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Abstract 
 

Adenomyoepitheliomas (AME) are rare tumours of the breast.  Although they are 

benign, features such as local recurrence, malignant transformation and metastases are 

described.  The objective is to report our findings on a case series of AME of the 

breast.  A cross-sectional retrospective descriptive study was performed on cases with 

a diagnosis of AME.  Clinical, radiological and histopathologic findings were studied.  

Seventeen cases were identified in 13 patients, with a median age of 50 years (34 to 

79 years), in an 18-year time period from 2000 to 2018.  The AMEs ranged in size 

from 1mm to 150mm.  Intratumoural heterogeneity was evidenced by a combination 

of 2 and 3 low-power architectural patterns (solid, cystic, nodular) and high-power 

architectural patterns (papillary, pseudopapillary, trabecular, tubular), an admixture of 

subtypes (tubular, lobular and spindle cell) and myoepithelial cell phenotypes (spindle 

cell, plasmacytoid, epithelioid and clear cell).  In summary, we present a case series 

of 17 cases of AME in which clinical features, radiological findings and 

histopathological features, including immunohistochemistry are detailed.  Of note, we 

expand the size range and document unusual associations in 4 cases of lobular 

carcinoma in-situ (LCIS), necrotising granulomatous inflammation, clincial extension 

onto the chest wall and a rare case of AME with carcinoma (epithelial and 

myoepithelial carcinoma).
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Fig. A.1 Histogram showing age distribution as number of cases per 5 year age groups in 

13 patients with AME 
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Fig. A.2  Histogram showing size of AME in each case   
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Fig. A.3 Histologic subtypes of AME with single, 2- and 3-patterns  
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Fig. A.4 Use of single or multiple epithelial and myoepithelial immunohistochemical (IHC) 

stains in cases where IHC was performed 
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Fig. A.5 Clinical, macroscopic and radiological images of selected cases 

a. Photograph of a right breast mass with clinical extension onto the chest wall 4 years 

following needle core biopsy (case 5).   

b. Macroscopic photograph of the largest AME in our series, demonstrating solid papillary-

like and cystic components (case 5) of the tumour.   

c. Mammogram image of AME with carcinoma (case 17), showing a mass with ill-defined 

margins and calcifications, BI-RADS 5.   

d. Ultrasound image of AME with carcinoma (case 17), showing an irregular solid and cystic 

mass.  
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Fig. A.6 Histopathologic photomicrographs of selected cases 

a. Photomicrograph showing AME with colonisation of lobules by LCIS (case 3), 

haematoxylin and eosin (H&E) stain, original magnification x100.   

b. Photomicrograph of nodal tuberculosis in a patient with AME (case 4), H&E stain 

x20.   

c. Photomicrograph of largest AME with cystic and papillary areas (case 5), H&E stain 

x20.   

d. Photomicrograph of AME with carcinoma, showing malignant epithelial and 

myoepithelial components and extensive tumour necrosis (case 17), H&E stain x40.   
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Fig. A.7 Immunohistochemical photomicrographs of selected cases 

Photomicrograph of AME with carcinoma, immunohistochemical stains (case 17), original 

magnification x100: 

a. AE1/3, showing strong-intensity positive cytoplasmic staining of the epithelial 

component and weak-intensity positive cytoplasmic staining of the myoepithelial 

component.   

b. SMA, showing negative staining of the epithelial component and strong-intensity 

positive cytoplasmic staining of the myoepithelial component.   

c. S100, showing weak positive cytoplasmic staining of the epithelial component 

(interpreted as negative) and strong-intensity positive cytoplasmic and nuclear 

staining of the myoepithelial component.   

d. p63, showing negative staining of the epithelial component and strong-intensity 

positive nuclear staining of the myoepithelial component.   
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Table. A.1. Adenomyoepithelioma, clinical (demographics and specimen details) and 

radiological (ultrasound, mammogram, and other, including BI-RADS) results 

Cas

e 

Ag

e 

Later

ality 

Specimen Symptoms Episode Size (mm) Mammogr

am 

Ultrasound Other 

1 58 R NCB;WLE Mass Initial 27 N N N/A 

2 38 R LPT Mass Initial 20 Lobulated, 

cystic 

Cystic,  

hypoechoic 

N/A 

3 37 R M + ALND Unk Initial 25 N N N/A 

4 35 R LPT + LNBx Mass Initial 12 N N N/A 

5 39 R NCB;WLE Mass onto 

chest wall 

clinically 

Initial 150 N N N/A 

6 34 L Re-excision None Prev bgn 

phyllodes  

18 N N MRI: 

fibroadenom

as 

7 79 L LPT Mass Initial 55 N N N/A 

8 70 L NCB Mass Initial U Lobulated Solid BI-RADS 2 

9-

13 

54 L BBR Macromas

tia 

Initial 4,1;2,3;5,8

;5,5;3,4 

N N N/A 

14 36 L LPT Unk Initial 20 N N N/A 

15 45 R BBR Macromas

tia 

Initial 0.6 N N N/A 

16 58 R NCB Mass, 

mastalgia 

Initial 27 Lobulated Lobulated,ir

reg marg, 

PAS 

BI-RADS 4b 

17 69 L NCB;M+ALN

D 

Mass 

 

  

Initial 50 Ill-def 

marg, bgn 

calcs  

Irreg solid 

and cystic 

BI-RADS 5 

Abbreviations: R: right; Unk: unknown; L: left;  NCB: needle core biopsy; WLE: wide local excision; LPT: lumpectomy; M 

+ ALND: mastectomy and axillary lymph node dissection; LNBx: lymph node biopsy; BBR: bilateral breast reduction; Prev: 

previous; bgn:benign; N: no report available; Ill-def: ill-defined; calcs: calcifications; Irreg: irregular; marg: margins; PAS: 

posterior acoustic shadowing; N/A: not applicable
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Table. A.2. Adenomyoepithelioma, histopathologic and immunohistochemical (epithelial and myoepthelial) findings 

Case LP Arch HP Arch Subtype Border Myoepithelial 

phenotype 

Margins MF Other features / Co-

existing pathology 

Immunohistochemistry* 

1 So, Cy, No Pp Sp Infilt Sp, Epith Ex 0 Seb C, FC, AM /  UDH Ep: AE1/3 +3/3; My: p63 +1/3, s100 +3/3, MSA +2/2, SMA +3/3 

2 No Tu Tu Infilt Sp, Epith, CC At 1 PC / None Ep: AE1/3 +3/3; My: p63 +3/2, s100 +3/3, SMA +3/3, CD10 +3/3 

3 So, No Tu, Trab Tu Push Sp Ex 0 None/ LCIS, CCC, ADH Ep: AE1/3 +3/3; My: SMA +3/3, CD10 +3/2, GFAP +3/3 

4 No, Tu, Trab Sp Push Sp Ex 0 None / MTB None 

5 So, Cy, No Pap, Pp ,Tu Tu, Lo Push Sp, CC At 1 Infarction / None Ep: MNF116 +3/3, Cam5.2 +3/3; My: p63 +3/2, SMA +3/3, CK5/6 +3/2, H-cal 
+2/3 

6 Cy, No Pp Tu Push Sp, Epith Ex 5 AM / FA, PT Ep: none; My: p63 +3/3, s100 +3/3, CD10 +3/3. 

7 So, No Trab Sp Push Sp, Epith, At 0 Myxchndr / None Ep: EMA +2/2, CEA +1/3; My: s100 +2/3, MSA +1/3, SMA +1/3 

8 So Trab Tu Unk Epith, CC N/A 0 None / None Ep: EMA +3/3; My: s100 +3/3; MSA +1/2 

9 So, No Tu Tu Push Sp, Epith Ex 1 None / IDP, CS Ep: none; My: p63 +3/3, s100 +3/3, MSA +3/3; SMA +3/3 

10 No Tu Tu, Lo Infilt Sp Ex 0 FC, AM / FA None 

11 So, No Tu Tu Infilt Sp, Epith Ex 0 FC, AM, DC / None None 

12 No Tu Tu, Lo Push Sp Ex 0 FC, AM / None None 

13 So, No Pp Tu Infilt Sp Ex 0 FC, AM, DC / None None 

14 So, Cy, No Pp, Tu Sp, Tu Push Sp, CC Ex 2 PC / None None 

15 No Tu Tu Push Sp Ex 2 None / None None 

16 No Tu Tu N/A Sp N/A 0 FC / CS Ep: none; My: p63 +3/3, CK5/6 +3/3 

17 No Tu Sp, Tu, Lo Push Sp, Epith, CC Ex 10 Malignancy / CCC,ADH  Ep:AE1/3 +3/3, EMA +2/2; My: p63 +3/3, s100 +3/3, SMA +3/3, CD10 +3/3 
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Abbreviations: LP arch: low-power architecture; HP arch: high-power architecture; MF: mitotic figures/10 high-power field; So: solid; Cy: cystic; 

No: nodular; Pap: papillary; Pp: pseudopapillary, Tu: tubular; Trab: trabecular; Sp: spindle; Lo: lobular; Infilt: infiltrating; Push: pushing; Unk: 
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collegenous spherulosis; DC: dystrophic calcification; Ep: epithelial markers; My: myoepithelial markers; +: positive; *quantification of positive 

immunohistochemical result: proportion (0 = none, 1 = 1-10%, 2 = 11-50%, 3 = >50%) / intensity (0 = none, 1 = weak, 2 = moderate, 3 = strong) 
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Table. A.3 Frequency table illustrating clinical, radiological and histopathologic findings 

 
Frequency  Percentage (%  Frequency Percentage 

(%) 

Laterality n=17  Margins n=17  

Right 7 42 Excised 12 71 

Left 10 59 At margins 3 18 

Symptoms n = 13  N/A 2 12 

Mass 8 62 Mitotic figures n=17  

Unknown 2 15 0-2  15 88 

Macromastia 2 15 5 1 6 

Mastalgia 1 8 10 1 6 

Asymptomatic 1 8 Other features n=17  

Mammogram findings n=13  Absent 5 29 

No report available 9 69 Present 12 70 

Lobulated/cystic 1 8 Malignancy 1 6 

Lobulated 2 15 Co-existing pathology n=17  

Ill-defined 1 8 Absent 9 53 

Ultrasound n=13  Present 8 47 

No report available 9 69 Immunohistochemistry n=10 % 

Cystic, solid 1 8 None 7 70 

Cystic, hypoechoic 1 8 AE1/AE3 4 40 

Lobulated 1 8 CAM 5.2 1 10 

Irregular margins 2 15 MNF116 1 10 

Posterior acoustic shadowing 1 8 EMA 3 30 

Low power architecture n=17  CEA 1 10 

Single pattern 8 47 SMA 7 70 

2-patterns 6 35 MSA 5 50 

3-patterns 3 18 CD10 4 40 

High power architecture n=17  p63 7 70 

Single pattern 13 76 GFAP 1 10 

2-patterns 3 18 CK5/6 2 20 

3-patterns 1 6 H-caldesmon 1 10 

   S100 7 70 
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Table. A.4. Adenomyoepithelioma, a summary of the published case series of AME 

   

Case 

series 

Author Year Total 

number 

Total 

number 

of AME 

Recurrent Malignant Metastasis 

1 Rosen et 

al [5] 

1987 18 18 2 0 0 

2 Decorsiere 

et al [6] 

1988 U 17 U U U 

3 Tavassoli 

[7] 

1991 31 27 2 2 1 

4 Loose et 

al [8] 

1992 6 6 3 2 1 

5 McClaren 

et al [3] 

2005 35 23 0* 0 0 

6 Hayes [9] 2011 25 12 2 13 4 

7 Moritz 

[10] 

2016 14 10 0 4 ND 

Abbreviations: U, unknown; ND, not documented 

*Only 12 of the 23 patients were followed up
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with Elsevier's sharing policy. Sharing your preprints e.g. on a preprint 

server will not count as prior publication (see 'Multiple, redundant or 
concurrent publication' for more information).  

