen and is a helpful diagnostic clue in establishing the diag-
nosis. Concomitant occurrence of in situ carcinomas and epi-
thelial proliferative breast lesions such as lobular neoplasia, 

flat epithelial atypia, and columnar cell change is common 
(Figs. 12.29 and 12.30) [46]. In almost all cases, the associ-
ated DCIS is low-grade and has cribriform or micropapillary 
patterns. Microcalcifications can be associated with either 
concomitant in situ carcinomas or epithelial proliferative 
lesions. Secretory material in neoplastic tubules can undergo 
calcifications.

When the tumour has areas of invasive lobular and tubu-
lar carcinoma in different proportions, it is referred to as 
tubulolobular carcinoma; multifocality is more frequent in 
tubulolobular carcinoma than in pure tubular carcinoma 
(Fig. 12.31) [47].

The percentage of the tubular carcinoma component that 
is required to designate a tumour as pure tubular carcinoma 
has been controversial in the literature. The WHO classifica-
tion recommends that the diagnosis of tubular carcinoma is 
reserved for tumours showing more than 90 % tubule forma-

Table 12.1  Grading of invasive ductal carcinoma

Score 1 2 3

Tubule formation >75 % 10–75 % <10 %

Nuclear pleomorphism Uniform Moderate variation Marked variation

Mitotic count* Rare Occasional Abundant

*Mitotic count scores should be calibrated against the microscope high power field diameter

Table 12.2  Histological grade scoring

Grade Summary score

Grade 1 (well differentiated) 3–5

Grade 2 (moderately differentiated) 6–7

Grade 3 (poorly differentiated) 8–9
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Fig. 12.25  Invasive ductal carcinoma. Immunohistochemical features. 
Strong positivity for oestrogen receptor in a low-grade invasive ductal 
carcinoma (a). Diffuse positivity for GATA-3 (b) in the same tumour. 

High-grade invasive carcinoma (c). The same case shown in (c) is nega-
tive for oestrogen receptor (d) and focally positive for GATA-3 (e) and 
gross cystic disease fluid protein 15 (f)
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Fig. 12.26  Invasive ductal carcinoma. Immunohistochemical features. 
(a) H&E section of a (poorly differentiated) invasive ductal carcinoma. 
(b) Invasive carcinoma shows strong (3+) membrane staining for 

c-erbB-2. (c) Corresponding fluorescence in situ hybridisation shows 
increased c-erbB-2 gene copy number (red signals represent the number 
of c-erbB-2 gene copies and green signals correspond to CEP17)
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tion. Tumours showing 50–90 % tubular differentiation are 
classified as mixed, and those with less than 50 % are classi-
fied as invasive ductal carcinomas. Although the diagnosis of 
tubular carcinoma can be suggested from a needle core 
biopsy, the actual classification should be reserved to the 
final review of the entire lesion, to ensure that a non-tubular 
carcinoma component is not present. The great majority of 
tubular carcinomas are positive for oestrogen and progester-
one receptors and negative for c-erbB-2 overexpression 
(luminal A type tumours) (Fig. 12.32).

�Differential Diagnosis
The differential diagnosis includes benign, small, glandular 
proliferations of the breast, and invasive carcinomas with 
tubular growth pattern. The absence of myoepithelial cells in 
tubules is the hallmark of tubular carcinoma, in contrast to 

benign small glandular proliferations (Fig.  12.33). 
Myoepithelial cells may be highlighted by immunohisto-
chemical markers such as smooth muscle actin, smooth mus-
cle myosin, or p63. (For detailed discussion, see Chap. 5). 
Microglandular adenosis is another benign lesion that may 
mimic tubular carcinoma (Fig. 12.34). Although the lack of a 
myoepithelial layer in microglandular adenosis glands is a 
major pitfall, their small and round shapes, in contrast to the 
angulated and irregular shapes of tubular carcinoma glands, 
are helpful in distinguishing the two entities. Cells lining 
microglandular adenosis glands are positive for S100 and 
negative for oestrogen and progesterone receptors and for 
epithelial membrane antigen (EMA); tubular carcinoma cells 
are almost always positive for hormone receptors and 
EMA.  Other malignant tumours that mimic tubular carci-
noma include well-differentiated invasive ductal carcinoma 

a b

c d

Fig. 12.27  Tubular carcinoma. Radiographic, gross, and microscopic 
features. (a) Mammogram shows an irregular mass with spiculated 
margins (circled). (b) Excision of the same mass shows a grey-white 
tumour with irregular margins. (c) Microscopically, the same tumour is 

composed of well-formed tubules. (d) At higher magnification, it is 
seen that the tubules are lined by a single layer of cells having uniform 
morphologic features
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Fig. 12.28  Tubular carcinoma. Microscopic features. (a) Low magni-
fication of an infiltrative growth pattern having characteristic open 
tubules. (b) On medium magnification, some tubules show characteris-

tic teardrop shapes. (c) High magnification shows apical snouts of the 
luminal aspects of some of the cells lining the tubules

12  Invasive Carcinoma



443

a

b

Fig. 12.29  Tubular carcinoma. Microscopic features. (a) Low magnification of tubular carcinoma, showing an invasive growth pattern. The entire 
tumour displays tubular structures. (b) Higher magnification of the same tumour shows hypercellular stroma

and low-grade adenosquamous carcinoma. Tubular carci-
noma is not synonymous with invasive ductal carcinoma 
grade 1. Well-differentiated invasive ductal carcinomas have 
tubules lined by multiple cell layers, display areas of non-
tubular growth pattern, and can have more nuclear atypia. 
Low-grade adenosquamous carcinoma may have well-
formed tubules lined by low-grade tumour cells mimicking 
tubular carcinoma, but when sampled adequately, these 
tumours show solid nests and squamous differentiation even 
if they are focal. Adenosquamous carcinoma cells are typi-
cally negative for oestrogen and progesterone receptors; this 
negativity can assist in the differential diagnosis.

�Prognosis and Therapy Considerations
Tubular carcinoma generally has a low incidence of metasta-
ses to axillary lymph nodes and low recurrence rates, leading 
to a favourable prognosis [48, 49]. The prognosis of mixed 
tumours is worse than that of pure tubular carcinoma. The 
incidence of axillary metastases in tubular carcinoma ranges 
from 0 to 10 % in reported series, and the most important 
predictor of metastases is tumour size. In patients whose 
tubular carcinoma is less than 1 cm, the incidence of axillary 
metastasis is so low that some authors have suggested that 
axillary lymph node surgery can be omitted, but other authors 
have shown that axillary lymph node metastases can occur 
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Fig. 12.30  Tubular carcinoma. Microscopic features. The presence of premalignant/high-risk lesions is common adjacent to tubular carcinoma; 
columnar cell change and atypical ductal hyperplasia are seen here next to the tubular carcinoma

Fig. 12.31  Tubulolobular carcinoma. Microscopic features. This invasive carcinoma is composed predominantly of open tubules and focal, sin-
gle-cell growth patterns
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even with tumours less than 1  cm in size. In most cases, 
metastases also show a tubular carcinoma growth pattern, 
and only one to three lymph nodes are involved in almost all 
cases. The standard therapy protocol is segmental resection 
with sentinel lymph node dissection, followed by radiation 
therapy. Because the great majority of tubular carcinomas 
are positive for oestrogen and progesterone receptors, adju-
vant hormonal therapy can be administered.

�Invasive Cribriform Carcinoma

�Definition
Invasive cribriform carcinoma is an invasive, well-
differentiated carcinoma with a cribriform growth pattern 
similar to that of cribriform ductal carcinoma in situ (DCIS).

�Clinical and Epidemiological Features
Invasive cribriform carcinoma is rare, representing 0.8–3.5 
% of all invasive cancers. This tumour is closely related to 
tubular carcinoma, and a mixed tubular and invasive cribri-
form pattern is commonly seen. Because both tumours are 
associated with excellent prognosis, distinguishing these two 
components is less critical than verifying that invasive carci-
noma not otherwise specified is not present [50]. To be des-
ignated as an invasive cribriform carcinoma, more than 90 % 
of the tumour must display a cribriform pattern. If an inva-
sive carcinoma displays only tubules and cribriform islands, 
classification as either tubular or invasive cribriform carci-
noma depends on which pattern predominates. Invasive crib-
riform carcinoma has been reported in a wide age range 
(20–90 years), with the average age in the mid-50s in most 
reported series [50, 51].

a

b

Fig. 12.32  Tubular carcinoma. Immunohistochemical features. Invasive carcinoma cells show diffuse strong positivity for oestrogen receptor (a) 
and progesterone receptor (b)
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�Imaging Features
Mammographic features of invasive cribriform carcinomas 
are similar to those of other invasive breast cancers. Most 
lesions present as spiculated masses, with or without micro-
calcifications. Not uncommonly, they can also present as 
fairly well-circumscribed masses with a regular shape. 
Multifocal tumours have been reported in up to 20 % of cases 
in some series.

�Pathologic Features

Macroscopic Pathology
No specific macroscopic features associated with invasive crib-
riform carcinoma have been described. In most cases, lesions 
form stellate masses with infiltrative margins (Fig. 12.35).

Microscopic Pathology
Microscopically, invasive cribriform carcinoma is character-
ised by islands of uniform tumour cells with a cribriform 
appearance similar to that seen in cribriform DCIS.  The 
tumour nests of invasive cribriform carcinoma usually have 
irregular borders and show clear-cut stromal invasion, in 
contrast to the rounded, smooth borders of in situ cribriform 
carcinoma (Figs. 12.36, 12.37, and 12.38). The nests of inva-
sive cribriform carcinoma lack myoepithelial cells, the pres-
ence of which defines in situ cribriform carcinoma. 
Concomitant in situ carcinoma components, which fre-
quently display cribriform patterns, are present in more than 
two thirds of the cases. Calcifications can be seen in neoplas-
tic glands. Tumour cells are usually cuboidal to columnar, 
have low-grade to intermediate-grade nuclei, and typically 

a

b

Fig. 12.33  Tubular carcinoma. Immunohistochemical features. (a) 
Immunohistochemical staining for p63. Tubular carcinoma glands lack 
staining, but entrapped normal ductal structures show strong positivity, 

indicating an intact myoepithelial layer in benign ducts. (b) Higher 
magnification of (a), showing detail
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Fig. 12.34  Microglandular adenosis. Histologic features. Small glan-
dular proliferation with an infiltrative pattern may mimic tubular carci-
noma. Note the lack of cellular stroma and the round shape of glands, in 

contrast to the cellular stroma and angulated glands found in tubular 
carcinoma

a

b

Fig. 12.35  Invasive cribriform carcinoma. Gross features. (a, b) Tumour with infiltrative edges. Note the biopsy clip in the centre
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have amphophilic cytoplasm. Minor areas of tubular differ-
entiation are commonly seen. Mitotic figures are rare. The 
associated stroma usually appears cellular and reactive, 
which can be helpful in establishing the invasive nature, as in 
situ cribriform carcinomas usually do not have reactive-
appearing stroma. Invasive cribriform carcinoma is the most 
common type of breast cancer associated with stromal or 
intraluminal osteoclast-like giant cells (Figs.  12.39 and 
12.40). These cells have been described in many different 
histologic types of breast cancer and are thought to be histio-
cytic in origin, though they are not associated with a known 
biologic behaviour.

Similar to other well-differentiated breast cancers, inva-
sive cribriform carcinomas are consistently positive for oes-
trogen and progesterone receptors and negative for c-erbB-2 
overexpression (luminal A type tumours).

�Differential Diagnosis
Invasive cribriform carcinoma should be differentiated from 
cribriform DCIS and other invasive carcinomas such as 
invasive ductal carcinoma and adenoid cystic carcinoma.

Although both in situ and invasive cribriform carcinomas 
have the same cribriform growth pattern, the nests of inva-
sive cribriform carcinoma show more infiltrative edges. If 
the infiltrative edge is not present on a small biopsy speci-
men, the invasive nature of cribriform nests in invasive crib-
riform carcinoma can be confirmed by the absence of 
surrounding myoepithelial cells on immunohistochemistry. 
Invasive ductal carcinomas may have areas of cribriform 
growth pattern mimicking invasive cribriform carcinoma, 
but the tumour should almost totally show a cribriform pat-
tern in order to be classified as invasive cribriform 
carcinoma.

a b

dc

Fig. 12.36  Invasive cribriform carcinoma. Microscopic features. (a–d) Invasive carcinoma composed of cribriform structures with an infiltrative 
growth pattern. Low to high magnification of the same case
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Fig. 12.37  Invasive cribriform carcinoma. Microscopic features. (a–d) Invasive carcinoma composed entirely of structures with a cribriform pat-
tern. Low to high magnification of the same case

Adenoid cystic carcinoma can be differentiated from 
invasive cribriform carcinoma on the basis of its typical dual 
cell proliferation (Fig. 12.41). Cribriform spaces of adenoid 
cystic carcinoma characteristically contain material resem-
bling basement membrane, whereas spaces in invasive crib-
riform carcinoma are often empty. Furthermore, 
immunohistochemical staining for oestrogen and progester-
one receptors will be helpful in this differential diagnosis. 
Adenoid cystic carcinomas are positive for cKIT and p63 
and negative for oestrogen and progesterone receptors; inva-
sive cribriform carcinomas are almost always positive for 
oestrogen receptor and negative for cKIT and p63 
(Fig. 12.42) [52].

Collagenous spherulosis may superficially resemble 
invasive cribriform carcinoma, but this is usually a focal 

lesion with a lobulocentric growth pattern. Typically, the 
cribriform spaces contain basement membrane-like material 
(Fig. 12.43).

�Prognosis and Therapy Considerations
The clinical behaviour of invasive cribriform carcinoma is 
very similar to that of tubular carcinoma, with a lower inci-
dence of nodal metastases than for invasive ductal carci-
noma [50]. Segmental resection with or without 
radiotherapy and sentinel lymph node sampling are consid-
ered standard treatment. Patients with small, pure invasive 
cribriform carcinomas have an excellent prognosis, and 
some authors question the need for radiation therapy after 
complete excision.
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a

b

c

Fig. 12.38  Invasive cribriform carcinoma. Microscopic features. (a) 
Invasive carcinoma composed of large nests of uniform cells with crib-
riform patterns mimicking in situ cribriform carcinoma. The irregular, 

angulated edges of the nests indicate the invasive nature of the tumour. 
(b, c) Elongated cords and anastomosing islands of tumour cells show a 
cribriform growth pattern
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Fig. 12.39  Invasive cribriform carcinoma with osteoclast-like giant 
cells. Invasive carcinoma comprising irregular cribriform glands is seen 
within the congested stroma. Scattered osteoclast-like giant cells 

(arrows) are seen among the invading cribriform islands. Cribriform 
ductal carcinoma in situ (DCIS) is present in the left upper field

Fig. 12.40  Invasive cribriform carcinoma with osteoclast-like giant cells. High magnification shows the osteoclast-like multinucleated giant cells 
(arrows) among the invasive cribriform islands
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a

b

Fig. 12.41  Adenoid cystic carcinoma. Microscopic features. (a, b) The 
cribriform architectural pattern of adenoid cystic carcinoma may mimic 
invasive cribriform carcinoma. Adenoid cystic carcinoma glands con-

tain basement membrane-like material, whereas cribriform carcinoma 
glands are usually empty

�Carcinoma with Medullary  
Features

�Definition
As the histological characteristics of classic medullary carci-
noma are difficult to reproducibly define and recognise, the 
WHO Working Group recommends classifying these 
tumours as carcinomas with medullary features, a term that 
incorporates tumours previously categorised as medullary 
carcinoma, atypical medullary carcinoma, and invasive car-
cinoma with medullary features [53].

�Clinical and Epidemiological Features
Classic medullary carcinomas account for less than 1 % of 
breast carcinomas. Studies that report higher rates likely 
included atypical forms and invasive carcinomas with medul-
lary features. Patients tend to be younger and may present with 
palpable lumps. Some tumours are mammographically detected.

�Imaging Features
These tumours are often circumscribed and may radiologi-
cally mimic a benign lesion (Fig. 12.44). Intralesional cystic 
components due to tumour necrosis may be seen.
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Fig. 12.42  Adenoid cystic carcinoma. Histologic and immunohisto-
chemical features. (a, b) H&E staining of adenoid cystic carcinoma 
shows a cribriform pattern. (c) Tumour cells are diffusely positive for 

cKIT. (d) p63 staining highlights the presence of two cell populations 
in cribriform structures

�Pathologic Features

Macroscopic Pathology
Carcinomas with medullary features are macroscopically 
circumscribed, soft, fleshy tumours (Fig.  12.45). Cystic 
degeneration, necrosis, and haemorrhage may be seen 
(Figs. 12.46 and 12.47).

Microscopic Pathology
The histological hallmark is the presence of a prominent lym-
phoplasmacytic infiltrate intermingling with high-grade car-
cinoma cells in a sheetlike growth pattern with little 
intervening stroma. Apart from the heavy lymphoplasmacytic 
infiltrate and high nuclear grade, classic medullary carcinoma 

shows microscopic circumscription, syncytial architecture in 
more than 75 % of the tumour, and absence of tubular differ-
entiation. Mitoses, necrosis, and bizarre giant cells may be 
observed. In atypical medullary carcinoma (Figs.  12.48, 
12.49, 12.50, 12.51, 12.52, 12.53, 12.54, 12.55, 12.56, and 
12.57) and invasive carcinoma with medullary features 
(Figs. 12.58, 12.59, and 12.60), only some of these histologi-
cal parameters are present. As there is interobserver inconsis-
tency in defining the microscopic parameters, many (including 
the WHO Working Group) have opted for the encompassing 
diagnosis of carcinoma with medullary features. Receptors 
(ER, PR, c-erbB-2) are usually negative (“triple-negative”), 
and these tumours frequently show expression of basal mark-
ers and p53 (Figs. 12.61, 12.62, 12.63, and 12.64).
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Fig. 12.43  Collagenous spherulosis. Microscopic features. Lobulocentric proliferation of small glandular structures with a cribriform pattern, 
which may mimic invasive cribriform carcinoma

Fig. 12.44  Atypical medullary carcinoma shows a circumscribed, lobulated mass on ultrasonography. This lesion was thought to be possibly a 
fibroadenoma radiologically (Courtesy of Dr. Lester Leong)
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Fig. 12.45  Medullary carcinoma. Grossly, the tumour has circumscribed borders with a whitish cut surface. An area of haemorrhage is present in 
the central portion from prior needle aspiration

Fig. 12.46  Medullary carcinoma. This tumour has well-circumscribed but unencapsulated borders. There is a fleshy appearance with areas of 
haemorrhage and necrosis, the latter seen as yellowish foci in the tumour
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�Differential Diagnosis

Malignant Lymphoma
Owing to the heavy lymphoplasmacytic infiltrates, medul-
lary carcinoma may be mistaken for lymphoma and vice 
versa, especially on limited material from core biopsies. 
Though cohesion and aggregation of malignant tumour 
cells are useful clues to carcinoma, some lymphomas may 
demonstrate artefactual compartmentalisation mimicking 
carcinoma. In lymphoma, tumour cells tend to harbour 
irregular nuclear contours with clumpy to vesicular chro-
matin and ill-defined cytoplasmic borders. Malignant lym-
phoid cells permeate as diffuse sheets into surrounding 
parenchyma (Figs. 12.65, 12.66, 12.67, 12.68, 12.69, 12.70, 
12.71, and 12.72). Lymphocytic lobulitis and lymphoepi-
thelial lesions with lymphocytes in the breast epithelium 
can be observed; the latter are more commonly seen in low-
grade, marginal zone lymphomas.

Granulocytic Sarcoma
Although there is often a history of myeloid leukaemia, 
granulocytic sarcoma sometimes may precede the diagnosis 
of leukaemia. Its occurrence in the breast is exceptionally 

rare, so it is often not considered among differential diagno-
ses of a poorly differentiated malignant tumour disposed in 
diffuse sheets. Marked tumour cell nuclear irregularity and 
occasional eosinophilic metamyelocytes are helpful clues 
(Figs. 12.73, 12.74, 12.75, and 12.76). Myeloperoxidase and 
CD117 immunohistochemistry can aid diagnosis.

Intraparenchymal Lymph Node
A lymph node within the breast parenchyma that has reac-
tive hyperplasia or is involved by carcinoma may resemble 
medullary carcinoma. Resemblance to a lymph node at  
low magnification has been suggested as a useful clue for 
diagnosing classic medullary carcinoma, with its circum-
scription and dense lymphoid population. A lymph node 
shows histoanatomic compartments of cortex, medulla, cap-
sule, and sinuses, but some or all of these features may be 
obscured or effaced when there is involvement by carci-
noma. Germinal centre cells with centroblasts and centro-
cytes may be of potential concern owing to nuclear 
enlargement, but their confinement within the lymphoid fol-
licles and overall preserved nodal architecture should allow 
correct interpretation.

Fig. 12.47  Atypical medullary carcinoma. Excision biopsy shows a soft, fleshy mass with lobulated contours and a rounded nubbin protruding 
against the adjacent fibrous breast parenchyma
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Fig. 12.48  Atypical medullary carcinoma. Scanning magnification shows a relatively circumscribed, lobulated tumour with pushing contours. 
The histological counterpart of the macroscopic tumour nubbin (Fig. 12.47) is observed protruding out into the surrounding breast parenchyma

Fig. 12.49  Atypical medullary carcinoma. Closer histological view of the rounded protrusion of the tumour, which has a cellular appearance with 
paler zones corresponding to the confluent sheets of malignant cells alternating with darker areas represented by the dense inflammatory cells
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Fig. 12.50  Atypical medullary carcinoma. Broad, anastomosing trabeculae of tumour cells are seen among collections of lymphocytes

Fig. 12.51  Atypical medullary carcinoma. Bizarre and multinucleated 
tumour cells are seen among the sheets of malignant cells with mark-
edly pleomorphic vesicular nuclei with prominent nucleoli. Some of the 

multinucleated tumour giant cells are reminiscent of syncytiotropho-
blastic cells, but unlike syncytiotrophoblastic cells, these are negative 
for hCG and hPL
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Fig. 12.52  Atypical medullary carcinoma. High magnification of the multinucleated giant cells intermingling with the carcinoma cells. A mitosis 
is present (arrow). Lymphocytes and plasma cells surround malignant cells, with some extending between them

Fig. 12.53  Atypical medullary carcinoma. Low magnification shows partial encapsulation with a fibrous wall, whereas part of the tumour reveals 
irregular extensions into the surrounding fat (arrows)
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Fig. 12.54  Atypical medullary carcinoma. Some tumour cells show cytoplasmic vacuoles, which are likely degenerative in nature

Fig. 12.55  Atypical medullary carcinoma. At low magnification, a 
slight resemblance to a lymph node is seen. The tumour appears multi-
nodular, with relatively good circumscription. No DCIS is present in 
the surrounding tissue. Though most medullary carcinomas are not 

accompanied by DCIS, and its presence is used by some authors as an 
exclusion criterion for the diagnosis of classic medullary carcinoma, it 
is possible for DCIS to be rarely encountered in association with med-
ullary carcinoma
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Fig. 12.56  Atypical medullary carcinoma. Syncytial sheets of high-grade carcinoma cells with atypical mitoses are accompanied by lymphoplas-
macytic infiltrates within the tumour islands and in the intervening, scant stroma

Fig. 12.57  An axillary lymph node showing metastasis from an atypical medullary carcinoma. Anastomosing and coalescent tumour effaces a 
large portion of the node
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Fig. 12.58  Invasive carcinoma with medullary features. This tumour 
has a lobulated outline with portions of the tumour extending into adi-
pose. Lymphocytic infiltrates, though present, are less prominent, and 

there appears to be a greater amount of fibrosis meandering among the 
tumour islands

Fig. 12.59  Invasive carcinoma with medullary features. Islands of tumour cells are enveloped by lymphoplasmacytic infiltrates. The interphase 
between carcinoma islands and the stromal infiltrates is blurred, and many lymphocytes extend into the tumour as well
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Fig. 12.60  Invasive carcinoma with medullary features. Lymphocytes are seen within the tumour islands (intratumoural lymphocytes), giving an 
appearance resembling lymphoepithelial carcinoma

Fig. 12.61  Medullary and medullary-like cancers are usually triple-negative. In this illustration, the tumour cells show negative staining for oes-
trogen receptor on immunohistochemistry. Note the internal positive control represented by the benign epithelial cell nuclei (arrow)
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Fig. 12.62  Medullary carcinoma shows positive reactivity of tumour cells for the epithelial marker MNF116, highlighting the anastomosing 
syncytial trabeculae and irregular islands at low magnification. Inset shows cytoplasmic and membrane positivity of tumour cells for MNF116

Fig. 12.63  Immunohistochemistry for p53 shows diffuse, intense reactivity of tumour cell nuclei in medullary carcinoma. Inset shows a higher 
magnification of the positively stained nuclei
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Fig. 12.64  Invasive carcinoma with medullary features. There is positive reactivity for the basal marker CK14 in the tumour cells. Carcinomas 
with medullary features often express the basal phenotype with expression of basal markers and p63

Fig. 12.65  Diffuse large B-cell lymphoma. At low magnification, this incisional biopsy specimen from a breast mass may evoke consideration of 
a medullary-like carcinoma

Invasive Breast Carcinoma, Special Types



466

Fig. 12.66  Diffuse large B-cell lymphoma. At higher magnification, tumour cells occur in sheets with vesicular nuclei that have irregular nuclear 
contours. Mitoses, apoptosis, and karyorrhexis are seen

Fig. 12.67  Diffuse large B-cell lymphoma. High magnification shows malignant lymphoid cells with nuclear vesicularity and distinct nucleoli. 
Some of the nuclei are bent and show grooves. Small admixed lymphocytes with dense nuclei are present
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Fig. 12.68  Diffuse large B-cell lymphoma. Immunohistochemistry shows negative staining of the malignant cells for the epithelial marker 
MNF116

Fig. 12.69  Diffuse large B-cell lymphoma. Diffuse and intense staining of the tumour cells for leukocyte common antigen (LCA) confirms a 
lymphoid origin
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Fig. 12.70  Diffuse large B-cell lymphoma. As with LCA, there is diffuse and strong reactivity for the B-cell marker CD20, indicating a B-cell 
immunophenotype and supporting the diagnosis of a diffuse large B-cell lymphoma, the commonest type of lymphoma encountered in the breast

Fig. 12.71  Diffuse large B-cell lymphoma. CD3 immunohistochemistry highlights admixed reactive T cells, which are smaller than the malignant 
B cells
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Fig. 12.72  Diffuse large B-cell lymphoma. A high proliferative fraction is seen on Ki67 labelling, as expected in diffuse large B-cell lymphoma

Fig. 12.73  Granulocytic sarcoma consists of diffuse sheets of tumour cells, which may show artefactual aggregation and compartmentalisation 
by narrow collagen strands separating the groups of malignant cells
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Fig. 12.74  Granulocytic sarcoma. High magnification shows tumour 
cells with elongated, irregular nuclei and scant cytoplasm. Sometimes, 
a slightly eosinophilic hue may be observed in the cytoplasm of tumour 

cells. Eosinophilic metamyelocytes (not seen in this case) may be a 
helpful clue to the diagnosis

LCA CD20

CD3

Fig. 12.75  Granulocytic sarcoma. Immunohistochemistry shows patchy reactivity for LCA, but both CD3 (T-cell marker) and CD20 (B-cell 
marker) are negative in the tumour cells
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Fig. 12.76  Granulocytic sarcoma shows diffuse staining for CD117

�Prognosis and Therapy Considerations
Though originally considered to have a better prognosis than 
invasive ductal carcinoma, problems with accurately defin-
ing classic medullary carcinoma have led to variable reports 
of its clinical behaviour, with most cases currently being 
treated as grade 3, triple-negative breast cancers. The pres-
ence of lymphoplasmacytic infiltrates, also referred to as 
tumour-infiltrating lymphocytes, may confer an improved 
prognosis for these tumours [54]. There is an association 
between carcinomas with medullary features (including clas-
sic medullary carcinoma) and underlying BRCA1 germline 
mutations [55].

