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ABSTRACT
In the 4th edition of the WHO Classification of Tumours
of the Breast, myoepithelial lesions are retitled
myoepithelial and epithelial–myoepithelial lesions in
order to better reflect the dual participation of luminal
and myoepithelial compartments in some key entities.
Malignant myoepithelioma, described as a section within
the chapter on myoepithelial lesions in the 3rd edition,
is recognised in the 4th edition as part of metaplastic
carcinoma. Adenomyoepithelioma with malignancy is
categorised in terms of the cellular component
undergoing malignant transformation. The list of
antibodies that can be used for identifying myoepithelial
cells is updated. Among mesenchymal lesions, new
additions are nodular fasciitis and atypical vascular
lesions, while the haemangiopericytoma is removed.
The 3rd edition stated that pathological prediction of
behaviour of phyllodes tumours is difficult in the
individual case. In the 4th edition, some progress has
been made in prioritisation and weighting of histological
parameters that can potentially estimate probability of
recurrence. The WHO Working Group advocates leaning
towards a diagnosis of fibroadenoma in cases where
there is histological uncertainty in distinction from a
benign phyllodes tumour, or adopting the neutral term
‘benign fibroepithelial neoplasm’, as the clinical
behaviour of fibroadenoma overlaps with that of benign
phyllodes tumour. The 3rd edition terminology of
‘periductal stromal sarcoma’ is revised to ‘periductal
stromal tumour’, akin to the widespread consensus to
avoid the use of the term ‘cystosarcoma’ in the context
of phyllodes tumours.

INTRODUCTION
Classification of breast lesions is an evolving
process and a continual work in progress. In the
2003 3rd edition of the WHO Classification of
Tumours, taxonomy and nomenclature of breast
neoplasms were combined with those of tumours
of the female genital tract.1 The latest edition of
the WHO Classification of Tumours of the Breast
published in 2012 is dedicated purely to breast
lesions, allowing more detailed description and dis-
cussion of the wide spectrum of breast tumours.2

The contents encompass contributions from an
international panel of breast pathologists, incorpor-
ating current knowledge of breast neoplasms, with
updates on classification based on improved clinical
pathobiological and molecular genetic information.
While the list of breast tumours remains rela-

tively unchanged between the two volumes, some

modifications to their arrangement, terminology
and groupings have been implemented, reflecting
current understanding, practice and consensus.
In this article, updates and revisions to the seg-

ments of myoepithelial and epithelial–myoepithe-
lial, mesenchymal and fibroepithelial breast lesions
are specifically addressed, including discussions and
deliberations of the WHO Working Group that
convened in September 2011 in Lyon, France, to
agree on the proposed changes.

MYOEPITHELIAL AND EPITHELIAL–MYOEPITHELIAL
LESIONS
Myoepithelial lesions
A readily noticeable change to this chapter is the
alteration of the previous title of ‘myoepithelial
lesions’ to the current designation of ‘myoepithelial
and epithelial–myoepithelial lesions’ in order to
better reflect the dual participation of luminal and
myoepithelial compartments in key entities encom-
passed under the rubric of this group of tumours.
Myoepithelial lesions, defined as those consisting

of a pure or predominant myoepithelial cell popu-
lation, include myoepithelial hyperplasia, collage-
nous spherulosis and myoepithelial carcinoma.
In the WHO 2003 instalment, myoepitheliosis was

a specific entity included in the chapter on myoepithe-
lial lesions.1 It was defined as a multifocal, often
microscopic proliferation of spindle to cuboidal
myoepithelial cells growing into and around small
ducts and ductules. Myoepitheliosis was further
subdivided into intraductal and periductal varieties,
depending on whether myoepithelial cells proliferated
into, or around, ducts and ductules, respectively.1 3 4