Changes to authorship  
Authors are expected to consider carefully the list and order of authors 

before submitting their manuscript and provide the definitive list of 
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authors at the time of the original submission. Any addition, deletion or 

rearrangement of author names in the authorship list should be made 
only before the manuscript has been accepted and only if approved by 

the journal Editor. To request such a change, the Editor must receive the 
following from the corresponding author: (a) the reason for the change 

in author list and (b) written confirmation (e-mail, letter) from all authors 
that they agree with the addition, removal or rearrangement. In the case 

of addition or removal of authors, this includes confirmation from the 
author being added or removed.  

Only in exceptional circumstances will the Editor consider the addition, 
deletion or rearrangement of authors after the manuscript has been 

accepted. While the Editor considers the request, publication of the 
manuscript will be suspended. If the manuscript has already been 

published in an online issue, any requests approved by the Editor will 
result in a corrigendum.  

Registration of clinical trials  

Registration in a public trials registry is a condition for publication of 
clinical trials in this journal in accordance with International Committee of 

Medical Journal Editors recommendations. Trials must register at or 
before the onset of patient enrolment. The clinical trial registration 

number should be included at the end of the abstract of the article. A 
clinical trial is defined as any research study that prospectively assigns 

human participants or groups of humans to one or more health-related 
interventions to evaluate the effects of health outcomes. Health-related 

interventions include any intervention used to modify a biomedical or 
health-related outcome (for example drugs, surgical procedures, devices, 

behavioural treatments, dietary interventions, and process-of-care 
changes). Health outcomes include any biomedical or health-related 

measures obtained in patients or participants, including pharmacokinetic 
measures and adverse events. Purely observational studies (those in 

which the assignment of the medical intervention is not at the discretion 

of the investigator) will not require registration.  

Copyright  

Upon acceptance of an article, authors will be asked to complete a 
'Journal Publishing Agreement' (see more information on this). An e-mail 

will be sent to the corresponding author confirming receipt of the 
manuscript together with a 'Journal Publishing Agreement' form or a link 

to the online version of this agreement.  

Subscribers may reproduce tables of contents or prepare lists of articles 

including abstracts for internal circulation within their institutions. 
Permission of the Publisher is required for resale or distribution outside 

the institution and for all other derivative works, including compilations 
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and translations. If excerpts from other copyrighted works are included, 

the author(s) must obtain written permission from the copyright owners 
and credit the source(s) in the article. Elsevier has preprinted forms for 

use by authors in these cases.  

For gold open access articles: Upon acceptance of an article, authors will 

be asked to complete an 'Exclusive License Agreement' (more 
information). Permitted third party reuse of gold open access articles is 

determined by the author's choice of user license.  

Author rights  

As an author you (or your employer or institution) have certain rights to 
reuse your work. More information.  

Elsevier supports responsible sharing  

Find out how you can share your research published in Elsevier journals.  

Role of the funding source  

You are requested to identify who provided financial support for the 

conduct of the research and/or preparation of the article and to briefly 

describe the role of the sponsor(s), if any, in study design; in the 
collection, analysis and interpretation of data; in the writing of the report; 

and in the decision to submit the article for publication. If the funding 
source(s) had no such involvement then this should be stated.  

Funding body agreements and policies  

Elsevier has established a number of agreements with funding bodies 

which allow authors to comply with their funder's open access policies. 
Some funding bodies will reimburse the author for the gold open access 

publication fee. Details of existing agreements are available online.  

After acceptance, open access papers will be published under a 

noncommercial license. For authors requiring a commercial CC BY license, 
you can apply after your manuscript is accepted for publication.  

Open access  

This journal offers authors a choice in publishing their research:  

Subscription  

• Articles are made available to subscribers as well as developing 
countries and patient groups through our universal access programs.  • 

No open access publication fee payable by authors.  • The Author is 
entitled to post the accepted manuscript in their institution's repository 

and make this public after an embargo period (known as green Open 
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Access). The published journal article cannot be shared publicly, for 

example on ResearchGate or Academia.edu, to ensure the sustainability 
of peer- reviewed research in journal publications. The embargo period 

for this journal can be found below. Gold open access  

• Articles are freely available to both subscribers and the wider public with 

permitted reuse.  • A gold open access publication fee is payable by 
authors or on their behalf, e.g. by their research funder or institution.  

Regardless of how you choose to publish your article, the journal will 
apply the same peer review criteria and acceptance standards.  

For gold open access articles, permitted third party (re)use is defined by 
the following Creative Commons user licenses:  

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)  

For non-commercial purposes, lets others distribute and copy the article, 

and to include in a collective work (such as an anthology), as long as they 
credit the author(s) and provided they do not alter or modify the article.  

The gold open access publication fee for this journal is USD 3300, 

excluding taxes. Learn more about Elsevier's pricing policy: 
https://www.elsevier.com/openaccesspricing.  

Green open access  

Authors can share their research in a variety of different ways and 

Elsevier has a number of green open access options available. We 
recommend authors see our green open access page for further 

information. Authors can also self-archive their manuscripts immediately 
and enable public access from their institution's repository after an 

embargo period. This is the version that has been accepted for publication 
and which typically includes author-incorporated changes suggested 

during submission, peer review and in editor-author communications. 
Embargo period: For subscription articles, an appropriate amount of time 

is needed for journals to deliver value to subscribing customers before an 
article becomes freely available to the public. This is the embargo period 

and it begins from the date the article is formally published online in its 

final and fully citable form. Find out more.  

This journal has an embargo period of 12 months.  

Elsevier Researcher Academy  

Researcher Academy is a free e-learning platform designed to support 

early and mid-career researchers throughout their research journey. The 
"Learn" environment at Researcher Academy offers several interactive 

modules, webinars, downloadable guides and resources to guide you 
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through the process of writing for research and going through peer 

review. Feel free to use these free resources to improve your submission 
and navigate the publication process with ease.  

Language (usage and editing services)  

Please write your text in good English (American or British usage is 

accepted, but not a mixture of these). Authors who feel their English 
language manuscript may require editing to eliminate possible 

grammatical or spelling errors and to conform to correct scientific English 
may wish to use the English Language Editing service available from 

Elsevier's WebShop.  

Submission  

Our online submission system guides you stepwise through the process of 
entering your article details and uploading your files. The system converts 

your article files to a single PDF file used in the peer-review process. 
Editable files (e.g., Word, LaTeX) are required to typeset your article for 

final publication. All correspondence, including notification of the Editor's 

decision and requests for revision, is sent by e-mail.  

Submit your article  

Please submit your article via http://ees.elsevier.com/yhupa.  

Referees  

Please submit the names and institutional e-mail addresses of several 
potential referees. For more details, visit our Support site. Note that the 

editor retains the sole right to decide whether or not the suggested 
reviewers are used.  

PREPARATION  

Peer review  

This journal operates a single blind review process. All contributions will 
be initially assessed by the editor for suitability for the journal. Papers 

deemed suitable are then typically sent to a minimum of two independent 
expert reviewers to assess the scientific quality of the paper. The Editor is 

responsible for the final decision regarding acceptance or rejection of 

articles. The Editor's decision is final. More information on types of peer 
review.  

Use of Word Processing Software  

It is important that the file be saved in the native format of the 

wordprocessor used. The text should be in single-column format. Keep 
the layout of the text as simple as possible. Most formatting codes will be 
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removed and replaced on processing the article. In particular, do not use 

the wordprocessor's options to justify text or to hyphenate words. 
However, do use bold face, italics, subscripts, superscripts, etc. When 

preparing tables, if you are using a table grid, use only one grid for each 
individual table and not a grid for each row. If no grid is used, use tabs, 

not spaces, to align columns. The electronic text should be prepared in a 
way very similar to that of conventional manuscripts (see also the Guide 

to Publishing with Elsevier: http://www.elsevier.com/guidepublication). 
Note that source files of figures, tables and text graphics will be required 

whether or not you embed your figures in the text. See also the section 
on Electronic artwork.  

To avoid unnecessary errors you are strongly advised to use the 'spell-
check' and 'grammar-check' functions of your wordprocessor.  The 

manuscript should be a Microsoft Word (or compatible) file comprising 
title page, abstract (except announcements, correspondence, and book 

reviews), manuscript text, references, and table/figure legends. Authors 

should not embed figures, tables, or supplementary material into the 
manuscript fi le; these should be submitted separately.  

Journal Style  

Unless otherwise noted, the style of Human Pathology follows AMA 

Manual of Style, 10th ed. (http://www.amamanualofstyle.com). 
Formatting, such as Greek letters, italics, super- and subscripts, may be 

used; such elements must be consistently formatted throughout the 
manuscript, including tables and legends. Gene symbols should be 

italicized, whereas proteins are in Roman text. We encourage authors to 
follow HUGO (http://www.genenames.org/) and Universal Protein 

Resource nomenclature (http://www.uniprot.org/). Authors should avoid 
abbreviations in the title and minimize their use in the abstract and main 

text, particularly for diseases. All abbreviations should be defined the first 
time they appear in the abstract and text. Standard abbreviations that 

follow the Unified Medical Language System 

(https://uts.nlm.nih.gov/home.html) are preferred. Otherwise, a list of 
definitions for nonstandard abbreviations should be provided on a 

separate page following the abstract.  