�Metaplastic Carcinoma

�Definition
Metaplastic carcinomas are a heterogeneous group of breast 
tumours characterised by differentiation of neoplastic  
epithelial elements into squamous, mesenchymal, or 
mesenchymal-looking components [56]. Several terms have 
been used to describe metaplastic carcinomas, including sarco-
matoid carcinoma, carcinosarcoma, carcinoma with pseudo-
sarcomatous stroma, and matrix-producing breast carcinoma. 

Currently, the WHO 2012 classification [56] divides metaplas-
tic carcinoma into the following descriptive categories:

•	 Low-grade adenosquamous carcinoma
•	 Fibromatosis-like metaplastic carcinoma
•	 Squamous cell carcinoma
•	 Spindle cell carcinoma
•	 Carcinoma with mesenchymal differentiation
•	 Myoepithelial carcinoma

�Clinical and Epidemiological Features
Metaplastic carcinomas account for less than 5 % of breast 
carcinomas, with varying incidence rates depending on 
definition. Clinical and epidemiological features are similar 
to those of hormone receptor negative invasive ductal carci-
nomas which are negative for hormone receptors.

�Imaging Features
Metaplastic carcinomas tend to be large, lobulated masses 
with partially well-defined and ill-defined margins on imag-
ing. Calcific ossifications may be present. Sonography may 
show cystic areas within the masses that are due to necrosis 
or haemorrhage (Fig. 12.77).
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Fig. 12.77  Metaplastic breast carcinoma on ultrasonography shows a slightly ill-defined oval mass measuring 24 × 19 × 12 mm at the 12 o’clock 
position of the right breast, containing a cystic component (Courtesy of Dr. Lester Leong)

�Pathologic Features

Macroscopic Pathology
Metaplastic carcinomas appear macroscopically like other 
invasive breast carcinomas, often displaying irregular bor-
ders (Figs. 12.78, 12.79, and 12.80). Some may be grossly 
circumscribed with central softening, whereas those with 
squamous differentiation can be cystic.

Microscopic Pathology
Histological appearances depend on the type of metaplastic 
carcinoma described in the WHO classification.

Low-Grade Adenosquamous Carcinoma
Low-grade adenosquamous carcinoma is composed of small, 
solid nests and irregular, angulated epithelial tubules associ-
ated with squamous differentiation, which may be subtle, 
appearing as squamous whorls formed by polygonal cells 
with hardened eosinophilic cytoplasm, or may appear as more 
obvious squamous islands with keratinisation [57]. These epi-
thelial islands permeate the stroma between breast lobules 
and may merge with abnormal spindle cells. A lymphocytic 
infiltrate is often found at the tumour periphery (Figs. 12.81, 
12.82, 12.83, 12.84, 12.85, and 12.86). Immunohistochemistry 
shows positive reactivity of tumour cells for p63 and high-
molecular-weight keratins (Figs.  12.87, 12.88, 12.89, and 

12.90) [58, 59]. Hormone receptors and c-erbB-2 are usually 
negative. There is an association with radial sclerosing 
lesions, papilloma, and adenomyoepithelioma [60–62].

Fibromatosis-Like Metaplastic Carcinoma
Fibromatosis-like metaplastic carcinoma is a histologically 
and biologically low-grade tumour that closely resembles 
fibromatosis. It consists of long, intersecting fascicles of 
spindle cells with banal, slender nuclei within a variably col-
lagenous and myxoid background, extending between breast 
lobules. Squamous differentiation may be present. High-
grade features are absent (Figs.  12.91, 12.92, 12.93, and 
12.94). Immunohistochemically, basal keratins and p63 dec-
orate the spindle cells, although this staining may sometimes 
be focal (Figs. 12.95, 12.96, and 12.97). These tumours are 
triple-negative.

Squamous Cell Carcinoma (Invasive Carcinoma 
with Squamous Differentiation)
Invasive squamous cell breast carcinoma is usually of under-
lying ductal subtype, with variable extent of squamous 
differentiation featuring pavemented tumour islands with 
squamous whorls, keratinisation, and intercellular bridges. 
Extensive squamous differentiation may be associated with 
cystic degeneration (Figs.  12.98, 12.99, 12.100, 12.101,  
and 12.102). A desmoplastic stromal response is seen,  
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sometimes with foreign-body, giant-cell reaction to kerati-
nous debris. Often, squamous components merge with spin-
dle cell elements. The acantholytic variant of squamous cell 
carcinoma can resemble angiosarcoma. It is noted that med-

ullary carcinoma may sometimes disclose focal squamous 
areas [56]. Though primary squamous cell carcinoma of the 
breast has been described, its diagnosis requires exclusion of 
a primary skin lesion and metastases from elsewhere.

Fig. 12.78  Metaplastic carcinoma with squamous differentiation. 
Mastectomy specimen sliced to show an irregular, whitish-yellow 
tumour (black arrows), which microscopically demonstrated an inva-

sive ductal carcinoma with squamous differentiation. A haematoma is 
present in the left field (white arrow)

Fig. 12.79  Metaplastic carcinoma. Gross appearance of a metaplastic 
carcinoma with squamous and chondroid differentiation, involving the 
nipple and ulcerating through its surface. The cut surface of the tumour 

has a whitish-yellow, slightly myxoid appearance with areas of haemor-
rhage and cystic degeneration
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Fig. 12.81  Low-grade adenosquamous carcinoma. Low magnification shows patchy collections of lymphocytes among scattered breast ducts and 
lobules within fibrosclerotic stroma

Fig. 12.80  Metaplastic carcinoma. In this circumscribed tumour, which shows chondroid areas histologically, there is a lobulated appearance on 
cut section, with areas of haemorrhage
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Fig. 12.82  Low-grade adenosquamous carcinoma. Irregular nests and strands of relatively bland epithelial cells are seen within the fibrosclerotic 
stroma

Fig. 12.83  Low-grade adenosquamous carcinoma. Higher magnification of the epithelial islands, which show elongated cells at the periphery of 
the nests, appearing to merge into the stroma
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Fig. 12.85  Low-grade adenosquamous carcinoma. Squamoid cells with eosinophilic cytoplasm are observed within the fibrosclerotic stroma 
(arrows). Plump spindle cells are also seen

Fig. 12.84  Low-grade adenosquamous carcinoma. A whorled epithe-
lial nest is seen, together with tubules lined by cuboidal and polygonal 
cells that blend into the surrounding cellular stroma, which contains 

plump spindle cells. Mitoses are seen (arrows). Some of the spindle 
cells seem to align themselves around the epithelial tubules and nests, 
giving a whorled lamellar-like appearance
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Fig. 12.86  Low-grade adenosquamous carcinoma. Pavemented squamous epithelial islands show irregular borders and tonguelike extensions into 
the stroma

Fig. 12.87  Low-grade adenosquamous carcinoma. Immunohistochemistry with CK5/6 reveals many more epithelial strands and angulated nests 
than are seen on H&E microscopy, invading the stroma between benign breast lobules
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Fig. 12.89  Low-grade adenosquamous carcinoma. Keratinised squamous islands are stained with the high-molecular-weight keratin CK5/6. The 
lower panel shows the permeative nature of tumour islands stained positively with CK5/6

Fig. 12.88  Low-grade adenosquamous carcinoma. Medium magnification shows epithelial nests and cords permeating the stroma, highlighted by 
CK5/6. Some of the abnormal epithelial nests are difficult to detect, appearing inconspicuous on the H&E section
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Fig. 12.90  Low-grade adenosquamous carcinoma. Immuno
histochemistry for p63 highlights positively staining epithelial nests 
and spindle cells diffusely infiltrating the interlobular stroma. In con-
trast, squamoid nests that can be observed in benign conditions such as 

radial sclerosing lesions are limited to the centre or are contained within 
the lesion, without significant involvement of, or extension into, adja-
cent parenchyma

Fig. 12.91  Fibromatosis-like metaplastic carcinoma. Low magnification of the tumour shows a spindle cell neoplasm with entrapped adipocytes 
at the periphery. A few scattered benign glands are seen within the tumour
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Fig. 12.93  Fibromatosis-like metaplastic carcinoma. Although most of the spindle cells show bland nuclear features, occasional scattered cells 
may have larger nuclei

Fig. 12.92  Fibromatosis-like metaplastic carcinoma. Broad, sweeping fascicles of spindle cells are seen within a collagenous background
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Fig. 12.94  Fibromatosis-like metaplastic carcinoma. More epithelioid nests and a squamous whorl (arrow) are seen

Fig. 12.95  Fibromatosis-like metaplastic carcinoma shows positive immunohistochemical staining of the spindle cells for MNF116
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Fig. 12.97  Fibromatosis-like metaplastic carcinoma. High magnification shows nuclear and cytoplasmic staining for beta-catenin

Fig. 12.96  Fibromatosis-like metaplastic carcinoma. Spindle cells show positive cytoplasmic and nuclear staining for beta-catenin, which there-
fore cannot be relied on  as the sole criterion to distinguish the tumour from fibromatosis
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Fig. 12.98  Invasive ductal carcinoma with squamous differentiation. Irregular branching glands show squamous islands. The stroma is 
desmoplastic

Fig. 12.99  Invasive ductal carcinoma with squamous differentiation. High magnification shows squamous cells with ample pink cytoplasm 
within malignant glands and also occurring as small nests within desmoplastic stroma
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Fig. 12.100  Metaplastic squamous carcinoma shows cystic change. The central part of the tumour shows cystic degeneration. Cellular tumour 
with haemorrhage is seen in the wall

Fig. 12.101  Metaplastic squamous carcinoma shows abnormal spindle and epithelioid cells within the wall, with bizarre hyperchromatic nuclei 
and discernible mitoses (arrows)
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Fig. 12.102  Metaplastic squamous carcinoma shows squamous islands composed of polygonal cells with pleomorphic vesicular nuclei and pink 
cytoplasm. Bizarre epithelioid tumour cells are also seen

Spindle Cell Carcinoma
This tumour is composed predominantly of malignant spin-
dle cells with moderate to marked nuclear pleomorphism and 
readily discerned mitoses, arranged in intersecting fascicles 
and storiform patterns (Figs.  12.103, 12.104, 12.105, and 
12.106). Focal squamous differentiation, epithelioid nested 
foci, and DCIS may be present. Spindle cell carcinoma is 
histologically indistinguishable from myoepithelial carci-
noma, and both tumours are classified in the same category 
[56, 63]. An inflammatory infiltrate may accompany the 
malignant spindle cells. Immunohistochemically, p63 and 
high-molecular-weight keratins are expressed, though this 
expression may be focal. Presence of DCIS in a malignant 
spindle cell tumour should strongly favour the diagnosis of 
spindle cell carcinoma.

Metaplastic Carcinoma with Mesenchymal Differentiation
The mesenchymal component seen in these tumours includes 
chondroid, osteoid, rhabdomyoid, and (rarely) neuroglial 
elements (Figs. 12.107, 12.108, and 12.109). Carcinoma is 
often identifiable, but sometimes the tumour may consist 
only of malignant mesenchymal tissues. Matrix-producing 
carcinoma belongs to this category. Like other metaplastic 
breast carcinomas, these tumours are often triple-negative, 
expressing p63 and basal keratins.

Mixed Metaplastic Carcinoma
This tumour consists of multiple different elements, all of 
which should be mentioned and described in the report.

�Differential Diagnosis

Syringomatous Tumour
The syringomatous tumour bears close histological resem-
blance to the low-grade adenosquamous carcinoma [64]. The 
key difference is the location of the syringomatous tumour in 
the nipple-areolar region, whereas the low-grade adenosqua-
mous carcinoma occurs within the breast parenchyma.

Radial Sclerosing Lesion
Low-grade adenosquamous carcinoma may be associated 
with sclerosing lesions, and distinction from a benign radial 
sclerosing lesion may be challenging, as the latter can also 
harbour squamoid foci within its midst (Figs. 12.110, 12.111, 
12.112, and 12.113). However, low-grade adenosquamous 
carcinoma shows epithelial nests with squamoid features 
extending between lobules, beyond the boundaries of the 
radial sclerosing lesion. Care must be taken in interpreting 
keratin expression patterns of these lesions [65].

Fibromatosis
The close resemblance between low-grade fibromatosis-like 
metaplastic carcinoma and fibromatosis causes a diagnostic 
challenge. The finding of a fibromatosis-like lesion in the 
breast warrants exclusion of a fibromatosis-like metaplastic 
carcinoma. Apart from occasional more epithelioid cells and 
focal squamous areas in fibromatosis-like metaplastic carci-
noma, immunohistochemical expression of keratins and p63 
is helpful in confirming the diagnosis of carcinoma.
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Fig. 12.104  Spindle cell carcinoma shows malignant spindle and epithelioid cells within an oedematous and myxoid stroma

Fig. 12.103  Spindle cell carcinoma. In this tumour, the spindle cells show high nuclear grade features with hyperchromasia and marked 
pleomorphism
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Fig. 12.105  Spindle cell carcinoma. Malignant spindle cells show brisk mitotic activity

Fig. 12.106  Spindle cell carcinoma. Malignant spindle cells merge 
with carcinoma islands (right field with necrosis). The presence of 
unequivocal in situ and/or invasive carcinoma components supports the 

diagnosis of metaplastic carcinoma in a malignant spindle cell tumour. 
Immunohistochemistry to demonstrate the expression of keratins can 
also be used for confirmation
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Fig. 12.108  Metaplastic carcinoma with chondroid areas. Anastomosing carcinoma islands (right field) are juxtaposed to a chondroid island (left 
field)

Fig. 12.107  Metaplastic carcinoma with mesenchymal elements and matrix production. At low magnification, the tumour has a relatively rounded 
appearance with lobulated outlines
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Fig. 12.109  Metaplastic carcinoma with chondroid areas. The chondroid component shows chondroblasts, some occurring within lacunae

Fig. 12.110  Radial sclerosing lesion on core biopsy. Low magnification shows radiating ducts emanating from a central core, giving a pseudo-
infiltrative pattern and mimicking an invasive carcinoma
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Fig. 12.111  Radial sclerosing lesion shows small epithelial nests in its nidus, associated with mild, chronic inflammation. These islands are con-
fined to the centre and within the periphery of the lesion

Fig. 12.112  Radial sclerosing lesion. Squamoid nests are seen adja-
cent to ducts displaying usual ductal hyperplasia. Together with the 
pseudo-infiltrative pattern, the appearance can be mistaken for low-

grade adenosquamous carcinoma, but these squamoid nests are limited 
to the radial sclerosing lesion and do not show a diffusely permeative 
nature beyond the general confines of the lesion
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Fig. 12.113  Radial sclerosing lesion. Small nests of epithelial cells are surrounded by spindled stromal cells, accompanied by mild, chronic 
inflammation

IgG4-Associated Sclerosing Mastitis
IgG4-associated sclerosing mastitis is accompanied by 
fibrosclerotic stroma with chronic inflammation that features 
lymphoplasmacytic infiltrates, with the plasma cells express-
ing predominantly IgG4 (Figs.  12.114 and 12.115). Low-
grade adenosquamous carcinoma can also display 
fibrosclerotic stroma with accompanying lymphocytic aggre-
gates, but plasma cells are not particularly prominent and do 
not express IgG4. The key difference is the presence of per-
meative squamoid/squamous nests and tubules in low grade 
adenosquamous carcinoma.

Pleomorphic Adenoma
The pleomorphic adenoma is a benign epithelial-myoepithe-
lial tumour with histological features similar to its salivary 
gland counterpart. Due to the presence of chondromyxoid 
material, it may be mistaken for matrix producing metaplas-
tic carcinoma (Fig. 12.116).

Phyllodes Tumour
Borderline and malignant phyllodes tumour with stromal 
overgrowth may resemble a spindle cell metaplastic carci-
noma. The presence of epithelium-lined stromal fronds and 
an absence of keratins in the spindle cells indicate a phyllodes 
tumour. It is important to note that phyllodes tumours, espe-
cially the malignant variety, may disclose keratins and p63 in 
stromal cells on immunohistochemistry, although this phe-

nomenon tends to be patchy and focal [66, 67]. The infre-
quent though possible occurrence of in situ and invasive 
carcinoma within a phyllodes tumour may raise further 
debate on the appropriate categorisation of the tumour in this 
situation [68].

Breast Sarcoma
Primary breast sarcoma (Figs. 12.117 and 12.118), a rare tumour 
in the breast, is a diagnosis of exclusion after metaplastic carci-
noma and phyllodes tumour have been ruled out [69].

�Prognosis and Therapy Considerations
Prognosis depends on the type of metaplastic breast carci-
noma, with low-grade adenosquamous and fibromatosis-like 
metaplastic carcinomas behaving more indolently. Metaplastic 
carcinomas may not respond to adjuvant chemotherapy and 
have a worse prognosis than other triple-negative breast can-
cers. They have a tendency to metastasize to the brain and 
lung in the absence of axillary nodal involvement [56].

�Adenoid Cystic Carcinoma

�Definition
Adenoid cystic carcinoma is an uncommon breast malig-
nancy that accounts for less than 0.1 % of all breast carcino-
mas [70]. It is histologically similar to adenoid cystic 
carcinoma of the salivary gland, lung, and skin.
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Fig. 12.115  IgG4-associated sclerosing mastitis. Lymphocytic aggre-
gates are prominent in this condition, similar to the lymphoid collec-
tions accompanying low-grade adenosquamous carcinoma. In IgG4 
disease, however, there is extensive sclerosis of the parenchyma, with 

effacement of lobules and ducts. Immunohistochemistry confirms the 
predominance of IgG4-expressing plasma cells among the inflamma-
tory infiltrates

Fig. 12.114  IgG4-associated sclerosing mastitis. Low magnification shows a nodular sclerotic lesion with lymphoid aggregates
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Fig. 12.117  Sarcoma. Sheets of pleomorphic cells are seen invading the fibrofatty breast parenchyma, accompanied by haemorrhage

Fig. 12.116  Pleomorphic adenoma. (a) Low magnification shows a 
relatively circumscribed tumour border, with epithelial islands within a 
myxoid matrix. A few benign ducts are seen in the adjacent breast tis-
sue. (b) High magnification shows branching epithelial islands within a 
myxoid matrix containing slender elongated myoepithelial cells. 

Presence of mild nuclear atypia and occasional mitotic activity in the 
epithelial component can raise concern for a matrix producing meta-
plastic carcinoma, especially in limited samples such as those obtained 
on core biopsy

a b

�Clinical and Epidemiological Features
Women ranging from 25 to 80 years of age are affected, with 
most diagnosed in the postmenopausal years. Symptoms 
include pain, tenderness, and nipple discharge. Half the 
tumours reside in a subareolar location.

�Imaging Features
Mammography shows either a well-defined lobulated mass 
or a more ill-defined lesion associated with distortion 
(Fig.  12.119). Some tumours can be mammographically 
occult.
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Fig. 12.118  Sarcoma. High magnification shows anaplastic cells with 
mitoses. A few osteoclastic-type giant cells are also seen (arrows). 
Sarcoma in the breast is a diagnosis of exclusion. Metaplastic carci-

noma and malignant phyllodes tumour must be ruled out. In this case, 
keratins and p63 were negative on immunohistochemistry, and no phyl-
lodal areas were found after thorough sampling

Fig. 12.119  Mammography of adenoid cystic carcinoma. The breast shows an opacity in this right mediolateral oblique view. The opacity has a 
slightly lobulated appearance. Inset shows the ultrasound appearance of the opacity, which is hypoechoic and has posterior acoustic shadows
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�Pathologic Features

Macroscopic Pathology
Tumours range in size from microscopic to large, symptom-
atic masses of 12 cm. They may appear greyish-white, cir-
cumscribed, and nodular with occasional cystic areas, or 
they may be less well defined, with irregular borders 
(Figs. 12.120 and 12.121).

Microscopic Pathology
Adenoid cystic carcinoma is an invasive epithelial–myoepi-
thelial tumour, histologically characterised by large, coales-
cent, cribriform islands harbouring spaces (pseudolumens) 

containing watery, basophilic mucopolysaccharides and 
thicker, eosinophilic basement membrane material, both 
secreted by myoepithelial cells (Figs. 12.122, 12.123, 12.124, 
12.125, and 12.126). True lumens surrounded by luminal 
epithelial cells are also present. Loose myxoid stroma  
surrounds the cribriform islands. Tubules, anastomosing tra-
beculae, and solid nests may also be seen. Squamous and 
sebaceous metaplasia, and adenomyoepitheliomatous areas, 
may be observed (Figs. 12.127, 12.128, and 12.129). Some 
tumours are composed of solid, basaloid nests (Figs. 12.130, 
12.131, and 12.132). Immunohistochemically, adenoid cystic 
carcinoma is most often negative for hormone receptors and 
c-erbB-2 (triple-negative), with positive staining for p63, 

Fig. 12.120  Adenoid cystic carcinoma. Gross appearance shows a whitish-beige tumour with ill-defined borders and some whitish streaks

Fig. 12.121  Adenoid cystic carcinoma. The tumour shows a slightly myxoid quality on its cut surface
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Fig. 12.122  Adenoid cystic carcinoma. At low magnification, cribri-
form tumour islands with spaces containing both pale, thin, bluish-grey 
material and more viscid pink substances are present. Smaller nests of 

irregular tubules and elongated strands of tumour cells are seen within 
the stroma. The stroma shows a loose, slightly myxoid quality around 
the large cribriform islands

Fig. 12.123  Adenoid cystic carcinoma. Higher magnification shows irregular cribriform contours with tubules within a myxoid matrix. Bluish-
grey watery material is seen within several cribriform lumens
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Fig. 12.124  Adenoid cystic carcinoma. (a) Adenoid cystic carcinoma 
shows two types of lumens: pseudolumens, which are lined by myoep-
ithelial-type cells and contain watery, pale bluish-grey material and 
thicker, pink, basement membrane substance, and true lumens, which 
are rimmed by luminal-type epithelial cells. The true lumens are less 

conspicuous than the pseudolumens. (b) Pseudolumens containing 
watery myxoid substance (white arrows indicate some pseudolumens) 
and true lumens lined by cuboidal luminal type epithelial cells (black 
arrows) are present

a

b
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Fig. 12.125  Perineural invasion in adenoid cystic carcinoma. Perineural invasion is encountered in the breast less frequently than in adenoid 
cystic carcinoma of the salivary gland

Fig. 12.126  Islands of adenoid cystic carcinoma. Both thin, pale, watery mucopolysaccharide and thick, pink, basement membrane materials are 
seen
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Fig. 12.127  Adenoid cystic carcinoma with a focal adenomyoepitheliomatous area embedded in its midst. At scanning magnification, confluent 
cribriform islands appear to radiate out from a central tubular zone corresponding to the adenomyoepitheliomatous area

Fig. 12.128  Adenoid cystic carcinoma shows an adenomyoepithelio-
matous area in its midst, featuring a lattice of tubules rimmed by a bal-
anced proliferation of both luminal and myoepithelial cells. A gradual 

transition to recognisable adenoid cystic carcinoma foci with cribriform 
structures and luminal spaces containing mucopolysaccharides is seen
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Fig. 12.129  Higher magnification of adenoid cystic carcinoma (right) juxtaposed to adenomyoepithelioma areas (left)

Fig. 12.130  Adenoid cystic carcinoma with solid basaloid features. Small nests and irregular islands of basaloid cells with dense nuclei and scant 
cytoplasm infiltrate the fibroadipose breast stroma
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Fig. 12.131  Adenoid cystic carcinoma with solid basaloid features. Irregular tumour islands show some spaces containing myxoid material.  
A semblance of peripheral regimentation of tumour cells is seen

Fig. 12.132  Adenoid cystic carcinoma with solid basaloid features shows diffuse immunohistochemical reactivity for CD117
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high-molecular-weight keratins (CK5/6, CK14, CK17), 
smooth muscle actin (SMA), and SMMHC in the myoepithe-
lial component; CK7 is useful in identifying the luminal epi-
thelial cells, especially in lesions that are predominantly solid 
or basaloid (Figs.  12.133, 12.134, 12.135, 12.136, 12.137, 
12.138, and 12.139). CD117, Cam5.2, and EMA also deco-
rate the luminal cells [71]. Rarely, adenoid cystic carcinoma 
may coexist with other invasive cancer subtypes (Figs. 12.140 
and 12.141). Though it is triple-negative, its mutational bur-
den and repertoire more closely resemble those of salivary 
gland adenoid cystic carcinoma than those of other triple-
negative breast cancers [72]. The translocation t(6;9)(q22-
23;p23-24), which generates fusion transcripts involving the 
genes MYB and NFIB, is seen in more than 90 % of cases [70].

�Differential Diagnosis

Collagenous Spherulosis
Adenoid cystic carcinoma usually presents with a mass, 
whereas collagenous spherulosis is more often an incidental 
microscopic lesion discovered in normal breast tissue or in 
association with other lesions such as usual ductal hyperpla-
sia or intraductal papilloma. Collagenous spherulosis may 
also be detected as radiological calcifications, which histo-
logically occur within the pseudolumens (Fig.  12.142, 

12.143, 12.144, 12.145, and 12.146). It is reported that 
CD117 is not expressed in collagenous spherulosis [73]. 
Myoepithelial cells with positive reactivity for p63 and high-
molecular-weight keratins rim the pseudolumens of collage-
nous spherulosis.

Cribriform Ductal Carcinoma In Situ
DCIS with cribriform architecture, which is usually of low to 
intermediate nuclear grade, resembles adenoid cystic carci-
noma (Figs. 12.147, 12.148, 12.149, 12.150, and 12.151). It 
differs however, in its pure luminal epithelial neoplastic pop-
ulation with diffuse reactivity for oestrogen receptor and 
diminished or absent staining for high-molecular-weight 
keratins (Table 12.3). Myoepithelial cells are seen only at the 
periphery of the cribriform islands, reflecting its non-invasive 
nature.

Invasive Cribriform Carcinoma
The morphological appearance of invasive cribriform carci-
noma is similar to that of cribriform DCIS, but it shows more 
irregular contours and an absence of rimming myoepithelial 
cells (Figs. 12.152, 12.153, 12.154, and 12.155). The stroma 
tends to be desmoplastic, whereas in adenoid cystic carci-
noma, the stroma shows myxoid change around the cribri-
form islands.

