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The European Journal of Breast Health (Eur J Breast Health) is an international,
scientific, open access periodical published by independent, unbiased, and
double-blinded peer-review principles journal. It is the official publication
of the Turkish Federation of Breast Diseases Societies, and the Senologic
International Society (SIS) is the official supporter of the journal.

The European Journal of Breast Health is published quarterly in January, April,
July, and October. The publication language of the journal is English.

EJBH aims to be a comprehensive, multidisciplinary source and contribute to
the literature by publishing manuscripts with the highest scientific level in the
fields of research, diagnosis, and treatment of all breast diseases; scientific,
biologic, social and psychological considerations, news and technologies
concerning the breast, breast care and breast diseases.

The journal publishes original research articlesreviews, letters to the editor,
brief correspondences, meeting reports, editorial summaries, observations,
novelideas, basicand translational research studies, clinicaland epidemiological
studies, treatment guidelines, expert opinions, commentaries, clinical trials
and outcome studies on breast health, biology and all kinds of breast diseases,
and very original case reports that are prepared and presented according to
the ethical guidelines.

TOPICS within the SCOPE of EJBH concerning breast health, breast biology
and all kinds of breast diseases:

Epidemiology, Risk Factors, Prevention, Early Detection, Diagnosis and Therapy,
Psychological Evaluation, Quality of Life, Screening, Imaging Management,
Image-guided  Procedures, Immunotherapy, molecular Classification,
Mechanism-based Therapies, Carcinogenesis, Hereditary Susceptibility,
Survivorship, Treatment Toxicities, and Secondary Neoplasms, Biophysics,
Mechanisms of Metastasis, Microenvironment, Basic and Translational
Research, Integrated Treatment Strategies, Cellular Research and Biomarkers,
Stem Cells, Drug Delivery Systems, Clinical Use of Anti-therapeutic Agents,
Radiotherapy, Chemotherapy, Surgery, Surgical Procedures and Techniques,
Palliative Care, Patient Adherence, Cosmesis, Satisfaction and Health Economic
Evaluations.

The target audience of the journal includes specialists and medical
professionals in surgery, oncology, breast health and breast diseases.

The editorial and publication processes of the journal are shaped in accordance
with the guidelines of the International Committee of Medical Journal Editors
(ICMJE), World Association of Medical Editors (WAME), Council of Science
Editors (CSE), Committee on Publication Ethics (COPE), European Association
of Science Editors (EASE), and National Information Standards Organization
(NISO). The journal conforms with the Principles of Transparency and Best
Practice in Scholarly Publishing (doaj.org/bestpractice).

The European Journal of Breast Health indexed in PubMed Central, Web
of Science-Emerging Sources Citation Index, TUBITAK ULAKBIM TR Index,
Embase, EBSCO, CINAHL.

Submission Fee

The European Journal of Breast Health (Eur J Breast Health) has an open
access to all articles published by itself and provides online free access as soon
asitis published in the journal. We have published our journal for more than 15
years without any requests from you. But today, European Journal of Breast
Health has had to charge you a low fee (503) at the time of application to cover
its increasing costs for services.

Open Access Policy

This journal provides immediate open and free access to its content on the
principle that making research freely available to the public supports a greater
global exchange of knowledge.
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Open Access Policy is based on the rules of the Budapest Open Access
Initiative (BOAI) http://www.budapestopenaccessinitiative.org/. By “open
access” to peer-reviewed research literature, we mean its free availability on
the public internet, permitting any users to read, download, copy, distribute,
print, search, or link to the full texts of these articles, crawl them for indexing,
pass them as data to software, or use them for any other lawful purpose,
without financial, legal, or technical barriers other than those inseparable from
gaining access to the internet itself. The only constraint on reproduction and
distribution, and the only role for copyright in this domain, should be to give
authors control over the integrity of their work and the right to be properly
acknowledged and cited.

This work is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 (C BY-NC-ND) International License.

C BY-NC-ND: This license allows reusers to copy and distribute the material in
any medium or format in unadapted form only, for noncommercial purposes
only, and only so long as attribution is given to the creator.

CC BY-NC-ND includes the following elements:

BY - Credit must be given to the creator

NC - Only noncommercial uses of the work are permitted

ND - No derivatives or adaptations of the work are permitted
Please contact the publisher for your permission to use requests.
Contact: info@eurjbreasthealth.com

All expenses of the journal are covered by the Turkish Federation of Breast
Diseases Societies and the Senologic International Society (SIS). Potential
advertisers should contact the Editorial Office. Advertisement images are
published only upon the Editor-in-Chief's approval.

Statements or opinions expressed in the manuscripts published in the journal
reflect the views of the author(s) and not the opinions of the Turkish Federation
of Breast Diseases Societies, editors, editorial board, and/or publisher; the
editors, editorial board, and publisher disclaim any responsibility or liability for
such materials.

All published content is available online, free of charge at
www.eurjbreasthealth.com.

Turkish Federation of Breast Diseases Societies holds the international
copyright of all the content published in the journal.

OPEN ACCESS

Editor in Chief: Prof. Vahit OZMEN

Address: Department of General Surgery, istanbul University istanbul Faculty
of Medicine, Capa, Istanbul

Phone :+90(212) 53402 10
1490 (212) 53402 10
E-mail :editor@eurjbreasthealth.com
Web

Fax

:www.eurjbreasthealth.com

Publisher: Galenos Yayinevi

Address: Molla Glrani Mah. Kagamak Sok. 21/1
Findikzade, Fatih, Istanbul, Turkey

Phone :+90 (212) 621 99 25
E-mail :info@galenos.com.tr

Web  :www.galenos.com.tr/en
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The European Journal of Breast Health (Eur J Breast Health) is
an international, open access, online-only periodical published in
accordance with the principles of independent, unbiased, and double-
blinded peer-review.

The journal is owned by Turkish Federation of Breast Diseases Societies
and affiliated with Senologic International Society (SIS), and it is
published quarterly on January, April, July, and October. The publication
language of the journal is English. The target audience of the journal
includes specialists and medical professionals in general surgery and
breast diseases.

The editorial and publication processes of the journal are shaped in
accordance with the guidelines of the International Council of Medical
Journal Editors (ICMJE), the World Association of Medical Editors
(WAME), the Council of Science Editors (CSE), the Committee on
Publication Ethics (COPE), the European Association of Science Editors
(EASE), and National Information Standards Organization (NISO). The
journal conforms to the Principles of Transparency and Best Practice in
Scholarly Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the most
important criteria for a manuscript to be accepted for publication.
Manuscripts submitted for evaluation should not have been previously
presented or already published in an electronic or printed medium. The
journal should be informed of manuscripts that have been submitted
to another journal for evaluation and rejected for publication. The
submission of previous reviewer reports will expedite the evaluation
process. Manuscripts that have been presented in a meeting should be
submitted with detailed information on the organization, including the
name, date, and location of the organization.

Manuscripts submitted to the European Journal of Breast Health will
go through a double-blind peer-review process. Each submission will be
reviewed by at least two external, independent peer reviewers who are
experts in their fields in order to ensure an unbiased evaluation process.
The editorial board will invite an external and independent editor to
manage the evaluation processes of manuscripts submitted by editors
or by the editorial board members of the journal. The Editor in Chief is
the final authority in the decision-making process for all submissions.

An approval of research protocols by the Ethics Committee in
accordance with international agreements (World Medical Association
Declaration of Helsinki “Ethical Principles for Medical Research Involving
Human Subjects,” amended in October 2013, www.wma.net) is required
for experimental, clinical, and drug studies and for some case reports. If
required, ethics committee reports or an equivalent official document
will be requested from the authors. For manuscripts concerning
experimental research on humans, a statement should be included
that shows that written informed consent of patients and volunteers
was obtained following a detailed explanation of the procedures that
they may undergo. For studies carried out on animals, the measures
taken to prevent pain and suffering of the animals should be stated
clearly. Information on patient consent, the name of the ethics
committee, and the ethics committee approval number should also
be stated in the Materials and Methods section of the manuscript. It is
the authors’ responsibility to protect the patients’ anonymity carefully.
For photographs that may reveal the identity of the patients, signed
releases of the patient or their legal representative should be enclosed.

All submissions are screened by a similarity detection software
(iThenticate by CrossCheck).

In the event of alleged or suspected research misconduct, e.g.,
plagiarism, citation manipulation, and data falsification/fabrication, the
Editorial Board will follow and act in accordance with COPE guidelines.
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Each individual listed as an author should fulfill the authorship criteria
recommended by the International Committee of Medical Journal
Editors

(ICMJE - www.icmje.org). The ICMJE recommends that authorship be
based on the following 4 criteria:

1. Substantial contributions to the conception or design of the work;
or the acquisition, analysis, or interpretation of data for the work; AND

2. Drafting the work or revising it critically for important intellectual
content; AND

3. Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved.

In addition to being accountable for the parts of the work he/she
has done, an author should be able to identify which co-authors are
responsible for specific other parts of the work. In addition, authors
should have confidence in the integrity of the contributions of their co-
authors.

All those designated as authors should meet all four criteria for
authorship, and all who meet the four criteria should be identified as
authors. Those who do not meet all four criteria should be acknowledged
in the title page of the manuscript.

The European Journal of Breast Health requires corresponding authors
to submit a signed and scanned version of the Copyright Transfer and
Acknowledgement of Authorship Form (available for download through
www.eurjbreasthealth.com) during the initial submission process in
order to act appropriately on authorship rights and to prevent ghost
or honorary authorship. If the editorial board suspects a case of “gift
authorship,” the submission will be rejected without further review. As
part of the submission of the manuscript, the corresponding author
should also send a short statement declaring that he/she accepts to
undertake all the responsibility for authorship during the submission
and review stages of the manuscript.

European Journal of Breast Health requires and encourages the authors
and the individuals involved in the evaluation process of submitted
manuscripts to disclose any existing or potential conflicts of interests,
including financial, consultant, and institutional, that might lead to
potential bias or a conflict of interest. Any financial grants or other support
received for a submitted study from individuals or institutions should be
disclosed to the Editorial Board. To disclose a potential conflict of interest,
the ICMJE Potential Conflict of Interest Disclosure Form should be filled in
and submitted by all contributing authors. Cases of a potential conflict of
interest of the editors, authors, or reviewers are resolved by the journal's
Editorial Board within the scope of COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and complaint cases
within the scope of COPE guidelines. In such cases, authors should get
in direct contact with the editorial office regarding their appeals and
complaints. When needed, an ombudsperson may be assigned to resolve
cases that cannot be resolved internally. The Editor in Chief is the final
authority in the decision-making process for all appeals and complaints.

When submitting a manuscript to the European Journal of Breast
Health, authors accept to assign the copyright of their manuscript
to Turkish Federation of Breast Diseases Societies. If rejected for
publication, the copyright of the manuscript will be assigned back to the
authors. European Journal of Breast Health requires each submission
to be accompanied by a Copyright Transfer and Acknowledgement of
Authorship Form (available for download at www.eurjbreasthealth.
com). When using previously published content, including figures,



tables, orany other materialin both print and electronic formats, authors
must obtain permission from the copyright holder. Legal, financial and
criminal liabilities in this regard belong to the author(s).

Statements or opinions expressed in the manuscripts published in
European Journal of Breast Health reflect the views of the author(s) and
not the opinions of the editors, the editorial board, or the publisher; the
editors, the editorial board, and the publisher disclaim any responsibility
or liability for such materials. The final responsibility in regard to the
published content rests with the authors.

Submission Fee

The European Journal of Breast Health (Eur J Breast Health) has an open
access to all articles published by itself and provides online free access
as soon as it is published in the journal. We have published our journal
for more than 15 years without any requests from you. But today, your
journal has had to charge you a low fee (503) at the time of application
to cover its increasing costs for services.

The services provided in this context are the provision of systems for
editors and authors, editorial work, provision of article designs, the
establishment of indexing links, provision of other publishing services
and support services.

You can take a look at the unbiased article evaluation process here. If you
find a problem with the open access status of your article or licensing,
you can contact editor@eurjbreasthealth.com

After your submission to the Eur J Breast Health evaluation system, the
submission fees are collected from you or through your fund provider,
institution or sponsor.

Eur J Breast Health regularly reviews the fees of submission fees and
may change the fees for submission fees. When determining the costs
for Eur J Breast Health submission fees, it decides according to the
following developments.

* Quality of the journal,

« Editorial and technical processes of the journal,

» Market conditions,

* Other revenue streams associated with the journal
You can find the submission fees fee list here.

Price
$50
Free of charge

Article type
Original articles
Editorial comment

Review article (No application fee will

be charged from invited authors) 350

$50

Free of charge

Case report

Letter to the editor
Images in clinical practices Free of charge
Current opinion Free of charge

Systematic review $50

When and How do | pay?

After the article is submitted to the Eur J Breast Health online evaluation
system, an email regarding payment instructions will be sent to the
corresponding author.

European
Journal

of
S ER
Health

The editorial review process will be initiated after the payment has been
made for your article.

After the article is submitted, you need to make your payment to the
account number below. While making the submission fee, please
indicate your article ID in the payment description section.

Account no/IBAN: TR49 0011 1000 0000 0098 1779 82 (TL)
TR17 0011 1000 0000 0098 5125 29 (USD)
TR73 0011 1000 0000 0098 5125 88 (EUR)

Account name: Meme Hastaliklari Dernekleri Federasyonu iktisadi
Isletmesi

Branch code (QNB Finans Bank Cerrahpasa): 1020
Swift code: FNNBTRISOPS

NOTE: All authors must pay the bank wire fee additionally. Otherwise,
the deducted amount of the submission fee is requested from the
author.

If you believe payment instructions are not in your email contact us:
payment@eurjbreasthealth.com

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICMJE-
Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals (updated in
December 2019 - http://www.icmje.org/icmje-recommendations).
Authors are required to prepare manuscripts in accordance with
the CONSORT guidelines for randomized research studies, STROBE
guidelines for observational original research studies, STARD
guidelines for studies on diagnostic accuracy, PRISMA guidelines
for systematic reviews and meta-analysis, ARRIVE guidelines
for experimental animal studies, and TREND guidelines for non-
randomized public behaviour.

Manuscripts can only be submitted through the journal's online
manuscript submission and evaluation system, available at www.
eurjbreasthealth.com. Manuscripts submitted via any other medium will
not be evaluated.

Manuscripts submitted to the journal will first go through a technical
evaluation process where the editorial office staff will ensure that the
manuscript has been prepared and submitted in accordance with the
journal's guidelines. Submissions that do not conform to the journal's
guidelines will be returned to the submitting author with technical
correction requests.

Authors are required to submit the following:
« Copyright Transfer and Acknowledgement of Authorship Form, and

» ICMJE Potential Conflict of Interest Disclosure Form (should be filled in
by all contributing authors)

during the initial submission. These forms are available for download at
www.eurjbreasthealth.com.

Preparation of the Manuscript

Title page: A separate title page should be submitted with all
submissions, and this page should include:

« The full title of the manuscript as well as a short title (running head) of
no more than 50 characters,

« Name(s), affiliations, and highest academic degree(s) of the
author(s),
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» Grant information and detailed information on the other sources of
support,

» Name, address, telephone (including the mobile phone number) and
fax numbers, and email address of the corresponding author,

» Acknowledgment of the individuals who contributed to the
preparation of the manuscript but who do not fulfill the authorship
criteria.

Abstract: An English abstract should be submitted with all submissions
except for Letters to the Editor. The abstract of Original Articles should
be structured with subheadings (Objective, Materials and Methods,
Results, and Conclusion). Please check Table 1 below for word count
specifications.