Article structure  

Subdivision - numbered sections  

Divide your article into clearly defined and numbered sections. 

Subsections should be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. 
(the abstract is not included in section numbering). Use this numbering 

also for internal cross-referencing: do not just refer to 'the text'. Any 
subsection may be given a brief heading. Each heading should appear on 

its own separate line.  
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Original Contributions should not exceed 12 pages of text, 30 pages 

total, including references, tables and figures. References should be 
limited to 35 and the abstract to 250 words. A maximum of 8 

figures/tables will ordinarily suffice to illustrate key points. Manuscripts 
that exceed these limits, at the discretion of the editorial team, will be 

returned without review. The typical Original Contribution will be 
organized into Introduction, Materials and Methods, Results, Discussion, 

and possibly Conclusions/Concluding Remarks.  

Case Studies must provide new information. Clinically significant 

observations based on new or developing technology will receive special 
consideration. Imaginative applications of established methods are also 

encouraged. Brevity is required: Case Studies must not be more than 12 
pages, including references, tables, and figures. The following restrictions 

apply: 150-word abstract, 15 references, 3 figures/tables. The Case 
History/Report should be included under Materials and Methods followed 

by a brief description of whatever tissue manipulations and/or 

immunologic and molecular techniques were employed. Authors should 
not provide a literature review.  

Human Pathology encourages Letters to the Editor, which will be 
published at the discretion of the editor as space permits and are subject 

to editing and abridgment for length. Letters should be limited to 
approximately 500 words and 5 references maximum. Usually, only 

correspondence responding to items previously published in Human 
Pathology are considered for publication, and we typically invite the 

authors of the original item to submit a Reply to the Letter to the Editor.  

Book Reviews, Current Topics, Editorials, Pathology Education, 

Perspectives in Pathology, and Progress in Pathology are published 
by invitation only.  Announcements of conferences and similar events 

of interest to the readership of Human Pathology should be sent to the 
Managing Editor at least 3 months before the first day of the month of 

desired publication.  

Appendices  

If there is more than one appendix, they should be identified as A, B, etc. 

Formulae and equations in appendices should be given separate 
numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. 

(B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.  

Essential Title Page Information  

• Title. Concise and informative. Titles are often used in information-
retrieval systems. Avoid abbreviations and formulae where possible.  • 

Author names, degree, and affiliations (including postal codes). 
Where the family name may be ambiguous (e.g., a double name), please 

indicate this clearly. Present the authors' affiliation addresses (where the 
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actual work was done) below the names. Indicate all affiliations with a 

lower- case superscript letter immediately after the author's name and in 
front of the appropriate address. Provide the full postal address of each 

affiliation, including the country name and, if available, the e-mail 
address of each author.  

• Corresponding author. Clearly indicate who will handle 
correspondence at all stages of refereeing and publication, also post-

publication. Ensure that phone numbers (with country and area 
code) are provided in addition to the e-mail address and the 

complete postal address. Contact details must be kept up to date 
by the corresponding author.  

• Present/permanent address. If an author has moved since the work 
described in the article was done, or was visiting at the time, a 'Present 

address' (or 'Permanent address') may be indicated as a footnote to that 
author's name. The address at which the author actually did the work 

must be retained as the main, affiliation address. Superscript Arabic 

numerals are used for such footnotes. Finally, provide 5-7 keywords; a 
running head that condenses the full title; and conflict of interest and 

funding disclosures.  

Abstract  

A concise and factual abstract is required. The abstract should state 
briefly the purpose of the research, the principal results and major 

conclusions. An abstract is often presented separately from the article, so 
it must be able to stand alone. For this reason, References should be 

avoided, but if essential, then cite the author(s) and year(s). Also, non-
standard or uncommon abbreviations should be avoided, but if essential 

they must be defined at their first mention in the abstract itself.  

Graphical abstract  

Although a graphical abstract is optional, its use is encouraged as it draws 
more attention to the online article. The graphical abstract should 

summarize the contents of the article in a concise, pictorial form designed 

to capture the attention of a wide readership. Graphical abstracts should 
be submitted as a separate file in the online submission system. Image 

size: Please provide an image with a minimum of 531 × 1328 pixels (h × 
w) or proportionally more. The image should be readable at a size of 5 × 

13 cm using a regular screen resolution of 96 dpi. Preferred file types: 
TIFF, EPS, PDF or MS Office files. You can view Example Graphical 

Abstracts on our information site.  Authors can make use of Elsevier's 
Illustration Services to ensure the best presentation of their images and 

in accordance with all technical requirements.  

Highlights  
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Highlights are a short collection of bullet points that convey the core 

findings of the article. Highlights are optional and should be submitted in 
a separate editable file in the online submission system. Please use 

'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 
characters, including spaces, per bullet point). You can view example 

Highlights on our information site.  

Keywords  

Immediately after the abstract, provide a maximum of 6 keywords, using 
American spelling and avoiding general and plural terms and multiple 

concepts (avoid, for example, 'and', 'of'). Be sparing with abbreviations: 
only abbreviations firmly established in the field may be eligible. These 

keywords will be used for indexing purposes.  

Formatting of funding sources  

List funding sources in this standard way to facilitate compliance to 
funder's requirements:  

Funding: This work was supported by the National Institutes of Health 

[grant numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, 
WA [grant number zzzz]; and the United States Institutes of Peace [grant 

number aaaa].  

It is not necessary to include detailed descriptions on the program or type 

of grants and awards. When funding is from a block grant or other 
resources available to a university, college, or other research institution, 

submit the name of the institute or organization that provided the 
funding.  

If no funding has been provided for the research, please include the 
following sentence:  

This research did not receive any specific grant from funding agencies in 
the public, commercial, or not-for-profit sectors.  

Artwork  

Image manipulation  

Whilst it is accepted that authors sometimes need to manipulate images 

for clarity, manipulation for purposes of deception or fraud will be seen as 
scientific ethical abuse and will be dealt with accordingly. For graphical 

images, this journal is applying the following policy: no specific feature 
within an image may be enhanced, obscured, moved, removed, or 

introduced. Adjustments of brightness, contrast, or color balance are 
acceptable if and as long as they do not obscure or eliminate any 

information present in the original. Nonlinear adjustments (e.g. changes 
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to gamma settings) must be disclosed in the figure legend.  

Electronic artwork  General points 

Make sure you use uniform lettering and sizing of your original artwork 

Embed the used fonts if the application provides that option. Aim to use 
the following fonts in your illustrations: Arial, Courier, Times New Roman, 

Symbol, or use fonts that look similar. Number the illustrations according 
to their sequence in the text. Use a logical naming convention for your 

artwork files. Provide captions to illustrations separately. Size the 
illustrations close to the desired dimensions of the published version. 

Submit each illustration as a separate file.  A detailed guide on electronic 
artwork is available on our website: http://www.elsevier.com/ 

artworkinstructions  You are urged to visit this site; some excerpts 
from the detailed information are given here. Formats  If your 

electronic artwork is created in a Microsoft Office application (Word, 
PowerPoint, Excel) then please supply 'as is' in the native document 

format.  Regardless of the application used other than Microsoft Office, 

when your electronic artwork is finalized, please 'Save as' or convert the 
images to PDF  (note the resolution requirements for line drawings, 

halftones, and line/halftone combinations given below):  Color or 
grayscale photographs (halftones), keep to a minimum of 300 dpi. 

Bitmapped (pure black & white pixels) line drawings, keep to a minimum 
of 1000 dpi.  Combinations bitmapped line/half-tone (color or grayscale), 

keep to a minimum of 500 dpi.  Vector drawings, embed all used fonts 
(EPS optional).  Please do not: Supply files that are optimized for 

screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low 
number of pixels and limited set of colors; Supply files that are too low in 

resolution; Submit graphics that are disproportionately large for the 
content.  

Color Artwork  

Figures should be submitted as individual high-resolution graphics files in 

EPS or TIF format when possible. Art should be created with graphics 

software such as Photoshop or Illustrator, not presentation software such 
as PowerPoint, CorelDraw, or Harvard Graphics. If, together with your 

accepted article, you submit usable color figures then Elsevier will ensure, 
at no additional charge, that these figures will appear in color on the Web 

(e.g., ScienceDirect and other sites) regardless of whether or not these 
illustrations are reproduced in color in the printed version. Color images 

must be CMYK, with minimum resolution of 300 DPI for photos and 
at least 1200 DPI for line art (eg, graphs, flow charts, schema). 

Instructions for electronic artwork submission are available at 
http://www.elsevier.com/artworkinstructions. Ideally, individual panels of 

a given figure are arranged in the order they are cited in the text and 
labeled as a single alphabetical series. Labels should appear as capital 

letters without background shape. Color art charges apply for the print 
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edition: $300 for the first color figure and $50 for each additional color 

figure; art is reproduced in color on the Web free of charge. Higher 
contrast images are suggested for black and white reproduction in print.  

Illustration services  

Elsevier's WebShop offers Illustration Services to authors preparing to 

submit a manuscript but concerned about the quality of the images 
accompanying their article. Elsevier's expert illustrators can produce 

scientific, technical and medical-style images, as well as a full range of 
charts, tables and graphs. Image 'polishing' is also available, where our 

illustrators take your image(s) and improve them to a professional 
standard. Please visit the website to find out more.  

Figure Captions  

Ensure that each illustration has a caption. Supply captions separately, 

not attached to the figure. A caption should comprise a brief title (not on 
the figure itself) and a description of the illustration. Keep text in the 

illustrations themselves to a minimum. The legend for each figure should 

describe the panels in alphabetical order. It is not necessary to assign 
labels to panels in the figure if they are not cited and discussed 

individually in the text and legend. Where appropriate, authors should 
include information on staining and magnification, as well as any 

abbreviations or objects such as arrows that appear in the image.  

Tables  

Number tables consecutively in accordance with their appearance in the 
text. Be sparing in the use of tables and ensure that the data presented in 

tables do not duplicate results described elsewhere in the article. Tables 
should be formatted as Word or Excel (or compatible) tables. Avoid 

vertical rules. Each table should have a brief descriptive legend. Column 
headers and row stubs should also be brief, and data should be decimal 

or left aligned as appropriate. All abbreviations should be defined in a 
single footnote that begins with “Abbreviations:” and should be arranged 

either alphabetically or in order of appearance. Superscript lower-case 

letters should be used to denote additional footnotes, and asterisks or 
footnote letters for statistically significant data instead of values in bold.  