Fig. 12.133  Adenoid cystic carcinoma shows negative staining for oestrogen receptor. (Note the positive internal control with stained nuclei in 
adjacent breast ductules) Progesterone receptor and c-erbB-2 are also negative (triple-negative)
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Fig. 12.134  Adenoid cystic carcinoma. Rarely, there may be oestrogen receptor positivity, with tumour cell nuclei being highlighted. Inset shows 
positively stained tumour nuclei rimming pseudolumens containing mucopolysaccharide

Fig. 12.135  Adenoid cystic carcinoma. Smooth muscle actin (SMA) decorates some of the tumour cells
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Fig. 12.136  Adenoid cystic carcinoma. CK14 is usually positive, with diffuse reactivity of tumour cells; a few smaller clusters of cells show more 
intense staining

Fig. 12.137  Adenoid cystic carcinoma. CK14 immunohistochemistry stains the myoepithelial cells which comprise the majority of the tumour 
cell population
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Fig. 12.138  Adenoid cystic carcinoma. High magnification of CK14 immunohistochemistry shows decoration of myoepithelial cells, with nega-
tively stained cells representing luminal cells surrounding true lumens

Fig. 12.139  Adenoid cystic carcinoma shows p63 nuclear staining of tumour cells. Inset shows higher magnification of the positively stained 
nuclei
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Fig. 12.140  Adenoid cystic carcinoma can coexist with other invasive carcinoma subtypes; in this case, an invasive lobular carcinoma is seen in 
the upper field (arrow), and adenoid cystic carcinoma is present in the lower field

Fig. 12.141  Adenoid cystic carcinoma coexisting with invasive lobu-
lar carcinoma. Linear cords of classic invasive lobular carcinoma cells 
are present within the fibrous stroma, with diffuse oestrogen receptor 

positivity (upper half). Typical histological appearances of cribriform 
islands in adenoid cystic carcinoma are also observed (lower half)

ER
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Fig. 12.142  Collagenous spherulosis. Several ducts show a cribriform 
proliferation with pale, thin material within the spaces, accompanied by 
calcifications. The pale, thin material has a pink, membranous rim. The 

intervening stroma shows relatively compact collagen, without any 
myxoid oedema

Fig. 12.143  Collagenous spherulosis. Higher magnification shows dilated spaces filled with thin, pale, bluish-grey material and a pink, layered 
rim
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Fig. 12.144  Collagenous spherulosis with lobular neoplasia. When 
lobular neoplasia colonises ducts with collagenous spherulosis, the 
resemblance to malignancy is exacerbated. Clues to the correct diagno-

sis are the presence of adjacent recognisable lobular neoplasia and the 
usually limited nature of the lesion

Fig. 12.145  Collagenous spherulosis with lobular neoplasia. At higher magnification, ducts with cribriform spaces show delicate and flimsy, thin, 
basement membrane strands. Discohesive cells representing lobular neoplastic cells are seen replacing the epithelial cell population

12  Invasive Carcinoma



509

Fig. 12.146  Collagenous spherulosis with lobular neoplasia. 
E-cadherin immunohistochemistry shows loss of staining in the lobular 
neoplastic cells; staining is retained in the residual luminal and myoepi-

thelial cells. Inset shows the negatively staining lobular neoplastic cells 
at higher magnification, with small collections of positively reacting 
epithelial and myoepithelial cells

Fig. 12.147  Cribriform DCIS. Expanded ducts with rounded contours show a monotonous epithelial population forming well-defined luminal 
spaces. The epithelial cells show orientation or polarisation around the luminal spaces
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Fig. 12.148  Cribriform DCIS. Expanded ducts show a cribriform architecture with well-defined, punched-out, rounded luminal spaces. Stromal 
collagen is compact. The cribriform pattern is one of several architectures of DCIS. It has no predictive significance on its own

Fig. 12.149  Cribriform DCIS. High magnification shows luminal 
spaces formed by neoplastic epithelial cells with the apical borders  
facing the lumens, also referred to as cell polarisation. Cribriform DCIS 
is often of low to intermediate nuclear grade, but high-grade varieties 

are also observed. Calcifications are sometimes seen in the luminal 
spaces, where secretions form the nidus for the psammomatous calci-
fied deposits
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Fig. 12.150  Cribriform DCIS shows diffuse and intense nuclear reactivity for oestrogen receptor on immunohistochemistry

Fig. 12.151  Cribriform DCIS shows preserved myoepithelial cells with immunohistochemical staining for CK14. The neoplastic epithelial cells 
are negative, reflecting their clonal luminal nature - luminal epithelial cells are negative for high molecular weight keratins such as CK14
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Fig. 12.152  Invasive cribriform carcinoma. In contrast to cribriform DCIS, with its rounded contours of lesional ducts, invasive cribriform carci-
noma shows anastomosed cribriform islands with irregular outlines and angulated, tonguelike protrusions into a desmoplastic stroma

Fig. 12.153  Invasive cribriform carcinoma. Higher magnification shows irregular and confluent cribriform islands invading a loose, desmoplastic 
stroma
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Fig. 12.154  Invasive cribriform carcinoma shows diffuse and intense nuclear reactivity for oestrogen receptor

Fig. 12.155  Invasive cribriform carcinoma. CK14 immunohistochemical staining shows an absence of myoepithelial cells around the invasive 
cribriform islands
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Small Cell Carcinoma
The solid variant of adenoid cystic carcinoma with basaloid 
features may resemble small cell carcinoma. Small cell car-
cinoma shows nuclear moulding and scant cytoplasm with 
high nuclear–cytoplasmic ratios, as well as frequent mitoses 
and karyorrhexis (Fig.  12.156). Immunohistochemically, 
neuroendocrine differentiation can be demonstrated in small 
cell carcinoma.

Invasive Carcinoma with Basaloid Features
Invasive carcinoma with basaloid features can resemble the 
solid variant of adenoid cystic carcinoma, especially when 
tumour cells show hyperchromatic nuclei with high nuclear–
cytoplasmic ratios and produce mucopolysaccharides, as in 
some forms of matrix-producing carcinomas that are also 
triple-negative (Figs. 12.157 and 12.158).

�Prognosis and Therapy Considerations
Adenoid cystic carcinoma generally has an excellent prog-
nosis. It has been suggested that this tumour can be treated 
with wide excision alone, but many institutions manage 
adenoid cystic carcinomas as conventional breast cancers, 
with adjuvant radiation after excision. The solid variant 
with basaloid features may be more aggressive in behav-
iour, with a greater propensity for axillary nodal metastasis 
[74]. Survival rates are 95 % at 5 years and 90 % at 10 
years.

�Invasive Carcinomas with Neuroendocrine 
Differentiation

�Definition

These are invasive breast cancers with neuroendocrine differ-
entiation as evidenced by positive reactivity with neuroendocrine 
markers such as synaptophysin and chromogranin. The WHO 
classification of breast tumours categorises cancers with neuro-
endocrine differentiation into three groups: neuroendocrine 
tumour, well differentiated (carcinoid-like); neuroendocrine 
carcinoma, poorly differentiated or small cell carcinoma; and 
invasive carcinoma with neuroendocrine differentiation [75].

�Clinical and Epidemiological Features

Patients present with nipple discharge, breast lump, or both. 
As neuroendocrine expression in breast cancers is not 
routinely investigated, the incidence is difficult to estimate; 
various studies have reported that 4–30 % of breast cancers 
harbour neuroendocrine features. Special types of breast can-
cers with frequent neuroendocrine expression are the hyper-
cellular (Capella type B) variant of mucinous carcinoma and 
solid papillary carcinoma (invasive); these are classified under 
their specific subtypes rather than as invasive carcinoma with 
neuroendocrine differentiation. (See Chaps. 4 and 6).

Fig. 12.156  Small cell carcinoma is composed of sheets and cords 
of tumour cells with hyperchromatic nuclei and scant cytoplasm. 
Nuclear streaking and necrosis are present. Unlike the basaloid solid 
variant of adenoid cystic carcinoma, small cell carcinoma invades in 

sheets with hyperchromatic nuclei that are mitotically active and 
have discernible nuclear moulding. Necrosis and karyorrhexis are 
present. On immunohistochemistry, there is often demonstrable neu-
roendocrine differentiation
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Fig. 12.157  Invasive carcinoma with basaloid features. This lesion can resemble the solid variant of adenoid cystic carcinoma

Fig. 12.158  Invasive carcinoma with basaloid features. Some basophilic mucopolysaccharide is seen among the basaloid tumour cells, further 
mimicking adenoid cystic carcinoma
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�Imaging Features

These tumours have no unique imaging findings; they gen-
erally present as radiologically suspicious masses 
(Fig.  12.159). Mucinous cancers with neuroendocrine 
expression have circumscribed, rounded contours and may 
resemble a benign mass.

�Pathologic Features

�Macroscopic Pathology
Tumours show greyish-white cut surfaces, with generally 
infiltrative edges. Some, however, such as mucinous cancers 
with neuroendocrine differentiation, may appear circum-
scribed and gelatinous or firm and lobulated.

�Microscopic Pathology

Neuroendocrine Tumour, Well Differentiated 
(Carcinoid-Like)
These invasive carcinomas tend to be of low nuclear grade 
but sometimes have intermediate nuclear grade features 

(Fig. 12.160). They resemble the carcinoid tumour occurring 
in the gastrointestinal tract and lung. Histologically, tumour 
cells may assume spindle and plasmacytoid appearances, 
with occasional clear cells.

Neuroendocrine Carcinoma, Poorly Differentiated/
Small Cell Carcinoma
Small cell carcinomas in the breast are morphologically 
identical to similar tumours of the lung. Tumour cells show 
high nuclear–cytoplasmic ratios, smoky dense chromatin, 
nuclear moulding, and brisk mitotic rates. There are areas of 
necrosis and frequent lymphovascular emboli (Figs. 12.161, 
12.162, 12.163, and 12.164). A diagnosis of small cell car-
cinoma in the breast makes it advisable to exclude a possi-
ble metastatic lesion. An in situ component and concurrent 
invasive carcinoma of ductal or lobular subtype favour a 
primary breast origin. TTF1 positivity cannot be used to 
verify a lung origin because this marker is also expressed by 
many extrapulmonary small cell carcinomas. Large cell 
neuroendocrine carcinoma, poorly differentiated, can also 
be encountered, which is usually classified as poorly differ-
entiated invasive breast carcinoma with neuroendocrine 
differentiation.

Fig. 12.159  Radiology of small cell carcinoma (poorly differentiated neuroendocrine carcinoma). (a, b) Mammograms show a large, opaque 
mass in the left breast, with ultrasound confirming a malignant-appearing, hypoechoic mass with irregular borders (c)

a

c b
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Fig. 12.160  Neuroendocrine tumour, well differentiated (carcinoid-
like). This invasive breast carcinoma is composed of rounded nests of 
tumour cells with spindle and plasmacytoid shapes. The nuclei show 

mild to focally moderate atypia without obvious mitotic activity. The 
cytoplasm is eosinophilic

Fig. 12.161  Small cell carcinoma. Solid, irregular nests and narrow trabeculae of tumour cells are seen within a fibrotic stroma
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Fig. 12.162  Small cell carcinoma. Linear cords of tumour cells with hyperchromatic nuclei and scant cytoplasm are seen

Fig. 12.163  Small cell carcinoma. High magnification shows malig-
nant cells with ovoid or more elongated nuclei and high nuclear–cyto-
plasmic ratios. Apoptotic nuclei and scattered mitoses are present.  

A semblance of nuclear moulding (black arrow) and cellular cannibal-
ism (red arrow) are present
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Fig. 12.164  Small cell carcinoma. Immunohistochemistry for synaptophysin shows positive cytoplasmic reactivity indicating neuroendocrine dif-
ferentiation. Inset shows chromogranin expression by tumour cells

Invasive Breast Carcinoma with Neuroendocrine 
Differentiation
These are invasive carcinomas with special or no special type 
on histomorphology that are accompanied by neuroendo-
crine differentiation (Figs.  12.165, 12.166, and 12.167). 
Variants of mucinous carcinoma and the invasive form of 
solid papillary carcinoma contribute to a significant propor-
tion of such tumours. Up to 30 % of unselected invasive 
breast cancers may exhibit neuroendocrine marker expres-
sion, depending on defining criteria. They are usually posi-
tive for oestrogen receptors and negative for c-erbB-2. It is 
recommended that these should be classified according to 
the recognisable histological subtype, with a statement men-
tioning the presence of neuroendocrine expression [76]. 
Until more conclusive data become available, it appears that 
there is currently no specific prognostic value in determining 
neuroendocrine differentiation in conventional invasive 
breast carcinomas, other than recognising its frequent occur-
rence in certain special subtypes, whereby its presence may 
be of diagnostic utility, such as in solid papillary carcinoma.

�Differential Diagnosis

�Metastatic Well-Differentiated Neuroendocrine 
Tumour (Carcinoid) and Metastatic Small Cell 
Carcinoma
Metastatic well-differentiated neuroendocrine tumour 
(carcinoid) and metastatic small cell carcinoma need to be 

primarily excluded. An in situ component and concurrent 
invasive carcinoma of ductal or lobular subtypes favour a 
primary breast origin. TTF1 positivity cannot be used to 
verify a metastatic lung origin because this marker is also 
expressed by extrapulmonary small cell carcinomas. 
Positive immunohistochemical reactivity for hormone 
receptors, CK7, GATA3, gross cystic disease fluid protein 
15 (GCDFP15), and mammaglobin support a primary 
breast origin.

�Invasive Lobular Carcinoma
Invasive lobular carcinoma, solid variant, may resemble 
the well-differentiated neuroendocrine tumour (carcinoid) 
because of the uniform appearance of tumour cells 
(Fig.  12.168). Immunohistochemistry with E-cadherin 
(negative/aberrant in invasive lobular carcinoma) and  
neuroendocrine markers (positive in carcinoid) are 
discriminatory.

�Malignant Lymphoma
Small cell carcinoma of the breast needs to be distinguished 
from lymphoma. Tumour cells of lymphoma show nuclear 
irregularity with clumped chromatin, whereas small cell car-
cinoma tends to have homogeneously dense nuclear hyper-
chromasia with moulding (Figs.  12.169 and 12.170). 
Plasmacytoid rims may be observed in malignant lymphoid 
cells. The proliferative fraction of small cell carcinoma is 
high; the fraction for small lymphocytic lymphoma is more 
quiescent.
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Fig. 12.166  Infiltrative ductal carcinoma with neuroendocrine differentiation. Anastomosing trabeculae of carcinoma cells show focal lumen 
formation (arrows)

Fig. 12.165  Infiltrative ductal carcinoma with neuroendocrine differentiation. Low magnification shows large sheets of tumour with a pushing 
border and areas of haemorrhage
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Fig. 12.167  Infiltrative ductal carcinoma with neuroendocrine differentiation. Immunohistochemistry shows synaptophysin positivity in the 
tumour cells

Fig. 12.168  Invasive lobular carcinoma, solid variant, may resemble a 
well-differentiated neuroendocrine tumour with the uniform cells 
arranged in an organoid fashion. The presence of more conventional 
patterns of invasive lobular carcinoma, together with the absence of 

E-cadherin immunostaining, is useful in making the correct diagnosis. 
Inset shows E-cadherin immunohistochemistry, which is negative in the 
tumour cells; an internal positive control of a benign duct is seen in 
comparison
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Fig. 12.169  Malignant lymphoma. This diffuse large B-cell lymphoma shows patternless sheets of abnormal lymphoid cells, which may resemble 
poorly differentiated neuroendocrine carcinoma. Scattered lymphocytes with dense, dark nuclei are seen among the malignant lymphoid cells

Fig. 12.170  Malignant lymphoma. High magnification shows the 
abnormal lymphoid cells with vesicular nuclei, distinct nucleoli, and 
irregular nuclear contours. Inset shows positive staining of the lym-

phoid cells for CD20, a B-cell marker indicating a B-cell immunophe-
notype of the diffuse large cell lymphoma
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�Exceptionally Rare Types and Variants

�Definition

These rarely encountered histological subtypes of inva-
sive breast carcinoma include secretory carcinoma, acinic 
carcinoma, and even rarer subtypes such as mucoepider-
moid, oncocytic, polymorphous, lipid-rich, glycogen-
rich, and sebaceous carcinoma [75]. These tumours are 
graded using conventional parameters of the degree of 
nuclear pleomorphism, tubule formation, and mitotic 
activity.

�Secretory Carcinoma

�Definition
Secretory carcinoma is a rare, low-grade, translocation-
associated invasive carcinoma that shows solid, microcystic, 
and tubular architectures. A synonym is juvenile breast 
carcinoma.

�Clinical and Epidemiological Features
Secretory carcinoma accounts for less than 0.15 % of all 
breast cancers, affecting both males and females. The median 
age of presentation is 25 years (range, 3–87 years). Clinically, 
these tumours are well circumscribed and may be mobile. 
They are often located near the areola, especially in men and 
children.

�Imaging Features
Radiological findings are of a malignant breast mass.

�Pathologic Features

Macroscopic Pathology
Secretory carcinoma shows a grey-white to yellow-tan 
colour on cut sections (Fig. 12.171). Tumour size averages 
3 cm, with a range from 0.5 to 12 cm.

Microscopic Pathology
A combination of patterns is observed in most tumours, com-
posed primarily of microcystic, solid, and tubular appear-
ances (Figs. 12.172, 12.173, 12.174, 12.175, 12.176, 12.177, 
12.178, 12.179, and 12.180). In the microcystic pattern, 
small cysts mimicking thyroid follicles can merge into solid 
islands. Neoplastic tubules contain luminal secretions. 
A characteristic feature is the production of intracellular and 
extracellular secretory material. The tumour may demon-
strate pushing borders, though frankly invasive foci are fre-
quent. Sclerotic tissue can be seen in the centre of the lesion. 
Tumour cells are polygonal with granular eosinophilic to 
foamy cytoplasm; nuclei are generally regular and contain 
inconspicuous nucleoli. Mitotic activity is minimal. 
Intracellular and extracellular secretory material stains posi-
tively with periodic acid–Schiff (PAS) or Alcian blue. In situ 
carcinoma, when present, displays similar secretory features, 
occasionally with necrosis, or it can be of a low-grade type.

On immunohistochemistry, EMA, alpha-lactalbumin, and 
S100 protein are frequently expressed (Fig.  12.181). 
Secretory carcinomas are usually triple-negative (ER, PR, 
c-erbB-2 negative). E-cadherin, keratins 8/18, CD117, and 
alpha-SMA can be expressed. A diagnostic feature is the 
characteristic balanced translocation, t(12;15), which creates 
an ETV6-NTRK3 gene fusion (Fig. 12.182).

Fig. 12.171  Secretory carcinoma. Macroscopic appearance of an excision biopsy specimen of a secretory carcinoma, showing a slightly lobulated 
appearance on cut section
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Fig. 12.172  Secretory carcinoma. Low magnification shows a tumour with a partially circumscribed pushing border, with areas where tumour 
permeates into adjacent adipose (arrows)

Fig. 12.173  Secretory carcinoma. A predominantly solid pattern is seen with sheets of tumour cells containing pale to pink cytoplasm. There are 
anastomosed glandular structures (right upper field) lined by similar cells with bubbly cytoplasm
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Fig. 12.174  Secretory carcinoma. A microcystic pattern is observed in this tumour, with many small cystic spaces containing pale secretions

Fig. 12.175  Secretory carcinoma. Tubules lined by cuboidal to flattened cells containing luminal pink and pale secretions can be found among 
more solid sheets of tumour cells (Courtesy of Dr. Chih Jung Chen)
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Fig. 12.176  Secretory carcinoma. A papillary architecture with fronds lined by columnar cells with pink cytoplasm and apical cytoplasmic blebs, 
is seen with hyalinised stroma. Foci where tumour cells contain cytoplasmic vacuoles are present

Fig. 12.177  Secretory carcinoma. Pink viscid material resembling colloid is present within spaces lined by tumour cells
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Fig. 12.178  Secretory carcinoma. Characteristic colloid-like viscid pink secretions are observed in spaces among tumour cells. Tumour cells 
show enlarged vesicular nuclei with occasionally discernible nucleoli

Fig. 12.179  Secretory carcinoma. Intracytoplasmic vacuoles and secretions are seen within tumour cells arranged in solid islands within a col-
lagenous background
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Fig. 12.180  Secretory carcinoma. Secretions stain positively with periodic acid–Schiff

Fig. 12.181  Secretory carcinoma. Immunohistochemistry shows positive reactivity with S100
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�Differential Diagnosis

Acinic Cell Carcinoma
Acinic cell carcinoma consists of acini and solid nests of epi-
thelial cells invading the stroma. Although the expression of 
S100, lysozyme, and amylase may be similar to secretory 
carcinoma, a key difference is the absence of the ETV6-
NTRK3 gene rearrangement in acinic cell carcinoma.

Cystic Hypersecretory Carcinoma
Cystic hypersecretory carcinoma, a variant of DCIS with 
cystic dilatation, micropapillary architecture, and luminal 
colloid secretions, differs from secretory carcinoma by its in 
situ nature, the presence of cysts, and a more homogeneous 
intraductal micropapillary pattern. There may be associated 
cystic hypersecretory hyperplasia. Invasive carcinoma, when 
present, tends to be of a poorly differentiated ductal subtype 
without secretory features [77].

Infiltrative Ductal Carcinoma with Oncocytic 
Differentiation
Infiltrative ductal carcinoma with oncocytic differentiation 
may resemble secretory carcinoma when the latter features 
cells with eosinophilic cytoplasm.

�Prognosis and Therapy Considerations
Secretory carcinoma usually has a low-grade clinical course 
with a favourable prognosis, especially in children and young 
adults less than 20 years of age. In older patients, a more 
aggressive course is manifested, and recurrences may arise 
up to 20 years later [78]. Axillary lymph node metastases 
rarely involve more than three lymph nodes. Distant metasta-
ses are extremely rare.

�Acinic Cell Carcinoma

�Definition
Acinic cell carcinoma of the breast is similar to acinic cell 
carcinoma of the parotid gland, showing serous differentia-
tion with zymogen-type cytoplasmic granules.

�Clinical and Epidemiological Features
Acinic cell carcinomas of the breast affect women over a 
wide age range, with a mean of 56 years. Its true incidence 
is uncertain. Since its initial description in 1996 by Roncaroli 
et al. [79], fewer than 50 cases have been documented in the 
literature. Its rare occurrence may be related to lack of rec-
ognition, as serous features have been described in some 

Fig. 12.182  Secretory carcinoma. On interphase fluorescence in situ 
hybridisation, the fusion (yellow) signal or a red signal with a closely 
associated green signal is the normal ETV6 gene. (A normal cell will 
show two fusion signals—i.e. two yellow signals.) The separated red 

and green signals indicate a disrupted ETV6 gene. The additional red 
signal shows that there is an extra copy of the 5′ ETV6 gene (Courtesy 
of Cytogenetics Lab, SGH Pathology)
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breast carcinomas that were not specifically designated as 
acinic cell cancers [80, 81]. Patients present with a breast 
lump.

�Imaging Features
Radiological findings are of a malignant breast mass.

�Pathologic Features

Macroscopic Pathology
Acinic cell carcinomas may vary in size from 1 to 5 cm and 
are grossly similar to other breast carcinomas.

Microscopic Pathology
Histologically, appearances vary from well-differentiated 
microglandular areas to more solid, less differentiated zones 
where comedo-type necrosis may be seen (Figs.  12.183, 
12.184, 12.185, 12.186, and 12.187). On close microscopic 
scrutiny, tumour cells have vesicular round to ovoid nuclei, 
visible nucleoli, and ample amphophilic to eosinophilic 
cytoplasm that displays distinct granularity. These cytoplas-
mic granules may be fine and small or large and coarse. They 
can resemble granules observed in Paneth cells of the intes-
tinal mucosa. Clear-cell appearances have also been encoun-
tered, reminiscent of clear-cell carcinoma of renal origin. 

Mitotic activity is variable and may number up to 15 per 10 
high-power fields.

Acinic cell carcinomas of the breast are triple-negative 
(oestrogen receptor, progesterone receptor, and c-erbB-2 
negative). They are positive for lysozyme, alpha-1-
antichymotrypsin, salivary gland amylase, EMA, and S100 
(Figs. 12.188, 12.189, and 12.190). Immunohistochemistry 
for these markers may assist in diagnosis. On electron 
microscopy, cells show zymogen-like granules.

The relationship of acinic cell carcinoma with micro-
glandular adenosis has been discussed, with a few reports 
of their coexistence. Several authors have suggested a his-
togenetic link of microglandular adenosis with acinic cell 
carcinoma [81–85]. On the other hand, it has been stated 
that there are morphological, immunohistochemical, and 
ultrastructural differences between these two lesions that 
prevent a firm conclusion regarding their biological rela-
tionship [86].

�Differential Diagnosis

Microglandular Adenosis
Microglandular adenosis resembles the small acinar pat-
tern of acinic cell carcinoma (Figs. 12.191 and 12.192). In 
microglandular adenosis, however, the predominant 

Fig. 12.183  Acinic cell carcinoma. At low magnification, an acinar pattern with haphazardly placed small tumour nests is seen
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Fig. 12.184  Acinic cell carcinoma. Small solid nests and tubules (arrows) composed of cells with enlarged vesicular nuclei and variably discern-
ible nucleoli are seen, with some luminal secretions

Fig. 12.185  Acinic cell carcinoma. High magnification shows tumour cells with vesicular nuclei and pink to amphophilic granular cytoplasm
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Fig. 12.186  Acinic cell carcinoma. Tumour cells with clear cytoplasm forming small nests can be present

Fig. 12.187  Acinic cell carcinoma. Part of the tumour may feature tubules with luminal colloid-like secretions resembling microglandular adeno-
sis. A histogenetic link is proposed between microglandular adenosis and acinic cell carcinoma
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Fig. 12.188  Acinic cell carcinoma. Immunohistochemistry for epithelial membrane antigen (EMA) shows diffuse positive reactivity of tumour 
cells. Inset shows higher magnification of the positively stained tumour cells

Fig. 12.189  Acinic cell carcinoma. Immunohistochemistry for lysozyme shows positive cytoplasmic reactivity in the tumour cells. Inset shows 
higher magnification of the positively stained tumour cells
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Fig. 12.190  Acinic cell carcinoma. Immunohistochemistry for S100 shows positive cytoplasmic reactivity in tumour cells

Fig. 12.191  Microglandular adenosis. A core biopsy specimen shows 
haphazardly placed small tubules with patent lumens containing dollops 
of pink secretions. When these findings are encountered on core biopsy 

of the radiological lesion of concern, excision is usually recommended 
to ensure that there is no atypical component or associated carcinoma
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appearance is of small, rounded tubules with luminal 
eosinophilic secretions, whereas acinic cell carcinoma 
tends to have more variable architecture, including solid 
nests and clear-cell aggregates. A basement membrane 
sheath may be observed around tubules of microglandular 
adenosis [87].

Secretory Carcinoma
Secretory carcinoma may resemble acinic cell carcinoma, 
which can be distinguished using immunohistochemistry 
and molecular genetics, as acinic cell carcinoma does not 
display the t(12:15) ETV6-NTRK3 rearrangement that typi-
fies secretory breast carcinoma [88].

Infiltrative Ductal Carcinoma
Infiltrative ductal carcinoma composed of a nested pattern of 
invasive tumour cells may resemble acinic cell carcinoma. A 
third of acinic cell carcinomas are accompanied by infiltra-
tive ductal carcinoma [89].

�Prognosis and Therapy Considerations
Acinic cell carcinoma appears to have a favourable behav-
iour despite its triple negativity. No deaths have been reported 
directly consequent to the tumour, though its molecular 
genetics suggest that it may be associated with more aggres-
sive forms of triple-negative disease [90]. Axillary lymph 
node metastases may be observed.

Fig. 12.192  Microglandular adenosis. Tubules with luminal pink, 
colloid-like secretions are present. In contrast to acinic cell carcinoma, 
microglandular adenosis has a uniformly small tubular appearance and 
does not typically harbour solid areas or clear-cell nests. Cytologic 
atypia is mild in microglandular adenosis, whereas acinic cell carci-

noma may display greater nuclear atypia. An intact basement mem-
brane is present around microglandular adenosis, though it is often 
difficult to demonstrate histologically. Atypical microglandular adeno-
sis with cytologic atypia and abnormal architecture may be challenging 
to distinguish from acinic cell carcinoma
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Nipple Lesions

The nipple is a pigmented, nodular protuberance on the 
breast into which lactiferous ducts open. It is rimmed cir-
cumferentially by the areola, which is also pigmented. It 
comprises fibrous connective tissue with bundles of smooth 
muscle fibres disposed around lactiferous ducts, which con-
tract for milk expression during lactation. The epidermis of 
the nipple and its surrounding areola consists of stratified 
squamous epithelium. Sebaceous glands are present in the 
areola. Skin lesions can therefore occur in the nipple and 
areolar region.