Keywords: Each submission must be accompanied by a minimum of
three to a maximum of six keywords for subject indexing at the end of
the abstract. The keywords should be listed in full without abbreviations.
The keywords should be selected from the National Library of Medicine,
Medical Subject Headings database (https://www.nlm.nih.gov/mesh/
MBrowser.html).

Key Points: All submissions except letters to the editor should be
accompanied by 3 to 5 “key points” which should emphasize the most
noteworthy results of the study and underline the principle message
that is addressed to the reader. This section should be structured as
itemized to give a general overview of the article. Since “Key Points”
targeting the experts and specialists of the field, each item should be
written as plain and straightforward as possible.

Manuscript Types

Original Articles: This is the most important type of article since it
provides new information based on original research. The main text of
original articles should be structured with “Introduction”, “Materials and
Methods”, “Results”, “Discussion and Conclusion” subheadings. Please

check Table 1 for the limitations for Original Articles.

Statistical analysis to support conclusions is usually necessary.
Statistical analyses must be conducted in accordance with international
statistical reporting standards (Altman DG, Gore SM, Gardner MJ,
Pocock SJ. Statistical guidelines for contributors to medical journals. Br
Med J 1983: 7; 1489-93). Information on statistical analyses should be
provided with a separate subheading under the Materials and Methods
section,and the statistical software that was used during the process
must be specified.

Units should be prepared in accordance with the International System
of Units (SI).

Editorial Comments: Editorial comments aim to provide a brief critical
commentary by reviewers with expertise or with high reputation in
the topic of the research article published in the journal. Authors are
selected and invited by the journal to provide such comments. Abstract,
Keywords, and Tables, Figures, Images, and other media are not
included.

Review Articles: Reviews prepared by authors who have extensive
knowledge on a particular field and whose scientific background has
been translated into a high volume of publications with a high citation
potential are welcomed. These authors may even be invited by the
journal. Reviews should describe, discuss, and evaluate the current
level of knowledge of a topic in clinical practice and should guide
future studies. The main text should contain Introduction, Clinical and
Research Consequences, and Conclusion sections. Please check Table 1
for the limitations for Review Articles.
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Case Reports: There is limited space for case reports in the journal
and reports on rare cases or conditions that constitute challenges in
diagnosis and treatment, those offering new therapies or revealing
knowledge not included in the literature, and interesting and educative
case reports are accepted for publication. The text should include
“Introduction”, “Case Presentation”, “Discussion and Conclusion”
subheadings. Please check Table 1 for the limitations for Case Reports.

Letters to the Editor: This type of manuscript discusses important
parts, overlooked aspects, or lacking parts of a previously published
article. Articles on subjects within the scope of the journal that might
attract the readers’ attention, particularly educative cases, may also
be submitted in the form of a “Letter to the Editor.” Readers can also
present their comments on the published manuscripts in the form
of a “Letter to the Editor.” Abstract, Keywords, and Tables, Figures,
Images, and other media should not be included. The text should be
unstructured. The manuscript that is being commented on must be
properly cited within this manuscript.

Images in Clinical Practices: Our journal accepts original high-quality
images related to the cases that we come across during clinical practices,
that cite the importance or infrequency of the topic, make the visual
quality stand out and present important information that should be
shared in academic platforms. Titles of the images should not exceed 10
words. Images can be signed by no more than 3 authors. Figure legends
are limited to 200 words,and the number of figures is limited to 3. Video
submissions will not be considered.

Current Opinion: Current Opinion provides readers with a commentary
of either recently published articles in the European Journal of Breast
Health or some other hot topic selected articles. Authors are selected
and invited by the journal for such commentaries. This type of article
contains three main sections titled as Background, Present Study, and
Implications. Authors are expected to describe the background of the
subject/study briefly, critically discuss the present research, and provide
insights for future studies.

Table 1. Limitations For each manuscript type

Type of Word Abstract Reference Table Figure
manuscript  limit  word limit limit limit limit
Original 3500 250 30 6 7 or tatal
Article (Structured) of 15
images
Review 5000 250 50 6 10 or
Article total of
20 images
Case 1000 200 15 No 10 or
Report tables  total of
20 images
Letter to 500 No abstract 5 No No media
the Editor tables
Current 300 No abstract 5 No No media
Opinion tables
Tables

Tables should be included in the main document, presented after the
reference list, and they should be numbered consecutively in the order
they are referred to within the main text. A descriptive title must be
placed above the tables. Abbreviations used in the tables should



be defined below the tables by footnotes (even if they are defined
within the main text). Tables should be created using the “insert table”
command of the word processing software,and they should be arranged
clearly to provide easy reading. Data presented in the tables should not
be a repetition of the data presented within the main text but should be
supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as separate
files (in TIFF or JPEG format) through the submission system. The files
should not be embedded in 3 Word document or the main document.
When there are figure subunits, the subunits should not be merged
to form a single image. Each subunit should be submitted separately
through the submission system. Images should not be labeled (a, b, c,
etc.) to indicate figure subunits. Thick and thin arrows, arrowheads,
stars, asterisks, and similar marks can be used on the images to support
figure legends. Like the rest of the submission, the figures too should be
blind. Any information within the images that may indicate an individual
or institution should be blinded. The minimum resolution of each
submitted figure should be 300 DPI. To prevent delays in the evaluation
process, all submitted figures should be clear in resolution and large in
size (minimum dimensions: 100 x 100 mm). Figure legends should be
listed at the end of the main document.

Allacronyms and abbreviations used in the manuscript should be defined
at first use, both in the abstract and in the main text. The abbreviation
should be provided in parentheses following the definition.

When a drug, product, hardware, or software program is mentioned
within the main text, product information, including the name of
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ABSTRACT

Reduction mammoplasty is a common surgical procedure that removes a significant portion of the breast, and the resulting changes to the breast parenchyma
are frequently seen on breast imaging studies. Any radiologist who interprets breast imaging studies must be able to recognize these changes in order to avoid
unnecessary recall from screening and/or breast biopsy. The surgical techniques used in reduction mammoplasty are discussed in order to provide relevant
background information for understanding the resulting imaging features. These imaging characteristics are presented for the most common breast imaging
modalities, including mammography, ultrasound, and magnetic resonance imaging. Additionally, tips for distinguishing malignancy from postsurgical
change are provided, as are potential pitfalls in imaging interpretation. To avoid unnecessary patient morbidity, it is critical to differentiate between the
classic, benign imaging appearance of the breast after reduction mammoplasty and findings that indicate a potential malignancy.

Keywords: Breast cancer, breast imaging, breast reconstruction, mastopexy
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Key Points
e All reduction procedures involve the removal and displacement of varying amounts of parenchymal tissue and skin, largely from the inferior breast.

e This tissue and skin removal alters the normal distribution of fibroglandular tissue and can result in architectural distortion, focal asymmetries, and
regions of fat necrosis with or without dystrophic calcifications.

e Fat necrosis may be difficult to interpret by ultrasound interrogation alone. A spot tangential mammographic view may assist in the visualization of
internal fat within the mass to clench the diagnosis of fat necrosis.

*  Preoperative imaging with mammography is recommended to assess for occult malignancy for average-risk women 40 years of age and older as well as
women of any age who are at high-risk of developing breast cancer.

Introduction

Reduction mammoplasty is a common non-oncologic surgical procedure that accounts for 18% of all breast surgeries (1). In patients with
symptomatic macromastia, the surgery aims to remove excess fat, glandular tissue, and skin from the breast to create a smaller, more aesthetically
pleasing breast shape (2). Moreover, chronic back, neck, or shoulder pain, kyphosis, chronic intertrigo involving the inframammary folds,
limitation of physical activity, or other problems associated with overly large breasts are common indications. Following reduction surgery,
preoperative symptoms have been shown to be significantly reduced (3). In addition, some patients have reduction mammoplasty to improve
symmetry following a contralateral partial mastectomy or total mastectomy with reconstruction. Several similar surgical techniques are used to
alleviate patient symptoms while producing aesthetically pleasing results. Disruption of breast tissue following these surgical procedures can
appear perplexing to those who are unfamiliar with these classic changes. Once the technical aspects of these procedures are conceptualized, the
imaging appearance of the breast frequently becomes apparent. Even an experienced interpreting radiologist may have difficulty distinguishing
between postsurgical changes after reduction mammoplasty and the imaging appearance of malignancy on occasion. Ultimately, if malignancy

is suspected, a biopsy will be required for a definitive histopathologic diagnosis.
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Surgical techniques

There are several reduction mammoplasty techniques available, the
majority of which involve removing parenchymal tissue and skin from
the inferior breast while elevating the nipple-areolar complex (NAC).
The most common surgical techniques for reduction mammoplasty
involve a circumferential incision around the NAC, followed by a
vertical incision extending to the inframammary fold, resulting in a
keyhole scar (Figure 1a). This technique enables superior repositioning
of the NAC as well as removal and repositioning/lifting of the inferior
breast tissue (mastopexy). By using this keyhole skin flap pattern, the
conical breast shape is preserved because the skin flaps are opposed,
resulting in a skin brassiere. To achieve an aesthetic result, the NAC
can be transposed with the underlying ducts and vascular pedicle
intact using the inferior pedicle technique (Figure 1b) or transplanted
with a full-thickness free nipple-areolar graft. With the inferior pedicle
technique, the blood supply to the nipple and areola originates from the
relatively large surface of the inframammary fold, which contributes to
the preservation of nipple, areola, and skin sensations (4). Because it
has a lower risk of NAC avascular necrosis than NAC transposition,
free nipple-areolar graft transplantation is more common in women
with large, pendulous breasts and those past childbearing age (5). The
resulting post-reduction skin scar usually has a keyhole or lollipop
appearance, with a subtle periareolar scar, a vertical scar extending
inferiorly from the nipple to the inframammary fold, and a transverse
scar curving along the fold (Figure 1c¢).

Breast reduction can also be accomplished solely through liposuction.
This is the least invasive technique, resulting in only minor volume
reduction and omitting the benefit of mastopexy. There are some
non-specific imaging findings associated with this technique, such
as developing asymmetries in regions where fat has been removed.
Obtaining a history of the plastic surgical intervention would be
beneficial in avoiding a biopsy of the new imaging finding, which
would otherwise be required.

Mammography
Architectural distortion

When evaluating architectural distortion in the breast, the presence
of surgical clips is often the first indication that a patient has had a
prior surgical procedure, though this does not always mean reduction
mammoplasty. While some surgical clips are left behind in reduced
breasts, most surgeons do not. When mammographically evaluating
what is thought to be postsurgical architectural distortion, the clinical
history is confirmatory.

All reduction procedures involve the removal and displacement of
varying amount amounts of parenchymal tissue and skin, which
alters the normal distribution of fibroglandular tissue and can result
in focal asymmetries (Figure 2a). In one early study of post-reduction
mammographic changes, these asymmetries developed in roughly half
of the women postoperatively, either persisting or gradually decreasing
over time (6). With the appropriate clinical history and knowledge
of this typical mammographic appearance, unnecessary recall from
screening and/or biopsy can be avoided.

During reduction mammoplasty, most breast tissue is usually
excised from the inferior aspect of the breast. The remaining tissue
is gathered together, often with rearrangement. This technique
produces a distinctive pattern of architectural distortion that appears
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swirled or with an upward sweeping configuration (Figure 2b) (5).
Mammographically, such inferior pole changes are evident in nearly
all patients (6, 7).

Typical post-reduction scar patterns also include fibrotic bands that run
parallel to the skin scar line and are easier to identify in non-anatomic
orientations. Vertical scarring is common in the inferior breast, and

Figure 1. Surgical incisions for reduction mammoplasty. (a) An
incision is made around the nipple areolar complex along with
a vertical incision extending to a curvilinear inframammary fold
incision. (b) The breast tissue is removed inferiorly, and the nipple
is transposed superiorly, maintaining the vascular pedicle. (c)
Appearance of the breast before (right breast) and after (left breast)
reduction mammoplasty using the keyhole technique
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transversely oriented scars can be seen posteriorly in the breast (8).
This non-anatomic scarring pattern may result in linear bands that
mammographically resemble skin folds (Figure 2¢). These bands can

be subtle, thinning over time and becoming difficult to distinguish

Figure 2. Rearrangement of the fibroglandular breast tissue
after reduction mammoplasty. (a) Bilateral mediolateral oblique
digital mammographic images show asymmetric tissue in the right
posterior superior breast resulting from tissue rearrangement
following mammoplasty. (b) Bilateral mediolateral oblique digital
mammograms show the characteristic sweeping parenchymal
pattern seen after breast reduction. (c) Bilateral mediolateral oblique
digital mammograms demonstrate non-anatomic post-reduction
linear fibrotic bands which mimic skin folds (arrows)

from normal breast parenchyma. Parenchymal bands, which can
extend from the chest wall to the NAC, can also be relatively thick.
The most common cause of non-malignant architectural distortion
is postsurgical scarring. However, as with any type of breast surgery,
parenchymal surgical scarring should diminish or stabilize over time.
New or increasing architectural distortion, even scarred regions, is

suspicious and warrants further investigation (Figure 3).

Figure 3. Malignancy developing in a reduction scar. (a) Sequential
right craniocaudal images taken one year apart as part of screening

examinations in a 57-year-old woman demonstrate interval
development of architectural distortion at the reduction scar
(arrow). (b) Craniocaudal right spot compression image taken
as part of a diagnostic work-up shows persistent architectural
distortion (arrow). Sonography at that time was non-contributory,
only revealing scarring in the area of concern. Stereotactic core
biopsy of the architectural distortion (not shown) confirmed invasive
ductal carcinoma. (c) Enhanced MRI was subsequently performed
to evaluate the extent of disease which demonstrated extensive
multifocal/multicentric abnormal enhancement, including the area
of developing architectural distortion (arrow) seen on this sagittal
image of the right breast

MRI: Magnetic resonance imaging



Changes of the NAC

Mastopexy is used in various types of reduction mammoplasty
procedures, with the NAC being relocated superiorly, as seen on
the mediolateral oblique views. To create a better periareolar scar,
permanent suture material may be used to secure the nipple complex
(Figure 4). Along the periareolar margin, scarring with or without
calcifications may be visible (9). Danikas et al. (7) demonstrated that
these periareolar alterations can be seen on mammography in 85% of

women postoperatively.

Calcifications and fat necrosis

Benign calcifications are a common postoperative mammographic
finding, though they appear later than other mammographic features.
According to one study, calcifications were found in only 3% of
mammograms performed within the first 12 months after reduction,
compared to 53% of mammograms performed 24 months or later
after surgery (6). Furthermore, skin calcifications with lucent centers

are more common at anastomotic sites.

Breast reduction surgery usually entails extensive manipulation of
the breast parenchyma. Fat necrosis is caused by major trauma to an
area of adipose tissue, which results in cellular death of the adipocytes
and the subsequent appearance of residual oil/fat material and
dystrophic calcification. As a result, fat necrosis is often encountered
postoperatively and is a common cause of palpable abnormality in
the postoperative breast (10). Because of internal fat at the palpable
site that correlates well with the clinical history, a new palpable area
of fat necrosis is often easily diagnosed mammographically, whereas
the corresponding sonographic appearance can be indeterminate and

potentially suspicious (Figure 5).