The Working Group agreed that microscopic nuances
to allow consistent and reproducible use of these ter-
minologies were difficult to achieve in diagnostic prac-
tice, and unanimously agreed to amalgamate these
alterations into the unifying concept of myoepithelial
hyperplasia. All those present at the Consensus
Conference also admitted to not using the term
‘myoepitheliosis’ in daily practice.
The lesion of ‘adenomyoepithelial adenosis’,

included as a myoepithelial condition in the 3rd
edition, was referred to as an extremely rare type of
adenosis associated with adenomyoepithelioma.1 In
similar fashion to the discussion on myoepitheliosis,
the Working Group regarded histological changes
described for this lesion as myoepithelial hyperplasia
in the context of adenosis.2 Hence the alterations of
‘myoepitheliosis’ and ‘adenomyoepithelial adenosis’
as originally documented in the previous edition are
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ascribed to the spectrum of myoepithelial hyperplasia in the 2012
volume (figure 1).

While collagenous spherulosis was not officially acknowl-
edged among myoepithelial lesions in the 3rd edition, it is a
condition that consists of myoepithelial cells arranged around
cribriform spaces filled with pink spherules of basement mem-
brane material.5–13 Immunohistochemical staining with myoe-
pithelial markers confirms the myoepithelial origin of cells
encircling the rounded spaces. It may be argued whether the
characteristic appearance of collagenous spherulosis is due to an
interplay of both epithelial and myoepithelial cells and hence
technically an epithelial–myoepithelial lesion rather than a
solely myoepithelial condition, but the cribriform architecture is
contributed by purely myoepithelial cells residing within a duct/
lobular unit that can be affected by a variety of proliferative
changes from usual ductal hyperplasia, intraductal papilloma,
sclerosing adenosis, lobular neoplasia and adenomyoepithe-
lioma6 7 13 (figure 2).

A malignant lesion composed of myoepithelial cells is a myoe-
pithelial carcinoma (malignant myoepithelioma),3 14 which is
classified under metaplastic carcinoma in this 4th edition.2

Histologically, it features spindled cells which may be
relatively bland, but which exhibit typically both epithelial15 and
myoepithelial differentiation such as smooth muscle reactivity,
immunophenotypically.16 17 The overlap in microscopic and
immunophenotypic characteristics with metaplastic carcinoma is
well recognised, making its formal distinction from the latter chal-
lenging,18 19 and in view of the similar clinical outcome,20 21

potentially superfluous. In a purely spindle cell malignant breast
tumour with immunohistochemical evidence of keratin and
smooth muscle differentiation, a diagnosis of spindle cell metaplas-
tic carcinoma is deemed appropriate. Support for a firm diagnosis
of ‘myoepithelial’ carcinoma ensues from identification of malig-
nant cells emanating from the myoepithelial layer of pre-existing
ducts or from the myoepithelial compartment of an epithelial–
myoepithelial lesion such as adenomyoepithelioma16 22 (figure 3).

Epithelial–myoepithelial lesions
Pleomorphic adenoma of the breast is a benign mixed tumour
histologically similar to its salivary gland counterpart.23 24 It
consists of epithelial cells occurring as cohesive and irregular
nests and tubules accompanied by dispersed myoepithelial cells
immersed in a chondromyxoid matrix (figure 4). In both the

2003 and 2012 volumes, pleomorphic adenoma is described
together with other adenomas, but recognition of the dual par-
ticipation of epithelial and myoepithelial cells is acknowledged
in the current edition, with the entity included in the classifica-
tion of epithelial–myoepithelial tumours.

An adenomyoepithelioma is a stereotypical epithelial–myoe-
pithelial tumour, composed of myoepithelial cells surrounding epi-
thelium lined spaces, giving a histological appearance of a
balanced dual proliferation of two cell types25–28 (figure 5).
Squamous nests with eosinophilic hardened cytoplasm, and seba-
ceous differentiation with finely vacuolated lipidised cytoplasm,
may be seen.29 30 Either or both epithelial and myoepithelial com-
ponents can undergo malignant transformation,4 31–37 the latter
exemplified by myoepithelial carcinoma arising within the back-
ground of an adenomyoepithelioma. Mitoses, cytonuclear atypia
and infiltration attest to the malignant nature of the spindle myoe-
pithelial cells. Categorisation of the malignant compartment asso-
ciated with adenomyoepithelioma differs from the prior edition,
with removal of the terms sarcoma and carcinosarcoma in the
current volume, since technically, malignancy arising from either
component of the adenomyoepithelioma should be considered
carcinoma.