�Squamous Metaplasia of Lactiferous Ducts

�Definition

Squamous metaplasia of lactiferous ducts (SMOLD) refers 
to replacement of lactiferous ductal epithelium by kera-
tinising squamous epithelium, extending deeper than the 
squamocolumnar junction where lactiferous ducts open 
onto the nipple skin. SMOLD often occurs in conjunction 
with subareolar abscesses and fistula formation, secondary 
to keratin plugs and obstruction, a condition referred to as 
Zuska’s disease.

�Clinical and Epidemiological Features

Pain, redness, swelling, and purulent discharge from the 
nipple-areolar region are clinical symptoms. SMOLD mostly 
occurs in women, but rare cases in men are described [1].

�Imaging Features

Imaging reveals mixed solid–cystic masses or abscesses at 
the superficial periareolar or subareolar region. Fistulous  

formations to the overlying skin can sometimes be seen on 
sonography. Dilated ducts may communicate with these 
inflammatory masses, and there are signs of inflammation 
such as oedema and increased vascularity in the surrounding 
breast tissue [2].

�Pathologic Features

�Macroscopic Pathology
The nipple may be retracted and ulcerated, with necrotic dis-
charge, mimicking malignancy.

�Microscopic Pathology
Squamous metaplasia of lactiferous ducts is present, with 
accompanying keratin plugs, surrounding inflammation, 
abscess formation, and granulation tissue-lined fistulation of 
the lactiferous ducts to the areola (Figs.  13.1, 13.2, 13.3, 
13.4, 13.5, and 13.6). The nipple epidermis is frequently 
eroded or ulcerated.

�Differential Diagnosis

�Squamous Papilloma
In a squamous papilloma, exophytic verrucous projections 
are covered by benign stratified squamous epithelium 
(Figs.  13.7, 13.8, 13.9, 13.10, and 13.11). Inflammation is 
not a key feature, unlike with SMOLD. Keratin formation in 
a squamous papilloma occurs on the surface, in contrast to 
SMOLD, in which keratinous plugs are found in the deeper 
portions of the dilated lactiferous ducts, which have under-
gone squamous metaplasia.

�Squamous Cell Carcinoma, Invasive
Squamous cell carcinoma of the nipple is extremely rare. It 
can present as an exophytic nipple mass (Fig. 13.12) [3] or as 
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Fig. 13.1  Squamous metaplasia of lactiferous ducts. Microdochectomy specimen shows the profiles of several lactiferous ducts with surrounding 
haemorrhage. In the upper and mid-fields (arrows), there is squamous epithelium with keratinous flakes

Fig. 13.2  Squamous metaplasia of lactiferous ducts shows accumulation of keratin and surrounding squamous epithelium extending between 
portions of lactiferous ducts. Periductal chronic inflammation is present

Fig. 13.3  Squamous metaplasia of lactiferous ducts. Keratin plug with squamous epithelium
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Fig. 13.4  Periductal chronic inflammation along the lactiferous duct in the vicinity of the keratin plug and squamous metaplasia

Fig. 13.5  Squamous metaplasia of a lactiferous duct. Pavemented squamous epithelium with polygonal cells containing vesicular nuclei, discern-
ible nucleoli, and pink cytoplasm replaces part of the duct wall. Several foamy histiocytes are also seen

Fig. 13.6  Squamous metaplasia of lactiferous ducts, with part of the duct wall replaced by pavemented squamous epithelium, facing the opposite 
duct wall of columnar epithelium. Relatively intense chronic inflammation is seen in the periductal stroma

Squamous Metaplasia of Lactiferous Ducts
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Fig. 13.7  Squamous papilloma overlying a nipple adenoma. At scan-
ning magnification, a verrucous squamous lesion is seen on the nipple 
surface, featuring exophytic papillomatosis, acanthosis, and hyperkera-

tosis. A few cysts containing laminated keratin are present. Closely 
associated with the cysts and occurring within the nipple stroma is a 
proliferation of closely packed glands constituting the adenoma

Fig. 13.8  Squamous papilloma overlying a nipple adenoma. Another view of the squamous papilloma with keratin layers and squamous invagina-
tions into the stroma, intermingling with the glands of the adenoma

Fig. 13.9  Squamous papilloma overlying a nipple adenoma. The nipple adenoma deep to the nipple squamous papilloma shows crowded glands of 
varying sizes, some of which are dilated and display luminal epithelial folds. The squamous epithelium merges with the glandular proliferation
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a scaly lesion [4]. It has been described occurring after radia-
tion treatment for breast carcinomas treated with conserva-
tive surgery [5]. Histologically, the superficial portions of the 
tumour may resemble a squamous papilloma (Fig.  13.13). 
Reactive atypia of squamous epithelium in Zuska’s disease 
may raise concern for a neoplastic lesion and mimic squa-
mous cell carcinoma. Examination of the deeper portions of 
the tumour identifies invasive islands (Figs.  13.14, 13.15, 
and 13.16). Depending on histological grade, keratinisation 
may or may not be prominent. A well-differentiated squa-
mous cell carcinoma may resemble a keratoacanthoma, but 
the latter is vanishingly rare, with only one case reported in 
the nipple [6].

�Prognosis and Therapy Considerations

Surgical excision of affected ducts and fistula in Zuska’s dis-
ease is curative [7].

�Nipple Adenoma

�Definition

The nipple adenoma is a benign epithelial proliferation cen-
tred around the lactiferous ducts, comprising closely 
arranged tubules with occasional papillary infoldings [8].

Fig. 13.10  Squamous papilloma with nipple adenoma. Immunohistochemistry for p63 shows positive nuclear staining of the squamous epithelial 
cells. Myoepithelial cells around glands of the nipple adenoma are also decorated

Fig. 13.11  Squamous papilloma with nipple adenoma. The nipple adenoma deep to the squamous papilloma shows usual ductal hyperplasia; the 
epithelial proliferation shows heterogeneous staining for the high-molecular-weight keratin CK5/6

Nipple Adenoma
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Fig. 13.12  Nipple squamous cell carcinoma, invasive. Gross appearance of the fungating, ulcerated tumour arising from the nipple with over-
hanging rolled edges. The nipple is completely destroyed by the tumour, leaving an intact areolar rim

Fig. 13.13  Nipple squamous cell carcinoma, invasive. A hyperkeratotic, verrucous tumour with an exophytic growth pattern may resemble a 
squamous papilloma at scanning magnification
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Fig. 13.14  Nipple squamous cell carcinoma, well differentiated, shows anastomosing, confluent islands of squamous cells with keratinisation, 
surrounding lactiferous ducts. The pavemented squamous islands show irregular tongue-like protrusions into the inflamed fibrotic stroma

Fig. 13.15  Nipple squamous cell carcinoma, invasive. Tumour islands comprising polygonal cells with vesicular nuclei, distinct nucleoli, pink 
cytoplasm, intercellular bridges, and occasional mitoses are juxtaposed to benign ducts

Fig. 13.16  Nipple squamous cell carcinoma, invasive. Irregular tongues of invasive squamous cell carcinoma with occasional squamous whorls 
are seen within the inflamed stroma
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�Clinical and Epidemiological Features

Nipple adenomas usually occur in adult women over a wide 
age range, though cases in paediatric patients and men have 
been described. Clinical symptoms are nipple discharge, ero-
sion (Fig. 13.17), or nodule.

�Imaging Features

Nipple adenomas are usually small and are not seen on mam-
mography. They may be detected as well-circumscribed, 
hypervascular nodules within the nipple on sonography.

�Pathologic Features

�Macroscopic Pathology
Erosion of the nipple associated with the nipple adenoma 
may resemble Paget disease. The nipple adenoma can also be 
macroscopically observed as a nodular lesion in the nipple 
stroma. Sometimes, no gross abnormalities are discernible.

�Microscopic Pathology
Commonly, the histological appearance is that of closely 
packed tubules with sclerosing adenosis and variable cystic 
dilatation. Some tubules may demonstrate luminal papillary 
folds, hence the synonymous term of florid papillomatosis of 
the nipple, though the current preferred terminology is nip-
ple adenoma. The myoepithelial layer is preserved. Although 
the lesion may appear relatively circumscribed at low magni-

fication, no capsule is present, and epithelial nests may 
stream into the surrounding stroma. Usual ductal hyperplasia 
can be seen, with occasional necrosis and epithelial mitoses 
(Figs.  13.18, 13.19, 13.20, 13.21, and 13.22). Increased 
numbers of Toker cells in the overlying epithelium may lead 
to confusion with Paget disease [8].

�Differential Diagnosis

�Intraductal Papilloma
As the nipple adenoma may sometimes feature papillary 
luminal folds, it can resemble the intraductal papilloma. 
Conversely, intraductal papilloma can become sclerosed 
and comprise compressed tubules mimicking nipple ade-
noma. Whereas nipple adenoma consists predominantly 
of proliferating glands and tubules, intraductal papilloma 
shows a lesional core composed of arborescent papillary 
fronds arising from the walls of lactiferous ducts and 
projecting into the ductal lumen (Figs. 13.23, 13.24, and 
13.25).

�Syringomatous Tumour
In contrast to the nipple adenoma which has a rounded con-
figuration at low magnification and comprises closely packed 
tubules, the syringomatous tumour consists of patent, angu-
lated tubules and epithelial nests with a permeative pattern, 
located within the stroma and extending into smooth muscle 
bundles of the nipple and areola. Individual cell keratinisa-
tion and squamous whorls may be observed (see section 
“Syringomatous Tumour”).

Fig. 13.17  Nipple adenoma. Nipple shows a haemorrhagic erosion. Excision confirmed the presence of a nipple adenoma histologically (Courtesy 
of Dr. Karen Yap)
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�Invasive Carcinoma
As the nipple adenoma may incorporate sclerosing adenosis, 
its pseudo-infiltrative pattern can resemble an invasive pro-
cess usually of low histological grade. Recognisable bilay-
ered tubules tend to constitute a significant component of the 
nipple adenoma.

�Adnexal-Type Tumours
A variety of adnexal (sweat gland)-type epithelial tumours 
may arise in the nipple, including the nodular hidradenoma 
and syringocystadenoma papilliferum. These may be mis-
taken for nipple adenoma (Figs. 13.26, 13.27, 13.28, 13.29, 
13.30, 13.31, and 13.32).

�Prognosis and Therapy Considerations

Complete excision is curative. Recurrences may occur if the 
lesion is incompletely removed.

�Syringomatous Tumour

�Definition

Syringomatous tumour is an uncommon, locally permeative 
tumour that shows sweat duct differentiation. These tumours 
were previously referred to as syringomatous adenoma, but 

Fig. 13.18  Nipple adenoma. Low magnification shows a proliferation of glands deep to the nipple epidermis, some of which are cystically dilated. 
Sclerosis is present in part of the adenoma where there is a solidified appearance

Fig. 13.19  Nipple adenoma. Medium magnification shows bilayered tubules, some of which contain luminal pink secretions. Dilated glands with 
luminal foam cells are present. The stroma around the glands is fibrotic and hyalinised

Syringomatous Tumour
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Fig. 13.20  Nipple adenoma. Sclerosing adenosis within a nipple  
adenoma. The compressed, pseudoinvasive tubules may mimic a low-
grade invasive carcinoma. The presence of myoepithelial cells, intact 

basement membranes and lack of invasion into surrounding tissue  
support a benign process

a b

Fig. 13.21  Nipple adenoma. (a, b) At low magnification, the nipple 
lesion shows a vaguely rounded configuration, with solid epithelial 
nests, cystic dilatation of ducts, and luminal projections of epithelium. 

Communication of the lesion with the nipple epidermis may lead to 
nipple discharge and the appearance of nipple erosion
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Fig. 13.23  Intraductal papilloma in the retroareolar region, presenting as a nipple-areolar lump. At scanning magnification, the lactiferous duct 
shows cystic dilatation and a partially solid–cystic epithelial mass

Fig. 13.24  Intraductal papilloma. Medium magnification shows arborescent papillary fronds that are supported by congested fibrovascular septa. 
The fibrous wall of the cystically dilated duct shows a few entrapped epithelial nests and glands

Fig. 13.22  Nipple adenoma. Usual ductal hyperplasia, including luminal papillary infoldings and foamy histiocytes, is present
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Fig. 13.25  Intraductal papilloma. There is usual ductal hyperplasia with overlapped nuclei of a heterogeneous epithelial population. Irregular 
slit-like spaces are present

Fig. 13.26  Adnexal-type (eccrine) tumour with a solid–cystic papillary architecture, occurring in the nipple-areolar region and resembling a 
hidradenoma. Low magnification shows resemblance to an intraductal papillary lesion

Fig. 13.27  Adnexal-type tumour. Medium magnification shows collections of clear cells interspersed with polygonal cells harbouring pink cyto-
plasm, which form solid sheets of epithelial cells that are punctuated by ducts lined by flattened epithelium. The ducts contain pink secretions
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a b

Fig. 13.28  (a) Adnexal-type tumour shows pale and pink polygonal 
cells surrounding elongated duct spaces lined by flattened epithelial 
cells. (b) High magnification of a duct lined by flattened epithelium, 

surrounded by pavemented epithelial cells with pink and clear cyto-
plasm. Several smaller, less conspicuous ducts are also seen (arrows)

a b

Fig. 13.29  Adnexal-type tumour. (a) Immunohistochemistry for oestrogen receptor (ER) is weakly and patchily positive. (b) High magnification 
shows scattered nuclear reactivity of the epithelial cells for ER

a b

Fig. 13.30  Adnexal-type tumour. (a) Immunohistochemistry for p63 
shows diffuse positivity of the epithelial cells, with sparing of the  
ductal lining epithelium. (b) High magnification of epithelial nuclei 

demonstrating intense p63 reactivity, contrasting against the negatively 
stained ductal epithelium
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the term tumour is preferred because of its histologic inva-
sive appearance and the propensity for local recurrence.

�Clinical and Epidemiological Features

Patients over a wide age range can be affected, clinically pre-
senting with a firm nodule in the nipple-areolar region.

�Imaging Features

The tumour has a varied appearance on imaging. It can 
appear as a spiculated, ill-defined subareolar mass that is 
indistinguishable from malignancy. It can also be seen as a 
nonspecific, well-circumscribed subareolar mass. 

Pleomorphic nipple microcalcifications without a mass and 
diffuse skin thickening have been reported [9].

�Pathologic Features

�Macroscopic Pathology
A firm, nodular lesion with ill-defined borders is present in 
the nipple stroma or the dermis of the nipple-areolar 
complex.

�Microscopic Pathology
Histologically, the syringomatous tumour comprises patent, 
angulated tubules, epithelial nests, and cords that percolate 
through the fibrotic stroma and extend into smooth muscle 
bundles of the nipple and areola. Keratin cysts and squamous 

Fig. 13.32  An unusual nipple lesion with some appearances resembling a syringocystadenoma papilliferum with inflamed, broad stromal folds 
covered by epithelium. Portions of lactiferous ducts cut transversely are seen, as well as islands of squamous epithelium

Fig. 13.31  Adnexal-type tumour. CK14 immunohistochemistry shows diffuse staining, with more intense reactivity observed for the ductal 
epithelium
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whorls may be observed. The edges of the tumour can be 
difficult to determine because of its permeative nature. The 
tubules are often bilayered, with the outer layer of cells stain-
ing immunohistochemically with basal and myoepithelial 
markers; the solid tumour nests are also reactive with these 
antibodies (Figs.  13.33, 13.34, 13.35, 13.36, 13.37, 13.38, 
13.39, and 13.40).

�Differential Diagnosis

�Low-Grade Adenosquamous Carcinoma
There are close histological and biological similarities 
between the nipple syringomatous tumour and low-grade 

adenosquamous carcinoma [10]. The main difference is that 
low-grade adenosquamous carcinoma occurs in breast paren-
chyma instead of in the nipple-areolar region (Figs. 13.41, 
13.42, and 13.43).

�Tubular Carcinoma
The angulated, patent tubules of the syringomatous tumour 
resemble those of tubular carcinoma, but tubular carci-
noma does not demonstrate squamous differentiation. 
Immunohistochemically, tubular carcinoma shows positive 
hormone receptor expression and lacks myoepithelial cells, 
whereas the syringomatous tumour is usually hormone 
receptor negative and shows positive reactivity for myoepi-
thelial markers (Figs. 13.44, 13.45, and 13.46).

Fig. 13.33  Syringomatous tumour. Epithelial nests and elongated cords extend through the stroma around lactiferous ducts

Fig. 13.34  Syringomatous tumour. Small nests and occasional tubules of epithelial cells are seen around a lactiferous duct
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Fig. 13.35  Syringomatous tumour. The epithelial nests and tubules are 
composed of cells with pink cytoplasm and vesicular nuclei, contrast-
ing against those of the lactiferous ducts. The tubule in the right lower 

field shows a tapered end. The tubular lumens contain pale, wispy mate-
rial. A peripheral rim of compressed basal/myoepithelial cells can be 
discerned

Fig. 13.36  Syringomatous tumour. Epithelial nests and tubules permeate the stroma and nipple-areolar smooth muscle bundles

Fig. 13.37  Syringomatous tumour. High magnification shows small epithelial nests with a whorl-like appearance, composed of polygonal cells 
with pink cytoplasm and vesicular nuclei. A small tubule with a teardrop shape is seen
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Fig. 13.38  Syringomatous tumour. Immunohistochemistry for p63 shows positive staining of the lesional cells. Inset shows high magnification of 
tubules and epithelial nests, which are highlighted by p63

Fig. 13.39  Syringomatous tumour. Immunohistochemistry for the high-molecular-weight keratin CK14 shows positive reactivity of the lesional 
cells. Inset shows cytoplasmic and membrane decoration with CK14

Fig. 13.40  Syringomatous tumour. ER immunohistochemistry is usually negative, but in this case, focal, weak staining is observed in a few 
lesional cells (inset)
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Fig. 13.42  Low-grade adenosquamous carcinoma. A lamellar-like arrangement of stromal spindle cells is noted around the epithelial nests and 
islands, many of which show tail-like extensions merging with the spindle cell stroma

Fig. 13.41  Low-grade adenosquamous carcinoma, a form of meta-
plastic breast cancer, is located within the breast parenchyma; it shows 
histological similarity to the nipple syringomatous tumour. At low 
magnification, low-grade adenosquamous carcinoma shows an infiltra-

tive margin with nests and angulated tubules of epithelial cells dis-
posed within a fibrous stroma. Aggregates of lymphocytes are often 
observed at the periphery of the tumour, arranged in a pattern that 
resembles cannonballs

Fig. 13.43  Low-grade adenosquamous carcinoma. Some epithelial 
nests comprise polygonal cells with pink, eosinophilic cytoplasm, indi-
cating squamoid differentiation. Immunohistochemistry findings are 

inconsistent and can resemble patterns similar to those of the syringo-
matous tumour, with positive reactivity for p63 and basal markers, often 
seen in cells placed at the periphery of the tumour nests
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Fig. 13.46  Tubular carcinoma shows diffuse positive nuclear reactivity for oestrogen and progesterone receptors on immunohistochemistry. In 
contrast, syringomatous tumour is generally negative for hormone receptors and for c-cerbB-2

Fig. 13.44  Tubular carcinoma. This special type of invasive breast 
cancer has an excellent prognosis. It is composed of patent, angulated 
tubules lined by cuboidal cells, which sometimes disclose apical snouts. 
The comma-shaped and twisted tubules may resemble those of syringo-

matous tumour, but unlike the syringomatous tumour, there are no squa-
moid features and no staining with basal or myoepithelial markers. 
Low-grade DCIS, present in this case and associated with calcifica-
tions, may be encountered in tubular carcinoma

Fig. 13.45  Tubular carcinoma. Patent tubules are haphazardly placed within desmoplastic stroma. The tubules are round, elongated, teardrop 
shaped and angulated. No myoepithelial cells are present
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�Prognosis and Therapy Considerations

Wide excision is needed to prevent local recurrence of syrin-
gomatous tumour. No metastases have been described to date.

�Paget Disease

�Definition

Paget disease refers to the presence of malignant glandular 
cells within the epidermis of the nipple-areolar complex. It is 
believed to arise from malignant transformation of the 
intraepidermal portion of lactiferous ducts or from malignant 
cells migrating into the epidermis from underlying breast 
carcinoma. Paget disease is associated with underlying in 
situ and/or invasive ductal carcinoma in a large majority of 
cases.

�Clinical and Epidemiological Features

Paget disease is encountered in about 1–4 % of all breast 
carcinomas. Clinically presenting as pain, discharge, 
eczematous rash, itch, or erosion of the nipple 

(Figs. 13.47, 13.48, and 13.49), it may also be occult and 
discovered only upon microscopic examination of the 
nipple in mastectomies performed for breast carcinoma. 
Paget disease without an underlying in situ or invasive 
breast carcinoma is rare, reported in 1.4–13 % of all cases 
of Paget disease [11].

�Imaging Features

Nipple changes of Paget disease are commonly nonspe-
cific or normal appearing on imaging. There may be  
nipple retraction, areolar skin thickening, or dermal 
microcalcifications. The presence of subareolar microcal-
cifications or mass is suggestive of an underlying associ-
ated malignancy.

�Pathologic Features

�Macroscopic Pathology
Nipple erythema, roughening, flakiness, erosion, and ulcer-
ation can be present (Fig. 13.50). Sometimes the nipple can 
be completely destroyed, and the changes can extend to the 
areola and its surrounding skin.

Fig. 13.47  Paget disease of the nipple. The nipple shows a few whitish spots on the slightly raw surface, with focal haemorrhages (Courtesy of 
Dr. Veronique Tan)
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�Microscopic Pathology
Malignant cells punctuate the nipple epidermis in a paget-
oid fashion, with cytologically high-grade, abnormal cells 
placed singly or in clusters among benign epidermal cells 
(Figs. 13.51, 13.52, 13.53, 13.54, and 13.55). The malig-
nant cells sometimes show gland formation. Ductal carci-
noma in situ (DCIS), usually of high nuclear grade, is 
frequently observed in the underlying lactiferous ducts. 
Overexpression and amplification of c-erbB-2 are seen in 
80–90 % of cases (Figs. 13.56, 13.57, and 13.58). Invasive 
carcinoma (often of a ductal subtype) is found in 53–60 % 
of cases [11]. There is an isolated report of Paget disease 

associated with lobular carcinoma in situ, but this report 
has been challenged as possibly representing nipple Toker 
cells rather than Paget cells [12, 13].

�Differential Diagnosis

�Toker Cells of the Nipple
Toker cells are clear cells in the epidermis of the nipple-
areolar region of the breast (Figs. 13.59, 13.60, 13.61, 13.62, 
and 13.63), which are seen in 9.3–11 % of cases [14–16], 
though immunohistochemistry for CK7 demonstrates a 

Fig. 13.48  Paget disease of the nipple. A close-up view of the nipple, 
which is eroded and erythematous. A whitish exudate covers part of the 
irregular nipple surface. There is also nipple retraction. Subsequent 

resection showed both invasive and in situ ductal carcinoma accompa-
nying the Paget disease (Courtesy of Dr. Joy Lee)

Fig. 13.49  (a) Nipple-areolar rash which corresponded histologically 
to contact allergic dermatitis, with spongiosis, scattered eosinophils, 
and dermal chronic inflammation. No malignant intraepidermal  
epithelial cells are present. Clinically, this condition may resemble 

Paget disease, and careful histological examination is needed to rule it 
out. (b) High magnification shows intraepidermal eosinophils among 
spongiotic keratinocytes. Several dermal eosinophils are also noted

a b
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Fig. 13.50  Paget disease. This mastectomy specimen shows an ulcerated, gnarled nipple with rolled, whitish edges, which histologically demon-
strated Paget disease. Underlying in situ and invasive ductal carcinoma was present

Fig. 13.51  Paget disease. The nipple epidermis is eroded. DCIS is noted in the lactiferous duct

Fig. 13.52  Paget disease. Malignant cells are found within the nipple epidermis, and there is chronic inflammation in the underlying dermis
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Fig. 13.53  Paget disease. Higher magnification shows malignant Paget cells within the nipple epidermis

Fig. 13.55  DCIS with necrosis and calcifications is noted along the lactiferous ducts, deep to the nipple displaying Paget disease

Fig. 13.54  Paget disease. The intraepidermal malignant cells show enlarged vesicular nuclei with distinct nucleoli
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Fig. 13.56  Paget disease. c-cerbB-2 immunohistochemistry is strongly positive (3+) in the majority of the tumour cells

Fig. 13.57  DCIS underlying Paget disease also shows strong c-erbB-2 positivity (3+) on immunohistochemistry

Fig. 13.58  Paget disease of the nipple. Cells hybridised with dual-
colour LSI ERBB2 and CEP17 fluorescence in situ hybridisation 
(FISH) probes show amplification of the ERBB2 gene (red arrows) with 

normal copy numbers of CEP17 control probe (green arrow) (Courtesy 
of the Cytogenetics Laboratory, SGH Pathology)

13  Nipple Lesions



563

Fig. 13.61  Toker cells of the nipple. Pale cells in the nipple epidermis closely mimic Paget cells. The distinction can be aided with immunohistochem-
istry; Toker cells are negative for c-erbB-2 and usually positive for ER, in contrast with Paget cells, which are c-erbB-2 positive and ER negative

Fig. 13.59  Toker cells of the nipple. At low magnification, several clear cells are seen in the nipple areolar epidermis. Lobules of sebaceous glands 
are present in the underlying stroma

Fig. 13.60  Toker cells of the nipple. Individual and small clusters of pale cells with vesicular nuclei and discernible small nucleoli are present. These 
resemble Paget cells, although Toker cells are often bland and less pleomorphic than Paget cells, which usually demonstrate high-grade atypia
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Fig. 13.62  Toker cells. In this example, the Toker cells are clustered, 
with one cluster disclosing a lumen-like space suggesting gland forma-
tion (arrow). Some authors refer to these as Toker cell hyperplasia, but 

others prefer to regard these as Toker cells without further qualification 
(Courtesy of Dr. Timothy Jacobs)

Fig. 13.63  Toker cells of the nipple. Here, a few Toker cells show nuclear enlargement with discernible nucleoli, resembling Paget cells. In such 
cases, immunohistochemistry is useful in distinguishing Toker cells from Paget cells (Courtesy of Dr. Timothy Jacobs)

much higher prevalence of 88.4 % [17]. Toker cells are 
believed to be glandular cells of lactiferous ductal origin, 
though recently it has been suggested that they are develop-
mentally more related to sebaceous glands [16]. The major-
ity of Toker cells are cytologically bland, disappearing after 
further sections, and do not pose a differential diagnostic 
concern for Paget disease, but a proportion (27.5 %) can dis-
close hyperplastic features, with 12.5 % being cytologically 
atypical [15]. Atypical and hyperplastic Toker cells must 
be distinguished from Paget cells. Both are CK7 positive. 
Immunohistochemistry is helpful, with Paget cells being ER/
PR negative and c-erbB-2, CD138, and p53 positive, whereas 
Toker cells show ER/PR positivity with c-erbB-2, CD138, 
and p53 negativity (Table  13.1; Figs.  13.64, 13.65, 13.66, 

13.67, and 13.68). On occasion, Toker cells may disclose 
weak immunohistochemical reactivity for c-erbB-2 [15]—
fluorescence in situ hybridisation may be discriminatory in 
such cases. Ki67 proliferation index can also be useful, being 
low in Toker cells [18].