Figure 4. Mammographic appearance of the nipple areolar complex
after reduction mammoplasty. Permanent sutures are seen
(arrows) in the peri-areolar regions on bilateral craniocaudal digital
mammographic images
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Breast surgery frequently results in areas of benign fat necrosis
manifesting as oil cysts. These masses are well-defined, are round or
oval in shape, and contain fat, with or without rim calcification (5,
11). Oil cysts of varying sizes are seen in nearly 20% of patients and
may resolve or shrink in size over time (7). As a result of oil cysts,
dystrophic calcifications can develop. These calcifications may be
difficult to interpret accurately at first, but they frequently coarsen

over time.

Fat necrosis can also manifest as a nonspecific mass or a focal
architectural distortion with or without calcifications. Moreover,
postoperative changes and fat necrosis can easily be attributed to
fat-containing masses with or without associated coarse or rim
calcifications. However, dystrophic calcifications associated with
fat necrosis that appear in the early postoperative stage infrequently
may have a questionable morphology and/or distribution (12). The
risk of malignancy is still very low in these cases, and calcifications
associated with fat necrosis should gradually evolve, assuming a more
classic dystrophic appearance and confirming the benign etiology

(12). Therefore, reporting these calcifications in the Breast Imaging
Reporting and Database System 3 (BI-RADS 3) category (0% to
<2% likelihood of malignancy) with a recommendation for a short-

Figure 5. Post-reduction fat necrosis presenting as an area of
palpable concern. (a) Sonography shows a nonspecific, solid,
irregularly shaped heterogeneous mass (circle) in the region of a
new, palpable lump. (b) Left mediolateral oblique and craniocaudal
digital mammogram images subsequently performed demonstrate
post-reduction changes with a fatty mass (circles) in the 7:00 position,
confirming benign fat necrosis
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term close interval follow-up to document morphologic stability is
appropriate. Stereotactic biopsy should be reserved for cases that do
not show early morphology and/or distribution of fat necrosis, or for

cases that become suspicious after a short interval of follow-up.

Sonography

Physical examination of the breast, along with sonography, will
reveal the typical scarring pattern associated with prior reduction
mammoplasty. A periareolar skin scar (which may be very subtle), an
inframammary fold scar, and a radially oriented scar in the 6 o’clock
position will all be visible patterns. Depending on the type of surgical
procedure performed, patients may have a variable combination of
these scars.

The appearance of post-reduction fat necrosis on imaging varies greatly
depending on its stage of evolution, particularly with sonography.
Sonography is frequently used to investigate new palpable findings;
however, fat necrosis is can be difficult to interpret with ultrasound
alone. If the etiology of a palpable mass cannot be determined after an
initial ultrasound interrogation, a spot tangential mammographic view
can be obtained easily in order to visualize fat within the mass (Figure
6). One of the most useful features in classifying the mass as benign fat
necrosis is the discovery of internal fat.

Figure 6. A palpable mass seen sonographically is confirmed to be
fat necrosis with mammography. (a) Sonographic image shows
an irreqularly shaped, heterogeneous mass (circle) at the site of a
patient’s palpable abnormality after reduction mammoplasty. (b)
Corresponding spot tangential digital mammogram of the palpable
finding demonstrates a fat containing mass (circle), confirming fat
necrosis

Furthermore, architectural distortion can occur anywhere within
the breast parenchyma in post-reduction patients if significant tissue
rearrangement has occurred. Sonographically, this distortion appears
as vague hypoechogenicity, disruption of the normal fascial planes, and
posterior acoustic shadowing, which is most prominent in the inferior
breast and inframammary fold region. This sonographic appearance
may be identical to cancer, necessitating a biopsy.

Magnetic resonance imaging

Because of its high sensitivity and negative predictive value of
malignancy, breast magnetic resonance imaging is a valuable diagnostic
tool for detecting breast cancer. There are a number of distinct post-
reduction mammoplasty findings seen with magnetic resonance

imaging (13).

Signal voids corresponding to suture material and/or surgical clips
are seen in a linear fashion along the inframammary fold, encircle
the NAC, and may be scattered throughout the breast parenchyma
(Figure 7a). Similarly, post-contrast imaging can easily detect dermal
scarring and keloids around the NAC, inframammary fold, and 6
o'clock radiant (Figure 7b). During surgery, fibroglandular tissue is
rearranged, resulting in architectural distortion, parenchymal bands
(Figure 7¢), and islands of breast tissue (Figure 7d) similar to those
seen on mammography. The imaging characteristics of these islands
should be similar to other areas of benign fibroglandular tissue found
in the breast.

Fat necrosis can occur anywhere in the reconstructed breast, but it is
most common along the inferior aspect of the breast, where distortion
is most common. Fat necrosis produces an isointense signal to the rest
of the fatty breast tissue, with varying degrees of rim enhancement
depending on its current stage of evolution and the degree of
inflammation and granulation tissue. Although a thin enhancing rim
is common with fat necrosis, a thickened and irregular enhancing
rim that can be mistaken for malignancy may be present. The kinetic
analysis of fat necrosis is nonspecific, encompassing both benign and
malignant enhancement patterns (13). T1-weighted images with and
without fat saturation are frequently used to determine the presence
of fat within a mass or area of architectural distortion, assisting in
the confirmation of the presence of benign fat necrosis (Figure 8).
Fat necrosis may also be characterized by enhancing internal thin
septations. The T1 signal from fat necrosis is typically isointense to
other fats in the breast; however, fat necrosis may sometimes appear
to have a slightly darker T1 signal due to hemosiderin deposition
or chronic inflammatory changes. Mammographic correlation is
recommended because the presence of oil cysts or coarse calcifications
within the region of interest may provide further supporting evidence
of fat necrosis.

Cancer detection

Prior to undergoing elective reduction mammoplasty, preoperative
imaging to assess for occult malignancy is recommended for average-
risk women 40 years of age and older, as well as women of any age
who are at high-risk of developing breast cancer (14). Mammography
is the most cost-effective and widely available screening method in
cligible patients. Any suspicious lesions detected during preoperative
imaging will require tissue diagnosis prior to surgery. Infrequently
(0.8%), malignancy is discovered during reduction mammoplasty,
posing a diagnostic dilemma if no preoperative imaging was



obtained (15). In the event of a postoperative diagnosis of breast
cancer, the patient will need additional diagnostic evaluation;
however, the sensitivity of breast magnetic resonance imaging for
malignancy is reduced in the immediate post-reduction breast due
to the expected postoperative enhancement of inflamed and healing
tissue. In a large cohort of 4,804 women examined by Tang et al.
(15), 48% of patients with an incidental diagnosis of malignancy at
mammoplasty had postoperative breast magnetic resonance imaging
to assess the extent of disease. The majority of the initial cancers
discovered were low grade and small. In fact, 8% of invasive cancers
and 72 % of DCIS were grade 1 or 2, and 94% of invasive cancers
were stage T1. The authors found that postoperative magnetic

resonance imaging had limited sensitivity for detecting any residual

malignancy, hypothesizing that this was due to the small size of any

Figure 7. Post-surgical magnetic resonance appearance after
reduction mammoplasty. (a) Signal void along the bilateral
inframammary folds on a fat saturated T1-weighted axial image
corresponds to surgical staples and/or sutures (arrows). (b) Scarring
is represented by dark bands (arrows) on a T1-weighted axial image
along the inframammary fold region bilaterally. (c¢) A T1-weighted
axial image shows parenchymal bands (arrows) similar to those seen
mammographically. (d) An axial post-contrast image shows an island
of non-enhancing fibroglandular tissue (arrow) in the lateral left
breast

Goudreau et al. Breast Reduction

residual cancer and masking from postsurgical changes (15). At our
institution, we have observed similar limitations in the immediate
postoperative period and therefore recommend that the patient wait
at least 6 weeks after surgery before undergoing magnetic resonance
imaging to evaluate for residual disease in order to lessen these
postoperative changes. After treatment for the primary malignancy,
if mastectomy is not performed, repeat bilateral breast magnetic
resonance imaging in 6 months could be considered for reevaluation
after the postsurgical changes have resolved. Cancer detection and
recall rates in breasts that have undergone reduction mammoplasty
have been reported to be comparable to native breast (16). For
average-risk women, routine annual or biennial mammographic
screening following reduction mammoplasty is the appropriate
recommendation. The postoperative baseline mammogram is
usually the most difficult to interpret because significant changes
in the configuration of the breast parenchyma have occurred in
addition to the expected interval postoperative changes (7). Any
interval changes, such as a developing asymmetry or mass, after
this baseline mammogram should be viewed with caution, and
an appropriate diagnostic evaluation should be recommended

(Figure 9).

Differentiating fat necrosis from residual or new cancer can

sometimes be difficult with any breast imaging modality, especially if

Figure 8. Fat necrosis seen with magnetic resonance imaging. (a)
Rim enhancement (arrow) in the medial left breast on post-contrast
T1-weighted image corresponds with (b) a fat-containing lesion
(arrow) seen on T1-weighted pre-contrast image, both confirming fat
necrosis
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Figure 9. Interval cancer development following reduction mammoplasty. (a) This 58-year-old woman was found to have a new mass (arrows)
in the 11 o'clock position of the left breast, middle depth, on routine screening mammography. Reduction changes, including areas of fat
necrosis, are seen bilaterally. A suture needle (arrowhead) from the prior reduction surgery is noted posteriorly on the left mediolateral
oblique projection. (b) Ultrasound imaging confirmed an irregularly shaped hypoechoic mass with indistinct margins (circle), with subsequent
ultrasound-guided biopsy yielding triple-negative invasive ductal carcinoma

there is excessive degree of tissue fibrosis and no discernible internal
fat. The enhancement kinetics for fat necrosis are highly variable,
with a wide range of kinetic curves reported in the literature (13).
Depending on the degree of diagnostic certainty, some lesions may
be allowed short-term follow-up. However, if there is moderate to
high clinical suspicion of malignancy, percutaneous sampling should
be recommended.

Calcifications in the postoperative breast may also pose a diagnostic
dilemma. Over time, benign calcifications caused by surgical changes
tend to coarsen and become more dystrophic. As calcifications begin
to form, they may appear amorphous and coarse heterogeneous within
the BI-RADS 4b intermediate suspicion category (17). Moreover,
calcifications with a high likelihood of benignity (<2% risk of
malignancy) may be classified as probably benign and followed as a
precautionary measure. Any calcifications that remain suspicious
after thorough mammographic work-up and/or follow-up should
be subjected to stereotactic biopsy for histopathologic diagnosis
(Figure 10).

Figure 10. Developing malignant calcifications after reduction
mammoplasty. This 66-year-old patient developed grouped,
amorphous calcifications (circles) in the 3 o'clock position of the right
breast 11 years after reduction mammoplasty, demonstrated on
spot magnification diagnostic mammogram

Conclusion

All common breast imaging modalities reliably predict the imaging
features of reduction mammoplasty. To avoid confusion with
developing malignancy, radiologists interpreting these studies should
be able to recognize the described patterns of distortion, scarring, and
calcification. When there are indeterminate lesions, a biopsy or close
short-term follow-up should be performed.
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ABSTRACT
Radiopharmaceutical therapy (RPT) is an effective and safe treatment for many types of cancer. RPT acts by binding radioactive atoms to tumor-associated
antigens, monoclonal antibodies, nanoparticles, peptides, and small molecules. These treatments ensure that a concentrated dose is delivered to the targeted
tumor tissue while preserving the normal tissues surrounding the tumor. Given these features, RPT is superior to traditional methods. This review article
aimed to performa comprehensive review and evaluation of the potential of radionuclides and radiopharmaceuticals used in breast cancer treatment in
preclinical studies conducted in the last five years.
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Key Points
e Radiopharmaceutical therapy is a safe and effective method for cancer treatment.
e Radiopharmaceutical therapies have minimal toxicity compared to other cancer treatments, making the option successful and useful.
e The design of radiopharmaceuticals requires various pharmacokinetic and biofunctional procedures, and the selection of the appropriate method
increases specificity and provides a successful treatment method.
e For the in vitro and in vivo experiments to be performed comprehensively, conditions in the limited competition environment must be provided
equally in terms of cost and quality.
e According to breast cancer types, increasing specific radiopharmaceutical designs in breast cancer treatment has increased the probability of success.
Introduction

The World Health Organization (WHO) reported that 18.1 million people were diagnosed with cancer in 2018 and 9.6 million people died in
the same year. With the increase in diagnostic modalities, more people are being diagnosed with cancer, and the ensuing public health problem
has led to the investigation of more treatment options in this field. Worldwide, the most common types of cancer in men are lung, prostate,
stomach, and liver cancers, where as the most common types in women are breast, lung, cervical, and colon cancers. In a 2018 WHO report, it
was stated that 2.09 million women were diagnosed with breast cancer that year. Attention is drawn to the importance of new treatment options
considering this rate and the fact that breast cancer is the most common type of cancer in women (1, 2). The application of radioisotope and
radiopharmaceutical therapies in many cancer treatments [thyroid (3), gastrointestinal system (4), prostate (5), gastroenteropancreatic, lung
(6), non-Hodgkin’s lymphoma (7), cancers such as prostate bone metastases (8), breast bone metastases (9)] and positive results obtained have
directed researchers to preclinical studies about the applicability of these treatment methods to breast cancer.

These treatments aim to target cancerous cells directly and protect healthy tissues. Radionuclide therapy (RT) involves sending radioactive
elements with different emission properties into cancerous tissue. RT has the advantage of delivering a highly concentrated dose to the targeted
tumor tissue while protecting the normal tissues surrounding the tumor. The fact that these treatment practices are minimally invasive, and the
duration of treatment is shorter than that of chemotherapy has made them one of the most preferred cancer treatment methods recently (10).
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Radiopharmaceutical therapy (RPT) is carried out by sending
radionuclides conjugated to tumor-targeted pharmaceuticals or
bioactive molecules (nanoparticles, antibodies, peptides, small
molecules, and various structures of each) that predominantly
accumulate in neoplastic cells within tumors into the tumor tissue
(11). Recently, RT has attracted attention as a safe and effective

method for cancer treatment, and research continues (12).

In this review article, the effectiveness of preclinical studies conducted
in the last five years with radionuclides and radiopharmaceuticals in
breast cancer will be discussed.

Therapeutic radionuclides used as radiopharmaceuticals
History of radiopharmaceuticals

To understand RPT, we first need to talk about radioactive atoms
and their history. In 1930, Rutherford mentioned three important
discoveries in the publications of Chadwick and Ellis named
“Radiation from radioactive materials”. These were the discovery of
X-rays by Roentgen in 1895, the discovery of the radioactivity of
uranium by Becquerel in 1896, and the discovery of the electron in
1897 by J.J.Thomson. Briefly, the discovery of atomic physics went
through the following stages (13). Radiography was not discovered
until 1895, when Wilhelm Conrad Roentgen was exposed totoX-rays
by chance while working in the laboratory with a cathode ray (X-ray)
tube. Shortly after the discovery of X-rays, French scientist Henri
Becquerel found that uranium mineral fluoresces when exposed to
sunlight, and in 1903 Marie and Pierre Curie shared the Nobel Prize in
Physics with this discovery. Subsequently, Henri Becquerel and Marie
Curie worked together to discover radioactive elements other than
uranium, including radium and polonium. Curie believed that radium
could be used to relieve pain (14).

According to the history of radiation in medicine, in 1901, Becquerel
noticed burning caused by radium he carried in his pocket, which
made him realize diseases were caused by radioactive materials. Henri
Alexander Danlos and Eugene Block placed radium in contact with a
skin lesion and initiated the first use of RT. Alexander Graham Bell
suggested placing radium sources in and near tumors in 1903 and
published Frederick Proesher’s first study with intravenous injection
of radium in 1913 (10). Radium beams were used in certain diseases,
including systemic lupus, cancer, and nerve diseases (14). The use of
radiation for therapeutic purposes dates back this far.