Adenoid cystic carcinoma is a unique malignant tumour with
an excellent prognosis, despite its often triple negative status,
formed by a combination of cells of epithelial and myoepithelial
phenotype arranged as cribriform and tubular structures, with
production of both watery mucopolysaccharide and viscid base-
ment membrane material38–42 (figure 6). Immunohistochemistry
shows positive staining for p63 and other myoepithelial markers
in lesional cells surrounding these pseudolumens, while luminal
type low molecular weight keratins decorate cells rimming true
lumens that are also present in adenoid cystic carcinoma,
making it a bona fide epithelial–myoepithelial tumour.8 43 44

Although adenoid cystic carcinoma is detailed together with
other invasive breast carcinomas, it is formally classified as an
epithelial–myoepithelial tumour in the current edition.

Immunohistochemistry for myoepithelial cells
The important role of immunohistochemistry in evaluating
myoepithelial and epithelial–myoepithelial lesions is addressed
and given substantial emphasis in this volume.2

A note is made of the wide range of markers available for
the detection of myoepithelial differentiation, with variable sen-
sitivities and specificities.45–49 There is a range of antibodies to

Figure 2 Collagenous spherulosis shows well-defined cribriform
spaces containing pink basement membrane material, accompanied by
calcifications which can be detected radiologically.

Figure 1 Myoepithelial hyperplasia. Plump, pink, spindled
myoepithelial cells swirl around diminutive tubular lumens in an
example of sclerosing adenosis.
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high molecular weight keratins that can detect myoepithelial
cells, as well as myriad antibodies for illuminating smooth
muscle expression in these cells.50–52 The potential cross reactiv-
ity of smooth muscle antibodies with stromal myofibroblasts is
reiterated.50 The Working Group recommends a panel approach
with use of a minimum of 2–3 antibodies that are well validated,
familiar and routinely adopted in the individual laboratory.2 For
recognition of myoepithelial and metaplastic carcinoma, a broad
immunohistochemical panel needs to be applied, including
applying antibodies to high molecular weight/basal
keratins.18 53 54

A list of antibodies that can be used in immunohistochemical
workup, mirroring that provided in the current 2012 volume, is
presented in table 1.2

MESENCHYMAL LESIONS
The group of benign mesenchymal lesions remains largely
unchanged from the previous edition, apart from inclusion of
the following new entities, nodular fasciitis and atypical vascular
lesions, and the deletion of the previously included
haemangiopericytoma.2

Nodular fasciitis is included in this volume in line with its recog-
nition as a tumour composed of a clonal population of fibroblasts
and myofibroblasts55–58 (figure 7). A rare tumour, it needs to be

distinguished from other spindle cell proliferations such as fibroma-
tosis, low-grade spindle cell metaplastic carcinoma, low-grade myx-
ofibrosarcoma59 and stromal overgrowth of phyllodes tumours.

The atypical vascular lesion was not part of the last WHO
edition.1 However, these angioformative proliferations are
sometimes encountered in the skin after breast conserving
surgery and radiotherapy for breast carcinoma, and may repre-
sent the precursor to angiosarcoma.2 60–63 Histologically, atyp-
ical vascular lesions have to be discriminated from low grade or
well-differentiated angiosarcoma, with the latter revealing vascu-
lar channels that dissect intrusively into the skin and/or breast
parenchyma, accompanied by variable endothelial atypia and
free floating endothelium coated scaffolds.