�Clear Cells of the Epidermis
Apart from Toker cells, the nipple-areolar epidermis may 
show other types of benign clear cells, including pagetoid 
dyskeratosis cells (observed in 40 % of nipples) and “signet-
ring” cells (Fig.  13.69), observed in 50.7 %  
[14, 19]. Both pagetoid dyskeratosis and signet-ring cells are 
squamous cells that stain with high-molecular-weight keratins 
and p63, whereas CK7 is negative. Pagetoid dyskeratosis is 
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Table 13.1  Immunohistochemical comparison between Toker cells, Paget disease, squamous carcinoma in situ, and malignant melanoma

Toker cells Paget disease Squamous CIS Melanoma

CK7 + + − −
Cam 5.2 + + − −
CK5/6 − − + −
34BE12 − − + −
p63 − − + −
S100 −/+ −/+ − +

HMB45 − − − +

MelanA − − − +

ER, PR + −/+ − −
c-erbB-2 − + − −
Ki67 −/low + + + +

CIS carcinoma in situ, ER oestrogen receptor, PR progesterone receptor

Fig. 13.64  Toker cells of the nipple are CK7 positive; the malignant cells in Paget disease similarly are also CK7 positive. Inset shows high mag-
nification of the CK7-positive Toker cells, which can occur in small clusters

Fig. 13.65  Toker cells of the nipple. Immunohistochemistry shows positive ER staining of the nuclei of Toker cells
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Fig. 13.66  Toker cells of the nipple. c-erbB-2 immunohistochemistry is negative (arrows point to several negatively stained Toker cells). Sometimes, 
there may be equivocal reactivity, in which case FISH may be helpful in ascertaining whether there is amplification of the c-erbB-2 gene

Fig. 13.67  Toker cells of the nipple. Immunohistochemistry for Ki67 shows a low proliferation index, with a few scattered basal epidermal cells 
disclosing positive nuclear staining, but the Toker cells (arrows, inset) are negative

GCDFP15 Cam 5.2

Fig. 13.68  Toker cells of the nipple. Toker cells are positively stained for gross cystic disease fluid protein and low-molecular-weight keratin Cam 5.2
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reported to occur secondary to friction [20], whereas signet-
ring cells are related to fixation artefact [14]. Clear-cell 
papulosis, koilocytes, glycogen-rich squamous cells, and 
melanocytes (Fig. 13.70) may also present morphologically 
as clear cells within the nipple-areolar epidermis.

�Squamous Carcinoma In Situ (Bowen Disease)
Squamous carcinoma in situ is exceedingly rare in the nipple-
areolar complex (Figs.  13.71, 13.72, 13.73, and 13.74). 
Histologically, it may demonstrate individual malignant cells 
with variably clear cytoplasm within the epidermis closely 
mimicking Paget disease, or it may comprise full-thickness 
dysplasia of the epidermis. Immunohistochemistry shows 

positive staining for high-molecular-weight keratins and 
p63, while CK7 and c-erbB-2 are negative (Figs.  13.75, 
13.76, 13.77, 13.78, and 13.79; Table 13.1).

�Malignant Melanoma
Malignant melanoma rarely affects the nipple. 
Clinicopathologically, it can resemble Paget disease, especially 
pigmented mammary Paget disease. There may be a history of 
a long-standing naevus. Pigmented Paget disease is believed to 
result from local production of melanocyte chemotactic factor 
by Paget cells at the dermoepidermal junction or from transfer 
of melanin to the malignant cells [21]. Immunohistochemistry 
is needed for distinction (Figs. 13.80, 13.81, and 13.82).

Fig. 13.69  Clear cells of the epidermis. Scattered cells with clear cytoplasm are seen among keratinocytes of the nipple epidermis. A few cells 
with signet-ring like appearances (arrows) are observed, which are likely fixation artefact

Fig. 13.70  Melanocytes at the dermoepidermal junction. Scattered clear cells seen at the dermoepidermal junction may be of melanocytic origin, 
with positive reactivity for S100 (right field, arrows). Melanin pigmentation of some of the basal epidermal cells is also seen
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Fig. 13.73  Squamous carcinoma in situ. There is a fairly abrupt transition from normal epidermis to squamous carcinoma in situ, where there is 
full-thickness replacement by cells with enlarged pleomorphic nuclei. Scattered mitoses are present

Fig. 13.71  Squamous carcinoma in situ (Bowen disease) of the nipple. The nipple epidermis shows abnormal cells with hyperchromatic nuclei, 
seen throughout the epidermal thickness

Fig. 13.72  Squamous carcinoma in situ. Higher magnification shows malignant cells with pleomorphic, hyperchromatic nuclei and clear to pink 
cytoplasm interspersed among normal keratinocytes, mimicking Paget disease
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Fig. 13.76  Squamous carcinoma in situ. CK7 immunohistochemistry is negative. In contrast to squamous carcinoma in situ, both c-erbB-2 and 
CK7 are positive in malignant cells of Paget disease

Fig. 13.75  Squamous carcinoma in situ. Immunohistochemistry for c-erbB-2 is negative in the malignant cells. Basal epidermal cells show mela-
nin pigmentation

Fig. 13.74  Squamous carcinoma in situ. The malignant squamous 
cells punctuate the nipple epidermis and stand out with their more 
ample cytoplasm and larger nuclei. Although full-thickness replace-

ment of the epidermis by malignant cells is often seen in squamous 
carcinoma in situ, sometimes the malignant cells are dispersed indi-
vidually and are not found across the entire squamous epidermal width
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Fig. 13.77  Squamous carcinoma in situ. Immunohistochemistry for p63 shows positive nuclear reactivity of malignant cells within the nipple 
epidermis

Fig. 13.78  Squamous carcinoma in situ. Immunohistochemistry for the high-molecular-weight keratin 34BE12 shows positive cytoplasmic and mem-
brane staining of the malignant cells. In contrast to squamous carcinoma in situ, both p63 and 34BE12 are negative in malignant cells of Paget disease

Fig. 13.79  Squamous carcinoma in situ. High magnification of a section stained immunohistochemically for 34BE12 shows cytoplasmic reactiv-
ity of the malignant tumour cells
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Fig. 13.80  Melanoma involving the nipple epidermis. Sheets of tumour cells are seen in the nipple stroma, with rounded nests of malignant mela-
noma cells observed in the lower epidermis of the nipple. Brown melanin pigment is noted among the melanoma cells

Fig. 13.81  Melanoma involving the nipple epidermis. High magnification of the clusters of melanoma cells in the basal epidermis, accompanied 
by brown melanin pigment. The tumour cells show enlarged vesicular nuclei with prominent nucleoli and may mimic Paget cells

�Prognosis and Therapy Considerations

The prognosis of Paget disease depends on the pathological 
characteristics of the associated carcinoma. The reported 
5-year overall survival is 94–98 % for DCIS and 73–93 % for 

invasive ductal carcinoma [11]. Direct dermal invasion from 
Paget disease (Fig. 13.83) has a more favourable outcome 
than skin invasion from underlying breast carcinoma and 
must therefore be distinguished from the latter, which repre-
sents pT4b disease [22].
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Fig. 13.82  Melanoma involving the nipple epidermis. Immunohistochemistry for S100 (a) and HMB45 (b) shows positive reactivity of the mela-
noma cells

Fig. 13.83  Paget disease with direct dermal invasion. (a) The nipple 
epidermis is eroded, with remnant rete pegs variably harbouring 
intraepidermal malignant cells. A few small cords and narrow trabecu-
lae of tumour cells are detached from the epidermis, lying within the 
oedematous inflamed stroma (red arrows). (b) Higher magnification 
shows the detached malignant epithelial aggregates within inflamed 
stroma. The overlying epidermis here is ulcerated. No invasive disease 
was found in the rest of the mastectomy specimen which contained duc-
tal carcinoma in situ. It may be difficult to distinguish early invasive 
disease from Paget cells that are still contained within rete pegs that are 

sectioned at a tangent. What can be helpful is to determine if the 
detached malignant epithelial island is connected with rete pegs in adja-
cent levels, in which case invasion is unlikely. Alternatively, immuno-
histochemistry for high molecular weight keratins or p63 may highlight 
a peripheral rim of squamous cells around the malignant Paget cells 
confirming absence of invasion. In this example, assessment is made 
challenging by the ulceration. However, the presence of individual 
malignant cells within the inflamed stroma, and persistence of such foci 
after deeper levels, support the conclusion of direct dermal invasion 
from Paget disease

a b
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Male Breast Lesions

The structure of the male breast is almost identical to that of 
the female breast, yet both benign and malignant breast neo-
plasms are rare in males [1–3]. Until puberty, the male and 
female breasts are identical, composed of lactiferous ducts 
and fibrofatty stroma [4]. In males, testosterone levels 
increase during puberty, causing involution and atrophy of the 
ducts. In females, both stroma and ducts proliferate and lobu-
lar units develop in response to oestrogen and progesterone. 
The normal adult male breast is composed primarily of a 
small nipple-areolar complex, subcutaneous adipose tissue, 
stromal elements, and a few poorly developed ductal struc-
tures that end blindly (Fig.  14.1). Cooper ligaments are 
absent, and terminal ductal lobular unit formation is rare, 
which explains the rarity of many lesions such as cysts, fibro-
adenomas, phyllodes tumours, and lobular neoplasia. Most 
lesions in the male breast are of ductal origin [5, 6].

�Gynaecomastia

�Definition

Gynaecomastia is the non-neoplastic enlargement of the 
male breast, resulting from a proliferation of both epithelial 
and mesenchymal components of the breast.

�Clinical and Epidemiological Features

Asymptomatic gynaecomastia is a relatively common, usually 
self-limited disorder. It is reported in 30–40 % of men [7–14]. 
The pathophysiology of gynaecomastia is poorly understood 
[15, 16]. The causes of gynaecomastia development range 
from benign physiologic processes to rare neoplasms. Proper 

14

a b

Fig. 14.1  Comparison of male and female breasts. (a) Male breast composed predominantly of stromal elements, including fibrous and adipose 
tissue, with poorly developed ducts and without any lobular units. (b) Adult female breast, showing ducts connected to lobular units
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identification of the aetiology of the gynaecomastia is impor-
tant for clinical management [17, 18]. Based on its aetiology, 
gynaecomastia is classified into three categories: physiologic, 
secondary, and pharmacologic.

Physiologic gynaecomastia can occur in neonatal, puber-
tal, and elderly males. Neonatal gynaecomastia, which is the 
enlargement of breast tissue in newborns due to maternal 
hormones, usually resolves within several weeks of birth. 
Pubertal gynaecomastia is common and has a peak incidence 
at age 13–15 years. It is usually bilateral and is associated 
with breast tenderness (Fig.  14.2). It is due to hormonal 
surges during this period and in most cases resolves in a cou-
ple of years without any intervention. The incidence of gyn-
aecomastia increases with age, and enlargement of breast 
tissue is usually due to a hormonal imbalance.

Secondary gynaecomastia can be due to hypogonadism 
(either congenital or acquired), endocrine disorders such as 
hyperthyroidism, metabolic disorders such as alcohol-induced 
liver disease, and chronic renal disease. It can also arise from 
neoplasms such as testicular tumours associated with 
increased levels of oestrogen, human chorionic gonadotro-
pin, and prolactin; adrenal cortical tumours; and rarely other 
solid tumours such as bronchogenic carcinoma and squa-
mous cell carcinoma of the skin [17, 19].

Pharmacologic gynaecomastia appears to be the result of 
the ingestion of a variety of implicated medications. Exogenous 
oestrogens, anabolic steroids, digitalis, marijuana, chlorprom-
azine, and some chemotherapeutic agents and antituberculosis 
drugs are reported to cause gynaecomastia [9, 19].

Gynaecomastia presents as a soft, mobile breast enlarge-
ment behind the nipple. The lesion can vary in size; most 
commonly it is 2–5  cm. Breast tenderness and pain can 
occur, but other symptoms such as nipple discharge, bleed-
ing, and skin retraction are usually indicative of an additional 
pathology such as malignancy [12, 17].

�Imaging Features

The imaging features of gynaecomastia depend on the dura-
tion of the lesion. In the early development phase, a discrete 
subareolar mass, corresponding to increased fibroglandular 
tissue, can be identified on mammography or ultrasound 
evaluation. Long-standing lesions (usually more than 1 year) 
are characterised by a dendritic pattern with linear bands of 
fibroglandular tissue radiating to the periphery. 
Mammography can show an asymmetric or central subareo-
lar density, and ultrasound evaluation reveals hyperechoic 
fibroglandular tissue surrounding a central, subareolar 
hypoechoic area (Fig.  14.3). Microcalcifications are rarely 
present. Both ultrasound and mammography can be used to 
identify carcinomas arising in the background of gynaeco-
mastia in males as effectively as they are used in females.

�Pathologic Features

�Macroscopic Features
The macroscopic features of gynaecomastia are nonspecific. 
Usually, it appears as ill-defined fibrous tissue with no iden-
tifiable discrete nodules (Fig. 14.4).

�Microscopic Features
Histologic features vary with the age of the lesion, regard-
less of its aetiology. In the early phase (also referred to as 
the florid phase), gynaecomastia is characterised by an 
increased number of ducts embedded within the oedematous 
myxoid stroma (Figs.  14.5 and 14.6). Varying degrees of 
intraductal epithelial proliferation are present. Most of the 
ducts show a branching configuration and are lined by an 
epithelium of three to four cells thick, without significant 
cytologic atypia (Fig. 14.7). The epithelial proliferation has 

Fig. 14.2  Bilateral gynaecomastia (Courtesy of Dr. Veronique Tan)
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RCC

Fig. 14.3  Mammographic image of gynaecomastia. A flame-shaped density containing interspersed fat and ill-defined borders is seen in the 
subareolar region

a b

Fig. 14.4  Gross appearance of gynaecomastia. (a) Gynaecomastia shows adipose tissue with an ill-defined, grey-white fibrous density. (b) The 
edge of the fibrous density is imperceptible

a b

Fig. 14.5  Microscopic features of gynaecomastia. (a) Scattered ducts associated with hypercellular stroma. (b) The epithelium shows tufting. 
Inset shows high magnification of the epithelial tufts

�Gynaecomastia
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a characteristic appearance, with tapering tufts protruding 
into the lumen, resembling a micropapillary architectural 
pattern (Figs.  14.8 and 14.9). The proliferating epithelial 
cells forming the luminal protrusions of gynaecomastia are 
not monomorphic (Figs. 14.10, 14.11, and 14.12). Epithelial 
hyperplasia may be florid (Fig. 14.13). The stroma around 

the ducts is usually hypervascular and may contain inflam-
matory cells (Figs. 14.14 and 14.15). Metaplastic changes 
such as apocrine and squamous metaplasia can occur in gyn-
aecomastia (Fig. 14.16). Pseudoangiomatous stromal hyper-
plasia (PASH) can also be present (Fig. 14.17). In the later 
phase of gynaecomastia (also called the fibrous phase), 

Fig. 14.6  Microscopic features of gynaecomastia. The stroma is densely fibrous and lacks an adipose tissue component

a b

Fig. 14.7  Microscopic features of gynaecomastia. (a) Ducts show a branching configuration without marked epithelial thickening. The stroma is 
hypocellular. (b) Higher magnification of a duct without significant epithelial hyperplasia
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fibrotic stroma predominates, ductal proliferation is dimin-
ished, and the epithelium undergoes atrophy (Fig.  14.18). 
The ducts are usually lined by flattened epithelium. The 
periductal stroma is hyalinised.

In rare cases, lobular development can occur; its patho-
genesis is unclear. Ductal epithelial cells in gynaecomastia 
are usually strongly positive for oestrogen, progesterone, and 
androgen receptors [16, 17]. The presence of a dual cell pop-
ulation in the epithelial hyperplasia can be demonstrated by 
immunohistochemical stains for myoepithelial markers. 
Gynaecomastia glands occurring secondary to antiandrogen 
therapy may show positivity for prostate-specific antigen 
[20]. This finding should not be misinterpreted as showing a 
prostate origin for these glands.

�Differential Diagnosis

Gynaecomastia must be differentiated from pseudogynaeco-
mastia and benign and malignant breast neoplasms. 
Pseudogynaecomastia (lipomastia) refers to prominence of 
the breast due to excessive adipose deposition in subcutane-
ous tissue without breast glandular proliferation; it usually 
occurs in elderly, obese males. Physical examination and 
imaging studies reveal diffuse breast enlargement without 
subareolar nodules.

The epithelial proliferation seen in the early phase of gyn-
aecomastia can be quite prominent and can mimic in situ 
carcinoma. The characteristic architectural features of gyn-
aecomastia and the lack of cytologic monotony of in situ 

a b

Fig. 14.8  Microscopic features of gynaecomastia. (a) Lining epithelium shows marked proliferation. (b) Proliferating epithelial cells are poly-
morphic in appearance

a b

Fig. 14.9  Microscopic features of gynaecomastia. (a) Slightly dilated 
ducts are lined by thickened epithelium showing focal tufting, which 
may mimic a micropapillary pattern. (b) Micropapillary-like tufts are 

slender and non-rigid and comprise epithelial cells with a heteroge-
neous appearance (arrow)
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a b

c d

Fig. 14.10  Microscopic features of gynaecomastia. (a–d) Lining epithelium shows micropapillary tufts, which are irregularly distributed and 
tapering near the tips

Fig. 14.11  Microscopic features of gynaecomastia. Lining epithelium shows luminal protrusions. Inset shows high magnification of the epithelial 
protrusions into the duct lumen
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a b

Fig. 14.12  Microscopic features of gynaecomastia. (a, b) Cellular fibrotic stroma associated with small glands, which are lined by epithelium of 
three to four cells thick

a b

Fig. 14.13  Microscopic features of gynaecomastia. (a, b) Florid usual ductal hyperplasia almost completely fills the lumen. Based on the poly-
morphous nature of the epithelium, it is not atypical

ductal carcinoma should be helpful in making the distinc-
tion. Atypical ductal hyperplasia is rarely diagnosed in a 
background of gynaecomastia [21]. Its distinction from usual 
ductal hyperplasia is based on primarily morphological and 
adjunctive immunohistochemical features, with atypical 
ductal hyperplasia often disclosing a cribriform pattern of 
uniform epithelial cells accompanied by high ER and reduced 
CK5/6 expression.

Benign breast lesions such as nipple duct adenomas,  
papillomas, and sclerosing adenosis may occur in the male 
breast. Histologic criteria for these lesions are the same as in 
a female breast.

�Prognosis and Therapy Considerations

Gynaecomastia reflects an underlying imbalance in the hor-
monal physiology in which there is an increase in oestrogen 
relative to androgen action at the breast-tissue level. Similar to 
female breast development, oestrogen, along with growth hor-
mone and insulin growth factor-1 (IGF-1), is required for breast 
growth in males. Normally a balance exists between oestrogens 
and androgens in males. Any pathologic condition or medica-
tion that can cause an elevation in the ratio of oestrogen to 
androgen, either by increasing oestrogen levels or decreasing 
androgen levels, can induce gynaecomastia [13, 17, 18].

�Gynaecomastia
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a b

c

Fig. 14.14  Microscopic features of gynaecomastia. (a, b) The periductal stroma is oedematous and has myxoid features. (c) The stromal cells 
have variably dense and irregular nuclei admixed with a proliferation of capillaries

a b

Fig. 14.15  Microscopic features of gynaecomastia. (a) The periductal stroma is hypercellular and contains scattered inflammatory cells. (b) 
Prominent periductal inflammatory infiltrate
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Fig. 14.16  Microscopic features of gynaecomastia. Cystic change with apocrine metaplasia is shown

a b

Fig. 14.17  Microscopic features of gynaecomastia. (a, b) Pseudoangiomatous stromal hyperplasia (PASH) is commonly seen in a background of 
gynaecomastia

Most cases of gynaecomastia are asymptomatic and 
patients seek clinical attention for cosmetic concerns. The 
condition may cause local pain and tenderness, however, 
and could occasionally be the result of a serious underlying 
illness or sensitivity to a medication; it may even be inher-
ited. In all ages, if a specific cause of the gynaecomastia is 
identified, treatment of the underlying cause is warranted, 

but most cases do not require treatment. Treatment should 
not be initiated during the initial phase, when the breast 
hypertrophy may regress. If no underlying cause is discov-
ered, then close observation is appropriate. Surgery to 
remove the enlarged breast tissue may be necessary if gyn-
aecomastia does not resolve spontaneously or with medical 
therapy.

�Gynaecomastia
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Fig. 14.18  Microscopic features of gynaecomastia. Hypocellular diffuse fibrosis (end stage of gynaecomastia)

�Male Breast Cancer

�Definition

Male breast cancer is simply breast carcinoma that occurs in 
the breast tissue of men.

�Clinical and Epidemiological Features

Because of its relative rarity, male breast cancer has not 
been studied as extensively as female breast cancer. Male 
breast cancer is an uncommon tumour in Western coun-
tries, accounting for less than 1 % of all breast cancers and 
less than 1 % of all malignancies in males. The ratio of 
male to female breast cancer is approximately 1:100 in the 
United States. According to the American Cancer Society, 
an estimated 2240 new cases of male breast cancers occur 
annually, and approximately 400 men die from breast can-
cer [22–24]. The incidence rate of male breast cancer is 
higher in African Americans than in whites, and it is 
higher in geographic regions where chronic liver disease 
due to infectious and neoplastic aetiologies is relatively 
higher than in Western countries [25–30]. In central 

Africa, breast cancer constitutes 5–6 % of all malignancies 
in males.

Risk factors for male breast cancer include family his-
tory of breast cancer, inherited gene mutations, Klinefelter 
syndrome, liver disease, increased sources of endogenous 
and exogenous oestrogen, obesity, occupational and envi-
ronmental exposures, and radiation [28]. Breast cancer risk 
is increased if other members of the family have had breast 
cancer. About one of five men with breast cancer has a close 
male or female relative with breast cancer. Men with a 
mutation in the BRCA2 gene have an increased risk of breast 
cancer. BRCA1 mutations can also increase the risk of male 
breast cancer, but the risk appears to be lower. Mutations in 
CHEK2 and PTEN genes may be responsible for some male 
breast cancers [29, 31–34]. Klinefelter syndrome is a con-
genital condition defined by chromosomal abnormality of 
XXY.  Compared with other men, patients with this syn-
drome have lower levels of androgens and higher levels of 
oestrogens; for this reason, they often develop gynaecomas-
tia. Men with Klinefelter syndrome have a 50-fold higher 
risk of developing breast cancer than men in the general 
population. Ionising radiation is a known risk factor for 
female breast cancers, and similarly, the risk of male breast 
cancer increases with exposure to chest radiation. The liver 
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plays an important role in sex hormone metabolism by 
making binding proteins. These binding proteins affect hor-
monal activity. Men with severe liver disease such as cir-
rhosis have relatively low levels of androgens and higher 
levels of oestrogen, which lead to a higher rate of gynaeco-
mastia as well as an increased risk of developing breast can-
cer. Men with occupational exposures to electromagnetic 
fields, gasoline fumes, or polyaromatic hydrocarbons have 
been reported as having a higher risk of developing breast 
cancer [22, 35].

Although male breast cancer is more common in elderly 
men, it can occur at any age, even in children. The average 
age at diagnosis is 65–67 years, which is a decade older than 
for women with breast cancer [36, 37]. A self-detected and 
painless breast mass, which is usually located in the ret-
roareolar area, is the most common presenting symptom. 
Nipple discharge, bleeding, retraction, skin ulceration, and 
pain can also be present. Most lesions are unilateral. 
Synchronous bilateral male breast cancer is exceedingly 
rare.

�Imaging Features

Mammography and ultrasonography have been used to dif-
ferentiate benign lesions from cancer in men who have a 
breast lesion, but their benefit as a screening tool in males 
has been controversial [38–40]. Characteristic features of 
male breast cancer are very similar to those of breast can-
cer in females; a mass or architectural distortion with 
irregular margins is the most common presentation 

(Fig. 14.19). Unlike gynaecomastia, male breast cancer is 
located eccentrically to the nipple. A density associated 
with gynaecomastia is typically symmetrical and is 
described as having a triangular configuration in the early 
stages and a dendritic pattern in established lesions. 
Carcinoma may be obscured by background gynaecomas-
tia. Cystic and papillary carcinomas may present as well-
circumscribed masses. Calcifications can be identified in 
up to one third of the cases.

�Pathologic Features

The pathologic features of male breast cancer are similar to 
those of female breast cancer [41, 42].

�Macroscopic Features
The gross appearance of male breast cancer is identical to 
breast cancer in females. A hard, irregular, stellate, grey to 
white mass associated with yellow streaks is the most com-
mon gross appearance (Figs. 14.20 and 14.21).

�Microscopic Features
Almost 90–95 % of all male breast carcinomas are inva-
sive. In contrast to females, the frequency of in situ carci-
noma is low in men, accounting for approximately 7 % of 
all male breast cancers; 95 % of these cases consist of duc-
tal carcinoma in situ (DCIS) (Figs. 14.22 and 14.23). Only 
a few cases of lobular carcinoma in situ have been reported 
[43]. The most common histologic type of invasive male 
breast cancer is invasive ductal carcinoma not otherwise 

Fig. 14.19  Mammographic appearance of male breast cancer. A 1.8 cm eccentrically located spiculated mass is observed in the retroareolar area

�Male Breast Cancer
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a

b

c
d

fe

Fig. 14.20  Gross and microscopic features of male breast cancer. (a, b) 
Total mastectomy of male breast cancer, showing a well-demarcated 
tan-grey tumour. (c, d) Microscopic evaluation shows distinct 

demarcation of tumour from adjacent stroma, which is predominantly 
adipose tissue. (e, f) Higher magnification shows an invasive ductal car-
cinoma grade 2 (moderately differentiated)
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a b

Fig. 14.21  Gross and microscopic features of male breast cancer. (a) Resection of tumour shows an irregular mass with infiltrative margins. The 
adjacent stroma is fibrous. (b) Microscopic evaluation shows an invasive carcinoma in a background of fibroadipose tissue

a b

c d

Fig. 14.22  Ductal carcinoma in situ (DCIS) in the male breast. (a) 
Expanded ducts are filled with a monotonous epithelial population 
with rigid cribriform spaces. Surrounding chronic inflammation is 
seen. (b) High magnification shows a uniform monomorphic popula-

tion of epithelial cells. (c) Immunohistochemistry for CK14 decorates 
the peripheral myoepithelial population, but the neoplastic epithelial 
population is negative. (d) Diffuse positivity for oestrogen receptor is 
observed in the DCIS cells

�Male Breast Cancer
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specified, accounting for 85 % of all cases. All other histo-
logic types of invasive carcinoma have been reported in 
males [44]. In contrast to female breast cancers, invasive 
lobular carcinoma is rare in men. Some studies show that 
invasive papillary carcinomas are relatively more common 
in males than in females (Fig. 14.24). Similarly, neuroen-
docrine differentiation is more frequently observed in 
male breast cancer (Fig.  14.25). The grading system for 
female breast carcinoma should be used for male breast 
carcinoma. The majority of invasive male breast carcino-
mas are moderately or poorly differentiated (histological 
grades 2 and 3). Well-differentiated (grade  1) invasive 
carcinomas (including tubular, cribriform, and mucinous 
carcinomas) can also occur. The growth pattern and cyto-
logic features of male breast cancer are identical to those 
of female breast cancer. The frequency of an in situ carci-
noma component is reported to be lower in males (20–
50 %) than in females (60–70 %). Inflammatory breast 
cancer is also reported in males. Paget disease of the nip-
ple in men is extremely rare [45].

Most breast cancers in men express oestrogen and proges-
terone receptors. Based on data from the Surveillance, 
Epidemiology, and End Results (SEER) Program of the 
National Cancer Institute, the rates of hormone receptor pos-
itivity are higher in men than in women, with 90 % oestrogen 
receptor positivity and 80 % progesterone receptor positivity 
in male breast cancers, versus 75 % and 65 % in female breast 
cancers (Fig.  14.26). The expression of androgen receptor 
has been reported in 50–90 % of male breast cancers. 
Overexpression and amplification of the c-erbB-2 oncopro-
tein and gene have been reported to be similar to those found 
in their female counterparts [46–49].