In recent years, although radiopharmaceuticals containing particle-
emitting radionuclides such as *Y-ibritumomab tiuxetan (Zevalin),
strontium-89 chloride (Metatron), and iobenguane (*'I-Azedra)
were once preferred in therapeutic radiopharmaceutical research,
radionuclides that emit alpha particles have now become the focus
of attention. In 1997, the US Food and Drug Administration (FDA)
approved the ?"Bi radionuclide for use in clinical trials. The first
radiopharmaceutical approved by the US-FDA in 2013 was **RaCl,
(15).

Physical and biological efficacy of therapeutic radionuclides

To understand RPT, it is first necessary to understand what type
of ionizing radiation is emitted by the radioisotopes used in these
compounds. There are three different types of ionizing radiation:
photons, electrons, and alpha particles. Photons are made up of X-rays
and y-rays, and X-rays have lower energy than y-rays. Photon emissions
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are useful for monitoring responses to therapy after treatment but are
not suitable for localizing cytotoxic radiation in tumor cells (16).
Therefore, the preferred ionizing radiation types for the treatment of
tumor tissue are electrons and alpha particles. Alpha particles have a
high linear energy and a short range; beta particles have a low linear
energy and a long range (17).

For RPT to be effective, the distance these particles reach, the amount
of energy they accumulate in cells, and direct interaction with DNA
are of great importance. Beta particles form free radicals by breaking
the covalent bonds of water molecules in tissues, and these radicals
cause DNA damage by causing double-strand breakage. When these
two particles are compared to each other based on double-stranded
DNA breakage, cell death requires one alpha particle or hundreds of
beta particles. The high linear energy and short range of alpha particles
in the tissue ensure that toxicity around the tumor tissue is low, and the
cancer cells sustain a high level of damage. Therefore, it is considered
that the cytotoxicity of alpha particles is much higher than thatof beta
particles (8). Radiopharmaceuticals have been used in diagnostics
and therapeutics for more than half a century. Compared with other
cancer treatment options, RPT has minimal toxicity. The features of
an ideal RPT include aspects such as good radionuclide radiation type
(alpha, beta, and auger electron) selection, radiation energy higher
than 1MeV, effective half-life in hours or days, high target tissue ratio/
non-target tissue ratio, low cost, and ease of procurement, and ease of
preparation in the laboratory (18).The remarkable potential of RPT
against primary and long-distance metastases has led to its acceptance
as an appropriate treatment method because it is effective, safe, and
economical (16).

Selection of radionuclides for therapeutic purposes

In nuclear medicine, 95% of radiopharmaceuticals are used for
diagnosis and 5% for treatment. Radionuclides are divided into two
types: diagnostic and treatment radionuclides. The most common
and ideal radionuclide used for diagnosis is ***Tc. The reason for
the preference of this radionuclide in diagnosis is that it emits pure
gamma radiation with an energy between 100 and 250 keV; is easily
available and affordable; has ane ffective half-life; has a high target/
non-target ratio; and is sterile, pyrogenic, isotonic, and isohydric.
Imaging radionuclides used other than *™Tcincludefluorine-18 (**F),
carbon-11 ("'C), nitrogen-13 (*N), oxygen-15 (O), and gallium-68
(®Ga). For nearly 50 years, '*'T was used for the treatment of thyroid
cancer (19). Apart from this, some beta radionuclides used for
therapeutic purposesinclude’*3Sm, 7"Lu, Y-90, and *'I, along with the
alpha radionuclides ?''As, 2'*Bi, *'°Pb, *"*Bi, **Ac, **Ra, and **’Th.
The physical properties of some therapeutic radionuclides are given in

Table 1 (16, 17, 20).

When choosing a therapeutic radionuclide, attention should be
paid to its physical and biochemical properties. Physical properties
include physical half-life, types of emission, the energy of radiation(s),
by-product(s), method of production, and radionuclide purity.
Biochemical properties include tissue targeting, retention of
radioactivity in the tumor, iz vivo stability, and toxicity (21). When
choosing the treatment radionuclide, attention should be paid to its
effective half-life. The effective half-life is calculated from the biological
and physical half-life in the body or organs. The effective half-life
(T) is calculated by T = Tp.Tb/ (Tp+ T,). The physical half-life (Tp)
is included in the literature for each radionuclide, but the biological
half-life (T,) requires the biodistribution of the radiopharmaceutical
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Table 1. Therapeutic Radionuclides (16,17, 20)

Radionuclides Mode of decay
S0y B
131 B

1Ly B
1535m B
185Re B, EC
185Re B
25Ac a
213Bj o, B
212Bj a, B
MAL a, EC
212ph a, B
23Ra o
22%Ra a
27Th el

Physical half-life (t, ) E_ . (MeV)

64.10 hours 2.3

8.02 days 0.6

6.73 days 0.5
46.50 hours 0.8

3.72 days 1.1
17.00 hours 2.1
10.00 days 5.8
45.61 mins 5.9
60.55 mins 6.1
7.21 hours 5.9
10.64 hours 0.6
11.44 days 5.8

3.63 days 5.7
18.68 days 6.0

o: Alpha, B Beta, EC: Electron capture, Y: Yttrium, I: lodine, Lu: Lutetium, Sm: Samarium, Re: Rhenium, Ac: Actinium, Bi: Bismuth, At: Astatine, Pb: Lead, Ra:

Radium, Th: Thorium

in the organs. The biodistribution of the radiopharmaceutical
includes its transmission to organs, its uptake, metabolism, clearance,
and excretion. The appropriate physical half-life for therapeutic
radionuclides is between six hours and seven days. If we choose a
radionuclide with a very short physical half-life, it will not be efficient
and practical. If we choose a radionuclide with a long half-life, the
exposure of the patient and the people around them will increase, since
the dose absorbed in the patients body is large. Having a very long
physical half-life means that patients stay in the hospital for a long
time, and the duration of isolation increases. This increases the cost of
treatment. Information about the biological half-life depends on the
pharmaceutical used. If the pharmaceutical remains in the patient’s
body too long, the physical half-life of the radionuclide should not
be too long. Therefore, for effective radiopharmaceutical treatment, a
radionuclide with a balanced biological and physical half-life should
be selected (8, 10, 22).

Therapeutic radiopharmaceuticals used in breast
cancer

Types of breast cancer

Breast cancer is the most common type of cancer among women in
the world and is a heterogeneous disease with different molecular
subtypes. It is considered to be a mixture of four diseases: hormone
receptor (HR)-positive and human epidermal growth factor 2
(HER2)-negative cancer; HR-positive and HER2-positive cancer;
HR-negative and HER2-positive cancer and triple-negative cancer
(23). In HR (+) tumors, cancer cells carry the receptors for hormones
such as estrogen and progesterone. These hormones trigger the growth
of HR (+) tumors. In HER2 (+) tumors, cancer cells overproduce a
protein responsible for cell growth and proliferation called HER2/neu.
Knowing these subtypes of breast cancer forms the basis of diagnosis
and treatment (24). Estrogen receptors (ERs) are overexpressed in

cancer cells and are highly effective in therapies targeting ER-positive
(ER+) breast cancers. ER + breast cancer is the most common subtype
of breast cancer (25). Therapeutic approaches designed according to
these subtypes in breast cancer treatment have increased interest in
the potential for the use of radionuclide and radiopharmaceuticals in
breast cancer treatment. These studies are included in this compilation.

Therapeutic radiopharmaceuticals for breast cancer

The exploration of breast cancer treatment beganin the 19 century.
Radiation therapy was applied in addition to surgical intervention in
1937 to protect the breast. The FDA approved the drug tamoxifen
in 1978 for use in breast cancer treatment. In 1996, the FDA
approved anastrozole as a breast cancer treatment that inhibits
estrogen production. Another drug approved by the FDA in 1998 was
trastuzumab, which targets HER2, which is overproduced by cancer
cells. In 2006, raloxifene, which showed lowertoxicity than tamoxifen,
was found to reduce the risk of breast cancer (26, 27). Targeted RT
has been developed, and research continues to design new targeted
radiopharmaceuticals using various FDA approved drugs.

New studies have gained momentum with the discovery of RT in
addition to the known traditional methods used for breast cancer
treatment. These new studies are based on radiopharmaceuticals
formed by chelating a radioactive element (radionuclide) to a
conjugate that targets tumor tissue (11). To give an example of
one of these radiopharmaceuticals, in a preclinical breast cancer
treatment study conducted by Luo et al. (28) in 2009, the breast
cancer treatment drug trastuzumab (Herceptin) was conjugated with
SOCTA and labeled with the radionuclide **Re. '®Re-SOCTA-
trastuzumab was administered intravenously to xenograft mice
bearing BT-474 breast cancer overexpressing HER-2/neu.. They
suggested that '**Re-SOCTA-trastuzumab was a potential candidate
for radioimmunotherapy (28). To date, preclinical studies conducted



in the last five years on radiopharmaceuticals used in breast cancer
treatment are listed below.

Various nanoparticles (organic nanoparticles such as polymeric
matrices and liposomes, as well as inorganic nanoparticles such as gold,
metal oxides, and insoluble metal salts) are used as radioisotope carriers
in RPT. Yook et al. (29) designed a new radiopharmaceutical for the
treatment of triple-negative breast cancer (TNBC), in which epidermal
growth factor receptors (EGFR) are overexpressed. Gold nanoparticles
(AuNP; 30 nm) were complexed with 1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetraacetic acid (DOTA) conjugate to form a complex with
emitter '”’Lu with polyethylene glycol (PEG) chains (4 kDa). After
this modification, they bound panitumumab (selectively binds to
the epidermal growth factor receptor). EGFR-targeted AuNP ("’Lu-
T-AuNP) and non-targeted '"Lu-NT-AuNP were subcutaneously
injected into CD-1 athymic mice bearing EGFR-positive MDA-
MB-468 human breast cancer tumors and imaging studies were
conducted. It was concluded that 7’Lu-T-AuNP is a potential and
promising application for TNBC therapy (29, 30).

Radioimmunotherapy represents the use of isotopes conjugated
to monoclonal antibodies (mAb) in therapy (31). Trastuzumab
(Herceptin) is a monoclonal antibody that binds to HER2
receptors overexpressed on cancer cells and is covalently bound with
3-phosphonopropionic acid (CEPA) nanoparticles. This conjugate
alpha emitter is marked with **Ac. Superparamagnetic iron oxide-
based nanoparticles (cipions) were used as the targeting conjugate
(*Ac’Fe,0,). *Ac’Fe,0O,-CEPA-trastuzumab radio bioconjugate was
shown to have high receptor affinity in in vivo studies and exhibit
properties suitable for breast cancer treatment (32).

Morgenroth et al. (33) in their study evaluated the potential of the
prostate-specific membrane antigen PSMA to target small molecules
for radioligand therapy of TNBC. For /n vivo experiments, nude mice
were xenografted with MDA-MB231 estrogen receptor-expressing
TNBC cells or MCF-7 breast cancer cells. In their therapeutic study
with ’Lu-PSMA-617, they demonstrated the potential of PSMA as a
unique and specific targeting agent for TNBC.

Hernandez et al. (34) conducted a promising study by labeling tumor-
targeting alkyl phosphocholine (NM600) with '7’Lu radionuclide for
targeted RT of TNBC. ""Lu-NMG600 was administered toBALB/C
mice carrying 4707 and 4T1 mammary tumor grafts. This study
suggested that the radiopharmaceutical 7Lu-NMG600 is an appropriate
therapy for targeted RT, and it was reported to show a favorable
biodistribution (34).

Hagemann et al. (35) evaluated mesothelin (MSLN)-targeted **Th
labeled conjugate (BAY2287411), which is an overexpressed membrane
glycoprotein in breast cancer, in breast xenograft models produced
from the patient. It was shown that this synthesized conjugate had in
vivo and in vitro potential, and a dose-dependent regression in tumor
growth was observed in treatment due to the increase in MSLN in
breast cancer cells (35).

In their study, Yin et al. (25) created MCE-7 cell xenografts of
31-fulvestrant in nude mice by radioiodine labeling fulvestrant (an
endocrine treatment drug for breast cancer) and monitored tumor
growth and critical organ function. The "'I-fulvestrant conjugate
was determined to maintain its binding affinity to ER-positive (ER+)
MCEF-7 cells and exert a tumor suppressor effect on these cells. As
a result, they noted that radioiodine labeling of fulvestrant was
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successful and could therefore be used to develop new drugs for breast
cancer (25).

Thorek et al. (36) applied androgen receptor pathway activation to
targeted alpha particle immunotherapy in breast cancer. To specifically
treat breast cancer xenografts expressing androgen receptors, the anti-
hK2 (hullB6 antibody) alpha particle emitting *Ac radionuclide
was labeled. Very promising results were obtained in aggressive
androgen receptor-positive breast cancer cell lines with a ??Ac-hul1B6
radiopharmaceutical (36).

Gastrin-secreting peptide receptor (GRPr) is overexpressed in more
than 75% of breast cancer cells. Gibbens-Bandala et al. (37) targeted
7Lu-Bombesin (*7Lu-BN) to GRPr and labeled it with paclitaxel
(PTX), one of the main drugs in cancer therapy. In this scudy, MDA-
MB-231 breast cancer cells (GRPr-positive) were used. /n vitro and
in vivo studies of "Lu-BN-PLGA (PTX) showed high tumor uptake
in MDA-MB-231 lesions. This makes it possible to monitor the
progression of the disease with this conjugate.

Kasten et al. (38) investigated the potential of the ?'?Pb-labeled
antibody 225.28, which targets chondroitin sulfate proteoglycan 4
(CSPG4),in the treatment of TNBC in mouse models. 2'?Pb-225.28
bound to CSPG4 with high affinity in TNBC cells and specifically
inhibited its growth. These results support future therapeutic studies
using 2'?Pb-225.28 or other CSPG4-targeted radioimmunoconjugates,
alone or in combinatorial approaches, against the TNBC model (38).

Costa et al. (39) investigated the effect of *’Ra for the treatment of
bone metastases in breast cancer patients. In light of this study, it
was found that **Ra treatment can be used for the treatment of bone
metastases in breast cancer patients. In a study conducted by Juzeniene
et al. (40), the effects of alpha-emitting ***Ra radionuclide treatment
on osteolytic bone metastasis of MDA-MB-231 (SA)-GFP human
breast cancer cells injected intracardially into mice were investigated.
Treatment with *Ra solution was found to reduce the number of bone
metastases. In light of these results, ?‘Ra solution was proposed as a
promising candidate for the treatment of breast cancer patients (40).

AuNP (30 nm) were labeled with "’Lu radionuclide by binding
to trastuzumab,PEG, or DOTA."7’Lu-AuNP-trastuzumab binds
specifically to HER2-positive breast cells and enables effective
radiopharmaceutical therapy (41). Cai et al. (42) linked 30 nm AuNP
to trastuzumab with trastuzumab targeting HER2-positive breast
cancer cells and '"'In labeled with diethylenetriaminepentaacetic acid.
The '"'In-AuNP-trastuzumab radiopharmaceutical was shown to
inhibit tumor growth without normal tissue toxicity for treatment in
CD1 athymic mice (42).