References  

Citation in Text  

References should be arranged in order of citation and numbered 
consecutively. In-text citations should be formatted in the running text 

without superscript, enclosed in square brackets, and located to the left of 
punctuation. All references in the reference list must be cited in the text, 

and vice versa. If using EndNote (or comparable software) to format 
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references, authors should remove field codes from the entire manuscript 

before submission because these automated features are lost in 
conversion during article layout. Otherwise, authors should simply type 

the reference number in square brackets in the text and manually type 
the reference list. “Personal communications” and “unpublished 

observations” should be indicated within the text but excluded from the 
reference list. Citation of a reference as 'in press' implies that the item 

has been accepted for publication. Any references cited in the abstract 
must be given in full. All author/editor names should be listed when fewer 

than 7; otherwise, insert “et al” after third name.  

Reference links  

Increased discoverability of research and high quality peer review are 
ensured by online links to the sources cited. In order to allow us to create 

links to abstracting and indexing services, such as Scopus, CrossRef and 
PubMed, please ensure that data provided in the references are correct. 

Please note that incorrect surnames, journal/book titles, publication year 

and pagination may prevent link creation. When copying references, 
please be careful as they may already contain errors. Use of the DOI is 

highly encouraged.  

A DOI is guaranteed never to change, so you can use it as a permanent 

link to any electronic article. An example of a citation using DOI for an 
article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., 

Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser 
Antilles slab beneath northeastern Venezuela. Journal of Geophysical 

Research, https://doi.org/10.1029/2001JB000884. Please note the format 
of such citations should be in the same style as all other references in the 

paper.  

Web references  

As a minimum, the full URL should be given and the date when the 
reference was last accessed. Any further information, if known (DOI, 

author names, dates, reference to a source publication, etc.), should also 

be given. Web references can be listed separately (e.g., after the 
reference list) under a different heading if desired, or can be included in 

the reference list.  

Data references  

This journal encourages you to cite underlying or relevant datasets in 
your manuscript by citing them in your text and including a data 

reference in your Reference List. Data references should include the 
following elements: author name(s), dataset title, data repository, version 

(where available), year, and global persistent identifier. Add [dataset] 
immediately before the reference so we can properly identify it as a data 

reference. The [dataset] identifier will not appear in your published 
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article.  

Reference management software  

Most Elsevier journals have their reference template available in many of 

the most popular reference management software products. These 
include all products that support Citation Style Language styles, such as 

Mendeley and Zotero, as well as EndNote. Using the word processor plug-
ins from these products, authors only need to select the appropriate 

journal template when preparing their article, after which citations and 
bibliographies will be automatically formatted in the journal's style. If no 

template is yet available for this journal, please follow the format of the 
sample references and citations as shown in this Guide. If you use 

reference management software, please ensure that you remove all field 
codes before submitting the electronic manuscript. More information on 

how to remove field codes.  

Users of Mendeley Desktop can easily install the reference style for this 

journal by clicking the following link:  http://open.mendeley.com/use-

citation-style/human-pathology  When preparing your manuscript, you 
will then be able to select this style using the Mendeley plug- ins for 

Microsoft Word or LibreOffice.  

Reference style  Text: Indicate references by number(s) in square 

brackets in line with the text. The actual authors can be referred to, but 
the reference number(s) must always be given.  List: Number the 

references (numbers in square brackets) in the list in the order in which 
they appear in the text.  Examples:  Reference to a journal 

publication:  [1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of 
writing a scientific article. J Sci Commun 2010;163:51–9. 

https://doi.org/10.1016/j.Sc.2010.00372.  Reference to a journal 
publication with an article number:  [2] Van der Geer J, Hanraads JAJ, 

Lupton RA. The art of writing a scientific article. Heliyon. 
2018;19:e00205. doi:10.1016/j.heliyon.2018.e00205  Reference to a 

book:  [3] Strunk Jr W, White EB. The elements of style. 4th ed. New 

York: Longman; 2000.  Reference to a chapter in an edited book:  [4] 
Mettam GR, Adams LB. How to prepare an electronic version of your 

article. In: Jones BS, Smith RZ, editors. Introduction to the electronic 
age, New York: E-Publishing Inc; 2009, p. 281–304. Reference to a 

website:  [5] Cancer Research UK. Cancer statistics reports for the UK, 
http://www.cancerresearchuk.org/ 

aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13 March 
2003].  Reference to a dataset:  [dataset] [6] Oguro M, Imahiro S, Saito 

S, Nakashizuka T. Mortality data for Japanese oak wilt disease and 
surrounding forest compositions, Mendeley Data, v1; 2015. 

https://doi.org/10.17632/ xwj98nb39r.1.  

Note shortened form for last page number. e.g., 51–9, and that for more 
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than 6 authors the first 6 should be listed followed by 'et al.' For further 

details you are referred to 'Uniform Requirements for Manuscripts 
submitted to Biomedical Journals' (J Am Med Assoc 1997;277:927–34) 

(see also Samples of Formatted References).  

Journal abbreviations source  

Journal names should be abbreviated according to the List of Title Word 
Abbreviations.  

AudioSlides  

The journal encourages authors to create an AudioSlides presentation 

with their published article. AudioSlides are brief, webinar-style 
presentations that are shown next to the online article on ScienceDirect. 

This gives authors the opportunity to summarize their research in their 
own words and to help readers understand what the paper is about. More 

information and examples are available. Authors of this journal will 
automatically receive an invitation e-mail to create an AudioSlides 

presentation after acceptance of their paper.  

Data visualization  

Include interactive data visualizations in your publication and let your 

readers interact and engage more closely with your research. Follow the 
instructions here to find out about available data visualization options and 

how to include them with your article.  

Supplementary material  

Supplementary material such as applications, images and sound clips, can 
be published with your article to enhance it. Submitted supplementary 

items are published exactly as they are received (Excel or PowerPoint files 
will appear as such online). Please submit your material together with the 

article and supply a concise, descriptive caption for each supplementary 
file. If you wish to make changes to supplementary material during any 

stage of the process, please make sure to provide an updated file. Do not 
annotate any corrections on a previous version. Please switch off the 

'Track Changes' option in Microsoft Office files as these will appear in the 

published version.  

Research data  

This journal encourages and enables you to share data that supports your 
research publication where appropriate, and enables you to interlink the 

data with your published articles. Research data refers to the results of 
observations or experimentation that validate research findings. To 

facilitate reproducibility and data reuse, this journal also encourages you 
to share your software, code, models, algorithms, protocols, methods and 
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other useful materials related to the project.  
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2.2 Abstract  

Adenomyoepitheliomas (AME) are rare tumours of the breast.  Although they are benign, 

features such as local recurrence, malignant transformation and metastases are described.  

The objective is to report our findings on a case series of AME of the breast.  A cross-

sectional retrospective descriptive study was performed on cases with a diagnosis of AME.  

Clinical, radiological and histopathologic findings were studied.  Seventeen cases were 

identified in 13 patients, with a median age of 50 years (34 to 79 years), in an 18 year time 

period from 2000 to 2018.  The AMEs ranged in size from 1mm to 150mm.  Intratumoural 

heterogeneity was evidenced by a combination of 2 and 3 low-power architectural patterns 

(solid, cystic, nodular) and high-power architectural patterns (papillary, pseudopapillary, 

trabecular, tubular), an admixture of subtypes (tubular, lobular and spindle cell) and 

myoepithelial cell phenotypes (spindle cell, plasmacytoid, epithelioid and clear cell).  In 

summary, we present a case series of 17 cases of AME in which clinical features, radiological 

findings and histopathological features, including immunohistochemistry are detailed.  Of 

note, we expand the size range and document unusual associations in 4 cases of  lobular 

carcinoma in-situ (LCIS), necrotising granulomatous inflammation, clinical extension onto 

the chest wall and a rare case of AME with carcinoma (epithelial and myoepithelial 

carcinoma).   
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2.3 Manuscript  

2.3.1. Introduction 

Adenomyoepithelioma (AME) is a rare, benign biphasic tumour comprising epithelial-lined 

spaces surrounded by a proliferation of myoepithelial cells [1].  It was first described in the 

breast by Hamperl in 1970 who suggested the term AME [2].  The World Health 

Organisation (WHO) 2012 classifies AME of the breast as a benign epithelial-myoepithelial 

lesion.  Malignancy may arise in an AME and the WHO further subtypes AME with 

carcinoma (malignant adenomyoepithelioma) according to the line of differentiation of the 

malignant component: luminal epithelium, myoepithelium or both (epithelial-myoepithelial 

carcinoma) [1].  The aim of this study is to report on a case series of AME of the breast and 

elucidate further characteristics of this tumour by documenting our cases of AME and 

comparing them to those in the literature, describing the variability in the histopathology and 

noting co-existing disease, including malignancy.   

2.3.2 Materials and methods 

2.3.2.1 Study design and study sample 

A cross-sectional retrospective descriptive study took place at the Division of Anatomical 

Pathology of the School of Pathology at the University of the Witwatersrand, Johannesburg, 

South Africa.  The study sample was obtained from the archives at the Charlotte Maxeke 

Johannesburg Academic Hospital (CMJAH) and Chris Hani Baragwanath Academic Hospital 

(CHBAH) and included cases from these hospitals as well as Helen Joseph Hospital, Tsepong 

Hospital, Kopanong Hospital and Pietersburg Hospital.  Using Systematized Nomenclature of 

Medicine (SNOMED) codes of ‘myoepithelioma’ and ‘myoepithelial carcinoma’, as there 

were no SNOMED codes available for adenomyoepithelioma, a search for 

adenomyoepithelioma was undertaken in these search results and cases of AME of the breast 

from 2000 to 2018 were identified and retrieved. 

2.3.2.2 Inclusion and exclusion criteria 

Male and female patients, of any age, who had a histological diagnosis of AME of the breast, 

were included in the study.  Cases with slides and/or paraffin embedded tissue blocks which 

were not retrievable were excluded.   

2.3.2.3 Methods 
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Demographics (age at diagnosis, gender, laterality, type of specimen), clinical presentation 

(symptoms, episode and follow up if applicable) and radiological findings in terms of 

mammography (tumour location, margins and characteristics), ultrasound features and BI-

RADS (Breast Imaging Reporting and Data System) score (1-5), were either recorded from 

the histopathology reports or from patient files, where possible.  The available Haematoxylin 

and Eosin (H&E) and immunohistochemical stained slides of the cases were examined 

retrospectively by both investigators independently and then reviewed together.  A positive 

immunohistochemical result was further assessed in terms of proportion and intensity 

(proportion was evaluated as 0 = no staining observed, 1 = 1-10%, 2 = 11-50% and 3=51-

100% and intensity was evaluated as 1+ = weak, 2+ = moderate and 3+ = strong).  A 

consensus opinion was sought if warranted.  The diagnosis of AME and any concomitant 

pathology was reviewed critically in each case, and cases were classified histologically 

according to low- and high-power architectural patterns, histological subtype (as per the 

subtypes described to date in the literature), myoepithelial cell phenotype, tumour borders, 

presence or absence of increased mitotic count (defined in this study as more than 3 mitotic 

figures per 10 high power fields), cytologic atypia, adequacy of excision and any co-existing 

pathologies [1]. Permission to undertake this study was obtained from the Human Research 

Ethics Committee (Medical), Faculty of Health Sciences, University of the Witwatersrand in 

Johannesburg.   