�Differential Diagnosis

Gynaecomastia, papillomas, benign and malignant stromal 
neoplasms, biphasic tumours (fibroadenoma and phyllodes 
tumour), reactive conditions such as fat necrosis, and meta-
static tumours are the main differential diagnoses for male 
breast cancer. In most cases, based on clinical examination, 
imaging features, and preoperative core needle biopsy, a diag-
nosis can be easily established. Metastases from other solid 
neoplasms are sometimes difficult to diagnose. Metastatic 
prostate adenocarcinoma is commonly a diagnostic problem. 
Patients who receive hormonal therapy for prostatic adeno-
carcinoma almost always develop gynaecomastia, which may 
show epithelial proliferations mimicking DCIS. Identification 
of all criteria required to establish the diagnosis of DCIS is 
important. Immunohistochemical staining for high-molecu-
lar-weight cytokeratins may be helpful because hyperplas-
tic lesions show strong positivity, whereas the expression of 
high-molecular-weight cytokeratins is significantly dimin-
ished or lost completely in DCIS. Myoepithelial markers can 
be used to establish the invasive versus in situ nature of the 
ductal carcinoma. Expression of prostate-specific antigen is 
commonly used to confirm the prostate origin of a metastatic 
carcinoma. It is a useful marker in males to differentiate pri-
mary breast cancer from metastases, but rarely a primary 
male breast cancer can disclose aberrant expression of pros-
tate-specific antigen. Prostate-specific acid phosphatase has  
so far not been reported in male breast cancer and can be 
used to establish the prostate origin of the cancer [50, 51]. 
Identification of intracytoplasmic mucin supports the diagno-
sis of breast carcinoma, as prostate carcinomas invariably fail 
to show any intracytoplasmic mucin.

a b

Fig. 14.23  Microscopic features of male breast cancer. (a, b) Male breast DCIS of intermediate nuclear grade
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b

c

Fig. 14.24  Male breast cancer. (a) This tumour shows a cystic compo-
nent with areas of haemorrhage. (b) A solid–cystic appearance is seen, 
with papillary fronds projecting into the cystic lumens; the surrounding 

tissue shows invasive tumour islands associated with haemorrhage. (c) 
Higher magnification of the malignant papillary structures, which are 
observed protruding into the cystic lumen
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Fig. 14.25  Male breast cancer. (a) Low magnification shows an inva-
sive carcinoma forming irregular, anastomosing nests in the dermis and 
fibrofatty breast parenchyma. (b) Invasive tumour islands extend around 
adnexal structures of the skin. (c) Confluent islands of tumour cells are 

seen in a fibrotic stroma. The tumour cells show eosinophilic cytoplasm. 
(d, e) Invasive carcinoma cells show diffuse reactivity for oestrogen 
receptor (d) and synaptophysin (e); the latter indicates neuroendocrine 
differentiation

a

b

c

14  Male Breast Lesions



591

d e

Fig. 14.25  (continued)

Fig. 14.26  Microscopic features of male breast cancer. Invasive ductal carcinoma. Immunohistochemical staining for oestrogen receptor shows 
diffuse positivity in the invasive carcinoma cells (inset)

�Male Breast Cancer
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�Prognosis and Therapy Considerations

The same staging system used for female breast cancer is 
used for staging male breast cancer [52–55]. Tumour stage 
defined by tumour size and regional lymph node status is the 
most important prognostic factor of male breast cancer. 
Although experience with the sentinel lymph node proce-
dure is relatively limited in male breast cancer, findings sug-
gest that it is as accurate in males as in females [56]. Similar 
to female breast cancer, in addition to size and stage of the 
tumour, other biologic factors such as tumour subtype have a 
clear influence on survival in male breast cancer. Treatment 
of male breast cancer is the same as for females. It can 
involve some combination of surgery, radiation, chemother-
apy, and hormone or targeted therapy. Since most male breast 
cancers are hormone receptor-positive, hormone therapy is 
often used [57].
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Treatment-Related Changes

�Changes Related to Neoadjuvant 
Chemotherapy

�Definition

Neoadjuvant, primary, or preoperative chemotherapy refers 
to the treatment of patients with systemic agents before 
definitive surgical removal of a tumour. Neoadjuvant che-
motherapy was introduced in the early 1970s as the treat-
ment of choice for inoperable, locally advanced breast 
cancer. This approach resulted in significant responses and 
downstaging of many tumours, permitting mastectomy in 
some patients. Gradually, the idea of neoadjuvant chemo-
therapy was extended to include patients with large but 
operable early-stage breast cancer, allowing the same pos-
sibility of tumour downstaging and breast-conserving sur-
gery. Additionally, several randomised clinical trials and 
meta-analyses showed similar disease-free and overall sur-
vivals for patients who received chemotherapy in either an 
adjuvant or neoadjuvant setting. Today, based on these find-
ings, neoadjuvant chemotherapy is considered an appropri-
ate treatment option for most patients diagnosed with breast 
cancer where adjuvant chemotherapy was indicated [1–5]. 
For patients with inflammatory breast cancer, neoadjuvant 
therapy is regarded as the standard of care. It is the pre-
ferred option for locally advanced breast cancer, and this 
approach allows both clinicians and patients to have an 
in vivo assessment of therapeutic efficacy, which can then 
be used as a surrogate marker to predict long-term survival 
[6–8]. Additionally, neoadjuvant trials have been increas-
ingly recognised as a promising platform for efficient test-
ing of investigational compounds and experimental targeted 
therapies. Most of the current neoadjuvant therapy regi-
mens include a combination of cytotoxic agents. In recent 
years, with the development of targeted therapy options, 
many different treatment protocols, which include hor-
monal and target-specific agents, have been used in the neo-
adjuvant setting. Assessment of the quantity and biology of 

the residual tumour can provide further prognostic informa-
tion for patients receiving neoadjuvant therapy. The possi-
bility of collecting tumour samples before, during, and after 
the neoadjuvant treatment offers a unique translational 
research opportunity to delineate the biologic actions of the 
often personalised, targeted compounds in vivo. Identifying 
response markers provides a valuable platform from which 
to advance personalised cancer therapy [8].

�Clinical Considerations: Pretreatment 
Assessment

�Breast Evaluation
Assessment of the extent of the breast lesion should begin 
with a careful physical examination including imaging 
studies (mammography and ultrasound, with MRI in 
selected patients) as recommended by the National 
Comprehensive Cancer Network (NCCN) guidelines [9]. 
An MRI of the breast is more sensitive in determining the 
extent of the tumour, but it may also overestimate tumour 
size. An MRI may be performed if another area of concern 
highlighted by the initial imaging indicates need for further 
evaluation [10].

According to NCCN guidelines, an image-guided core 
needle biopsy with placement of an image-detectable 
marker of the breast abnormality is necessary to confirm the 
diagnosis (Fig. 15.1) [9]. This biopsy will also provide tis-
sue to assess histopathologic features (documentation of 
invasion, histologic type, and grade) and biomarkers (oes-
trogen and progesterone receptors, c-erbB-2, and Ki-67), as 
well as to demarcate the tumour bed for post-neoadjuvant 
management. Additional molecular testing on tissue is not 
the current standard of care in the preoperative setting at 
this time; it should not routinely be obtained outside of the 
context of a clinical trial. Many biomarkers are currently 
under investigation and may become the standard of care in 
the future, based on the results of further research. Accurate 
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documentation of the extent of the disease prior to therapy 
is also very important. If clinical or imaging studies show 
multiple lesions, biopsy documentation of the additional 
lesions is recommended.

�Axillary Evaluation
Patients being considered for neoadjuvant chemotherapy 
should undergo a careful physical examination of the axilla, 
with review of all imaging available, including mammogra-
phy and ultrasonography [9]. If the clinical or breast imaging 
results are suspicious for lymphadenopathy, a dedicated axil-
lary ultrasound is recommended for further evaluation [10, 
11]. Fine needle aspiration (FNA) or core needle biopsy 
should be performed on any suspicious-appearing lymph 
nodes [12]. Placement of a biopsy clip into the biopsied node 
may improve the accuracy of surgical resection of biopsy-
proven metastasis to axillary lymph nodes, allowing a more 
accurate assessment of pathologic response in the axilla [12].

For patients with clinically node-negative breast cancer at 
diagnosis, the role of a sentinel lymph node biopsy (SLNB) 
procedure prior to or following neoadjuvant chemotherapy is 
controversial [13–15]. One key limitation of SLNB prior to 
neoadjuvant therapy is that the removal of affected nodes 
prior to treatment precludes the ability to assess pathologic 
response. In most centres, performing SLNB after neoadju-
vant therapy is preferred for patients with a clinically node-
negative axilla at presentation, but it is most important that 
patient management in this setting must be individualised.

�Surgery After Neoadjuvant Systemic Therapy
The aim of surgery after neoadjuvant therapy should be to 
remove all detectable residual disease with clear margins. In 
the case of a complete clinical response, the centre of the 
tumour bed should be removed, including any biopsy clips. 

Surgical resection volume will be based on preoperative 
imaging [15].

�Evaluation of Breast Specimens 
After Neoadjuvant Systemic Therapy
Based on clinical and imaging findings, either a segmental 
resection or total mastectomy may be performed after neoad-
juvant systemic therapy. The intention of pathology evalua-
tion of breast specimens after systemic neoadjuvant therapy 
is to identify the tumour bed, document the response to ther-
apy (including the size, extent, and cellularity of any residual 
tumour), assess the margins, and review the potential prog-
nostic/predictive markers, if indicated [16, 17].

Accurate, reproducible documentation of pathologic 
response to neoadjuvant therapy requires the combination of 
imaging with gross and microscopic findings [17].

Identification of the Residual Tumour/Tumour Bed
Neoadjuvant systemic therapy may produce a variety of phys-
ical changes in breast tissue. Residual tumours may look sig-
nificantly different from an untreated breast cancer. As the 
stroma of invasive carcinomas after systemic therapy is usu-
ally less cellular than that of untreated invasive carcinomas, 
changes in the previously desmoplastic cellular stroma lead 
to a softer tumour on palpation, which is more difficult to 
distinguish from adjacent normal breast parenchyma on gross 
inspection. In some cases, the tumour shrinks symmetrically, 
making the identification of residual tumour relatively direct 
(Fig. 15.2). In some cases, however, the therapeutic response 
is patchy, and tumours dissipate into scattered nodularity on 
gross inspection (Figs. 15.3 and 15.4). In these cases, speci-
men radiography and careful comparison of the imaging stud-
ies obtained before and after therapy are essential in order to 
identify any residual carcinoma (Fig. 15.5) [17].

a b

Fig. 15.1  Biopsy clip. (a) Specimen X-ray showing clip at the centre of the lesion. (b) Gross photograph showing biopsy clip in the centre of the 
dense, grey-white tumour bed
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Fig. 15.2  Gross photograph of breast cancer after chemotherapy. A large area of necrosis and haemorrhage is seen in the lower portion of the 
well-defined tumour. The remaining grey-white portion in the upper part is viable tumour

Fig. 15.3  Gross photograph of breast cancer after chemotherapy. This tumour is semi-defined, with still-identifiable borders; viable tumour can 
be seen as distinct from adjacent normal breast tissue

Histologic Sampling
If the resection specimen is small (e.g., less than 2–3 cm), it 
is reasonable to submit the entire resected breast tissue for 
microscopic evaluation. For larger segmental resections and 
total mastectomy specimens, the number of sections that 
must be submitted for accurate assessment depends on the 
size, number, and location of the tumour(s) prior to therapy 
[17, 18]. At least one to two sections per centimetre of the 

tumour is recommended if there is a macroscopically evident 
residual tumour [17, 19, 20]. If no residual tumour is evident 
on gross inspection of the specimen, the original tumour site 
(tumour bed) should be identified and sampled extensively 
[17, 20]. Overly exhaustive random sampling of the entire 
fibrotic breast parenchyma is not recommended. Obtaining 
specimen X-rays and carefully comparing imaging findings 
before and after therapy—including the identification of 
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Fig. 15.5  Patterns of response to neoadjuvant therapy. After chemo-
therapy, tumours can completely disappear (complete pathologic 
response) (middle panel). They can shrink symmetrically (left panel), 
with a single tumour focus getting smaller with each therapy cycle, or 

they can break into multiple foci covering a similar area to that of the 
mass before chemotherapy (right panel), with each focus being much 
smaller than the original

Fig. 15.4  Gross photograph of breast cancer after chemotherapy. Grey-white tissue blends into adjacent breast parenchyma, with ill-defined borders 
(arrow)
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biopsy marking clips and other imaging abnormalities such 
as microcalcifications associated with the tumour site—are 
critical for the selection of histologic samples. Furthermore, 
X-ray images of the sliced breast specimen can be used as a 
map on which paraffin-embedded tissue blocks can be anno-
tated. These maps help the pathologists to reconstruct the 
extent and location of residual disease during the process of 
evaluating histopathologic sections prepared from these 
blocks [17]. This technique is essential, as it provides a more 
standardised and accurate evaluation of the residual tumour 
and generally requires processing of fewer tissue blocks than 
with a random sampling of what appears to be fibrotic breast 
tissue. Histologic sampling should include grossly visible 
tumour or tumour bed, as well as the immediately adjacent 
breast parenchyma. The extent of sampling should be based 
on the size and extent of the pretreated tumour, using find-
ings from the specimen’s radiography. In some cases, addi-
tional sampling may be necessary once the initial  

sections are reviewed, so keeping the sliced specimens in 
correct order and orientation is critical (Figs.  15.6, 15.7, 
15.8, and 15.9) [20, 21].

The recommendation of the American Joint Committee 
on Cancer (AJCC)/Union for International Cancer Control 
(UICC) is to measure the largest contiguous focus of inva-
sive carcinoma, excluding intervening fibrotic areas [20, 
22]. This approach is appropriate for tumours with sym-
metrical shrinkage, but it may cause artificial downstaging 
of the residual tumour size for those tumours showing scat-
tered tumour nests that were an integral part of a single 
tumour mass before treatment. To consider tumours multifo-
cal, residual tumour foci should be separated by abundant 
non-neoplastic breast parenchyma or adipose tissue and 
should be measured independently. In this situation, dimen-
sions from the largest tumour deposit should be used for 
AJCC staging, with “m” indicating the presence of multiple 
tumours.

a b

c d

Fig. 15.6  Identification of tumour bed. (a) Specimen X-ray of mastec-
tomy slices shows dense, fibrous tumour bed. (b) Gross photograph of 
corresponding fibrous tumour bed. (c) H&E-stained section of the 

fibrous tumour bed consists predominantly of hypocellular stroma with 
a few residual glandular elements. (d) Higher magnification shows 
hypocellular, dense stroma with prominent vessels in the tumour bed
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Histologic Evaluation
The same criteria for evaluating the untreated breast carci-
noma should be used for histologic typing of any remaining 
breast cancer after neoadjuvant therapy. Grading prior to neo-
adjuvant treatment is a mandatory histopathologic parameter 
that must be reported for all breast carcinomas. Grading is 
not a mandatory parameter in the post-therapy evaluation, as 
systemic therapy may alter the nuclear morphology as well as 
the mitotic rate, precluding accurate grading [17, 21, 23].

Tumour cellularity often decreases after systemic ther-
apy (Fig. 15.10) [17, 19, 21, 23, 24]. A significant decrease 
in tumour cellularity has been shown to correlate with bet-
ter prognosis in multiple studies. Unfortunately, no ideal 
method of tumour cellularity assessment is currently in 

use. Tumour cellularity of breast carcinomas often shows 
great variation even before systemic therapy. Comparing 
tumour cellularity before and after systemic therapy, to 
evaluate tumour response, has been proposed [25, 26]. 
Most tumours treated with neoadjuvant therapy are larger 
than 2  cm, however, and the extent of tumour sampling 
prior to systemic therapy varies, as the amount of tissue 
obtained by different biopsy techniques is significantly dif-
ferent. Also, comparison of tumour cellularity from biopsy 
material obtained before and after therapy may not always 
reflect actual tumour cell loss when there are no extreme 
changes. Therefore, comparison of tumour cellularity on 
pre-therapy and post-therapy samples is not uniformly 
reliable.

Fig. 15.7  Breast cancer with complete response to chemotherapy. (a) 
Breast MRI shows a large, irregular mass suspicious for invasive carci-
noma, next to a smaller lesion with imaging characteristics of a fibroad-
enoma. (b) Core needle biopsy of the larger mass shows an invasive 
ductal carcinoma. (c) Breast MRI of the same patient after 6 months of 
chemotherapy shows complete disappearance of the large mass; the 

small lesion remains. (d) X-ray of the sliced specimen of the segmental 
resection. (e) Gross photograph of the fibrous tumour bed from the 
same patient. (f) H&E-stained histologic section of the fibrous tumour 
bed shows dense stroma with inflammatory cells, without any residual 
invasive carcinoma. (g) Note the almost total lack of glandular struc-
tures next to the previous biopsy site

a b

c d
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Fig. 15.7  (Continued)

Histologic evaluation should also include assessment of 
any in situ carcinoma component [17], the presence or 
absence of lymphovascular invasion, and the margin status 
(Figs. 15.11 and 15.12). Estimating tumour cellularity may 
be used to categorise the response to therapy. Depending on 
the method used, application of strict criteria is recom-
mended [27].

Individual tumour cells show therapy-related changes, 
including nuclear enlargement, multinucleation, bizarre nuclear 
shapes, nuclear smudging, cytoplasmic vacuolisation, eosino-
philic cytoplasmic change, and apoptosis (Fig. 15.13) [25].

If there is no residual carcinoma, identification of the 
tumour bed should be confirmed by microscopic evaluation 
[17]. Histologically, the tumour bed is characterised by hya-

linised or fibrous stroma without glandular elements. The 
stroma is usually infiltrated by histiocytes, lymphocytes, and 
haemosiderin-laden macrophages. Stromal oedema, elasto-
sis, and myxoid change are commonly observed (Fig. 15.14).

Histologic Changes in the Non-neoplastic Breast 
Parenchyma
The cytotoxic effect of systemic therapies can also be 
observed in non-neoplastic breast tissue. Epithelial atypia 
with nuclear or cytoplasmic enlargement, as well as nuclear 
hyperchromasia, is commonly seen in both ductal and lobu-
lar epithelium, accompanied by sclerosis of basement mem-
branes. These changes should not be confused with residual 
carcinoma (Fig. 15.15).

Changes Related to Neoadjuvant Chemotherapy



602

a b

dc

Fig. 15.8  Breast cancer without any response to chemotherapy. (a) 
Core needle biopsy shows solid proliferation of high-grade carcinoma. 
Tumour cellularity is more than 70 %. (b) Specimen X-ray of mastec-
tomy shows large tumour with biopsy clip. (c, d) Histologic sections of 

tumour after chemotherapy. The tumour cellularity is similar to that of 
the pre-chemotherapy biopsy (a); the presence of geographic necrosis is 
most likely due to chemotherapy

Histologic Categorisation of Response to Therapy
A number of different classification systems to categorise 
response to neoadjuvant systemic therapies have been pro-
posed [26–33]. All of these systems recognise two catego-
ries: complete pathologic response and no response to 
therapy. A variable number of categories describing partial 
levels of response are also recognised. Achievement of com-
plete pathologic response has emerged as an important sur-
rogate end point to determine the efficacy of neoadjuvant 
systemic therapy and has been correlated with good clinical 
outcome. Although different definitions of complete patho-
logic response were used in earlier clinical trials, the current 

view is that it should now be based on an assessment of 
residual tumour in both breast and axillary lymph nodes [16, 
28]. To define complete pathologic response, all the pro-
posed systems require disappearance of invasive carcinoma 
in the breast and no metastases in the lymph nodes. The 
prognostic significance of residual ductal carcinoma in situ 
(DCIS) after neoadjuvant systemic therapy is controversial. 
In some categorisation systems, the definition of complete 
pathologic response includes residual DCIS. Another contro-
versial area is the classification of cases with only lympho-
vascular tumour emboli (as in Fig. 15.10) with no residual 
carcinoma in the breast or lymph nodes.
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Fig. 15.9  Breast cancer without significant change after chemother-
apy. (a) Pre-chemotherapy mammogram shows a large, irregular mass 
in the central portion of the breast. (b) Pre-chemotherapy biopsy shows 
an invasive lobular carcinoma. (c) Post-chemotherapy mammogram 
shows no appreciable change in tumour size. (d, e) Specimen X-rays of 

mastectomy slices from the same patient show a well-defined mass 
involving multiple slices. (f–j) H&E-stained histologic sections from 
different areas of the tumour show invasive lobular carcinoma with 
varying degrees of cellularity

More than ten different classification systems have been 
proposed, but three systems are currently the most com-
monly used:

•	 Miller–Payne grading provides five grading categories 
based on tumour cellularity in the post-neoadjuvant speci-
men as compared with the pretreatment core biopsy [26].

•	 Residual cancer burden uses size and cellularity of the 
residual invasive carcinoma, the percentage of residual 
DCIS, and the tumour burden in lymph nodes (number of 
lymph nodes with metastases plus the largest size of meta-
static carcinoma) to calculate a residual cancer burden index 
as a continuous score obtained by using a Web calculator; 
the score is then assigned into one of four classes [30].
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Fig. 15.9  (continued)
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Fig. 15.10  Breast cancer with marked response to chemotherapy. (a)
Pre-chemotherapy mammogram shows a stellate mass associated with 
the biopsy clip. (b) Needle core biopsy shows an invasive carcinoma 
with high cellularity. (c) Post-chemotherapy mammogram shows a 
smaller mass associated with the biopsy clip. (d) X-ray of segmental 

resection shows a density associated with the clip. (e) H&E-stained  
histology section shows only scattered residual tumour cells remaining 
in the fibrous tumour bed which are difficult to spot at this low magni-
fication. (f, g) Higher magnification of H&E histology sections shows 
intravascular tumour clusters
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Fig. 15.10  (continued)
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Fig. 15.11  Residual tumour consisting of only DCIS. (a) Pretreatment 
needle core biopsy shows a mixture of invasive and in situ ductal carci-
noma. (b) Resection after chemotherapy shows dense, fibrous tumour 

bed with scattered foci of DCIS which are not readily appreciated at this 
low magnification. (c) Higher magnification of DCIS with periductal 
inflammation and central comedonecrosis
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Fig. 15.12  Residual tumour consisting of only DCIS. (a–c) Series of 
H&E histologic sections of resection after chemotherapy. The only 
residual tumour is DCIS in the lobular units. Pleomorphic tumour cells 

are seen within the duct and ductules. The degree of nuclear atypia may 
be exaggerated by the chemotherapy
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Fig. 15.13  Residual tumour consisting of only DCIS. (a–c) H&E-
stained histologic sections of resection after chemotherapy. Scattered 
atypical cells may be difficult to identify on lower magnification of 

H&E sections. In c-erbB-2-positive tumours, immunohistochemistry 
can be helpful to delineate tumour cells (c)
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Fig. 15.14  Post-chemotherapy stromal changes. (a) Dense stromal fibrosis associated with areas of microcalcification. (b) Areas of mucin pools 
can be seen after chemotherapy. (c) Pseudopapillary vascular changes seen after therapy
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•	 Residual disease in the breast and nodes (modification of 
the Nottingham Prognostic Index) uses a formula that 
takes into account tumour size, lymph node stage, and 
histologic grade after therapy to determine four levels of 
response [33].

All these systems have been shown to have prognostic 
significance in certain subsets of patients, but none of them 
has proved to be superior in predicting clinical outcomes in 
all subcategories of breast cancer. Communication among 
multidisciplinary breast cancer team members is the most 
important factor in deciding which system is most appropri-
ate for their specific type of clinical practice [17].

Histologic Evaluation of Lymph Nodes After 
Neoadjuvant Therapy
Neoadjuvant therapy affects nodal metastases in a similar 
manner as the primary tumour. Lymph node metastases 
may completely disappear after therapy and may show a 
partial response or no response at all (Figs.  15.16 and 
15.17) [34, 35].

Histological appearance of the lymph nodes depends on 
the size and growth pattern of the metastatic tumour. If the 
metastatic carcinoma was a solid nodular tumour and showed 
a complete pathologic response, the node may disclose a 
large area of fibrosis associated with lymphohistiocytic infil-
trate. If the metastatic carcinoma had a more sinusoidal 
growth pattern, the lymph node architecture may not be 
altered after therapy or the only evidence of the residual 
tumour may be a small focus of scarring.

Similar to non-treated breast cancer, the number of posi-
tive lymph nodes after therapy is one of the most important 
prognostic parameters [35]. Any residual tumour cell 

aggregate, including isolated tumour cells, excludes patho-
logic complete response. Immunohistochemical staining 
for cytokeratin is useful in delineating metastatic tumour 
cells in selected cases where the H&E sections show suspi-
cious cells. Since nodal tumour burden is associated with 
clinical outcome, the size of the metastasis should be 
reported in addition to the number of lymph nodes with 
metastatic carcinoma [36].

�Changes Related to Radiation Therapy

The breast may be exposed to radiation therapy either as the 
primary target of a multidisciplinary therapy protocol or it 
may be within the radiation field of treatment for other 
tumours, most commonly mediastinal neoplasms. The radia-
tion effect is the same in both situations, and the extent of 
changes within the breast varies based on the radiation type, 
the dosage, and the elapsed time post-radiation as well as 
individual patient characteristics.

Breast parenchyma may show significant changes due to 
radiation therapy [37]. It is important to be familiar with the 
histologic effects as they may mimic neoplastic changes. 
Radiation effect can be seen in both stromal and epithelial 
cells (Fig. 15.18). These changes may include the following: 
collagenisation of intralobular stroma, atrophy of terminal 
ductal lobular units, thickening of basement membranes, 
nuclear enlargement, and atypia in stromal fibroblasts and 
epithelium, all of which can be seen in varying degrees or in 
combination. Recognition of epithelial atypia as radiation 
effect in contrast to the possibility of a recurrent tumour is an 
important differential diagnosis for patients subjected to 
breast-conserving therapy with adjuvant radiation.

a b

Fig. 15.15  Chemotherapy effect on normal breast epithelium. Cytologic atypia characterised by nuclear enlargement and hyperchromasia can be 
seen in both ductal (a) and lobular (b) epithelium

Changes Related to Radiation Therapy
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a

b

c

Fig. 15.16  Post-therapy changes in lymph node metastases. (a, b) 
Lymph node metastasis of breast cancer after therapy. The lymph node 
surface is almost completely replaced by metastatic carcinoma with 

only focal residual lymphoid tissue. (c) Higher magnification of (a, b) 
shows metastatic carcinoma cells admixed with lymphoid cells

15  Treatment-Related Changes
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a b

Fig. 15.17  Post-therapy changes in lymph node metastases. (a, b) Lymph node shows partial replacement by histiocytes without any residual 
tumour. This focus most likely represents an area of tumour with complete response

Radiation-induced epithelial atypia in ductal and lobu-
lar epithelium can be distinguished from recurrent carci-
noma based on a lack of proliferative changes. Radiation 
atypia usually involves atrophic appearing ductal lobular 
units and presents as single cells showing nuclear and cyto-
plasmic enlargement. Cytoplasmic vacuolisation and lack 
of mitotic activity are also characteristic features of radia-
tion atypia.