Notwithstanding its alteration in nosology to solitary fibrous
tumour in the soft tissue arena, the haemangioperictyoma has
been deleted in the current edition as it is vanishingly rare in
the breast.1 2 64 There was some discussion on the purported
relationship of the solitary fibrous tumour (previously referred
to as haemangiopericytoma) with myofibroblastoma and the
spindle cell lipoma,65 but apart from the debate and controversy
on whether there is a real association of these lesions, its excep-
tional discovery in the breast resulted in its exclusion.

The remaining benign and malignant mesenchymal lesions
have been updated in content.

Figure 3 (A) Elongated abnormal spindle cells with enlarged vesicular nuclei of myoepithelial carcinoma appear to originate from the outer
contours of tubules of adenomyoepithelioma lined by bland luminal epithelium. (B) Immunohistochemistry for smooth muscle actin shows positive
cytoplasmic reactivity of the plump spindle cells that are aggregated into small vague clusters.

Figure 5 High magnification of an adenomyoepithelioma displays
tubules rimmed by prominent myoepithelial cells. Sebaceous metaplasia
featuring cells with finely lipidised cytoplasm is present.

Figure 4 Pleomorphic adenoma of the breast shows a circumscribed
boundary at low magnification, with epithelial nests immersed in a
chondromyxoid matrix containing spindled myoepithelial cells.
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In particular, the classification of angiosarcoma of the breast
is recapitulated, with specific mention of the lack of prognostic
value of grade, as documented in a large study of primary angio-
sarcoma of the breast.66

FIBROEPITHELIAL LESIONS
Fibroepithelial tumours represent a heterogeneous group of
biphasic neoplasms composed of a proliferation of both epithe-
lial and stromal components, with the main occupants being the
common fibroadenoma and the rarer phyllodes tumour.

In 2012, this chapter has been updated with regard to histo-
logical characterisation and classification. Consistent with
discouragement of the use of the historical term ‘cystosarcoma’
for phyllodes tumours, the Working Group recommended that
the exceedingly rare entity of periductal stromal sarcoma (as it
was referred to in the previous edition) be revised to the less
ominous term, periductal stromal tumour.1 2 The close morpho-
logical relationship between the periductal stromal and phyl-
lodes tumours is acknowledged.

The rest of the chapter is devoted to discussion on differential
diagnosis of fibroepithelial neoplasms, inherent issues with
grading of phyllodes tumours, as well as to the challenges of
accurate prediction of recurrent likelihood and clinical behav-
iour in individual women diagnosed with phyllodes tumours.67

At the benign end of the spectrum of fibroepithelial lesions, a
diagnostic dilemma arises when faced with a tumour with overlap-
ping features of fibroadenoma and benign phyllodes tumour.68 At
the consensus conference, the question of whether there was a

need for precise distinction in every case was discussed and
centred around whether there was a difference in risk of recurrent
disease and likelihood of malignant progression of a fibroadenoma
and a benign phyllodes tumour. Histologically, the characteristics
of both lesions are similar, with the benign phyllodes tumour
showing an accentuated intracanalicular appearance with leafy
fronds accompanied by stromal hypercellularity, often with peri-
epithelial stromal accumulation69 (figure 8). This contrasts with
the fibroadenoma, which has none, few or poorly formed fronds,
and is generally without significant stromal cellularity.

While the fibroadenoma is not thought of as being associated
with recurrence, there are a few sporadic reports of fibroaden-
oma recurrences in the range of 15%–17%.70–72 This rate is
similar to that described for benign phyllodes tumours, which
have reported recurrences ranging from 10% to 17%.67 69 73 In
one series, where a frequency of 10.9% recurrence was observed
in benign phyllodes tumours, and despite the majority of these
recurrent lesions remaining benign, 35% were upgraded to bor-
derline and 8% to malignant tumours, corresponding to 1% of
originally benign neoplasms recurring as malignant lesions.67 In
other words, while the overall recurrence rates of benign phyl-
lodes tumours are comparable with fibroadenomas, suggesting a
similar outcome, the critical difference is that a small percentage
of phyllodes tumours may recur as malignant lesions. At
present, there are no known identifiable characteristics which