Conclusion

Recent studies about the therapeutic efficacy of radiopharmaceuticals
prepared using alpha and beta-emitting radionuclides for the treatment
of breast cancer have shown significant potential. In the treatment of
advanced breast cancer, radiolabeling the beta particle emitter "Lu
radionuclide with nanoparticles and radioimmunotherapy with low-
molecular-weight protein ligands of the alpha emitters *’Ac or **Bi
appear promising due to the favorable pharmacokinetic properties of these
radiopharmaceuticals. Radioiodine labeling of fulvestrant found that it
can be used for breast cancer treatment. Other radioimmunoconjugates
targeted to *'?Pb-225.28 or CSPG4 support therapy against the TNBC
model. Local radiation therapy for HER2-positive breast cancer based
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on AuNP modified with trastuzumab and labeled with an auger electron
emitter '"In was developed and was shown to arrest tumor growth
without normal tissue toxicity. Enhancement of the radiopharmaceutical
77Lu-BN-PLGA (PTX) proved it to be suitable as a targeted paclitaxel
delivery system with a concurrent radiotherapeutic effect for the
treatment of GRPr-positive breast cancer. Additionally, *’Ra and **Ra
radionuclides were shown to have potential utility in the treatment of
bone metastases in breast cancer patients.

In light of preclinical studies, radionuclides and radiopharmaceuticals
used for breast cancer treatment represent an area of huge potential.
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ABSTRACT

The use of oncoplastic breast surgery is an essential cornerstone for breast cancer management. The main aim of breast cancer surgery is to obtain an
adequate oncological safety margin. Still, the cosmetic outcome also seems important for social and psychological wellbeing and quality of life. After breast-
conserving surgery, the remaining breast may be reconstructed with volume displacement or volume replacement techniques. A better cosmetic outcome
can be achieved by selecting appropriate surgical techniques according to tumor location. In this review, we show each technique step-by-step based on the
tumor’s location for each quadrant. The most important thing is to select the technique first for oncological safety and then for better cosmesis.
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Key Points
*  Oncoplastic breast surgery aims to perform breast cancer treatment without deviating from the oncological principles
e The oncoplastic surgical methods selected vary by the location of the tumor.

e Level II oncoplastic breast surgery may be performed for the necessity of 20%-50% of breast tissue excision during the partial mastectomy in
moderate- to large-sized breasts with moderate to severe ptosis.

e Techniques of Oncoplastic Breast-Conserving Surgery for the Upper or Central Breast Tumors are Crescent mastopexy, batwing or hemi batwing
mastopexy, donot mastopexy, Grisotti or Racket mastopexy.

. Techniques of Oncoplastic Breast-Conserving Surgery for the Lower Quadrant Breast Tumors are triangular resection, inframammarian resection, J, V
or S mastopexy and reduction mammoplasty.

e Inliterature, there is no difference in surgical complications when compared OPS and breast-conserving surgery.

Introduction

Following oncoplastic breast-conserving surgery, the postoperative success rate is mainly related to appropriate patient selection, proper planning,
a systematic examination, and preoperative drawing. Patients must be informed about the operative processes, postoperative outcomes, and
possible complications.

The basics of oncoplastic surgery (OPS) stand on “primum nil nocere,” which is also essential to general medicine. At every step, the patient’s
demands must be considered and noted in her file. Also, the following questions must be answered.
* Is the patient appropriate for breast-conserving surgery?

* Does the patient have diabetes mellitus or any other comorbidity that would delay wound healing?
e Is there any addictive habit, including smoking, alcohol consumption, or other?

* Does the patient have any previous wound healing problems, such as keloid formation?

e Is there any previous breast surgery history or scar in the operation field?

e Is there any neoadjuvant chemotherapy history or malnutrition signs and symptoms? (1-3).
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Oncoplastic breast surgery aims to perform breast cancer treatment
without deviating from the oncological principles and making the
patient feel better by providing a better appearance. The indication of
treatment is identified by the following:

* patients request,

e tumor characteristics,
* size and shape of the ipsilateral and contralateral breast,
* experience of the surgeon (4).

Understanding the patient’s perspectives and sharing decision-making
with her is critical.

First, surgeons must foster a comfortable setting. They should
introduce themselves and their teams which helps them while
providing the details on their skills. Surgeons must explain why they
need to learn not only conditions related to the patient’s disease but
other personal issues. Also, surgeons need to take some measurements
of her breast and take images of her breast and body naked. In
addition, the surgeon has to provide her a chance to ask questions
about the operative techniques, unexpected results, and complications.
Surgeons should discuss with the patient a warranty for taking care of
her, paying extreme attention to her individual preferences, allowing
her to think about what to do and what she prefers before proceeding.

Next, surgeons need to determine what she knows about breast cancer
and then offer options according to OPS standards.

During this step, if needed, surgeons can recommend neoadjuvant
treatment. They must pay attention to making scars as small as possible
with minimal asymmetry during one-stage breast reconstruction
preferred or delayed reconstruction if post-mastectomy radiotherapy
is required. So, surgeons will give the patient the chance to understand
their aim to maximize reshaping. Surgeons must assist the patient with
decision-making by providing the patient with a description of options
and then summarizing everything.

Table 1. Quadrant per quadrant techniques preferred

Location Small
Upper

» Outer quadrant  Round block

» Middle quadrant Round block Batwing

* Inner quadrant Round block

Lower

Round block, inferior pedicle
reduction

Round block, inferior pedicle
reduction Batwing

Round block, inferior pedicle
reduction

Cantirk et al. Oncoplastic Breast Surgery

In the last step, surgeons must analyze the patient’s values and
preferences. It is essential to remember that patients typically want
fewer scars, the shortest hospitalization, less foreign materials, the
lowest complication risk, a suitable and natural-looking appearance
when naked, and the fewest number of surgeries. Surgeons must
inform the patient that she can defer her decision, or if decided,
she can change her mind before the operation without hesitation.
This flexibility will build confidence and trust between the patient
and surgeon. On the other hand, there are still some challenges
about sharing decision-making. These are patient’s reticents about
deciding, difficulties understanding options, socioeconomic barriers,
and request against evidence (1, 4-6).

The oncoplastic surgical methods selected vary by the tumor’s
location. Although radial ellipse segmentectomy and circumareolar
segmental resection methods may be used for a tumor located in
any breast region, more appropriate surgeries may be preferred by
the tumor’s location (1). Technique selection based on location
is shown in Table 1. Surgeons should select the round block and
batwing techniques for superior-medial quadrant lesion; lateral
mastopexy for superior-lateral quadrant lesions, V. mammoplasty
for inferior medial and J-mammoplasty for inferolateral quadrant
lesions, round block and inferior pedunculated mastectomy for
lesions between the upper medial and lateral quadrant, and superior
pedunculated mastectomy between the inferior medial and lateral
quadrant lesions. Oncoplastic techniques, proposed by the French
surgeon Krishna Clough, can include level I and level II OPS. Level
I oncoplastic breast surgery is defined as the excision of less than 20%
of the breast volume during breast-conserving surgery in small- to
moderate-sized breasts with minimal prosis (7).

In contrast, Level II oncoplastic breast surgery is defined as the
necessary excision of 20% to 50% of the breast tissue during partial
mastectomy in moderate- to large-sized breasts with moderate-to-
severe ptosis. If the breasts’ maximum excision volume is less than 20%

Size of breast

Medium Large

Round block, inferior pedicle
reduction

Round block, inferior pedicle
reduction

Round block, inferior pedicle
reduction

 Outer quadrant

* Middle quadrant

* Inner quadrant

Central

Grisotti

Superior pedicle reduction, Grisotti

Grisotti, triangular resection,
inframammarian resection

Batwing, central, quadranectomy

Superior pedicle reduction, Grisotti,
J mammoplasty

Superior pedicle reduction, Grisotti,
triangular resection

Superior pedicle reduction, Grisotti,
V mammoplasty

Grisotti, Batwing, inferior pedicle
reduction

Superior pedicle reduction, inferior
pedicle reduction

Superior pedicle reduction, Grisotti,
triangular resection

Superior pedicle reduction, inferior
pedicle reduction, inframammarian
resection

Inferior pedicle reduction, inverted
T resection, Grisotti
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and skin excision for reshaping and mammoplasty is not a necessity,
it is called Level I. In contrast, Level IT oncoplastic breast surgery
excises more than 20% of breast tissue with skin and mammoplasty
for moderate- to large-sized breasts with moderate-to-severe ptosis for
breast cancer treatment (4, 8).

Level I OPS

One of the crucial points for Level I OPS techniques is having

a sufficient amount of subcutancous undermining. For
undermining, the mastectomy plane must be followed and
extended from one-fourth to two-thirds of the breast’s surface area.
It helps to both resect and redistribute the glandular tissue after
the tumor excision. The recommended approach is to perform a
full-thickness excision from the subcutaneous fat to the pectoralis
fascia to ensure free anterior and posterior margins. The excision
is made in a fusiform pattern for a better orientation toward
the nipple-areolar complex (NAC) and easy re-approximation.
Extensive tissue resection leads to NAC deviation. For both levels
I and IT OPS, a complete transection of the terminal ducts and
separation of the NAC from the underlying tissue with 0.5-1 cm
width to ensure vascularization. The tissue must be mobilized
from the remaining breast’s lateral positions or recruited from the

breast’s central portion (Figure 1) (9-12).

Level II OPS

Oncoplastic Breast-Conserving Surgery for Upper or
Central Breast Tumors

Crescent Mastopexy Resection

Location and indication

It is suitable for a superior central tumor that does not involve the
nipple or areola. The ideal lesion for this method is a lesion located
between the periareolar ten to one o'clock position. Using this
procedure in more medial or lateral lesions is not recommended

because it may change the NAC’s position.

Technique

An incision parallel to the areola is made to resect the skin and
glandular tissue surrounding the mass with wide macroscopic
margins on the breast. The incision is resected up to the pectoralis
muscle in the presence of a small breast and large lesion. However,
the procedure may be performed with a more superficial incision
on a large breast because the two margins approximation is more
straightforward. The wound closure may be accomplished by
approximating the superior and inferior dermoglandular edges in the
retro-areolar fatty region to enable closure of the glandular tissue and

skin (Figure 2) (13).

Figure 2. Crescent Mastopexy (Drew by Turgay Simsek)




Batwing Resection

Location and indication

Batwing resection is used for wider excisions of the upper central
regions within a few centimeters of the nipple but does not involve the
nipple. Unlike crescent mastopexy, breast surgeons usually prefer to
use this technique or hemibatwing resection when the areola is smaller
and the tumor is more extensive.

Technique

Arches and wings parallel to the areola are drawn to provide triangular
sections on both edges in addition to two rings as in the crescent
incision, and then the incision is performed. Next, a full-thickness
fibroglandular resection is extended to the chest wall to include the
mass. It is essential to avoid performing a suture on the chest wall.
However, bilateral closure of the released deep tissues is performed
using absorbable sutures. The superficial tissues are closed as in the
lumpectomy. The main problem with this technique is the unilateral
nipple elevation and asymmetry. The correction procedures may
be performed on the non-cancer breast to avoid this problem

(Figures 3, 4) (13, 14).

Hemibatwing Resection

Location and indication

This method’s optimal condition is the wide excision of superior outer
periareolar lesions similar to 9-10 (on the right) or 2-3 (on the left)

Cantirk et al. Oncoplastic Breast Surgery

o'clock. This method is not the preferred method for medial lesions
because of possible visible scars.

Technique

A triangular excision is performed only on a single side. This is the
difference between the hemibatwing resection and the batwing
resection (Figure 5) (13).

Donut Mastopexy Resection (Round Block Technique)

Location and indication

Surgeons prefer this technique to treat tumors located in the upper
and lateral quadrants. It is a beneficial technique for long and narrow
segment resections of the breast. Its disadvantage is that the areolar
complex and the nipple-areolar region will be denerved when the full-
thickness skin excision is performed.

Technique

A second circular incision is performed in the areola’s surrounding
area and opening, and the ring-shaped skin in between is excised in
full or partial thickness. Thus, access to approximately every section
of the breast is enabled by subcutaneous releasing. The breast portions
are closed using a 2-0 absorbable suture after the required resection is
completed. Subcutaneous purse-string continuous sutures are used on
the outer skin incision and are narrowed, and a new areolar margin
is generated by suturing the two-incision sections (Figure 6) (15-17).

Figure 4a-g. Batwing procedure a-b) drawing c-f) excision, de-ephitelization and preparation new nipple localization g) closing of incision
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B-Flap Resection (Grisotti Mastopexy Technique)

Location and indication

This method is ideal for reconstructing the central breast when NAC
resection is required because of the tumor’s proximity in women with

sufficient breast volume and moderate breast ptosis.

Technique
The NAC is resected until reaching the pectoral fascia. The breast

tissue and the skin section in the shape of the areolar region from
the lower quadrant are repositioned to the areola (new areola) as the
inferior pedicle in this method, referred to as the B-flap resection. Also,
the nipple formation and areola tattoo may be performed later (Figures

7, 8) (18-21).

Central Quadrantectomy

Location and indication

Apart from other techniques for centrally located lesions explained
above, this technique is preferred for centrally located lesions in
patients with widely ranging breast sizes.

Technique

The circumareolar incision includes 50% of the areola in this method
and may be used mainly in women with larger breasts. The nipple-areola
is preserved relatively thick for adequate vascular supply and nutrition
in this method. The entire region behind it, which might have been
marked using localizing wires, is resected in a cylinder shape from the
subareolar plane to the pectoral muscle. Dissection of the subareolar
plane can be extended in all directions to separate the areolar skin from
the central gland. The tissue and skin layers are then closed by the tissues’
approximation using 23 layers of several purse-string sutures (18, 19).

Racquet Mammoplasty

Location and indication

Breast-conserving surgery can easily excise large tumors in the upper
outer quadrant without any deformity. More than a 20% excision of
the breast may cause a deformity in small- or medium-sized breasts.

Technique

First, the NAC’s circular line, another circular line situated 1-2 cm

away from the NAC line, and a wedge-shaped line extending from

Figure 5. Hami- Batwing mammoplasty (Drew by Turgay Simsek)

Figure 6. Donut mastopexy (Drew by Turgay Simsek)




the areola to the axilla, are drawn and then incised. The next step is
excision of the tumor, surrounding glandular tissue, and the pectoralis
fascia with a wedge-shaped incision and de-epithelization between
two circular lines around the NAC. Undermining the skin flap from
the glandular tissue is the initial procedure. After that, the medial
and lateral glandular tissue is mobilized from the pectoralis muscle.
Following these procedures, four to six marking clips should be placed
at the cavity’s base. Both epithelial tissues are reapproximated with
interrupted absorbable sutures to close the hole. If needed, the central
gland could be undermined by the NAC. The subcutaneous tissue and
the skin over the cavity are closed with absorbable sutures (Figure 9)
(22, 23).

Oncoplastic Breast-Conserving Surgery for Lower
Quadrant Breast Tumors

Triangular Resection

Location and indication

Cosmetic problems, such as a “bird beak” deformity, may develop after
the tumors’ excision is located in the breast’s lower quadrants. However,
the breast’s lower pole may be reformed with the surrounding tissues’
dislocating to the lumpectomy cavity. Relatively larger lesions located
in that region may also be resected with this technique in which the
total thickness wedge-shaped skin specimen and glandular tissue are
resected.

Cantirk et al. Oncoplastic Breast Surgery

Technique

* A triangular or wedge incision is made on the skin of the lesion in
the breast.

o The base of the triangle corresponds to the inframammary fold, and
the apex points upward; however, it should not exceed the inferior
areolar margin.