All of the listed changes are not specific for radiation but 
can be observed with chemotherapy. Therefore, instead of 

diagnosing chemotherapy or radiation therapy changes, our 
recommendation is to use the term “therapy-related 
changes”.
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Index

A
Aberrant E-cadherin staining, 326
Acinic cell carcinoma, 529–535
Adenoid cystic carcinoma, 491–509
Adenoma, nipple, 543–547
Adenosis, defined, 143. See also Sclerosing adenosis
Adnexal-type tumours, 547, 550–552
Amyloid, 43, 45–46
Amyloidosis

amorphous acellular pale pink material, 45
apple-green birefringence, 43, 46
congophilia of amyloid deposits, 43, 46
polarised optics, 43, 46

Androgen receptor, 192, 193
Angiolipoma, 243

clinical and epidemiological features, 232
definition, 230
fibrin thrombi, 230
macroscopic pathologic features, 230
mammography, 230
microscopic pathologic features, 230
simple excision, 232
sonography, 230

Angiomatosis, 250
Angiosarcoma, 228

clinical and epidemiological features, 232
definition, 232
differential diagnosis

angiolipoma, 243
angiomatosis, 250
atypical vascular lesion, 233, 250
haemangioma, 243, 249
Kaposi sarcoma, 250
metaplastic carcinoma with pseudoangiomatoid features,  

250, 252–254
prognosis and therapy considerations, 250
pseudoangiomatous stromal hyperplasia, 243, 248

haemorrhagic lesion, 235
imaging features, 234
macroscopic pathologic features, 235
microscopic pathologic features

anastomosing vessels, 235, 237
CD31 immunohistochemistry, 239, 243
diagnosis, 239, 243
epithelioid angiosarcoma, 243, 245, 246
factor VIII immunohistochemistry, 243
intermediate grade, 243, 244
intermediate to poorly differentiated, 239–242
Ki67 immunohistochemistry, 240, 243
neoplastic vessel collections, 237, 240

post-irradiation, 235, 247
vasoformative tumour, 243

primary, 232
ultrasonography, 234
violaceous skin discolouration, 235

Apocrine adenoma, 207
Apocrine adenosis, 202–204
Apocrine cell, 329–332
Apocrine DCIS

adenosis and lobular units, 196, 201
clinical and epidemiological features, 199
comedonecrosis, 196
cytologic monotony, 202
definition, 196
differential diagnosis

apocrine adenoma, 207
apocrine adenosis, 202–204
papillary apocrine change, 202, 205–207, 209–210

high grade, 196, 200, 209
high-grade DCIS, 196, 199
imaging features, 199
incidence, 196
intermediate grade, 196, 200
low grade, 196, 200, 209
prognosis and therapy considerations, 207
rigid cribriform architecture, 196, 200

Apocrine metaplasia
benign microcyst, 191, 192
clinical and epidemiological features, 195
cystic duct, 194, 195
definition, 193
differential diagnosis, 196, 198
H&E staining, 191, 192
imaging features, 196
pathologic features, 196–198
prognosis and therapy considerations, 196

Apocrine morphology, 191
Areola, 1
Atypical apocrine adenosis, 202, 203
Atypical ductal hyperplasia (ADH)

anti-oestrogen therapy, 278
CK14 immunohistochemistry, 273, 276
clinical and epidemiological features, 272
clustered microcalcifications, 272
vs. collagenous spherulosis, 273
core biopsy, 278
cribriform pattern and calcification, 272, 275
definition, 272
imaging features, 272
vs. low nuclear grade DCIS, 273
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Atypical ductal hyperplasia (ADH) (cont.)
macroscopic pathologic features, 272
mammography, 272
microscopic pathologic features, 272–276
p63 immunohistochemistry, 273, 276
prognosis and therapy considerations, 278
vs. UDH, 258–261, 273

Atypical lipomatous tumour (ALT), 232
Atypical lobular hyperplasia, 307, 309–310. See also Lobular 

neoplasia
columnar cell change with, 264, 268

Atypical vascular lesion
of breast skin

clinical and epidemiological features, 232
cutaneous haemangioma, 232
definition, 232
long-term follow-up, 232
pathologic features, 232
radiation-associated angiosarcoma, 232
surgical excision, 232

c-Myc expression, 233
FLi1 immunohistochemistry, 233
irregularly shaped ectatic vessels, 233

B
Bacterial infections, 43
Benign cystic apocrine metaplasia, 197
Benign phyllodes tumour

vs. borderline and malignant, histologic features, 92
differentiating features, 91
vs. fibroadenomas, 84
haemorrhage areas, 73, 75
mastectomy, 73, 74
mild stromal atypia and hypercellularity, 75, 81
recurrence, 94
whitish-grey lobulated appearance, 73, 74

Benign sclerosing lesions
radial scar/complex sclerosing lesion, 154–159
sclerosing adenosis, 143–154

Benign vascular lesions
angiolipoma, 230
haemangioma, 223–229

Blunt duct adenosis. See Columnar cell change
Borderline phyllodes tumour

cystic spaces, 73, 76
with DCIS

CK5/6 immunohistochemistry, 84, 89
CK14 immunohistochemistry, 84, 89
low nuclear grade, 84, 89

grade assignment, 92
heterogeneous cut appearance, 73, 76
hypercellular stroma and permeative borders, 75, 82
mitotic activity, 75, 82
patulous fronds with deep clefts, 75, 82
recurrence rates, 94
stromal fronds, 75, 82
stromal hypercellularity, 75, 82
whitish and myxoid zones, 73, 77

Breast cysts, with luminal mucin
calcification, 163
clinical and epidemiological features, 163
definition, 163
ill-defined fibrous area, 163
mammography, 163
vs. mucocele-like lesion, 164

pathologic features, 163–164
prognosis and therapy considerations, 167

Breast development, during male puberty, 1

C
Calcifications, 6–12
Capillary haemangiomas, 223
Carcinoma-related granulomas, 37
Carcinoma with medullary features, 452–471
Cavernous haemangiomas, 223
Cellular angiolipomas, 232
Cellular fibroadenoma, 60, 63
Chemotherapy, neoadjuvant. See Neoadjuvant chemotherapy
Clear-cell DCIS, 281, 287
Clear cells of epidermis, 564
Clear-cell squamous metaplasia, 104, 112
Collagenous spherulosis

vs. ADH, 273
with lobular neoplasia, 508–509

Colloid carcinoma. See Mucinous carcinoma
Columnar alteration of lobules. See Columnar cell change
Columnar cell change

with atypical lobular hyperplasia, 268
clinical and epidemiological features, 264
definition, 264
vs. flat epithelial atypia, 270
with lobular neoplasia, 268, 269
at low magnification, 265
luminal pink secretions, 264, 265
macroscopic pathologic features, 268
mammography, 264
microscopic pathologic features, 268, 269
oestrogen receptor staining, 269
prognosis and therapy considerations, 270
sonography, 264
vs. UDH, 268

Columnar metaplasia. See Columnar cell change
Complex fibroadenoma, 63, 66
Complex haemangioma, 228
Complex intraductal papilloma

with atypical ductal hyperplasia, 104, 112
with clear-cell squamous metaplasia, 104, 112

Complex papillary apocrine metaplasia, 202, 205, 208
Cribriform ductal carcinoma in situ, 502, 509–511, 536
Cystic apocrine metaplasia, 193–197
Cysticercosis, 48, 49
Cystic hypersecretory breast lesions vs. mucocele-like lesion, 172
Cystic hypersecretory carcinoma, 529
Cystic neutrophilic granulomatous mastitis, 43

D
DCIS. See Ductal carcinoma in situ (DCIS)
Dermatofibroma, 410
Dermatofibrosarcoma protuberans, 407–410
Diabetic mastopathy

clinical and epidemiological features, 41
definition, 37
differential diagnosis

amyloid, 43, 45–46
fibromatosis, 41, 43, 44
fibrous scar, 41, 43
IgG4-related sclerosing mastitis, 43, 46–48
malignant lymphoma, 43

fibrous parenchyma, 42
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imaging features, 41
lymphocytic lobulitis, 41
pathologic features, 41, 42
pink keloidal-type collagen, 42
plump epithelioid myofibroblasts, 41, 42
prognosis and therapy considerations, 43
type 1 and 2 diabetics, 41
in young premenopausal women, 41

Ductal carcinoma in situ (DCIS)
adjuvant radiation, 297
vs. atypical ductal hyperplasia, 273
definition, 278
dimorphic pattern, 335, 337, 338
fibroadenoma with, 51, 57, 58
vs. flat epithelial atypia, 270–272
high nuclear grade, 272
hormonal therapy, 297
imaging features, 278
incidence, 278
intermediate nuclear grade vs. UDH, 263
intraductal papilloma with, 104, 112, 113
low-grade vs. usual ductal hyperplasia, 258–262
vs. lymphovascular emboli, 297
macroscopic pathologic features, 280
male breast, 585
mastectomy, 280
microcalcifications, 278
vs. microinvasive carcinoma, 292, 295–297
microscopic pathologic features, 281

c-erbB-2 overexpression, 281, 288
CK14 immunohistochemistry, 281, 285
cribriform pattern, 282
ER immunohistochemistry, 281, 283
micropapillary pattern with rigid arches, 282
pagetoid appearance, 281, 284, 285

MRI, 278
mucocele-like lesion, 167, 171, 174, 175
multiple small nodularities, 281
Paget disease, 278
parenchymal fibrosis, 280
pleomorphic morphology, 278
prognosis and therapy considerations, 297
radial sclerosing lesion, 155, 159
radiology, 279
sclerosing adenosis, 145, 151–153
solid, low nuclear grade, 329
superimposed on sclerosing adenosis

CK5/6 immunohistochemistry, 297, 302
at high magnification, 297, 298, 300, 301
hyalinisation, 297, 299
myoepithelial cells, 297
p63 immunohistochemistry, 297, 301

Duct ectasia
clinical and epidemiological features, 18
definition, 18
differential diagnosis

fat necrosis, 20
granular cell tumour, 22, 24
histiocytoid invasive lobular carcinoma, 25, 26
invasive apocrine carcinoma, 25, 28
lobular neoplasia, pagetoid spread of, 20, 23
Rosai–Dorfman disease, 20, 22, 23
xanthogranulomatous mastitis, 20

excisional biopsy, 29
imaging features, 18
magnetic resonance imaging, 18

mammographic findings, 18
pathologic features

CD68 immunohistochemistry, 22
CK7 immunohistochemistry, 20, 22
distended duct with attenuated epithelial lining, 21
fibrofatty appearance, 18, 20
foamy histiocyte sheets, 21

in perimenopausal women, 18
prognosis and therapy considerations, 29

Ductules, 1

E
Ectopic breast tissue

clinical and epidemiological features, 15
definition, 15
differential diagnosis, 15, 18, 19
with fibroadenoma, 15, 17
fibroepithelial polyp, 18
imaging features, 15
lipoma, 18
lymph node metastasis, 18, 19
mammography, 15
MRI, 15
normal skin adnexa, 15
occurrence, 15
pathologic features

accessory nipples, 15, 16
axillary breast tissue, 15–17

prognosis and therapy considerations, 18
ultrasound examination, 15

Elastic van Gieson stain, 35, 38
Emperipolesis, 22, 23
Encapsulated papillary carcinoma, 141

anastomosed papillaes, 126
clinical and epidemiological features, 123
cystic space with haemorrhage/blood clots, 125
definition, 123
fibrovascular septa, 124, 127
infarcted, 124, 127
invasive cribriform carcinoma, 124, 128
invasive ductal carcinoma, 124, 128, 129
oestrogen receptor staining, 124, 126
pathologic features, 124–126
solid–cystic mass, 123
ultrasound examination, 123

Enlarged lobular units with columnar alteration. See Columnar cell change
Epithelioid angiosarcoma, 243, 245
Epithelioid myofibroblasts, 41

F
Fat necrosis, 20

clinical and epidemiological features, 29
definition, 29
differential diagnosis, 30
with foamy histiocytes, 31
imaging features, 29–30
invasive breast carcinoma, 30
mammogram, 29
metaplastic carcinoma, 30
MRI, 30
necrotic adipocytes, coalescence of, 30–32
pathologic features, 30–32
prognosis and therapy considerations, 30
with squamous metaplasia, 30, 32
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Female breast
histologic features, 3–6
immunohistochemical features, 6
male breast vs., 575
mature, 1
nipple, 1
normal, 1–2, 7
physiological changes

calcifications, 6, 10–12
menopause-related changes, 6, 10
menstrual cyclic changes, 3, 5, 8
non-calcified crystalloids, 11, 13
pregnancy-and lactation-related changes, 5–6, 9, 10

Fibrin thrombi, 230
Fibroadenoma

clinical and epidemiological features, 51
definition, 51
differential diagnosis

lactating adenoma, 63, 69–70
low-grade fibromyxoid sarcoma, 63, 67
nodular adenosis, 63, 69
with sclerosing adenosis, 63, 70–71
tubular adenoma, 63, 68–69

differentiating features, 91
infarcted, 54, 58, 63
juvenile, 61, 63–66
lobulated popcorn calcifications, 51, 52
macroscopic pathologic features

haemorrhage areas, 54
myxoid areas, 53
whitish fibrous cut surface, 54
whitish whorled cut surface, 52

mammographic screening, 51
microscopic pathologic features

cellular fibroadenoma, 58, 60
complex fibroadenoma, 63, 66, 67
with DCIS, 51, 57–58
hyalinised calcified fibroadenoma, 58, 61
intracanalicular growth pattern, 51, 55
invasive lobular carcinoma, 51, 58
with lobular neoplasia, 51, 57
myxoid fibroadenoma, 58, 60
ossified fibroadenoma, 58, 62
pericanalicular growth pattern, 51, 56
with pseudoangiomatous stromal hyperplasia, 58, 62
with stromal multinucleated giant cells, 58, 59
with usual ductal hyperplasia, 51, 56

prognosis and therapy considerations, 72
radiology, 51, 52

Fibroepithelial neoplasms, of breast
fibroadenoma (see Fibroadenoma)
phyllodes tumour, 72–95

Fibromatosis, 41, 44, 397, 410
clinical and epidemiological features, 382
definition, 382
differential diagnosis

fibromatosis-like metaplastic carcinoma, 389
fibrosarcoma, 389
fibrous scarring, 387
lipomatous myofibroblastoma, 389–393
myoid hamartoma, 388–389
neural tumours, 393–394

imaging features, 382
neurofibroma, 393
pathologic features

macroscopic pathology, 382
microscopic pathology, 383–386

prognosis and therapy considerations, 382
schwannoma, 393–394

Fibromatosis-like metaplastic carcinoma, 378, 394–397
Fibrous parenchyma, 42
Fibrous phase, 578. See also Gynaecomastia
Fibrous scar, 41, 43
Filariasis, 48, 50
Flat epithelial atypia

vs. atypical ductal hyperplasia, 270
clinical and epidemiological features, 264
vs. columnar cell change, 270
definition, 264, 268
vs. high nuclear grade DCIS, 270–272
vs. low nuclear grade DCIS, 264
psammomatous calcification, 264, 266

Florid papillomatosis of nipple, 546
Florid phase, 576. See also Gynaecomastia
Florid UDH

CK5/6 immunohistochemistry, 258, 261, 262
CK14 immunohistochemistry, 258, 260, 262
ER immunohistochemistry, 258, 262
heterogeneous epithelial cell population, 256, 258
intraductal papilloma, 99–103, 105–107, 109–111
mosaic pattern, of epithelial cells, 260, 261
peripheral myoepithelial cells, 259, 263
p63 immunohistochemistry, 260, 263

Fungal infections, 48

G
Gelatinous carcinoma. See Mucinous carcinoma
Gene expression microarrays, 220
Granular cell tumour, 22, 24, 216
Granulocytic sarcoma, 413
Granulomatous lobular mastitis, 33

infections, in breast, 50
Granulomatous mastitis, 35
Gross cystic disease fluid protein 15 (GCDFP-15)

description, 191–192
immunohistochemical staining, 191, 192

Gynaecomastia
appearance, 577
asymptomatic, 575
bilateral, 576
mammographic image, 577
microscopic features, 576–584
pharmacologic, 576
physiologic, 576
secondary, 576

H
Haemangiomas

biopsies, 223
clinical and epidemiological features, 223
core biopsy, 229
definition, 223
differential diagnosis

angiosarcoma, 228
lymphangioma, 228–230
pseudoangiomatous stromal hyperplasia, 228

imaging features, 223
macroscopic pathologic features, 223
microscopic pathologic features

capillary haemangiomas, 223
cavernous haemangiomas, 223
dilated vascular channels, proliferation of, 224, 225
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histologic features, 223, 228
perilobular haemangiomas, 223, 225, 226
venous haemangiomas, 223, 228

prognosis and therapy considerations, 229
High nuclear grade DCIS

comedonecrosis and calcification, 281, 285
vs. pleomorphic LCIS, 292

Histiocytic inflammation, 359
Histiocytoid breast cancer, 216–217
Histiocytoid invasive lobular carcinoma, 25–27
Hyalinised calcified fibroadenoma, 58, 61
Hyperplastic enlarged lobular units. See Columnar cell change
Hyperplastic unfolded lobules. See Columnar cell change

I
IgG4-related sclerosing mastitis, 43, 46–48
Infarcted encapsulated papillary carcinoma, 124, 127
Infarcted fibroadenoma, 54, 63
Infections, in breast

clinical and epidemiological features, 43, 48
definition, 43
differential diagnosis, 50
granulomatous lobular mastitis, 50
imaging features, 48
mammography, 48
necrotising granulomatous vasculitis, 50
pathologic features, 48–50
prognosis and therapy considerations, 50

Infective granulomatous inflammation, 35, 37
Infiltrative carcinoma with neuroendocrine features, 364–365
Infiltrative ductal carcinoma, 535

with low nuclear grade features, 359, 363
with oncocytic differentiation, 529

Intermediate nuclear grade DCIS, 281, 287
vs. UDH, 263

Intraductal papillary carcinoma. See Papillary DCIS
Intraductal papilloma, 546, 549–550

with apocrine metaplasia, 99
with atypical lobular hyperplasia, 104, 111
central, 98
CK14 immunohistochemistry, 104, 113
clinical and epidemiological features, 97
colonised by neuroendocrine DCIS, 104, 114
complex, 104, 112
with DCIS, 104, 113
definition, 97
with epithelial displacement phenomenon, 107
epithelial nests within fibrotic stroma, 104, 106
ER immunohistochemistry, 104, 113
with florid UDH, 99–109
with mucin

vs. solid papillary carcinoma with mucin production, 130, 131
pathologic features, 97–104
with perineural involvement, 104, 110
peripheral, 99, 100
ultrasound, 97

Intraductal proliferative epithelial lesions
atypical ductal hyperplasia, 272–278
columnar cell change and flat epithelial atypia, 264–272
ductal carcinoma in situ, 278–305
usual ductal hyperplasia, 255–264

Intralobular stroma, 1
Invasive apocrine carcinoma, 191, 192, 364–366

androgen receptor immunohistochemistry, 25, 29
with apocrine features, 28

clinical and epidemiological features, 207, 210
definition, 207
differential diagnosis

apocrine DCIS, 219
breast neoplasms with abundant cytoplasm, 216–219
metastatic carcinomas, 218–219

GCDFP-15 immunohistochemistry, 28
imaging features, 210
immunohistochemical staining

androgen receptor, 213, 215
Bcl-2 levels, 213
GCDFP-15, 213
HER2/neu, 216

incidence, 210
macroscopic pathologic features, 210
microscopic pathologic features

apocrine differentiation, 210, 211
cytological appearance, 210
extensive individual cell necrosis, 213
high grade, 210, 213, 214
intermediate grade, 210, 212
nuclear pleomorphism, 210, 211

with pleomorphic apocrine features, 25, 29
prognosis and therapy considerations, 219–220

Invasive breast carcinoma
fat necrosis, 30, 33
with neuroendocrine differentiation, 519–521
special types, 435

adenoid cystic carcinoma, 491, 494–506
carcinoma with medullary features, 452–471
cribriform ductal carcinoma in situ, 502, 509, 510, 536
invasive cribriform carcinoma, 445, 447–454, 502, 512–515
metaplastic carcinoma, 471–494
tubular carcinoma, 435, 441–446

Invasive carcinoma
description, 417
exceptionally rare types and variants

acinic cell carcinoma, 529–535
secretory carcinoma, 523–529

invasive breast carcinoma, special types, 435
adenoid cystic carcinoma, 491, 494–506
carcinoma with medullary features, 452, 453, 462–465
cribriform ductal carcinoma in situ, 502, 509–511, 536
invasive cribriform carcinoma, 445, 447–454, 502, 512–515
metaplastic carcinoma, 471–494
tubular carcinoma, 435, 437, 438, 441–447

invasive ductal carcinoma, 417–435
with neuroendocrine differentiation

definition, 514
invasive breast carcinoma with neuroendocrine  

differentiation, 519
invasive lobular carcinoma, 519, 521
malignant lymphoma, 519, 522
metastatic small cell carcinoma, 519
metastatic well-differentiated neuroendocrine tumour 

(carcinoid), 519
neuroendocrine carcinoma, poorly differentiated/ small cell 

carcinoma, 516–519
neuroendocrine tumour, well differentiated  

(carcinoid-like), 516
nipple, 546
radial sclerosing lesion, 157, 159, 161
with squamous differentiation, 216, 219
types, 417

Invasive cribriform carcinoma, 127, 130, 445, 448–450,  
502, 512, 513
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Invasive ductal carcinoma, 128, 129, 417–435
Invasive lobular carcinoma, 519, 521

clinical and epidemiological features, 345, 346
definition, 307, 345
differential diagnosis

histiocytic inflammation, 359, 361
infiltrative carcinoma with neuroendocrine features, 364, 365
infiltrative ductal carcinoma with low nuclear grade  

features, 359, 363
invasive apocrine carcinoma, 364–366
malignant lymphoma, 364, 366–371
myofibroblastoma, 359, 361–363
sclerosing adenosis, 359, 360

fibroadenoma, 51, 57, 58
imaging features, 345, 346
lobular neoplasia, 335, 341–345
metastatic signet-ring cell carcinoma, 364, 372
pathologic features

macroscopic pathology, 346, 347
microscopic pathology, 346, 348–350

prognosis and therapy considerations, 364, 373
Invasive micropapillary carcinoma

epithelial membrane antigen immunohistochemistry, 141, 142
tumour cells, morular nests of, 141

Invasive mucinous carcinoma, 177
Invasive papillary carcinoma

clinical and epidemiological features, 138
definition, 138
vs. encapsulated papillary carcinoma, 141
invasive micropapillary carcinoma, 141, 142
metastatic papillary adenocarcinoma, 139, 140
papillary fronds, 139
pathologic features, 139
prognosis and therapy considerations, 142
solid fleshy appearance, 139
ultrasound examination, 138

Invasive solid papillary carcinoma, 131, 137, 138

J
Juvenile breast carcinoma. See Secretory carcinoma
Juvenile fibroadenoma, 51

circumscribed contours, 54, 64
differentiating features, 91
epithelial elements, 51, 64
in paediatric patient, 58, 65
pericanalicular pattern, 63, 64
spindled stromal cells, 58, 64

K
Kaposi sarcoma, 250

L
Lactating adenoma, 63, 69
LCIS. See Lobular carcinoma in situ (LCIS)
Lipid-rich invasive breast carcinoma, 217, 218
Lobular atrophy, 43, 45
Lobular carcinoma in situ (LCIS),307, 313–326. See also Lobular 

neoplasia
aberrant E-cadherin staining, 308, 326
vs. low nuclear grade DCIS, 281, 289–291
pleomorphic apocrine, 308, 325

Lobular neoplasia
clinical and epidemiological features, 307
in collagenous spherulosis, 335, 338–341

vs. columnar cell change, 264, 267–269
definition, 307
differential diagnosis, 329–332
ductal carcinoma in situ

dimorphic pattern, 335, 337–338
high nuclear grade, 335, 336

fibroadenoma with, 51, 56, 57
imaging features, 307
invasive lobular carcinoma, 341–342
lobular cancerisation, 329, 335
pagetoid spread of, 20, 23, 24
pathologic features

macroscopic, 307, 308
microscopic, 308–328

prognosis and therapy considerations, 335
solid ductal carcinoma in situ, low nuclear grade, 329, 332–334

Low-grade adenosquamous carcinoma, 553, 556
Low-grade DCIS vs. UDH, 258, 260–263
Low-grade fibromyxoid sarcoma, 63, 67
Low nuclear grade DCIS

cribriform pattern, 281, 282
ER immunohistochemistry, 281, 283
lobular carcinoma in situ, 281, 289, 290
micropapillary pattern with rigid arches, 281, 288
with solid morphology, 281, 289, 290
with spindle cells vs. florid UDH, 292–294

Lymphangioma, 228, 230
Lymphocytic lobulitis, 41, 42
Lymphoma, malignant, 364, 366–371

M
Male breast

cancer, 584–592
appearance, 589–591
mammography, 585
microscopic features, 585, 587–590

ductal carcinoma in situ (DCIS), 585
vs. female breast, 575
lesions, 575

cancer, 584–592
gynaecomastia, 575–584

structure, 575
Malignant apocrine lesions

apocrine DCIS, 196, 198–201
invasive apocrine carcinoma, 207, 210–214

Malignant lymphoma, 43, 364, 366–371, 519, 521–522
Malignant melanoma, 567
Malignant phyllodes tumours, 72, 73, 77

with epithelioid stromal cells and rhabdoid cells, 75, 86
formalin-fixed state, 73
grade assignment, 92
hyalinised fibroadenomatoid zone, 75, 84
metaplastic spindle cell carcinoma, 92, 93
osteosarcoma, 75, 86
and periductal stromal tumour, 93, 94
primary breast sarcoma, 92, 93
prognosis and therapy considerations, 94, 95
recurrence, 73, 75, 77, 88, 94
rhabdomyoblasts, 75, 87
stromal nuclear atypia and mitoses, 75, 79, 84
stromal overgrowth, 75, 84, 92

Mastitis
definition, 33
differential diagnosis

carcinoma-related granulomas, 37, 39
infective granulomatous inflammation, 35, 37
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necrotising granulomatous vasculitis, 35, 38
periductal mastitis with granulomas, 35, 36
sarcoidosis, 35
silicone granuloma, 37, 40–41

granulomatous lobular, 33
imaging features, 33
pathologic features, 33–35
plasma cell, 33
prognosis and therapy considerations, 37
puerperal, 33

Menopause-related changes, 6, 10
Menstrual cyclic changes, 3, 8
Metaplastic carcinoma, 414, 471–494

fat necrosis, 30, 32
with mesenchymal differentiation, 401–404

Metaplastic spindle cell carcinoma, 92, 93
Metastatic carcinomas, 218–219
Metastatic papillary adenocarcinoma, 139
Metastatic signet-ring cell carcinoma, 364, 372
Metastatic small cell carcinoma, 519
Metastatic well-differentiated neuroendocrine tumour  

(carcinoid), 519
Microglandular adenosis, 530, 534, 535
Microinvasive carcinoma

definition, 292
ductal carcinoma in situ, 292, 295–297

Micropapillomas. See Peripheral papillomas
Miller–Payne grading, 603
Mixed ductal–mucinous carcinoma, 176, 179
Mixed mucinous–ductal carcinoma vs. mucinous carcinoma,  

181, 183, 184
Molecular apocrine group, 220
Mucinous breast lesions

breast cysts, with luminal mucin, 163–167
mucinous carcinoma (see Mucinous carcinoma)
mucocele-like lesion (see Mucocele-like lesion (MLL))
solid papillary carcinoma with mucin production, 185–189

Mucinous carcinoma
clinical and epidemiological features, 176
definition, 176
hypercellular variant, 180

with neuroendocrine differentiation vs. solid papillary 
carcinoma with mucin production, 185–186

vs. invasive micropapillary carcinoma, 184–185
invasive mucinous carcinoma, 176, 178
mammography, 176, 177
vs. mixed mucinous–ductal carcinoma, 181, 183–184
mucicarmine stain, 176, 179
vs. mucinous cystadenocarcinoma with detached epithelium,  

172, 174–175
neuroendocrine differentiation, 176, 181, 182
oestrogen receptor nuclear positivity, 176, 181
pathologic features, 176–182
paucicellular variant, 176, 180
vs. polyacrylamide gel, 186, 187
progesterone receptor, immunohistochemistry, 176, 181
radiology, 176, 177
vs. secretory carcinoma, 185, 186