2.3.3. Results 

2.3.3.1 Clinical features of AME 

A total of 15 patients with a reported diagnosis of AME of the breast were identified, of 

which two (11%) were excluded as the review findings did not concur with the original 

diagnosis of AME.  The final study cohort was 17 tumours in 13 patients, of which 12 had a 

single tumour and 1 had 5 separate and histologically distinct AMEs in the same breast. 15 

tumours (88%) showed benign AME and 2 (11%) showed associated carcinoma (lobular 

carcinoma in-situ and AME with carcinoma.  All patients were female, ranging in age from 

34 to 79 years (median age, 50 years ; interquartile range, 27 years) (Fig. A.1) . The clinical, 

radiologic, histopathologic and immunohistochemical findings are provided in Table. A.1 and 

Table. A.2.  A frequency table summarising certain aspects of the data is provided in Table. 

A.3. Furthermore, the size of the tumours (median size, 12mm ; interquartile range , 
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23.25mm) and combination of histopathologic patterns present and combination of 

immunohistochemical markers are further qualified in Fig(s). A. 2-4, respectively.  
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 39-year-old female.   

 Multinodular right breast mass with clinical extension below the inframammary fold onto 

the chest wall, Fig. A.5a.   

 Needle core biopsy: benign proliferation of epithelial and myoepithelial cells, AME 

included in the differential diagnosis.   

 Lost to follow-up for 4 years. 

 Repeat needle core biopsy: benign neoplasm.   

 Fine needle aspirate (FNA): cyst fluid with foam cells, no malignancy.   

 Wide local excision: Fig. A.5b, 150mm, large, multinodular, cystic tumour with 

involvement of surface skin.  On section, solid (firm, white, “cauliflower-like” areas) and 

cystic (serous and bloody fluid with clot) tumour with multiple satellite nodules.   

 Microscopy: Fig. A.6c, AME with cystic degeneration.  No malignancy.   

 Margins involved by tumour.   

 No invasive carcinoma or metastasis.   

 Post-excision follow-up:   

o 1 year: mastalgia, mammogram planned.  No report available.   

o 2 years: back pain localised to scapula, with pruritis and dyspnoea.   

o On examination, tenderness localised to the scar. Mammogram planned.  No 

additional histologic specimens received.   

2.3.3.2 Case reports 

2.3.3.2.1 Case 3: colonisation of an AME by LCIS 

2.3.3.2.2 Case 4: co-existing Mycobacterium tuberculosis infection 

2.3.3.2.3 Case 5: late presentation of a large AME with chest wall extension 

 

 37-year-old female. 

 Right upper inner and outer quadrant breast mass.   

 Needle core biopsy: lobular carcinoma in-situ.   

 Mastectomy and axillary lymph node dissection:  25mm circumscribed, tan mass  

 Histopathology: Fig. A.6a, AME with colonisation by extensive LCIS.   

 Additional histopathologic findings: columnar cell change and atypical ductal hyperplasia.   

 No invasive carcinoma or metastasis.   

 35-year-old female, HIV-positive, pre-treatment, with pulmonary tuberculosis, on 

treatment for 3 months.   

 Right breast nodule, 0.5cm x 0.5cm, non-tender.   

 Right axillary lymphadenopathy, multiple matted lymph nodes.   

 Lumpectomy and axillary lymph node dissection:  Fibro-fatty breast parenchyma 

12x10x7mm with no nodule macroscopically identified and lymph node 25x18x15mm 

with caseous necrosis on cut section.   

 Histopathology: Fig. A.6b, AME in the breast and necrotising granulomatous 

inflammation in the lymph nodes, in keeping with Mycobacterium tuberculosis infection.   
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2.3.3.2.4 Case 17: AME with carcinoma  

  

 69-year-old female.   

 Left lower outer quadrant breast mass, BI-RADS 5.   

 Needle core biopsy: invasive mammary carcinoma, triple negative molecular phenotype, 

metaplastic carcinoma was considered.   

 Mastectomy and axillary lymph node dissection: 50mm well-circumscribed, cream-

coloured tumour with surrounding haemorrhage and necrosis.   

 Microscopy: Fig. A.6d, AME with carcinoma (malignant epithelial and myoepithelial 

components  (epithelial-myoepithelial carcinoma) with residual, peripheral AME, 

confirmed on immunohistochemistry, Fig. A.7a-d.   

 Additional histopathologic findings: intraductal papilloma, columnar cell change and 

atypical ductal hyperplasia.   

 Margins uninvolved by tumour.   

 No invasive carcinoma of no special type or metastasis.   
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2.3.4 Discussion 

In normal breast tissue and benign lesions, epithelial and myoepithelial components form the 

breast duct epithelium.  Under neoplastic conditions, there is variation in the histologic 

appearance and immunophenotypic expression of myoepithelial cells, depending on whether 

the epithelial or myoid phenotype is expressed [2].  The combination of epithelial and 

myoepithelial cells can occur with considerable architectural and cytological heterogeneity 

within AMEs and poses diagnostic difficulty, which may be compounded by the limited 

representation of lesional tissue on a needle core biopsy [3, 4].  Immunohistochemical 

investigation is essential in order to correctly classify the lesion [4].   

To the best of our knowledge, in the literature there are approximately 266 AME, 91 AME 

with carcinoma and 24 AME with other associated carcinoma (such as synchronous ductal 

carcinoma in-situ, invasvie carcinoma of no special type and invasive lobular carcinoma), the 

majority as individual case reports and 7 cases series (Table. A.4) [3, 5-10].  Forty-nine AME 

with carcinoma were reviewed and reclassified according to the WHO 2012 classification by 

Xu et al [11].  We contribute a large case series, of 15 AME and 2 AME with associated 

carcinoma, with 4 case reports highlighting noteworthy findings.  Our case of AME with 

carcinoma can be classified according to the WHO 2012 as epithelial-myoepithelial 

carcinoma; this is the second most common subtype in 49 cases of malignant AME described 

in the literature [11].   

AME typically presents as a solitary, palpable nodule of variable duration, measuring 3mm to 

70mm, in mostly females aged 22-92 years (mean age of 59 years in the largest series) and 

our series concurs.  We report 3 patients with unusual findings, including the largest and 

smallest AME [3, 4, 12]. Case 5, represents the largest benign AME to date, spanning a size 

of 150mm, with extension out of the anatomic confines of the breast and inferiorly onto the 

chest wall [4].  As the excision biopsy was performed 4 years following the initial diagnostic 

needle core biopsy, we postulate that it is due to delayed primary management that this AME 

reached a large size and infiltrated into adjacent structures; this underscores the worrisome 

behaviour sometimes encountered in AME.  AME was an incidental finding in 2 patients who 

underwent bilateral breast reductions for macromastia, 1 having a single AME, measuring 

1mm (the smallest in the literature to date), and the other having 5 completely separate 

benign AMEs in the same breast.  Han and Peng address multicentric AME in a report of a 

patient with 1 benign AME, 1 atypical AME and 1 AME with DCIS in the same breast [13].  

When comparing our case of AME with carcinoma (case 17) to those reviewed by Xu et al., 
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our case, with a maximum diameter of 50mm is less than the maximum size of up to 170mm 

[11].  

Radiological findings were available for 6 of 17 cases and are listed, along with the clinical 

findings, in Table. A.1.  The mammogram and ultrasound images of the AME with 

carcinoma are present in Fig. A.5c and Fig. A.5d, respectively.  The mammography and 

ultrasound findings of the remaining 5 AMEs with available imaging were consistent with 

what is described in the literature.  Mammography reveals a dense, round to lobulated, often 

circumscribed (but sometimes ill-defined) mass, resembling a fibroadenoma, occasionally 

having a cystic appearance [4, 8, 14, 15].  Calcifications are regarded as a suspicious finding 

when seen on imaging, but are rare, and were not seen in our series [16].  Ultrasound reveals 

a round or oval, solid mass with a hypoechoic or complex echogenic texture and posterior or 

combined acoustic enhancement, which indicate the nature of the cellular composition of the 

tumour) [9, 12, 17, 18]. Two of our benign AME cases were accorded a BI-RADS score: one 

of 2 and the other of 4b.  A BI-RADS 2 score correlates with benign findings and a BI-RADS 

4b assessment is indeterminate, meaning radiologically, there were no ‘suspicious for’ or 

‘highly suggestive’ of features of malignacy in our benign AMEs.    

The well-described wide range in appearance of AME on low-power architecture (solid, 

cystic, nodular), high-power architecture (papillary, pseudopapillary, trabecular and tubular), 

variable morphologic subtypes (tubular, lobular and spindle) (summarised in Figure. A.3)  

and diverse appearance of the myoepithelial cells (spindle, clear cell, epithelioid, 

plasmacytoid) were present in our case series (Table. A.2) [4, 6, 12].  In our study, similar to 

the findings of Tavassoli, a preponderance of a tubular pattern was found [7].  Other 

pathologic features including focal metaplastic change, a sebaceous cell population, 

myxochondroid background and apocrine metaplasia were infrequent findings in our series.  

Foam cells were identified, a finding which has been described in FNA series, and in a single 

case report on histopathology of AME with squamous and sebaceous metaplasia [6, 8, 9, 13].  

On microscopy, our AME with carcinoma is consistent with most cases in the series by Xu et 

al, showing cytological atypia in both epithelial and myoepithelial components, necrosis and 

a mitotic count of 10 per 10 high-power fields [11].   

Regarding immunohistochemistry, a panel approach which confirms the dual phenotype of 

AME is advised [4].  Although none of our cases used the same combination of 

immunohistochemical stains, the presence of both components was confirmed (Table. A.2). 

The number of cases using a single and/or multiple epithelial and myoepithelial markers is 
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demonstrated in Figure. A.4.   As described in the literature, staining of the epithelial cells 

with cytokeratin, epithelial lumen with EMA and staining of myoepithelial component with 

the following markers: p63, 34βE12, CK5/6, CK14, CD10 and actins (smooth muscle actin 

and muscle specific actin), highlights the tumour’s biphasic nature.  S100 may mark both 

components [3, 4, 19].  Regarding the hormonal profile, oestrogen receptor and progesterone 

receptor may show weak, patchy positive staining and HER2 is negative.  The Ki-67 

proliferation index is moderate and is commonly higher in the myoepithelial component [1].   