* The underlying glandular tissue is resected toward the chest wall

after the skin is passed through.

o The dissection plane during the resection is widened. It is completed
on the surface of the serratus anterior muscle or through the incision
of the rectus fascia toward the inframammary fold.

o The rectus fascia and serratus anterior may be resected to ensure a
negative deep surgical border posterior to the specimen if required.

o Surgeons must generate a perpendicular glandular dissection plane
compared with the skin to allow for the surgical margin. Surgeons
must pay attention to avoid the specimen’s excessive traction during
dissection, resulting in the unintended dissection of tissue below the
nipple and normal glandular tissue.

e The surrounding lower outer and lower inner quadrant glandular
tissues are approximated in full-thickness on wound closure.

o This is accomplished by extending the inframammary fold incision
toward the breast’s medial and lateral edges.

Figure 8a-h. Girisotti Flap preparation and operation processes a) drawing b-f) excision, de-ephitelization and preparation new nipple
localization g-h) closing of incision
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o The generated dermoglandular flaps are approximated layer-by-layer
using 2-0 or 3-0 absorbable sutures.

o The length discrepancy between the breast and inframammary fold
edges may be overcome using a skin stapler with the redistribution of
the short edge along the long edge.

o The incision to be performed on the inframammary fold may be
extended laterally and medially to enable more mobilization to the
dermoglandular flap and avoid excessive tension on the breast skin’s

edges.

e The inframammary fold is closed using multiple layers by
approximating the breast’s fibrous and glandular tissues with the
inframammary fold fibrous tissue.

e Then, the skin closure is completed using a smaller suture material

(Figure 10) (4, 13).

Inframammary Resection

Location and indication

This technique is a suitable incision to resection tumors located in
the lower and posterior breast regions. The resection is performed
from an incision applied to the inframammary fold hidden below
the breast. The inframammary approach is not recommended for
removing the superficially located breast cancers to decrease the
positive surgical border risk because the skin corresponding to
the lesion is preserved. The surgeon must have the opportunity
to perform marking using multiple wires or intraoperative
ultrasonography to ensure that the malignancy is resected with an
adequate surgical border while performing the resection using the

indirect or “back door” approach.

Technique

e The incision is performed on the inframammary fold in the

inframammary approach and maintains through the subcutaneous

and fibrous layers toward the thoracic wall.

Figure 10. Triangular resection (Drew by Turgay Simsek)



o The incision length depends partially on the lesion size, location, the
mobilization required to access the lesion and close the surgical cavity.

& The larger lesions located in the upper parts will require a longer
incision to access the breast’s upper sides.

& The smaller and more distally located lesions may be accessed using
a shorter incision on the medial, central, and lateral inframammary

folds.

& The incision is made on the breast’s posterior on the lesion perimetry
and is extended toward the anterior for a broader resection of the
tumor with possible superficial borders.

* The dissection is performed toward the retro-mammary fatty plane
at least 3 cm above the tumor. The bimanual examination identifies
the position, skin markings, wire markings, ultrasound, or the
combination of all methods.

o The anterior of the lesion is more easily cleaned with the wires placed
just above the lesion.

o The wire must be placed inside the gland when wire marking is used.

o The end of the wire must show the breast’s posterior surface in the
surgical cavity.

* The muscle fascia must also be resected with the surrounding tissues
for deeper lesions.

* The wound closure is initiated with the approximation of the
surgical borders to the cavity for decreasing or preventing skin
retraction. This step is performed relatively more easily on breasts
which are mobilized significantly wider from the chest wall. However,
if additional mobilization is required, the dissection of the retro-
mammary fatty plane or subcutaneous tissue plane may be performed
to accomplish cavity closure.

e Finally, wound closure is completed with the approximation of the
inframammary tissues using 2-0 or 3-0 absorbable sutures following
the layered closure with smaller absorbable sutures (Figure 11) (13).

J-Mammoplasty

Location and indications

When the tumor is located in the lower inner or outer breast
quadrants, the inverted T mammoplasty is not always appropriate.

Cantirk et al. Oncoplastic Breast Surgery

Filling of the excision cavity with glandular flap in these locations
is not comfortable with this technique. A tumor at the 4-5
oclock position for the left breast is optimally managed with
J-mammoplasty. A J-mammoplasty provides a chance to avoid
lateral breast retraction and NAC deviation due to classical breast-
conserving surgery. This technique is recommended for large, lower,
outer quadrant tumors and tumors with extensive ductal carcinoma

in situ and/or multifocality.

Technique

Two circular lines around NAC are prepared. The first line is located
at the border of NAC, and the other is situated 1-2 cm away from
it. The skin in between the two lines must be de-epithelized so that
the tumor with its surrounding glandular tissue is excised with the
skin, subcutaneous tissue, and pectoralis fascia. The incision patterns
should be J-shaped for the left breast and reverse J-shaped for the right
breast. After excision, the medial and lateral glandular tissue from the
pectoralis muscle without skin undermining is necessary for closing the
defect. It is necessary to monitor the tension during these procedures.
After placing four to six marking clips, the skin is reapproximated with
interrupted absorbable sutures. Rarely seen complications include
hematomas, infections, skin necrosis, and wound dehiscence (Figure

12) (24, 25).

V-Mammoplasty
Location and indications

Breast conservation in the lower inner quadrant is a challenge and
usually requires level IT OPS to prevent deformities and poor outcomes.
AV mammoplasty can be recommended as a solution for a lower inner
quadrant tumor instead of the Wise pattern reduction mammoplasty
or, else, a mastectomy. This technique is suitable for medium- or large-
sized breasts with a broad base.

Technique

Breast mobilization and extensive posterior undermining of the
lower gland can be performed through an inframammary incision.
The tumor and surrounding breast tissue are removed en bloc with
the overlying skin down to the pectoralis fascia. It is pyramidally
excised with the apex located at the areola and its base in the
inframammary fold’s medial portion. Surgical clips are placed to

Figure 11. Inframmarian resection (Drew by Turgay Simsek)
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mark the tumor as usual. The inframammary fold incision’s lateral
limit should be extended to at least 4 o'clock for the left breast.
For selected cases, it can be extended to 3 or 2 o'clock in the
lateral fold. So, you can mobilize more breast tissue medially and
prevent tension on the incision without doing any additional skin
undermining. Then, the NAC can be repositioned with the patient
placed in the sitting position for an accurate comparative evaluation
of the breast and the NAC symmetry. The NAC is recentralized
directly opposite the initial tumor position by de-epithelizing the
upper outer periareolar skin (26) (Figure 13).

S-Mammoplasty
Location and indications

This technique is recommended to young patients with plump breasts
with mild to moderate ptosis and hypertrophy and lesions located in
the lower quadrant. It is contraindicated for older patients with flaccid
skin, Breast Imaging-Reporting and Data System I glandular tissue
density, severe ptosis, large breasts, and tumors located in the NAC or
upper quadrant.

Technique

After obtaining written informed consent and performing preoperative
imaging, the midclavicular, midsternal, and inframammary lines are

marked and drawn in the standing and sitting positions.

e Mark the midsternal and then the midclavicular point and draw the

lines from top to bottom.

* Prepare a new site for the NAC at 18-22 c¢m on the breast meridian
from the midclavicular point and 9-11 cm away from the midsternal
line.

* Delineate the original NAC by marking A, B, C,and D at 12, 3, 9,
and 6 o’clock around it.

* Draw the upper part of the new NAC parallel to the original one
through points A1, B1, and C1.

* Mark, each of the new NAC points D1 and D2 with a7-8 cm distance
to point D, making the new NAC 4 cm above the inframammary fold
and 18-21 cm lateral to the sternal notch along the nipple line. Mark
point E on the inframammary line.

¢ The distance between A1-B1, A1-C1, and D2-E should be equal to
those of B1-D2, C1-D1, and D1-E, respectively.

* De-epithelize the area between A, B, C, and Al, B1, and Cl1.

e A tumor located under the old NAC can be resected with the
surrounding normal breast tissue. The wedge resection of the expected
volume of lower breast tissue is made, and removal of more than the
whole hemisphere is achieved.

* First, approximate the bilateral glandular tissues and suspend them
to the fifth rib periosteum transversely above the inframammary fold
with three large nonabsorbable sutures through the pectoralis muscle.

* Then, the new NAC can be approximated with a purse-string suture.
The excess skin flap is minimal and well-tailored (Figure 14).

Figure 13a-g. V mammoplasty a) drawing b) de-ephitelization, ¢, d) excision and e-g) closing of incision



A mild comprehensive dressing is recommended for about three days,
and a post-mammoplasty garment and gentle massage are warranted
for at least six months (27, 28).

Reduction Mammoplasty (RM)

Resection with reduction mammoplasty (RM) is a procedure that
combines performing reduction mammoplasty and wide local tumor
excision in a patient who requires breast reduction. RM resection, one
of the more complex oncoplastic breast preserving procedures, should
not be performed by surgeons who have inadequate plastic or OPS
training. The reason for mentioning this issue is to provide an overview
of the wide range of possibilities for surgeons who received or who will
receive their training in OPS. Resection with RM may be accomplished
by preserving or not preserving the nipple by the tumor region. When
the NAC is maintained, the new nipple location is completed with the
dislocation of the NAC to a more anterior and superior region.

The advantages of RM include:

1. Enabling the resection of larger masses with a wider local excision
compared with the standard lumpectomy,

2. Enabling breast reconstruction, hiding more comprehensive
segmental defects and providing aesthetic breast concavity. This
approach also enables the resection of lesions, particularly at 4-8
o'clock level, in addition to retro-areolar or supra-areolar lesions.

The main goal of reduction techniques is to preserve the NAC’s
vascular nutrition and the residual breast.

Cantirk et al. Oncoplastic Breast Surgery

1. The first technical issue in RM is incision planning. Although
the conventional approach is a “Wise pattern” incision, the vertical
reduction has become increasingly popular.

* “Wise pattern” is closed in the shape of the classic inverted T and
generates the inferior dermoglandular pedicle base.

* The central skin incision forms the shape of the inverted V after
the resection of the NAC. The apex reaches the NAC. Generally, the
apex of the V is formed in the intersection of the two lines, one of
which is the intersection line of inner and medial one-third of the
clavicle with the nipple, and the second transverse line drawn in the
level of inframammary fold suitable with the superior breast skin in
sitting position. The apex of V is at an 18-20 cm distance to the
suprasternal notch. The intersection point is the superior of the
areola. V’s legs from the superior areolar point extend from both sides
of the NAC with approximately 10 cm length with 3—5 cm plus 5 cm
or more length. The lines extend horizontally in the medial and lateral
directions from this point to reach both sides of the inframammary
fold. Skin marking is performed in a sitting or standing position.

* The mass preserves the NAC. As described above, the first marking
is performed with the reversed U on the apex, and the reversed U
incision is replaced instead of a V-shaped incision. After the wound
closure on the breast, the vertical lines extend to the inframammary fold
from the inferior areolar point. The horizontal lines form the superior
skin borders of the new inframammary fold. The modifications of
the standard inferior, medial, or lateral incisions were developed for
utilizing breast preserving surgery and included correcting the incision

suitable for the resection region.

Figure 14. S Mammoplasty from drawing to closing of incision (Drew by Turgay Simsek)
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2. After planning the incision on the skin, the breast tumor resection,
incision of the inframammary fold, the glandular parts on the
affected skin toward the chest wall, and the dissection plane to the
skin surface toward the right side are maintained. In cases where
preserving the nipple and areola are planned, surgeons must try
their best to provide the NAC’s vascularity by avoiding the NAC’s
ignorance of the parenchyma’s pedicle and preserving the residual
dermis at least through two-thirds of the areolar circle. Besides, the
region’s epithelization between the residual areolar border and new
superior skin border may increase the perfusion and enable the NAC’s
innervation. The surgeon may resect a larger portion medially or
laterally in the glandular resection to obtain sufficiently healthy tissues
in the neighboring region of the tumor in eccentrically located lesions
(3—4 clock, or 7-8 clock positions). The dermoglandular flap where
the residual breast tissue is used may be utilized to fill the defect after

the tumor’s complete removal.

3. The wound closure is initiated with the approximation with several
staples, mainly performed in the inferior, medial, and lateral incisions.

e The nipple may be placed in between with the placing of the de-
epithelized tissue below the incision if the drawn line on the apex of
the Wise pattern (U shaped) is symmetrical. A cookie-cutter is used to
generate a new superior incision after the reversed T incision is closed
to obtain a better NAC. The removal of the additional skin tissue is

accomplished with de-epithelization.

e A transverse or vertical closure may be used in accordance with the
skin reduction type after the removal of the NAC.

4. The layered closure of the parenchyma, dermis, and skin enables
forming the breast’s final shape (Figures 15, 16).

Skin and fat necrosis are the most frequently detected complications,
particularly in smokers and obese patients. Nipple-areola necrosis is
detected in approximately 3% of patients (4).

Inferior Pedicle Reduction

Location and indication

It is performed depending on one or more factors: the physical,
psychological, medical, and social factors. This technique is particularly
suitable for lesions located just above the nipple or lower inner or outer
quadrants. This technique may be used in patients with various breast
dimensions from smaller to larger breasts, including macromastia and
breasts with significant ptosis.

Technique

The inferior pedicle’s blood supply is enabled toward the axial region
by the external branch of the internal mammarian artery and the fifth
intercostal and lateral thoracic artery. The branches of the third, fourth,
and fifth intercostal regions that extend to the skin are preserved in
this technique and patients with macromastia. The pedicle consists of
breast tissue with the dermis or only breast tissue without the dermis.
The preservation of the dermis decreases the possibility of nipple
necrosis because it preserves the subdermal vascular plexus. However,
the de-epithelized dermis located in the pedicle is not necessarily
required for the pedicle’s or nipple’s viability. The pedicle attaches to

the muscle with an 8-10 cm thickness structure. Maintaining such

Figure 15. Step by step reduction mammoplasty with wise pattern (Drew by Turgay Simsek)



a connection is required for adequate vascularization to preserve the
required vessels and intact nerves, generate a better contour and enable
sensation.

* Draw a line from the midclavicular point to pass through the nipple
and inframammary fold.

* The point on the line will be the ideal point for the new nipple when
you put your hand on the inframammary fold and hold the breast with
your thumb.

 The new nipple corresponds to the intersection of a line of 19-21
cm extending from the midclavicular line and sternal notch, or to the
junction of the line drawn from the intersection point of 2/3 below of
humerus.

* Two lines of 7-8 cm length are drawn from this point with degrees
0f 90° and 140°. These points are named A and B.

* A new line is drawn from the points A and B to correspond to the
inframammary fold with 90° and 110° degrees.

¢ The diameter of the new areola will be 3.5—4 cm.
¢ The Figure shown here is called the “Wise pattern” (Figure 15).

¢ An incision is made on the lower half of the areola, and the lower
inframammary fold on the pedicle only on the epidermis level. A
small triangular region is reserved in the middle point to facilitate the
closure.

* The skin on the pedicle is de-epithelized to preserve the intradermal
vascular pedicle.

* The parenchyma is dissected toward the chest wall. This

dermoglandular pedicle supports the nipple with approximately a
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10 cm base and 3 cm deepness. The length should not exceed 15-20
cm. Otherwise, it cannot provide enough vascular supply, and the

reduction specimen is disunited from the breast.

* A temporary approximation of the incisions is performed using

staples on the breast.

e The nipple is first embedded in the subcutaneous region and
is removed at a later stage. The NAC’s standard distance to the
inframammary fold is approximately 5 cm; however, space is longer in

more considerable reductions.

* A tangential dissection must be performed for prominent breast
concavity to avoid skin thinning. The pedicle’s excessive mobilization
and traction must be avoided to protect the perforating vessels from
damage (Figure 16).

* The NAC should not be elevated too high. In the suspicion of an
incident, lifting down the NAC may be preferred by distancing from
the part described as the “no man’s land.”