Mucinous cystadenocarcinoma
with detached epithelium vs. mucinous carcinoma, 172, 174–175
vs. mucocele-like lesion, 172, 173

Mucinous metaplasia, 164
vs. mucoepidermoid carcinoma, 164, 167

Mucocele-like lesion (MLL)
with ADH, 171–172
vs. breast cysts, with luminal mucin, 164
with calcifications, 167–170

clinical and epidemiological features, 167
core biopsy, 167, 170, 176
vs. cystic hypersecretory breast lesions, 172
definition, 167
with ductal carcinoma in situ, 167, 172
with low nuclear grade DCIS, 171
mammography, 167–168
vs. mucinous cystadenocarcinoma, 172
pathologic features, 167–170
prognosis and therapy considerations, 176

Myoepithelial cells, 255
Myoepithelial hyperplasia, 329–332
Myofibroblastoma, 359, 361–363
Myogenin, sarcoma, 413
Myxoid fibroadenoma, 58, 60

N
National Comprehensive Cancer Network (NCCN) guidelines, 595
Necrotising granulomatous vasculitis, 35, 36

infections, in breast, 50
Neoadjuvant chemotherapy

axillary evaluation, 596
biopsy clip, 596
breast evaluation, 595–596
breast specimens evaluation after

with complete response to, 600–601
histologic sampling, 597–599
residual tumour/tumour bed, 596
without complete response to, 603–604
without significant change after, 603

definition, 595
histologic changes

evaluation, 600
of lymph nodes after, 602
non-neoplastic breast parenchyma, 601
of response to therapy, 602

lymph node metastases, post-therapy changes, 612–613
with marked response to, 605–606
patterns of response to, 598
post-chemotherapy stromal changes, 610
residual tumour, 607–609
surgery after, 596

Neuroendocrine carcinoma, poorly differentiated/ small cell 
carcinoma, 516–518

Neuroendocrine tumour, well differentiated (carcinoid-like), 516
Neurofibroma, 393
Nipple

areola, 1
lesions

adenoma, 543–546
adnexal-type tumours, 550–552
Paget disease, 558–572
squamous metaplasia of lactiferous ducts, 539–545
syringomatous tumour, 547–557

squamous cell carcinoma, invasive, 539–545
structure, 1

Nodular adenosis, 63, 69
Nodular fasciitis

clinical and epidemiological features, 375
definition, 375
differential diagnosis

fibromatosis, 378
fibromatosis-like metaplastic carcinoma, 378
fibrous scarring, 378
inflammatory myofibroblastic tumour, 378–380
sarcoma, 380–382
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Nodular fasciitis (cont.)
imaging features, 375
pathologic features

macroscopic pathology, 375–377
microscopic pathology, 375–378

prognosis and therapy considerations, 383
Non-apocrine ductal carcinoma in situ, 198
Non-calcified crystalloids, 11–13

O
Ochrocytes, 18
Ossified fibroadenoma, 51, 62
Osteosarcoma, breast, 410

P
Paget disease, 278, 558–567
Papillary apocrine metaplasia

dilated terminal ductal lobular units, 202, 206
intraluminal papillary projections, 202, 207
micropapillary growth, 202, 205

Papillary breast lesions
encapsulated papillary carcinoma, 123–130
intraductal papilloma, 97–117
invasive papillary carcinoma, 138–142
papillary DCIS, 118–123
solid papillary carcinoma, 130–138

Papillary DCIS
apocrine metaplasia, 122
bloodstained nipple discharge/breast lump, 118
calcifications, 118, 120
CK14 immunohistochemistry, 118, 121
definition, 118
dimorphic pattern, 118, 121
vs. encapsulated papillary carcinoma, 123
histological comparison, 122
hyperchromatic stratified nuclei, 118, 119
vs. intraductal papilloma, 122–123
p63 aberrant nuclear staining, 118, 121
pathologic features, 118–123
p63 immunohistochemistry, 118, 120
prognosis, 123
ultrasound examination, 118

Papillomatosis. See Peripheral papillomas
Periductal mastitis with granulomas, 35–36
Periductal stromal tumour, 93–94
Perilobular haemangioma, 223, 225, 226, 249
Perineural pseudoinvasion, sclerosing adenosis with, 145, 154
Peripheral papillomas, 97
Phyllodes tumour

definition, 72
vs. fibroadenomas, 84
grade assignment, 92
histologic features, 92
imaging features, 72
macroscopic pathologic features

benign phyllodes tumour, 73, 74
borderline phyllodes tumour, 73–77
cystic degeneration, 73
malignant phyllodes tumour, 74, 77

malignant, 404, 407, 414
microscopic pathologic features

benign phyllodes tumour, 75, 81
border assessment, 75, 81

borderline phyllodes tumour, 75, 82, 83, 89, 91
with cytoplasmic inclusions, in stromal cells, 75, 91
malignant phyllodes tumour, 75, 82–89
marked nuclear pleomorphism and hyperchromasia, 75, 84
mitotic activity, 75, 80
scattered chronic inflammatory cells, 75, 82
stromal atypia assessment, 75, 78, 79
stromal cellularity assessment, 78, 79
stromal overgrowth, 75, 80

and periductal stromal tumour, 93–94
prognosis and therapy considerations, 94–95
radiology, 72
with stromal overgrowth, 404–407, 410

Plasma cell mastitis, 33
Pleomorphic apocrine LCIS, 323–326
Pleomorphic LCIS vs. high nuclear grade DCIS, 292
Polyacrylamide gel injection, 186
Postoperative fibrosis, 43
Pregnancy-and lactation-related changes, 5–6, 9–11
Primary breast sarcoma, 92, 93
Proliferative myositis, 375–378
Proliferative papillary apocrine metaplasia, 202, 208
Pseudoangiomatous stromal hyperplasia (PASH), 228, 243
Pseudoangiomatous stromal hyperplasia, fibroadenoma with, 58, 62
Puerperal mastitis, 33

with granulomatous inflammation, 34

R
Radial sclerosing lesion

with DCIS, 155, 159
definition, 154
differential diagnosis, 159
epithelial hyperplasia, 155, 157
fibroelastotic centre, 155, 156
immunohistochemical features, 155, 158
incidence, 154
invasive carcinoma, 155, 159, 160
mammographic imaging, 155
pathologic features, 155–159
prognosis and therapy considerations, 159
stellate ductal proliferation, with central fibrosis, 155, 157
stellate masses, 155

Radiation therapy, 611, 613. See also Neoadjuvant chemotherapy
Reparative fibrosis, 43
Residual cancer burden, 603
Residual disease, in breast and nodes, 611
Rhabdomyosarcoma metastatic sarcoma, 411
Rosai–Dorfman disease (RRD)

extranodal, 20
histiocytic cytoplasm, 20
ill-defined whitish-grey lesion, 20, 22
pale histiocytes, 20, 22
S100 immunohistochemistry, 20, 22

S
Sarcoidosis, 35
Sarcoma, 404, 410–415

breast osteosarcoma, 410
granulocytic, 413
metastatic to breast, 414
myogenin, 413
rhabdomyosarcoma metastatic, 412

Schwannoma, 393, 394
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Sclerosing adenosis, 359, 360
apocrine DCIS superimposed on, 220
clinical features, 143
DCIS superimposed on

CK5/6 immunohistochemistry, 297, 302–304
at high magnification, 297, 300, 301
hyalinisation, 297, 299
myoepithelial cells, 297
p63 immunohistochemistry, 297, 301

definition, 143
fibroadenoma with, 63, 70, 71
macroscopic pathologic features, 143, 144
mammographic features, 144
microscopic pathologic features

with apocrine metaplasia, 145, 150
atrophic glands with myoepithelial cell, 145, 149
characterisation, 145, 146
DCIS, 145, 151–153
hypocellular fibrotic area, 136, 148
immunohistochemical features, 145, 148
lobulocentric growth, 145, 146
perineural pseudoinvasion, 145, 154

pleomorphic microcalcifications, 143
punctate microcalcifications, 143
tumour, 144

Sclerosing lymphocytic lobulitis. See Diabetic mastopathy
Secretory carcinoma, 217, 218, 523–529

vs. mucinous carcinoma, 186
Silicone granuloma, 37, 40, 41
Sinus histiocytosis with massive lymphadenopathy. See Rosai–

Dorfman disease (RRD)
Small cell carcinoma, 514, 516–519
Solid ductal carcinoma in situ, low nuclear grade, 329, 332
Solid papillary carcinoma

CK14 immunohistochemistry, 131, 135
clinical and epidemiological features, 138
congested vessels course, 132
cribriform architecture, 131, 134
definition, 130
extracellular mucin, 131, 134
hyalinised stroma, 131, 133
invasive, 131, 137
with mucin production

clinical and epidemiological features, 187
definition, 187
vs. hypercellular mucinous carcinoma, with neuroendocrine 

differentiation, 185–186, 189
vs. intraductal papilloma with mucin, 187, 189
mammographic nodular mass, 187
pathologic features, 187
prognosis, 189
ultrasonographic hypoechoic lesions, 189

neuroendocrine markers, 131, 136
oestrogen receptor, 131, 136
pathologic features, 130–132
spindle cells, 131, 135
tumour cells, cytoplasm of, 131, 133
ultrasonographic hypoechoic lesions with lobulated  

contours, 187
Spindle cell DCIS, 292
Spindle cell lesions

of breast, 414
dermatofibrosarcoma protuberans, 407–410

fibromatosis, 382–394
fibromatosis-like metaplastic carcinoma, 394–397
nodular fasciitis, 375–382
phyllodes tumour with stromal overgrowth, 404, 405
sarcoma, 410–415
spindle cell metaplastic carcinoma, 397–404

Spindle cell metaplastic carcinoma, 397–404
with pseudoangiomatoid features, 250, 252, 253

Squamous carcinoma in situ (Bowen disease), 567–570
Squamous cell carcinoma, invasive,539, 543–555
Squamous metaplasia, 30, 33
Squamous metaplasia of lactiferous ducts (SMOLD), 539–545
Squamous papilloma, 539, 542, 543
Stromal multinucleated giant cells, fibroadenoma with, 58, 59
Syringomatous tumour, 546, 547, 552–558

T
Terminal ductal lobular units (TDLUs), 1
Toker cells, nipple, 559, 563–566
Tubular adenoma, 63, 67–69
Tubular carcinoma, 435, 437, 439, 441–444, 446, 447, 553, 557

U
Usual ductal hyperplasia (UDH)

with apocrine change, 191, 192
vs. atypical ductal hyperplasia/low-grade DCIS, 258, 260–262
clinical and epidemiological features, 256
with cysts and fibrosis, 256
definition, 255
fibroadenoma with, 51, 54–56, 63
florid, 256, 258–263
imaging features, 256
vs. intermediate nuclear grade DCIS, 263, 264
macroscopic pathology, 256
mammography, 256
moderate, 256, 257
prognosis, 264
sonography, 256
therapy considerations, 264

V
Vascular lesions

angiosarcoma (see Angiosarcoma)
atypical, 232
benign

angiolipoma, 230, 232
haemangioma, 223–230

Vasculitis, 35, 38

W
Wegener’s granulomatosis, 35, 50

X
Xanthogranulomatous mastitis, 20

Z
Ziehl–Neelsen stain, 37

Index


	Series Preface
	Preface
	Acknowledgments
	Contents
	1: Normal Breast and Physiological Changes
	 Physiological Changes
	 Menstrual Cyclic Changes
	 Pregnancy- and Lactation-Related Changes
	 Menopause-Related Changes
	 Calcifications
	 Non-calcified Crystalloids

	References

	2: Developmental, Reactive, and Inflammatory Conditions
	 Ectopic Breast Tissue
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Normal Skin Adnexa
	 Lipoma
	 Fibroepithelial Polyp
	 Lymph Node Metastasis

	 Prognosis and Therapy Considerations

	 Duct Ectasia
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Xanthogranulomatous Mastitis
	 Fat Necrosis
	 Rosai–Dorfman Disease (RDD)
	 Pagetoid Spread of Lobular Neoplasia
	 Granular Cell Tumour
	 Histiocytoid Invasive Lobular Carcinoma
	 Invasive Apocrine Carcinoma

	 Prognosis and Therapy Considerations

	 Fat Necrosis
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Invasive Breast Carcinoma
	 Metaplastic Carcinoma

	 Prognosis and Therapy Considerations

	 Mastitis
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Periductal Mastitis with Granulomas
	 Infective Granulomatous Inflammation
	 Necrotising Granulomatous Vasculitis
	 Sarcoidosis
	 Carcinoma-Related Granulomas
	 Silicone Granuloma

	 Prognosis and Therapy Considerations

	 Diabetic Mastopathy (Sclerosing Lymphocytic Lobulitis)
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Fibrous Scar
	 Fibromatosis
	 Amyloid
	 IgG4-Related Sclerosing Mastitis
	 Malignant Lymphoma

	 Prognosis and Therapy Considerations

	 Infections
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Necrotising Granulomatous Vasculitis
	 Granulomatous Lobular Mastitis

	 Prognosis and Therapy Considerations

	References

	3: Fibroepithelial Lesions
	 Fibroadenoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Prognosis and Therapy Considerations

	 Phyllodes Tumour
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Fibroadenoma, Cellular Fibroadenoma, Juvenile Fibroadenoma, and Benign Phyllodes Tumour
	 Benign, Borderline, and Malignant Phyllodes Tumours
	 Malignant Phyllodes Tumour with Sarcomatous Stromal Overgrowth, Spindle Cell Metaplastic Carcinoma, and Primary Breast Sarcoma
	 Phyllodes Tumour and Periductal Stromal Tumour

	 Prognosis and Therapy Considerations

	References

	4: Papillary Lesions
	 Intraductal Papilloma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Intraductal Papilloma with Florid Usual Ductal Hyperplasia, Atypical Ductal Hyperplasia, and Low Nuclear Grade Ductal Carcinoma In Situ
	 Sclerosing Intraductal Papilloma
	 Adenomyoepithelioma
	 Juvenile Papillomatosis
	 Invasive Low-Grade Carcinoma

	 Prognosis and Therapy Considerations

	 Papillary Ductal Carcinoma In Situ (Intraductal Papillary Carcinoma)
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Intraductal Papilloma
	 Intraductal Papilloma with ADH and DCIS
	 Encapsulated Papillary Carcinoma

	 Prognosis and Therapy Considerations

	 Encapsulated Papillary Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Intraductal Papilloma with ADH and DCIS
	 Solid Papillary Carcinoma

	 Prognosis and Therapy Considerations

	 Solid Papillary Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Intraductal Papilloma
	 Encapsulated Papillary Carcinoma

	 Prognosis and Therapy Considerations

	 Invasive Papillary Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Metastatic Papillary Adenocarcinoma
	 Encapsulated Papillary Carcinoma
	 Invasive Micropapillary Carcinoma

	 Prognosis and Therapy Considerations

	References

	5: Benign Sclerosing Lesions
	 Sclerosing Adenosis
	 Definition
	 Clinical Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Normal Breast Parenchyma
	 Microglandular Adenosis
	 Invasive Carcinoma

	 Prognosis and Therapy Considerations

	 Radial Scar/Complex Sclerosing Lesion
	 Definition
	 Clinical Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Features

	 Differential Diagnosis
	 Invasive Carcinoma

	 Prognosis and Therapy Considerations

	References

	6: Mucinous Lesions
	 Cysts with Luminal Mucin and Mucinous Metaplasia
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Cystic Changes with Luminal Mucin Versus Mucocele-Like Lesion
	 Mucinous Metaplasia Versus Mucoepidermoid Carcinoma

	 Prognosis and Therapy Considerations

	 Mucocele-Like Lesions
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 MLL with ADH Versus MLL with Low Nuclear Grade DCIS
	 MLL Versus Cystic Hypersecretory Breast Lesions
	 MLL Versus Mucinous Cystadenocarcinoma
	 MLL with Detached Epithelium Versus Mucinous Carcinoma

	 Prognosis and Therapy Considerations

	 Mucinous Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Mucinous Carcinoma Versus Mixed Ductal–Mucinous Carcinoma
	 Mucinous Micropapillary Carcinoma Versus Invasive Micropapillary Carcinoma
	 Mucinous Carcinoma Versus Secretory Carcinoma
	 Mucinous Carcinoma, Hypercellular Variant, with Neuroendocrine Differentiation Versus Solid Papillary Carcinoma with Mucin Production
	 Mucinous Carcinoma Versus Polyacrylamide Gel

	 Prognosis and Therapy Considerations

	 Solid Papillary Carcinoma with Mucin Production
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Solid Papillary Carcinoma with Mucin Production Versus Intraductal Papilloma with Mucin
	 Solid Papillary Carcinoma with Mucin Production Versus Hypercellular-Variant Mucinous Carcinoma

	 Prognosis and Therapy Considerations

	References

	7: Apocrine Lesions
	 Benign Lesions: Apocrine Metaplasia
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Prognosis and Therapy Considerations

	 Malignant Apocrine Lesions
	 Apocrine Ductal Carcinoma In Situ
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Differential Diagnosis
	Apocrine Adenosis
	Papillary Apocrine Change
	Apocrine Adenoma

	 Prognosis and Therapy Considerations

	 Invasive Apocrine Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	Macroscopic Pathology
	Microscopic Pathology
	Immunohistochemical Profile

	 Differential Diagnosis
	Breast Neoplasms with Abundant Cytoplasm
	Metastatic Carcinomas
	Apocrine Ductal Carcinoma In Situ (DCIS)

	 Prognosis and Therapy Considerations


	References

	8: Vascular Lesions
	 Benign Vascular Lesions
	 Haemangioma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	Macroscopic Features
	Microscopic Features
	Cavernous Haemangioma
	Capillary Haemangioma
	Venous Haemangioma
	Complex Haemangioma


	 Differential Diagnosis
	Angiosarcoma
	Pseudoangiomatous Stromal Hyperplasia
	Lymphangioma

	 Prognosis and Therapy Considerations

	 Angiolipoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	Macroscopic Features
	Microscopic Features

	 Differential Diagnosis
	 Prognosis and Therapy Considerations

	 Atypical Vascular Lesions of the Breast Skin
	 Definition
	 Clinical and Epidemiological Features
	 Pathologic Features
	Macroscopic Features
	Microscopic Features

	 Differential Diagnosis
	 Prognosis and Therapy Considerations


	 Angiosarcoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Pseudoangiomatous Stromal Hyperplasia
	 Angiolipoma
	 Haemangioma
	 Angiomatosis
	 Atypical Vascular Lesion
	 Kaposi Sarcoma
	 Metaplastic Carcinoma with Pseudoangiomatoid Features

	 Prognosis and Therapy Considerations

	References

	9: Intraductal Proliferative Lesions
	 Usual Ductal Hyperplasia
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 UDH Versus Atypical Ductal Hyperplasia/Low-­Grade Ductal Carcinoma In Situ
	 UDH Versus Intermediate Nuclear Grade DCIS

	 Prognosis and Therapy Considerations

	 Columnar Cell Change and Flat Epithelial Atypia
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 UDH Versus Columnar Cell Change/Hyperplasia
	 Columnar Cell Change/Hyperplasia Versus Flat Epithelial Atypia
	 Flat Epithelial Atypia Versus Atypical Ductal Hyperplasia or Low Nuclear Grade DCIS
	 Flat Epithelial Atypia Versus High Nuclear Grade DCIS

	 Prognosis and Therapy Considerations

	 Atypical Ductal Hyperplasia
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 UDH Versus ADH
	 ADH Versus Low Nuclear Grade DCIS
	 ADH Versus Collagenous Spherulosis

	 Prognosis and Therapy Considerations

	 Ductal Carcinoma In Situ
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Low Nuclear Grade DCIS Versus Lobular Carcinoma In Situ (Classic)
	 Low Nuclear Grade DCIS with Spindle Cells Versus Florid UDH
	 High Nuclear Grade DCIS Versus Pleomorphic Lobular Carcinoma In Situ
	 DCIS Versus Microinvasive Carcinoma
	 DCIS Superimposed on Sclerosing Adenosis Versus Invasive Carcinoma
	 DCIS Versus Lymphovascular Emboli

	 Prognosis and Therapy Considerations

	References

	10: Lobular Lesions (Lobular Neoplasia, Invasive Lobular Carcinoma)
	 Lobular Neoplasia (Atypical Lobular Hyperplasia and Lobular Carcinoma In Situ)
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Myoepithelial Hyperplasia and Apocrine Cells
	 Solid Ductal Carcinoma In Situ, Low Nuclear Grade
	 Lobular Cancerisation
	 High Nuclear Grade Ductal Carcinoma In Situ
	 Dimorphic Pattern of Ductal Carcinoma In Situ
	 Lobular Neoplasia in Collagenous Spherulosis
	 Invasive Lobular Carcinoma

	 Prognosis and Therapy Considerations

	 Invasive Lobular Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Sclerosing Adenosis
	 Histiocytic Inflammation
	 Myofibroblastoma
	 Invasive Ductal Carcinoma with Low Nuclear Grade Features
	 Invasive Carcinoma with Neuroendocrine Features
	 Invasive Apocrine Carcinoma
	 Malignant Lymphoma
	 Metastatic Signet-Ring Cell Carcinoma

	 Prognosis and Therapy Considerations

	References

	11: Spindle Cell Lesions
	 Nodular Fasciitis
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Fibrous Scarring
	 Fibromatosis
	 Fibromatosis-Like Metaplastic Carcinoma
	 Inflammatory Myofibroblastic Tumour
	 Sarcoma

	 Prognosis and Therapy Considerations

	 Fibromatosis
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Fibrous Scarring
	 Myoid Hamartoma
	 Fibromatosis-Like Metaplastic Carcinoma
	 Fibrosarcoma
	 Lipomatous Myofibroblastoma
	 Neural Tumours

	 Prognosis and Therapy Considerations

	 Fibromatosis-Like Metaplastic Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Fibromatosis
	 Spindle Cell Metaplastic Carcinoma

	 Prognosis and Therapy Considerations

	 Spindle Cell Metaplastic Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Metaplastic Carcinoma with Mesenchymal Differentiation
	 Malignant Phyllodes Tumour
	 Sarcoma

	 Prognosis and Therapy Considerations

	 Phyllodes Tumour with Stromal Overgrowth
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Prognosis and Therapy Considerations

	 Dermatofibrosarcoma Protuberans
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Dermatofibroma
	 Phyllodes Tumour with Stromal Overgrowth
	 Fibromatosis
	 Fibromatosis-Like Metaplastic Carcinoma

	 Prognosis and Therapy Considerations

	 Sarcoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Metaplastic Carcinoma
	 Malignant Phyllodes Tumour
	 Metastatic Sarcoma to the Breast

	 Prognosis and Therapy Considerations

	References

	12: Invasive Carcinoma
	 Invasive Ductal Carcinoma (Invasive Carcinoma No Special Type, Invasive Carcinoma Not Otherwise Specified)
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology
	Grading of Invasive Ductal Carcinoma
	Immunohistochemistry Features
	Molecular Classification


	 Differential Diagnosis
	 Prognosis and Therapy Considerations

	 Invasive Breast Carcinoma, Special Types
	 Definition
	 Tubular Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	Macroscopic Pathology
	Microscopic Pathology

	 Differential Diagnosis
	 Prognosis and Therapy Considerations

	 Invasive Cribriform Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	Macroscopic Pathology
	Microscopic Pathology

	 Differential Diagnosis
	 Prognosis and Therapy Considerations

	 Carcinoma with Medullary Features
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	Macroscopic Pathology
	Microscopic Pathology

	 Differential Diagnosis
	Malignant Lymphoma
	Granulocytic Sarcoma
	Intraparenchymal Lymph Node

	 Prognosis and Therapy Considerations

	 Metaplastic Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	Macroscopic Pathology
	Microscopic Pathology
	Low-Grade Adenosquamous Carcinoma
	Fibromatosis-Like Metaplastic Carcinoma
	Squamous Cell Carcinoma (Invasive Carcinoma with Squamous Differentiation)
	Spindle Cell Carcinoma
	Metaplastic Carcinoma with Mesenchymal Differentiation
	Mixed Metaplastic Carcinoma


	 Differential Diagnosis
	Syringomatous Tumour
	Radial Sclerosing Lesion
	Fibromatosis
	IgG4-Associated Sclerosing Mastitis
	Pleomorphic Adenoma
	Phyllodes Tumour
	Breast Sarcoma

	 Prognosis and Therapy Considerations

	 Adenoid Cystic Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	Macroscopic Pathology
	Microscopic Pathology

	 Differential Diagnosis
	Collagenous Spherulosis
	Cribriform Ductal Carcinoma In Situ
	Invasive Cribriform Carcinoma
	Small Cell Carcinoma
	Invasive Carcinoma with Basaloid Features

	 Prognosis and Therapy Considerations


	 Invasive Carcinomas with Neuroendocrine Differentiation
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology
	Neuroendocrine Tumour, Well Differentiated (Carcinoid-Like)
	Neuroendocrine Carcinoma, Poorly Differentiated/Small Cell Carcinoma
	Invasive Breast Carcinoma with Neuroendocrine Differentiation


	 Differential Diagnosis
	 Metastatic Well-Differentiated Neuroendocrine Tumour (Carcinoid) and Metastatic Small Cell Carcinoma
	 Invasive Lobular Carcinoma
	 Malignant Lymphoma


	 Exceptionally Rare Types and Variants
	 Definition
	 Secretory Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	Macroscopic Pathology
	Microscopic Pathology

	 Differential Diagnosis
	Acinic Cell Carcinoma
	Cystic Hypersecretory Carcinoma
	Infiltrative Ductal Carcinoma with Oncocytic Differentiation

	 Prognosis and Therapy Considerations

	 Acinic Cell Carcinoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	Macroscopic Pathology
	Microscopic Pathology

	 Differential Diagnosis
	Microglandular Adenosis
	Secretory Carcinoma
	Infiltrative Ductal Carcinoma

	 Prognosis and Therapy Considerations


	References

	13: Nipple Lesions
	 Squamous Metaplasia of Lactiferous Ducts
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Squamous Papilloma
	 Squamous Cell Carcinoma, Invasive

	 Prognosis and Therapy Considerations

	 Nipple Adenoma
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Intraductal Papilloma
	 Syringomatous Tumour
	 Invasive Carcinoma
	 Adnexal-Type Tumours

	 Prognosis and Therapy Considerations

	 Syringomatous Tumour
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Low-Grade Adenosquamous Carcinoma
	 Tubular Carcinoma

	 Prognosis and Therapy Considerations

	 Paget Disease
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Pathology
	 Microscopic Pathology

	 Differential Diagnosis
	 Toker Cells of the Nipple
	 Clear Cells of the Epidermis
	 Squamous Carcinoma In Situ (Bowen Disease)
	 Malignant Melanoma

	 Prognosis and Therapy Considerations

	References

	14: Male Breast Lesions
	 Gynaecomastia
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Features
	 Microscopic Features

	 Differential Diagnosis
	 Prognosis and Therapy Considerations

	 Male Breast Cancer
	 Definition
	 Clinical and Epidemiological Features
	 Imaging Features
	 Pathologic Features
	 Macroscopic Features
	 Microscopic Features

	 Differential Diagnosis
	 Prognosis and Therapy Considerations

	References

	15: Treatment-Related Changes
	 Changes Related to Neoadjuvant Chemotherapy
	 Definition
	 Clinical Considerations: Pretreatment Assessment
	 Breast Evaluation
	 Axillary Evaluation
	 Surgery After Neoadjuvant Systemic Therapy
	 Evaluation of Breast Specimens After Neoadjuvant Systemic Therapy
	Identification of the Residual Tumour/Tumour Bed
	Histologic Sampling
	Histologic Evaluation
	Histologic Changes in the Non-neoplastic Breast Parenchyma
	Histologic Categorisation of Response to Therapy
	Histologic Evaluation of Lymph Nodes After Neoadjuvant Therapy



	 Changes Related to Radiation Therapy
	References

	Index