An association between AME and pulmonary Mycobacterium tuberculosis infection was 

made in a case report of bilateral AME in a young female patient, attributed to 

immunosuppression following treatment with Imatinib [20].  Case 4 illustrates an HIV 

positive female with an AME that presented as a breast nodule and lymphadenopathy.  The 

clinical differential diagnosis of the latter included tuberculous lymphadenitis and lymphoma.  

Nodal tuberculosis was confirmed on histopathology and is attributed to the patient’s 

immunosuppressed state.  

Co-existing AME and phyllodes tumour is exceedingly rare: 1 case reports AME and benign 

phyllodes in the same tumour and 1 case reports separate malignant AME and malignant 

phyllodes in the same breast [9, 21].  Case 6 describes a patient who underwent re-excision of 

a benign phyllodes tumour, and the re-excision specimen showed an AME, along with 

multiple fibroadenomas.   

Lobular neoplasia and AME have been infrequently documented [8, 22, 23].  Hayes listed a 

case of AME and lobular carcinoma in-situ (LCIS)/atypical lobular hyperplasia (ALH) in a 

case series, which to our knowledge is the only other case of co-existing AME and LCIS [9].  

Zhang reported AME and co-existing ALH and provided diagnostic clues for accurate 

diagnosis with resultant management implications [22].  Our case (case 3) adds to the 

literature another AME with associated lobular neoplasia.  Association with ductal carcinoma 

in-situ (DCIS) and invasive carcinoma of no special type is more frequently reported, 

however none of our cases showed either association [8, 9, 13, 24-26].   

Axillary lymph node metastasis of both AME and AME with carcinoma, of either epithelial, 

myoepithelial or both components, has been described but was not documented in our series 

[6, 8, 27] however this is a limitation of our study as lymph nodes were submitted in 2 out of 

17  (12%) cases.  Distant metastasis of AME with carcinoma is by haematogenous spread and 

sites include lung, liver, bone, thyroid, kidney, thoracic wall and brain [11, 12].   
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Simple excision of most AME is curative and the recommended treatment of AME with 

carcinoma is wide local excision with adequate margins [6, 12].  Local recurrence has been 

reported and may be attributed to multinodular growth, intraductal extension of a lesion or 

incomplete excision [8].  Our study was limited by a lack of follow-up information and we 

would further benefit from this clinical correlation.  As AME was present at margins in 2 

cases, follow-up specifically with regards to recurrence would be valuable.  The long-term 

follow-up for our patient of AME with carcinoma is still to be determined.   

2.3.5. Conclusion 

In summary, we present 17 cases of AME and emphasize the histological heterogeneity of 

AME, which may cause diagnostic confusion, and reiterate the value of an 

immunohistochemical panel including myoepithelial and epithelial markers in avoiding 

misdiagnosis.   
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2.4 Lists of tables and figures 

2.4.1 List of tables 

Table. A.1: Adenomyoepithelioma, clinical (demographics and specimen details) and 

radiological (ultrasound, mammogram, and other, including BI-RADS) results  

Table. A.2: Adenomyoepithelioma, histopathologic and immunohistochemical (epithelial and 

myoepthelial) findings 

Table. A.3 Frequency table illustrating clinical, radiological and histopathologic findings 

Table. A.4: Adenomyoepithelioma, a summary of the published case series of AME    
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Table. A.1. Adenomyoepithelioma, clinical (demographics and specimen details) and 

radiological (ultrasound, mammogram, and other, including BI-RADS) results. 

Cas

e 

Ag

e 

Lateralit

y 

Specimen Symptoms Episode Size 

(mm) 

Mammo

gram 

Ultrasound Other 

1 58 R NCB;WLE Mass Initial 27 N N N/A 

2 38 R LPT Mass Initial 20 Lobulate

d, cystic 

Cystic,  

hypoechoic 

N/A 

3 37 R M + 

ALND 

Unk Initial 25 N N N/A 

4 35 R LPT + 

LNBx 

Mass Initial 12 N N N/A 

5 39 R NCB;WLE Mass onto 

chest wall 

clinically 

Initial 150 N N N/A 

6 34 L Re-

excision 

None Prev bgn 

phyllodes  

18 N N MRI: 

fibroadenom

as 

7 79 L LPT Mass Initial 55 N N N/A 

8 70 L NCB Mass Initial U Lobulate

d 

Solid BI-RADS 2 

9-

13 

54 L BBR Macromas

tia 

Initial 4,1;2,3;

5,8;5,5;

3,4 

N N N/A 

14 36 L LPT Unk Initial 20 N N N/A 

15 45 R BBR Macromas

tia 

Initial 0.6 N N N/A 

16 58 R NCB Mass, 

mastalgia 

Initial 27 Lobulate

d 

Lobulated,irre

g marg, PAS 

BI-RADS 4b 

17 69 L NCB;M+A

LND 

Mass 

 

  

Initial 50 Ill-def 

marg, 

bgn 

calcs  

Irreg solid 

and cystic 

BI-RADS 5 
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Abbreviations: R: right; Unk: unknown; L: left;  NCB: needle core biopsy; WLE: wide local excision; LPT: lumpectomy; M 

+ ALND: mastectomy and axillary lymph node dissection; LNBx: lymph node biopsy; BBR: bilateral breast reduction; Prev: 

previous; bgn:benign; N: no report available; Ill-def: ill-defined; calcs: calcifications; Irreg: irregular; marg: margins; PAS: 

posterior acoustic shadowing; N/A: not applicable
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Table. A.2. Adenomyoepithelioma, histopathologic and immunohistochemical (epithelial and myoepthelial) findings. 

Case LP Arch HP Arch Subtype Border Myoepithelial 

phenotype 

Margins MF Other features / Co-

existing pathology 

Immunohistochemistry* 

1 So, Cy, No Pp Sp Infilt Sp, Epith Ex 0 Seb C, FC, AM /  UDH Ep: AE1/3 +3/3; My: p63 +1/3, s100 +3/3, MSA +2/2, SMA +3/3 

2 No Tu Tu Infilt Sp, Epith, CC At 1 PC / None Ep: AE1/3 +3/3; My: p63 +3/2, s100 +3/3, SMA +3/3, CD10 +3/3 

3 So, No Tu, Trab Tu Push Sp Ex 0 None /LCIS, CCC, ADH Ep: AE1/3 +3/3; My: SMA +3/3, CD10 +3/2, GFAP +3/3 

4 No, Tu, Trab Sp Push Sp Ex 0 None / MTB None 

5 So, Cy, No Pap, Pp ,Tu Tu, Lo Push Sp, CC At 1 Infarction / None Ep: MNF116 +3/3, Cam5.2 +3/3; My: p63 +3/2, SMA +3/3, CK5/6 +3/2, H-cal 
+2/3 

6 Cy, No Pp Tu Push Sp, Epith Ex 5 AM / FA, PT Ep: none; My: p63 +3/3, s100 +3/3, CD10 +3/3. 

7 So, No Trab Sp Push Sp, Epith, At 0 Myxchndr / None Ep: EMA +2/2, CEA +1/3; My: s100 +2/3, MSA +1/3, SMA +1/3 

8 So Trab Tu Unk Epith, CC N/A 0 None / None Ep: EMA +3/3; My: s100 +3/3; MSA +1/2 

9 So, No Tu Tu Push Sp, Epith Ex 1 None / IDP, CS Ep: none; My: p63 +3/3, s100 +3/3, MSA +3/3; SMA +3/3 

10 No Tu Tu, Lo Infilt Sp Ex 0 FC, AM / FA None 

11 So, No Tu Tu Infilt Sp, Epith Ex 0 FC, AM, DC / None None 

12 No Tu Tu, Lo Push Sp Ex 0 FC, AM / None None 

13 So, No Pp Tu Infilt Sp Ex 0 FC, AM, DC / None None 

14 So, Cy, No Pp, Tu Sp, Tu Push Sp, CC Ex 2 PC / None None 

15 No Tu Tu Push Sp Ex 2 None / None Ep: none; My: None 

16 No Tu Tu N/A Sp N/A 0 FC / CS Ep: none; My: p63 +3/3, CK5/6 +3/3 

17 No Tu Sp, Tu, Lo Push Sp, Epith, CC Ex 10 Malignancy /CCC,ADH  Ep:AE1/3 +3/3, EMA +2/2; My: p63 +3/3, s100 +3/3, SMA +3/3, CD10 +3/3 
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Abbreviations: LP arch: low-power architecture; HP arch: high-power architecture; MF: mitotic figures/10 high-power field; So: solid; Cy: cystic; 

No: nodular; Pap: papillary; Pp: pseudopapillary, Tu: tubular; Trab: trabecular; Sp: spindle; Lo: lobular; Infilt: infiltrating; Push: pushing; Unk: 

unknown; N/A: not applicable; Epith: epithelioid; CC: clear cell; Ex: excised; Seb C: sebaceous cells; FC: foam cells; AM: apocrine metaplasia; PC: 

psamommatous calcification; LCIS: lobular carcinoma in situ; CCC: columnar cell change; ADH: atypical duct hyperplasia; MTB: mycobacterial 

infection;  FA: fibroadenoma; PT: phyllodes tumour; Myxchndr: myxochondroid; IDP: intraductal papilloma; CS: collegenous spherulosis; DC: 

dystrophic calcification; Ep: epithelial markers; My: myoepithelial markers; +: positive; *quantification of positive immunohistochemical result: 

proportion (0 = none, 1 = 1-10%, 2 = 11-50%, 3 = >50%) / intensity (0 = none, 1 = weak, 2 = moderate, 3 = strong).  
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Table. A.3 Frequency table illustrating clinical, radiological and histopathologic findings 

 Frequency  Percentage  Frequency  Percentage 

Laterality n=17  Margins n=17  

Right 7 42 Excised 12 71 

Left 10 59 At margins 3 18 

Symptoms n = 13  N/A 2 12 

Mass 8 62 Mitotic figures n=17  

Unknown 2 15 0-2  15 88 

Macromastia 2 15 5 1 6 

Mastalgia 1 8 10 1 6 

Asymptomatic 1 8 Other features n=17  

Mammogram findings n=13  Absent 5 29 

No report available 9 69 Present 12 70 

Lobulated/cystic 1 8 Malignancy 1 6 

Lobulated 2 15 Co-existing pathology n=17  

Ill-defined 1 8 Absent 9 53 

Ultrasound n=13  Present 8 47 

No report available 9 69 Immunohistochemistry n=10 % 

Cystic, solid 1 8 None 7 70 

Cystic, hypoechoic 1 8 AE1/AE3 4 40 

Lobulated 1 8 CAM 5.2 1 10 

Irregular margins 2 15 MNF116 1 10 

Posterior acoustic shadowing 1 8 EMA 3 30 

Low power architecture n=17  CEA 1 10 

Single pattern 8 47 SMA 7 70 

2-patterns 6 35 MSA 5 50 

3-patterns 3 18 CD10 4 40 

High power architecture n=17  p63 7 70 

Single pattern 13 76 GFAP 1 10 

2-patterns 3 18 CK5/6 2 20 

3-patterns 1 6 H-caldesmon 1 10 

   S100 7 70 
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Table. A.4. Adenomyoepithelioma, a summary of the published case series of AME.   