* Enabling a triangular connection on the mammarian fold will

prevent potential tension at the T’s intersection point.

The limitations of this technique

* Though infrequent, the length of the horizontal scar may cause a

problem.

* Pseudoptosis is the extension of the majority of the breast below
the inframammary fold. However, the nipple is located at this level
or slightly below this location. This is mainly a problem in obese
patients with pendulous breasts. This is due to the shrinkage of the
vertical portion of the inframammary scar, which is associated with the

reconstruction of the nipple redundantly above (29-34).

Figure 16a-f. Reduction Mastopexy a-c) Drawing (wise pattern), d) peroperative result and e, f) early postoperative pictures
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Superior Pedicle Reduction

Location and indication

This technique is particularly suitable for the situations where the wide
resection of the lesions on 5, 6, and 7 o’clock level. “Comma-shaped
mammoplasty” is particularly recommended for the small or medium-
size breasts for the lesions at the 6 o’clock position. This technique and
inferior pedicle RM may also be used to maintain symmetry with the
contralateral breast.

Technique

Mastopexy and RM may be accomplished with these techniques with
the small part of the parenchyma’s excision.

1. Median sternal and the inframammary line is drawn for the Wise
pattern mammoplasty. The line is extended from the midclavicular
point to the inframammary line of the nipple. Two legs of the Wise
pattern region are drawn to provide a mean diameter of 5 cm.

2. The vertical line is drawn to the inframammary line with the
“comma-shaped mammoplasty.” The broader breast tissue will be
resected by the distance in this type of mammoplasty. The line is
drawn to intersect the inframammary line from the end of the oblique/
vertical line. The diameter of the areola must be approximately 3.5-4.5
cm. The possibility of a deformity such as an inferior nipple retraction
may develop due to a conventional wide resection may be decreased

using this type of mammoplasty (4, 34).

Outcome and Safety of Level I and Level IT OPS

Resection margin and re-excision rates

OPS for breast cancer allows broader tissue resection. Oncoplastic
surgeons still argue that the reduction positive margin rate and
the re-excision rate with wider resections are lower than standard
breast—conserving surgery. However, wider negative margins are
not associated with lower recurrence rates. In addition, eight of 13
comparative studies showed better positive margins, re-excisions,
and mastectomy conversion rates following oncoplastic breast cancer

surgery (35-38).

Local recurrence and oncological outcome

The studies highlight the importance of local control following breast
cancer surgery regarding patient survival. Most studies demonstrated
no significant difference between OPS and control arms, including
breast-conserving surgery and mastectomy. Still, Carter et al. (36)
showed that the OPS arm in their most extensive comparative study
had a better recurrence rate than the mastectomy arm. Mansell et al.
(39), in 2017, also confirmed the same result when radiation treatment

was added to mastectomy (35, 36, 39, 40).

Complications and Cosmetic Outcome

Complications following OPS include liponecrosis, skin necrosis,
hematoma, seroma, delayed wound healing, nipple necrosis, and/or
infection. Most studies that compared OPS and breast-conserving
surgery showed no difference in surgical complications (35, 36).

Conclusion

OPS is a fundamental tool for breast cancer treatment. A large amount
of breast tissue can be safely excised without poor cosmetic outcomes
while ensuring oncological safety and potentially reducing the number

of re-excisions and mastectomy. Although patient satisfaction rates
seem high with breast-conserving surgery, it is recommended to select
the appropriate OPS technique based on each patient’s characteristics
and tumor location.
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ABSTRACT

Breast cancer is commonly staged using the American Joint Committee on Cancer (AJCC) staging system. The 7 edition of the AJCC Staging Manual,
was a purely anatomic staging method, which uses primary tumor size (T), nodal involvement (N), and metastasis (M) based on clinical and pathological
evaluations. Advancements in tumor biology and prognostic biological markers, such as estrogen receptor (ER)/progesterone receptor (PR), HER2/neu, and
Ki-67, have allowed clinicians to understand why similarly staged patients had significantly different outcomes. The most recent update to the staging system
integrates molecular markers with disease extent for more optimal estimation of prognosis. This change improves the prognosis of breast cancer patients and
better informs physicians in the planning of treatments. This review summarizes the changes in the AJCC Staging Manual, 8" edition and their impact on
practicing radiologists in breast cancer management.
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Key Points

e Until the implementation of the 8 edition of the AJCC Staging Manual, a purely anatomic staging method, which uses primary tumor (T) size, nodal
(N) involvement, and metastasis (M) based on clinical and pathological evaluations, was employed.

e Advancements in tumor biology and prognostic biological markers, such as estrogen receptor (ER)/progesterone receptor (PR), HER2/neu, and Ki-67,
have allowed clinicians to understand why similarly staged patients had significantly different outcomes.

e The most recent update to the staging system integrates molecular markers with disease extent for more optimal estimation of prognosis.

Introduction

Breast cancer is the most diagnosed cancer among women in the United States (US). It is also the leading cause of cancer-related deaths following
lung cancer. In 2020, 276,480 new cases of breast cancer were projected to be diagnosed among American women along with 48,530 new cases
of non-invasive breast cancer. One out of eight American women is projected to develop invasive breast cancer at some point in her life (1). In
1959, the American Joint Committee for Cancer Staging and End-Results Reporting, now the American Joint Committee on Cancer (AJCC),
standardized the tumor, node, and metastasis (TNM) cancer staging system. The first edition of the AJCC Staging Manual, published in 1977,
allowed clinicians to standardize treatment and evaluate treatment results between different institutions (2, 3). Since then, the manual has been

periodically updated to reflect clinical and technological advancements in the field.

Until the implementation of the 8th edition of the AJCC Staging Manual in 2018, a purely anatomic staging method, which uses primary
tumor (T) size, nodal (N) involvement, and metastasis (M) based on clinical and pathological evaluations, was employed. Advancements in
tumor biology and prognostic biological markers [estrogen receptor (ER) and progesterone receptor (PR), HER2/neu, and Ki-67] have allowed
clinicians to understand why similarly staged patients had significantly different outcomes. The most recent update to the staging system
integrates anatomic staging with prognostic staging, which uses tumor grade, hormone receptors and oncogene expression, and multigene testing
(4). Incorporating the prognostic stage into the breast cancer staging system has allowed physicians to individualize the patient prognosis, leading

to a more optimal estimation of prognosis.
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This article highlights key changes from the 7th edition to the 8th
edition of the AJCC breast cancer staging system, with multimodality
imaging demonstration of its application. We will review the
anatomic TNM staging categories: clinical staging, pathologic staging,
post-therapy or post-neoadjuvant therapy staging, and restaging.
Furthermore, we will summarize the prognostic staging (both clinical
and pathological), the implementation of gene assays, and how they are
integrated in different scenarios. Other changes in the AJCC Staging
Manual, 8* Edition, will also be discussed, including re-categorization
of lobular carcinoma in situ (LCIS) and the clinical N stage based on
physical examination and imaging studies (4).

Anatomic staging

Anatomic TNM staging is further categorized into: clinical staging,
which relies on physical examination, imaging, and biopsy of the
affected areas; pathologic staging, which is determined after a patient
has had surgery to remove the primary tumor and regional lymph
nodes; post-neoadjuvant therapy staging, which determines how
much cancer remains after a patient completes preoperative systemic
or radiation therapy, and may incorporate both clinical and pathologic
staging; and restaging, which is performed if a cancer recurs after
treatment and determines the extent of disease recurrence. Since this
review is primarily for radiologists, we will spend most of this section
discussing clinical anatomic staging. Importantly, imaging findings are
considered relevant to staging if obtained within 4 months of diagnosis
or completion of surgery, whichever confers a longer time period,
provided the disease has not worsened.

Clinical anatomic staging

Clinical staging of the primary T begins with the measurement of the
tumor size based on physical examination and imaging (4). The staging
categories range from Tis to T4 and are the same for both clinical and
pathological staging of the primary tumor, where the prefixes “c” and
“p” indicate clinical stage and pathologic stage, respectively. Tis refers
to ductal carcinoma in situ with no invasive cancer. T1-T4 refers to the
tumor size, ranging from 2 cm to >5 ¢m, and the involvement of chest
wall and/or skin (ulceration or macroscopic nodules), respectively.
The T4 category is further subdivided into T4a—T4d, where T4a
indicates chest wall involvement; T4b skin indicates involvement
through ulceration, ipsilateral macroscopic satellite nodules, and/or
skin edema (e.g., peau d’orange), which does not meet the criteria for
inflammatory carcinoma; T4c is indicated when both T4a and T4b are
present; and T4d inflammatory carcinoma. Lastly, LCIS is no longer
staged via TNM in the Tis category, as it is now viewed as benign;
however, it carries a risk of future malignancy.

Similar to primary tumor staging, clinical staging of regional axillary
lymph nodes (N) should begin with the prefix “c.” The staging
categories range from NO to N3, where NO indicates no regional
lymph node metastases as revealed by imaging or clinical examination;
N1 indicates metastases to movable ipsilateral level I-II [where level I
nodes are lateral to the lateral border of the pectoralis minor muscle
and level II nodes are between the medial and lateral borders of the
pectoralis minor and also include the interpectoral (Rotter’s) lymph
nodes] axillary lymph nodes; N2 indicates metastases to ipsilateral
level I-IT axillary nodes that are clinically fixed or matted, or metastases
to ipsilateral internal mammary nodes without axillary lymph node
involvement (N2a and N2b, respectively); N3 indicates metastases to
level TII (ipsilateral infraclavicular) lymph nodes, ipsilateral internal
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mammary lymph nodes with level I-IT axillary node metastases, or
metastases to ipsilateral supraclavicular lymph nodes (N3a, N3b,
and N3¢, respectively). Moreover, for most patients, category cNX
(suggesting regional lymph nodes cannot be assessed) is considered
invalid and should be listed as ¢NO, unless the patient has been
previously subjected to axillary dissection.

Assessment of the metastases (M) stage involves categorizing patients
into MO or M1 using clinical examination. The MO0 category indicates
no clinical or radiographic evidence of distant metastases; however,
this stage is designated ¢<MO since category pMO is invalid (4).
The designation pM1 may be used for patients with histologically
proven metastases with at least 1 tumor deposit >0.2 mm. We also
have ¢tMO (+), which indicates no clinical or radiographic evidence
of distant metastases in the presence of histologically detected tumor
deposits that are <2 mm in circulating blood, bone marrow, or other
non-regional nodal tissues, without symptoms of metastases. The
designation M1 indicates distant metastases, where cM1 is detected
clinically or radiographically and pM1 is histologically detected with at
least 1 tumor deposit >0.2 mm. Finally, if a patient is assigned the M1
category, he/she is categorized as stage IV of the disease. The patient
remains in stage IV regardless of response to any preoperative systemic
therapy; however, if the patient has not received preoperative therapy,
the stage should be updated if postoperative imaging within 4 months
of diagnosis reveals distant metastases.

Prognostic staging

Reflected in the 8" edition of the AJCC staging system, prognostic
staging incorporates tumor grade, hormone receptors and oncogene
status [estrogen receptors (ER), progesterone receptors (PR), and human
epidermal growth factor receptor 2 (HER2)], and multigene panel
results, in addition to the anatomic staging system discussed above.

Tumor grade

The AJCC 8" edition manual highlights that, along with other factors,
such as proliferative index, hormone receptor expression, and gene
expression profiles, grade is a key assessment of tumor differentiation,
which in turn is an important tool for prognosis. Tumor grade used by
the manual for staging is defined by the histologic grading system of
Scarff, Bloom, and Richardson and standardized by the Nottingham
group (4). Regardless of hormonal therapy or chemotherapy, high-
grade or poorly differentiated tumors have a worse prognosis than
low-grade or well-differentiated tumors. Furthermore, the Survey,
Epidemiology, and End Results Program of the National Cancer
Institute revealed that histologic grade is a valuable prognostic factor,
regardless of tumor size or number of positive lymph nodes (5).

Hormone receptors and HER2

According to the AJCC 8" edition manual, hormone receptor and
HER2 status need to be determined for all invasive breast cancers.
Previous studies have demonstrated that ER- and PR- positive tumors
can be effectively treated with selective ER modulators (SERM:s), such
as tamoxifen, to slow or stop tumor progression. Moreover, the higher
the hormone receptor expression, the more effective the treatment
becomes (6, 7). While ER- and PR-positive tumors are most likely
to respond to SERMs, the response rate is lower for ER-positive and
PR-negative, ER-negative and PR-positive, and ER-negative and PR-
negative tumors, in descending order (6-8).
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Gene amplification or protein overexpression of the oncogene HER2 in
untreated patients, whether node-positive or node-negative, has been
associated with a worse prognosis (9, 10). Since HER2 positivity is
associated with poor differentiation, it is more likely to be observed in
high-grade invasive ductal carcinoma than invasive lobular carcinoma
(11). Moreover, it is also associated with higher cell proliferation
rates and hormone receptor negativity (12-14). The emergence of
anti-HER?2 targeted therapies has drastically improved the prognosis
of patients with HER2-positive breast cancer. Particularly, the use
of the monoclonal antibody trastuzumab in combination with a
chemotherapeutic regimen significantly improves the disease-free and

overall survival of these women (15).

Biological subtypes

In addition to tumor grade, hormone receptor, and oncogene
expression, breast cancers vary widely on a genetic basis and this
variation plays a significant role in prognosis. Four subtypes of breast
cancer have been identified by genomic analysis: Luminal A, Luminal
B, HER2-like, and Basal-like (16, 17). Categorizing cancers in such
manner guides clinicians in both prognosis and treatment (18).

Particularly, luminal A-type tumors are deemed to have a favorable
prognosis since they are typically low-grade invasive ductal carcinomas
(not otherwise specified type) or special types, including tubular,
cribiform, or mucinous carcinomas. This subtype is responsive to
endocrine therapy but has a poor response to traditional chemotherapy.
In contrast, luminal B-type tumors are typically poorly differentiated
and respond better to traditional chemotherapy than endocrine
therapy. Although HER2-like tumors previously had the worst
prognosis among all subtypes, the introduction of anti-HER?2 therapy
has drastically improved prognosis of patients with these cancers.
Finally, basal-like tumors, which usually have a triple-negative (ER-
negative, PR-negative, and HER2-negative) phenotype, have the worst

prognosis and are the most challenging to treat with adjuvant therapy

4, 16, 17).

Multigene panels

Multigene panels can be used to obtain expression levels of multiple
genes in breast cancer tissue. Many of these panels are useful
prognostic tools; particularly, the Oncotype DX Breast Recurrence
Score (Genomic Health, Redwood City, Calif), which measures 21
genes to predict likelihood of recurrence, has been incorporated into
the updated staging system (19, 20). Despite this, one disadvantage of
multigene panels is the substantial cost currently associated with their
use. Thus, the AJCC 8" edition manual states that hormone receptor
and HER2 expression should be tested before obtaining a multigene
panel and that the panel should be used only for certain subsets of
cancers. Specifically, smaller (T1-T2) node-negative, hormone
receptor-positive, HER2-negative tumors, and multigene panels may
be incorporated into prognostic staging. When these tumors have an
Oncotype DX score of <11, they can be considered stage IA, which can
result in a downstage (4).

Implementing the new staging system and challenges

Upon the implementation of the AJCC 8" edition staging system,
many patients are restaged to better reflect their prognosis (Figures
1-3). A previous analysis was conducted to compare the 7" edition
to the revised 8% edition staging system using the data obtained
from 501,451 women in the National Cancer Database diagnosed
from 2004 to 2014, excluding patients who underwent neoadjuvant
chemotherapy. It was found that 23% of patients in stages I-III were
downstaged and 19% of patients in stages I-III were upstaged (3).