Table 1 Common antibodies that decorate myoepithelial cells

Myoepithelial cell properties Antibodies

Smooth muscle differentiation Smooth muscle actin
Muscle specific actin
Calponin
Caldesmon
Smooth muscle myosin heavy chain

High molecular weight (basal cell) keratins CK5
CK5/6
CK14
CK17
34βE12

Nuclear phosphoprotein/transcription factor p63
Figure 8 A benign phyllodes tumour shows broad fronds covered by
bilayered epithelium, with mildly increased stromal cellularity and a
hint of peri-epithelial stromal accentuation.

Figure 6 Adenoid cystic carcinoma with the characteristic
appearances of cribriform structures containing watery
mucopolysaccharide and pink viscid basement membrane material.

Figure 7 Nodular fasciitis shows intersecting oedematous spindle cell
fascicles of fibroblasts and myofibroblasts, giving a feathery, tissue
culture-like appearance.
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can serve to identify this small subgroup of initially benign phyl-
lodes tumours that recur with malignant histology. It has been
suggested that such unanticipated behaviour could be related to
the presence of unfavourable stromal subclones driving progres-
sion and recurrence, and that these changes are beyond the reso-
lution of light microscopic recognition.74

When there is histological ambiguity however, the WHO
Working Group recommends favouring a diagnosis of fibroaden-
oma over a benign phyllodes tumour in order to avoid over-
treatment. Some authors have opted for a straddling term of
benign fibroepithelial neoplasm, specifying the contentious or
overlapping histological features.2

In terms of prediction of behaviour in the individual case of
phyllodes tumour, the 2003 WHO edition admitted that it was
difficult.1 While grade has been associated with recurrence, its
assignment using conventional histological parameters is fraught
with challenges in combinational permutations and interobser-
ver variation. Some progress has been made in overcoming the
uncertainty of relative weightage of histological parameters, and
a predictive nomogram based on stromal atypia, mitoses,
stromal overgrowth and surgical margins is believed to be able
to confer a risk assessment for recurrent likelihood in the indi-
vidual case, which can offer assistance in management planning
and counselling.67 The real utility of this nomogram, however,
needs to be validated in additional series of phyllodes tumours.

In the current WHO edition, the importance of recognising the
malignant category of phyllodes tumour is emphasised.2

Malignant lesions account for between 10% and 20% of all phyl-
lodes tumours,67 69 and is the category that is most likely to recur,
with reports of up to 30% recurrence rates. In one series,67 these
tumours were observed to metastasise and cause death in 22% of
cases, emphasising the need for accurate diagnosis and classifica-
tion to allow appropriate and timely management.

CONCLUSIONS
In conclusion, updates in the sections of myoepithelial and epithe-
lial–myoepithelial, mesenchymal and fibroepithelial lesions as deliv-
ered in the current edition of the WHO volume of breast tumours
are presented. These changes are driven by new information, shifts
in understanding and approaches to lesions, practicality of applica-
tion of definitions and terminologies, as well as international con-
sensus. It is hoped that they represent a rational advance in the
manner in which we classify these rarer breast tumours.

Take home messages

▸ In the 4th edition of WHO Classification of Tumours of the
Breast, changes are proposed that reflect new information
and international consensus.

▸ Myoepithelial carcinoma is classified with metaplastic
carcinoma in recognition of the overlapping morphological
and immunophenotypical characteristics.

▸ A panel approach should be adopted for
immunohistochemical workup.

▸ New mesenchymal entities that are included are nodular
fasciitis and atypical vascular lesions.

▸ It is sometimes difficult to make a clear distinction between
the fibroadenoma and benign phyllodes tumour. The
Working Group recommends favouring a diagnosis of
fibroadenoma or using the descriptive term ‘benign
fibroepithelial neoplasm’ in benign cases with histological
ambiguity, in order to avoid overtreatment.
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