Case 

series 

Author Year Total 

number 

Total 

number 

of AME 

Recurrent Malignant Metastasis 

1 Rosen et 

al [5] 

1987 18 18 2 0 0 

2 Decorsiere 

et al [6] 

1988 U 17 U U U 

3 Tavassoli 

[7] 

1991 31 27 2 2 1 

4 Loose et 

al [8] 

1992 6 6 3 2 1 

5 McClaren 

et al [3] 

2005 35 23 0* 0 0 

6 Hayes [9] 2011 25 12 2 13 4 

7 Moritz 

[10] 

2016 14 10 0 4 ND 

Abbreviations: U, unknown; ND, not documented 

*Only 12 of the 23 patients were followed up
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2.4.2 List of figures with captions 

Fig. A.1 Histogram showing age distribution as number of cases per 5 year age 

groups in 13 patients with AME 

Fig. A.2  Histogram showing size of AME in each case Fig. A.3 Histologic subtypes 

of AME with single, 2- and 3-patterns  

Fig. A.4 Use of single or multiple epithelial and myoepithelial immunohistochemical 

(IHC) stains in cases where IHC was performed 

Fig. A.5. Clinical, macroscopic and radiological images of selected cases 

a. Photograph of a right breast mass with clinical extension onto the chest wall 4 

years following needle core biopsy (case 7).   

b. Macroscopic photograph of the largest AME in our series, demonstrating solid 

and cystic components (case 7) of the tumour.   

c. Mammogram image of AME with carcinoma (case 17), showing a mass with 

ill-defined margins and calcifications, BI-RADS 5.   

d. Ultrasound image of AME with carcinoma (case 17), showing an irregular 

solid and cystic mass.   

Fig. A.6. Histopathologic photomicrographs of selected cases 

a. Photomicrograph showing AME with colonisation of lobules by LCIS (case 

3), haematoxylin and eosin (H&E) stain, original magnification x100.   

b. Photomicrograph of nodal tuberculosis in a patient with AME (case 4), H&E 

stain x20.   

c. Photomicrograph of largest AME with cystic and papillary areas (case 7), 

H&E stain x20.   

d. Photomicrograph of AME with carcinoma, showing malignant epithelial and 

myoepithelial components and extensive tumour necrosis (case 17), H&E 

stain x40.   

Fig. A.7. Immunohistochemical photomicrographs of selected cases 

Photomicrograph of AME with carcinoma, immunohistochemical stains (case 17), 

original magnification x100: 
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a. AE1/3, showing strong-intensity positive cytoplasmic staining of the epithelial 

component and weak-intensity positive cytoplasmic staining of the 

myoepithelial component.   

b. SMA, showing negative staining of the epithelial component and strong-

intensity positive cytoplasmic staining of the myoepithelial component.   

c. S100, showing , showing weak positive cytoplasmic staining (interpreted as 

negative) and strong-intensity positive cytoplasmic and nuclear staining of the 

myoepithelial component.   

d. p63, showing negative staining of the epithelial component and strong-

intensity positive nuclear staining of the myoepithelial component.   
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Fig. A.1 Histogram showing age distribution as number of cases per 5 year age 

groups in 13 patients with AME 
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Fig. A.2  Histogram showing size of AME in each case  
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Fig. A.3 Histologic subtypes of AME with single, 2- and 3-patterns   
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Fig. A.4 Use of single or multiple epithelial and myoepithelial immunohistochemical 

(IHC) stains in cases where IHC was performed  
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Fig. A.5 Clinical, macroscopic and radiological imgaes of selected cases 

a. Photograph of a right breast mass with clinical extension onto the chest wall 4 

years following needle core biopsy (case 5).   

b. Macroscopic photograph of the largest AME in our series, demonstrating solid 

(papillary-like) and cystic components (case 5) of the tumour.   

c. Mammogram image of AME with carcinoma (case 17), showing a mass with 

ill-defined margins and calcifications, BI-RADS 5.   

d. Ultrasound image of AME with carcinoma (case 17), showing an irregular 

solid and cystic mass.   
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Fig. A.6 Histopathologic photomicrographs of selected cases 

a. Photomicrograph showing AME with colonisation of lobules by LCIS (case 

3), haematoxylin and eosin (H&E) stain, original magnification x100.   

b. Photomicrograph of nodal tuberculosis in a patient with AME (case 4), H&E 

stain x20.   

c. Photomicrograph of largest AME with cystic and papillary areas (case 5), 

H&E stain x20.   

d. Photomicrograph of AME with carcinoma, showing malignant epithelial and 

myoepithelial components and extensive tumour necrosis, (case 17), H&E 

stain x40.   
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Fig. A.7 Immunohistochemical photomicrographs of selected cases 

Photomicrograph of AME with carcinoma, immunohistochemical stains (case 17), 

original magnification x100: 

a. AE1/3, showing positive strong-intensity positive cytoplasmic staining of the 

epithelial component and weak-intensity positive cytoplasmic staining of the 

myoepithelial component.   

b. SMA, showing negative staining of the epithelial component and strong-

intensity positive cytoplasmic staining of the myoepithelial component.   

c. S100, showing , showing weak positive cytoplasmic staining and negative 

nuclear staining of the epithelial component (interpreted as negative) and 

strong-intensity positive cytoplasmic and nuclear staining of the myoepithelial 

component.   

d. p63, showing negative staining of the epithelial component and strong-

intensity positive nuclear staining of the myoepithelial component  
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Section 3: Appendices 

3.1 Ethics approval  
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3.2 Ethics amendment approval letter 

Division of Anatomical 

Pathology  

3rd Floor 

      Faculty of Health Sciences 

      University of the Witwatersrand 

      7 York Road, Parktown 

      2193 

      28 February 2018 

 

Dear Professor Cleaton-Jones,  

 

I wish to amend my MMed protocol as follows, pertaining to methods (section 4): 

 

A. 4.6 In addition, a review of patient’s clinical files will be undertaken, where 

possible. 

B. 4.3 Time period : year of study extended from March 2016 to March 2017. 

 

Please find attached an updated version of my protocol. This does not affect my 

research tools, however the data sheet has been included for completeness sake. In 

addition, please find prior letter of approval/ethics clearance.  

 

Kind regards, 

  

Casey McCusker 

Registrar, Anatomical Pathology, NHLS/WITS 
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3.3 Postgraduate assessor group approval 
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3.4 Postgraduate assessor group approval corrections 

4 October 2016 

Dear Drs Fearnhead and Rayne, 

 

RE : AMENDMENTS TO MMED (ANAT PATH) RESEARCH PROTOCOL 

FOLLOWING SCHOOL OF PATHOLOGY ASSESSORS MEETING 

 

The following amendments were made to my MMed (ANAT PATH) Research 

Protocol following the assessors meeting on 14/09/2016: 

 

1. Spelling errors: 

 

i. immunphenotypic amended to immunophenotypic 

Page 2, 2nd paragraph, line 

 

ii. myopeithelial amended to myoepithelial   

Page 3, last paragraph, 3rd line 

 

iii. epithelial-myoepithelail amended to epithelial-myoepithelial 

Page 9 , Reference 1 

 

2. Headings added to the introduction, as follows: 

 

i. a) Clinical presentation 

     Page 3, 3rd paragraph 

 

ii. b) Radiologic features  

     Page 3, 4rd paragraph 

 

iii. c) Gross pathologic features 

     Page 3, 3rd paragraph 

 

 iv. d) Microscopic pathologic features  

Page 4, 1st paragraph 
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  v. e) Immunohistochemistry  

Page 5, 1st paragraph 

 

vi.  f) Differential diagnosis  

Page 5, 5th paragraph 

 

vii. g) Biologic behaviour and treatment 

Page 6, 2nd paragraph 

 

viii. h) Molecular characteristics  

Page 6, 5th paragraph 

 

 

I trust that these amendments are to your satisfaction and in keeping with the 

suggestions made by the assessors group. 

 

Kind regards, 

 

 
 

Casey McCusker 
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3.5 Appointment of supervisors 
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3.6 Addition of supervisor 
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3.7  Turn-it-in similarity report 
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3.8 Plagiarism declaration 
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4.1. Background and introduction 

Adenomyoepithelioma (AME) is a rare, benign biphasic tumour comprising 

epithelial-lined spaces surrounded by a proliferation of myoepithelial cells [1].  It was 

first described in the breast by Hamperl in 1970 who suggested the term AME [2].  

The World Health Organisation (WHO) 2012 classifies AME of the breast as a benign 

epithelial-myoepithelial lesion.  Malignancy may arise in an AME and the WHO 

further subtypes AME with carcinoma (malignant adenomyoepithelioma) according 

to the location of the malignant component : luminal epithelium, myoepithelium or 

both (epithelial-myoepithelial carcinoma) [1].   

In normal breast tissue and benign lesions, epithelial and myoepithelial components 

form the breast duct epithelium.  Under neoplastic conditions, there is variation in the 

histologic appearance and immunophenotypic expression of myoepithelial cells, 

depending on whether the epithelial or myoid phenotype is expressed [2].  The 

combination of epithelial and myoepithelial cells can occur with considerable 

architectural and cytological heterogeneity within AME and poses diagnostic 

difficulty to the unwary, which may be compounded by the limited representation of 

lesional tissue on a needle core biopsy [3, 4].  Immunohistochemical investigation of 

the tumour, in order to correctly classify the lesion, is essential [4].   

To the best of our knowledge, there are approximately 266 AME, 91 AME with 

carcinoma and 24 AME with other associated carcinoma, the majority as individual 

case reports and 7 cases series (Table. A.1) in the English language literature [3, 5-

10].   

A large number of AME with carcinoma were reviewed and reclassified according to 

the WHO 2012 classification by Xu et al [11].   

AME affects mostly females and 2 rare cases are reported in male patients [4, 12, 13].  

Patient age ranged between 22-92 years with a mean age of 59.1 years in the largest 

series [3].  The most common presentation of AME is a single, palpable, painless 

mass of  variable duration [3, 4, 6, 14].  A single case of bilateral AME is reported 

[15].   
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Case 

series 

Author Year Total 

number 

Total number 

of AME 

Recurrent Malignant Metastasis 

1 Rosen et al [5] 1987 18 18 2 0 0 

2 Decorsiere et 

al [6] 

1988 U 17 U U U 

3 Tavassoli [7] 1991 31 27 2 2 1 

4 Loose et al [8] 1992 6 6 3 2 1 

5 McClaren et al 

[3] 

2005 35 23 0* 0 0 

6 Hayes [9] 2011 25 12 2 13 4 

7 Moritz [10] 2016 14 10 0 4 ND 

 

Mammography of AME reveals a dense, round to lobulated, often circumscribed 

mass, resembling a fibroadenoma.  Infrequently, ill-defined margins, calcifications 

and a cystic appearance are seen [4, 8, 14, 16-18].  Ultrasound reveals a round or oval, 

solid mass with a hypo- or complex echogenic texture and posterior or combined 

acoustic enhancement [9, 14, 19, 20].  Moritz et al, reported all AME in series of 14 

cases as BI-RADS 4 or higher and the same series suggested that a definite diagnosis 

may not be possible radiographically.   

AME ranges in size between 3mm to 70mm and AME with carcinoma may reach a 

much larger size, up to 170mm [4, 11].  AME may be round to lobulated, well 

circumscribed, firm or hard.  Solid, cystic and nodular configurations have been 

described.  At low-power, AME is circumscribed, comprises aggregated nodules 

without a discrete fibrous capsule and has a biphasic appearance due its dual 

epithelial-myoepithelial composition.  High-power architecutre includes papillary, 
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pseudopapillary, trabecular and tubular and a combination of patterns can be seen [4, 

6, 14, 21, 22].  Tavassoli subtyped AME into three variants, namely spindle-cell, 

tubular and lobular [6].  The cuboidal to columnar epithelial cells form round or ovoid 

glandular lumen invested by a proliferation of myoepithelial cells, which may assume 

a spindle, clear cell, plasmacytoid or epithelioid phenotype.  Benign lesions may show 

a slightly increased mitotic activity, whereas malignant tumours show a marked 

increase, with rates varying between 10 and 40 mitoses per 10 high-power fields.  

Cytologic atypia with nuclear pleomorphism, prominent nucleoli, hyperchromasia and 

necrosis have been associated with tumours showing recurrence or may herald the 

development or presence of malignancy [6, 4, 11, 14].  Malignancy in an AME may 

arise either the epithelial, myoepithelial or both components [1, 8, 9].   

Immunohistochemical staining of the epithelial cells with cytokeratin, epithelial 

lumen with EMA and staining of myoepithelial component with 2-3 of the following 

markers: p63, 34BE12, CK5/6, CK14, CD10 and actins (smooth muscle actin and 

muscle specific actin), highlights the tumour’s biphasic nature.  S100 may highlight 

both components [3, 4, 23].  Regarding the hormonal profile, oestrogen receptor and 

progesterone receptor may show weak, patchy positive staining and Her2-Neu is 

negative.  The Ki-67 proliferation index is moderate and is commonly higher in the 

myoepithelial component [1, 4, 14].  Few studies evaluate the hormone receptor 

profile in AME and it is noted that salivary gland type tumours of the breast may 

express a triple negative phenotype, however exhibit low-grade behaviour [24].   

Fine-needle aspiration of AME  may be challenging and shows a cellular specimen 

comprising large clusters of epithelial and myoepithelial cells and single-lying cells 

with spindled and epithelioid morphology. Intranuclear cytoplasmic inclusions, foam 

cells and apocrine cells are infrequent findings [8, 14, 25-29].  AME with carcinoma 

shows hypercellular smears with loss of cohesion and a metachromatic matrix 

material, the latter is best appreciated on Diff-Quik stains [8, 25, 29, 30].   

AME may be associated with squamous and sebaceous metaplasia [31, 32].  

Concomitant AME and benign and malignant pathologies, namely collagenous 

spherulosis, phyllodes tumour, lobular neoplasia (atypical lobular neoplasia and 

invasive lobular carcinoma), ductal carcinoma in-situ (DCIS), invasive carcinoma of 

no special type, adenoid cystic carcinoma and low-grade adenosquamous carcinoma 
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are reported [8, 9, 33-46].  AME with carcinoma may rarely show heterologous 

osteogenic, spindle cell and carcinomatous differentiation [47].   

Few studies have been undertaken to evaluate the molecular profile of AME [11].  

Microsatellite instability for the D17S250 (17q11.2-BRCA1) microsatellite marker 

and loss of heterozygosity of the HPC1 gene have been reported [14].  Xu et al 

describe deletion of CDH1 and polysomy of CEP16 in myoepithelial cells by double 

fusion fluoresence in situ hybridisation (D-FISH). A report of a malignant AME with 

a lung metastasis shows a diploid DNA luminal epithelial population and tetraploid 

DNA myoepithelial cells.  A point mutation of the p53 gene is reported, exclusively 

in the myoepithelial component [11].   

Simple excision of most AME is curative and the recommended treatment of AME 

with carcinoma is wide local excision with adequate margins [6, 14].  Local 

recurrence has been reported and may be attributed to multinodular growth, 

intraductal extension of a lesion or incomplete excision [8].  Axillary lymph node 

metastasis of both AME and AME with carcinoma, in either or both components, has 

been described [6, 8, 48].  Distant metastasis of with AME with carcinoma is by 

haematogenous spread and sites include lung, liver, bone, thyroid, kidney, thoracic 

wall and brain [7, 16, 41, 44, 47, 49-57].   
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4.2. Aims 

The aim of this study is to report a series of cases of AME of the breast, because this 

rare tumour may pose special considerations with respect to histological diagnosis and 

therapeutic management. 

4.3. Objectives 

1. To report a case series of AME of the breast. 

2. To elucidate the clinical characteristic of this rare, benign tumour. 

3. To describe the variability in the histology, including the immunohistochemical 

profile. 

4. To document the co-occurrence of in-situ or invasive malignancy with these 

tumours. 

4.4. Methods 

4.4.1 Study Design 

This will be a cross-sectional retrospective descriptive study.   

 

4.4.2 Site of Study 

The study will take place at the Division of Anatomical Pathology of the School of 

Pathology at the University of the Witwatersrand.   

 

4.4.3 Time Period 

All cases accessioned during the 18 year period from March 2000 to March 2018.   

 

4.4.4 Study Sample 

The study sample will be obtained from the Department of Anatomical Pathology at 

the Charlotte Maxeke Johannesburg and Chris Hani Baragwanath Academic 

Hospitals.  Permission has been obtained from Professor MJ Hale to use the archives. 
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4.4.5 Inclusion and Exclusion Criteria 

Inclusion criterion: 

 Male and female patients, of any age, with a histological diagnosis of AME of the 

breast. 

Exclusion criterion:  

 Reported cases with a pathological diagnosis of AME with slides and/or paraffin 

embedded tissue blocks, which are not retrievable.   

 

4.4.6 Methods 

1. The cases reported during the study time frame will be identified by a computer-

based record search.  The cases are identifiable by a systematized nomenclature of 

medicine (SNOMED) code of ‘myoepithelioma’ and ‘myoepithelial carcinoma’ of 

the breast, entered into the NHLS database at the time of reporting of the 

specimens. 

2. The reports of the cases identified will be obtained. 

3. A second search using the patient’s first name, surname, hospital number to 

correlate core biopsies and resection specimens will be performed. 

4. The slides of the cases identified will be retrieved from the department’s archival 

slide filing system. 

5. The cases will be reviewed by both the principal investigator and the supervisor 

(Dr KJ Fearnhead). 

6. The patient’s clinical files will be reviewed, where possible.  

7. The clinical and histologic parameters reviewed in the study will be recorded in 

the data sheet. See annexure A. 

 

4.4.7 Statistical Analysis: 

The study design aims to describe the clinico-pathological characteristics of a small 

group of rare, benign tumours of the breast that are presented in the form of a case 

series.  The sample size is likely to be very small (<20 cases).  The data will be 

expressed quantitatively as summary statistics and/or visually as graphs or tables.  
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The distribution of the data will be assessed and if, as anticipated, the distribution is 

not normal the median and interquartile ranges will be calculated.  If on the other 

hand, the data distribution should be found to be normal, the range, mean and 

standard deviation will be calculated.  Neither hypothesis testing nor use of inferential 

statistics is possible. 

4.5. Funding 

No funding will be needed. 

4.6. Ethics 

A project-specific application to the Human Research Ethics Committee (Medical) 

and Faculty of Health Sciences of the University of Witwatersrand, Postgraduate 

Office, will be submitted.  There is blanket ethics approval (M150884) to use 

archived blocks, reports and slides in histological, IHC and molecular research. 

 

The data sheet will be anonymous.  Patient anonymity is paramount and to this end, 

the cases will be allocated a study number.  A link will be created between the study 

number and the NHLS histology “case number”, thus concealing the patient’s 

identity.  Patient confidentiality will be strictly maintained at all times.  The patient’s 

details will be kept anonymous and the patient’s personal details will not be disclosed.  

This information will be kept in a locked cupboard in the registrar office at the 

Department of Anatomical Pathology, Medical School. 

4.7. Time scale 

 Jul  

‘16 

Aug 

‘16 

Sep  

‘16 

Oct  

‘16 

Nov 

‘16 

Dec 

‘16 

Jan 

‘17 

Feb 

’17 

Mar 

’17 

Apr 

’17 

Presentation 

to department 

12 Jul 

X 

         

Proposal to 

ethics  

  X        
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Presentation 

to School of 

Pathology 

  14 Sep 

X 

       

Protocol 

submission 

 X         

Ethics 

approval 

   X       

Data 

retrieval/entry 

   X X      

Data analysis      X X    

Write-up        X X  

Submission/ 

corrections 

         X 

4.8. Task allocation 

All data retrieval, assessment of histopathology reports, assessment and retrieval of 

clinical records and recording into data capture sheets, will be performed by the 

principle investigator, Dr CJ McCusker.  The cases will be reviewed by both Dr 

McCusker and her supervisor, Dr Fearnhead. 

4.9. Anticipated difficulties 

Problems may be encountered in obtaining slides for the cases identified with AME as 

some of the ‘older’ cases may be irretrievable.  If the slides are not available, the 

paraffin blocks may be retrieved and Haematoxylin and Eosin recuts obtained. 
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