Several studies involving large cohorts have revealed that these changes
to patients’ stages reflect more refined stratification and prediction of

RIGHT AXILLA Trans Biopsy Pre-Fire Core #

Figure 1. A 34-year-old woman with right breast cancer (a), 2.5 cm, with a single metastatic axillary adenopathy identified with axillary
ultrasound (b), and needle biopsy (c). Anatomic T2N1MO, Stage IIA (AJCC 7t edition).

Patient’s pathologic prognostic factors: Grade 2, ER, PR, and HER2-negative, which places her at stage I1I1B (AJCC 8t edition)

AJCC: American Joint Committee on Cancer; ER: Estrogen receptors; PR: Progesterone receptors; HER2: Human epidermal growth factor receptor 2



disease outcome. One study including 3327 patients who underwent
surgery as an initial intervention at the University of Texas MD
Anderson Cancer Center database revealed that the incorporation of
grade, ER, and HER2 status into AJCC prognostic staging provided a
more refined stratification in terms of patients’ disease-specific survival
(21). Furthermore, an analysis of 54,727 patients in the California
Cancer Registry revealed that the AJCC 8" edition prognostic stage
provided more accurate prognostic information than the anatomic
stage alone (22).

Despite the benefits associated with incorporating prognostic markers
into breast cancer staging, there are challenges to the implementation
of this new staging system. In many parts of the world, biological
markers and multigene panels are not routinely available (23). Also,

Figure 2. A 47-year-old pre-menopausal woman with a strong
family history of breast cancer undergoing annual MRI screening.
Figure reveals axial dynamic contrast-enhanced (DCE) MRI findings.
(@) Maximum intensity projection (MIP) reveals cancer occupying
a substantial portion of her left breast, (b) T2-weighted imaging
reveals associated cysts (arrows) consistent with the micropapillary
component, and (c) dynamic early subtraction image with overlying
time intensity map. There is diffuse, non-mass-like enhancement
involving all four quadrants of the left breast with no evidence of
nipple involvement or axillary lymphadenopathy identified in the
remainder of the MRI study.

Mastectomy pathology revealed multifocal invasive ductal
carcinoma, grade 1, largest tumor measuring 56.0 x 25.0 mm.
Additional foci of invasive carcinomas ranged in size from 1.0 mm
to 7.0 mm. Extensive ductal carcinoma in situ, Nuclear Grade 1,
micropapillary and papillary types, measuring 95.0 x 75.0 mm. No
axillary nodes were involved in pathology.

Anatomic T3NOMO, Stage IIB (AJCC 7t edition).

Patient’s pathologic prognostic factors: Grade 1, ER, PR, and HER2-
positive, which places her at stage 1B (AJCC 8t edition).

AJCC: American Joint Committee on Cancer; MRI: Magnetic resonance imaging;
ER: Estrogen receptors; PR: Progesterone receptors; HER2: Human epidermal
growth factor receptor 2
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even in other parts of the world where biomarkers are more accessible,
such as Europe, barriers in policy, reimbursement, and regulation have
also delayed the widespread adoption of prognostic testing compared
to the US (24). Therefore, the continued use of anatomic TNM staging

in these regions emphasizes both its relevance and consistent usage.

Conclusion

The 8% edition of the AJCC Cancer Staging Manual incorporates
validated prognostic molecular biomarkers with standard tumor (T),
node (N), and metastasis (M) anatomic categories. Given the large
number of possible combinations of T, N, and M categories combined
with grade, ER, PR, and HER?2 status, integrating prognostic staging
into multidisciplinary breast cancer care will be more complicated than
with anatomic staging. Despite these challenges, prognostic staging

facilitates more refined and accurate stratification of patients regarding

Figure 3. A 49-year-old woman with left breast invasive ductal cancer,
grade 3.

Dual energy contrast-enhanced mammogram was performed to
assess disease extent using iodinated low osmolar contrast injected
at 3 ml/sec. Spot compression craniocaudal low energy (a), high
energy (b), left lateromedial low (c), and high energy (d) images
reveal a 1.7 cm round mass with speculated margins. There was no
palpable or imaging-detected lymphadenopathy in the axillary or
internal mammary chains. Immunohistochemistry revealed ER/PR-
negative cancer, HER2-negative cancer, and 90% Ki-67.

Anatomic TINOMO, Stage IA (AJCC 7t edition)

Patient’s pathologic prognostic factors: Grade 3, ER-, PR-, and HER2-
negative, which places her at Stage IIA (AJCC 8t edition). The patient
wenton to receive neoadjuvant chemotherapy as first-line treatment.

AJCC: American Joint Committee on Cancer; ER: Estrogen receptors; PR:
Progesterone receptors; HER2: Human epidermal growth factor receptor 2
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survival outcomes than anatomic staging alone, thereby ultimately
allowing clinicians to better serve their patients. Although prognostic
staging is preferred for patient care, anatomic staging is retained as a
key component of cancer care in regions of the world where biomarker
tests are not routinely available (4).
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ABSTRACT

Objective: To perform a retrospective review of the clinical characteristics, microbiological data, and clinical outcomes in patients with granulomatous
mastitis (GM) who were treated at our institution with a unique strategy of prolonged antibiotic therapy as the primary treatment modality.

Materials and Methods: A retrospective case series was performed on patients (n = 42) with GM seen at the breast specialty clinic of our institution
between the years 2004 and 2014. Patients were primarily treated with lipophilic antibiotics, and steroids and surgery were reserved for refractory cases.
Results: Bacteria were identified in 34 samples from 22/42 patients (52.3%). Diphtheroids (presumptive Corynebacterium spp.) were most commonly
identified, followed by Corynebacterium spp. and Propionibacterium acnes (now Cutibacterium acnes). Antibiotics were our preferred first-line medical
therapy and were used in 33/36 (91.7%) patients. The mean duration of antibiotic therapy was 7.0+4.5 months. Clarithromycin was our antibiotic of choice
and was the initial antibiotic used in 15 of the 33 patients (45.5%) treated with antibiotics. Eleven patients required adjunctive therapy with prednisone.
The mean duration of steroid therapy was 4.3+2.5 months. Surgery for therapeutic purposes included incision and drainage in seven patients, fine needle
aspiration in eight patients, and excision of the fistulous tract in one patient. No patients had large-volume excisions. The average time from the first breast
clinic visit to clinical resolution was 8.0+4.6 months.

Conclusion: GM may be the result of a bacterial process that induces a unique form of inflammatory response. Clinicians should consider special requests
to microbiology laboratories to attempt to isolate Corynebacterium spp. in the evaluation of samples sent to the laboratory for analysis. An extended course
of a lipophilic antibiotic is a largely unexplored but potentially effective treatment option with low associated morbidity. More research is needed in this area.

Keywords: Granulomatous mastitis, idiopathic granulomatous mastitis, breast disease, benign breast disease
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Key Points
e A retrospective case series was performed on patients with GM seen at the breast specialty clinic of our institution.

e Diphtheroids (presumptive Corynebacterium spp.) were the most commonly identified bacteria in breast tissue samples, followed by Corynebacterium
spp. and Propionibacterium acnes (now Cutibacterium acnes)

e Patients were primarily treated with lipophilic antibiotics; steroids and surgery were reserved for refractory cases.

e The mean duration of antibiotic therapy was 7.0+4.5 months, and the mean duration of steroid therapy was 4.3+2.5 months. The average time from

the first breast clinic visit to clinical resolution was 8.0+4.6 months.

e Clinicians should consider requesting inclusion of Corynebacterium spp. in the evaluation of samples sent for laboratory analysis by asking for species-
level identification of any corynebacteria recovered in culture, adding Tween 80 (a lipid source) and esculin to growth media, and incubating cultures
for a sufficient duration to recover slow-growing organisms such as C. kroppenstedtii.

e An extended course of a lipophilic antibiotic, such as clarithromycin, that has adequate tissue penetrance within lipid-filled spaces may be an option
for treating GM.
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Introduction

Granulomatous mastitis (GM) is a challenging clinical condition first
described in 1972 by Kessler and Wolloch (1). There remains a lack
of consensus around both a unifying pathophysiologic model of this
disease and a standard treatment protocol. Patients often present
to a women’s health or primary care provider and are frequently
initially managed as typical non-lactation mastitis or malignancy
(2). After failure of a standard short course of antibiotics, chronic
inflammation develops, often with the formation of a fistula and an
abscess (2-4).

Multiple theories have been proposed about the etiology of GM,
including autoimmune disease, elevated hormonal states such as
hyperprolactinemia, and infection (3). However, none of these
theories have been widely accepted, hence the continued reference
to this disease as “idiopathic” GM in the literature. There exists wide
variability in treatment approaches, including observation only (5, 6),
short courses of antibiotics, long courses of immunosuppressants (2,

7-9), and surgical interventions (10).

Common immunosuppressant therapies include methotrexate
and corticosteroids (2, 8, 11). There is a pathophysiologic basis for
corticosteroid use, since steroids inhibit granuloma formation through
inhibition of the production of inflammatory cytokines (TNF alpha
and IFN-gamma) and are used in other noninfectious granulomatous
diseases such as sarcoidosis (12). Surgical approaches vary depending
on clinical presentation and can include incision and drainage, wide
local excision, or even mastectomy (10, 13, 14). Differing degrees of
success have been reported in the literature with regard to surgery,
with some studies concluding that surgery is the ideal treatment
strategy (15-17) and others either advising against it or reserving it
for refractory cases only due to surgical site complications, recurrence
after excision, and morbidity associated with large-volume excisions

(14, 18, 19).

In 2003, Taylor et al. (20) were the first to observe the presence of
Gram-positive bacilli within granulomas of women with GM and also
noted that Corynebacterium kroppenstedii was isolated in 44% of
their case series. This led to the assertion that corynebacteria, though
often considered to be contaminants, are likely truly pathogenic
when isolated from breast tissue. Subsequently, several other studies
have demonstrated an association of GM with Corynebacterium
spp. (21-24). However, consistent isolation remains a challenge
as some Corynebacterium spp. require prolonged incubation or
specialized growth media. C. kroppenstedii in particular requires
lipid supplementation to grow consistently on synthetic media (25).
This lipid requirement may explain its propensity for growth in lipid-
rich environments, such as that found in mammary glands. Even if
Corynebacterium spp. do grow on conventional media, they may
be dismissed as non-pathogenic “diphtheroid” skin contaminants.
Dobinson also noted that isolation of the bacteria declines on

subsequent cultures (23).

Prior studies with short courses of beta lactams have demonstrated
low rates of resolution. However, this may be attributable to the
high minimum inhibitory concentrations of these antibiotics
in Corynebacterium spp. (23, 24, 26). Additionally, the bacteria

are not accessible to these antibiotics within macrophages.

Granulomas are highly complex immune system structures
formed in response to a variety of infectious and noninfectious
agents. In the quintessential granulomatous infection, infection
with Mycobacterium tuberculosis, granulomas appear to be an
only partially effective host defense which, though containing the
bacilli, may also provide safe shelter from the immune system (27,
28). This may in part explain the necessity of prolonged courses of
antibiotics, with treatment needed for many months to years before

clinical resolution.

More recently, longer courses of lipophilic antibiotics have been
proposed, to allow for better penetration and tissue concentration
of antibiotics (23, 29), as Corynebacterium spp. are typically found
within lipid-filled vacuoles within the granuloma rather than in the

surrounding inflamed tissue.

Given the growing body of literature suggesting an infectious etiology
for GM, particularly by corynebacteria, we developed an approach
to evaluation and treatment that was targeted toward an infectious
process with these organisms in particular. This strategy involve
1) requesting species-level identification of Corynebacterium spp.
isolated in culture or identified by polymerase chain reaction (PCR),
2) the use of lipophilic antibiotics or higher doses of non-lipophilic
antibiotics for tissue penetrance, 3) prolonged medical treatment,
since the structure and function of granulomas inhibit antibiotic
effectiveness, 4) adjuvant glucocorticoid treatment for refractory
cases, and 5) surgery when drainable lesions were present or for
symptomatic treatment if desired. The purpose of this study was to
review the clinical characteristics, microbiological data, and clinical

outcomes of patients managed with this approach.

Materials and Methods

A retrospective chart review was performed on patients with GM seen
at the breast specialty clinic of our urban, tertiary care academic medical
center between the years 2004-2014. The University of Washington
Institutional Review Board reviewed and approved the study (human
subjects application with no: #49769). Clinical, radiological,
microbiological, and histological data, as well as management and
treatment outcomes were extracted from patient charts. Diagnoses of
GM were histopathologically confirmed from deep-tissue samples from
cither core or excisional biopsies. If obtained at our institution, deep-
tissue samples were examined with special stains for bacterial, acid-fast,
and fungal organisms, and PCR was performed for tuberculous and
non-tuberculous mycobacteria. As our diagnostic algorithm evolved,
species-level identification of Corynebacterium spp. isolated in culture
or identified by PCR were requested from deep-tissue samples and
from fluid obtained from incision & drainage (I&D) and fine needle
aspiration (FNA).

Clinical resolution of GM was defined as a) absence of subjective
symptoms such as pain or tenderness and b) lack of evidence of
active disease by either clinical breast exam or breast ultrasound.
Redevelopment of either symptoms or clinical abnormalities within
two months of cessation of therapy was considered an incompletely
treated primary episode of GM. Recurrence was defined as
redevelopment of symptoms or clinical abnormalities greater than two

months after cessation of therapy.



Data from a chart review was entered and stored in Research
Electronic Data Capture (REDCap), a secure web-based software
platform (30). Ten percent of the data was spot checked by an
independent party. Descriptive statistics were used to describe the
demographic and clinical characteristics of the sample. Time to
resolution was analyzed using methods for survival time analysis
for censored data. Kaplan-Meier curves were used to describe the
distribution, and the log rank test was used to test whether time to

resolution differed according to patient characteristics.

Forty-two patients with GM were identified by chart review. Six
patients had active GM at the time of their last clinic visit and were
subsequently lost to follow-up. Their clinical outcome is unknown.
The remaining 36 patients were followed up at our clinic to clinical
resolution. Patients lost to follow-up were not included in the survival

time analysis, Kaplan-Meier curves, or log rank test.

Results
Demographics

All patients were women with an average age at disease onset of
32 (range: 18-64) (Table 1). Fifty percent identified as Hispanic,
with nearly 1/3 originating from Mexico. The majority of patients

Table 1. Demographics (n = 42)

Gender

Female 100%
Male 0%
Mean age at onset (years) 32 (18-64)
Race/ethnicity

Hispanic 50%
Non-Hispanic white 21%
Asian 17%
Black 7%
Mixed 5%
Country of birth

USA 40%
Mexico 29%
Korea 7%
Vietnam 2%
Honduras 2%
El Salvador 2%
Guatemala 2%
Moldova 2%
Unstated 12%
Parous 93%
Nulliparous 7%
Pregnant at onset 19%
Breastfeeding at onset 0%

USA: United States of America; n: Number

Williams et al. Granulomatous Mastitis and Antibiotics

(93%) were parous. Eight patients were pregnant at symptom

onset.

The most common initial breast symptoms were presence of a mass/
lump, pain/tenderness, and erythema (Table 2). Close to one-quarter
of patients had a fever, and 19% reported erythema nodosum. Patients
most commonly presented first to primary care, obstetrics/gynecology,

and emergency medicine.

The average duration of symptoms before presentation to
our institution’s breast clinic was 7.2 months (range: 0.2-32
months). Eighty-one percent of patients received antibiotics prior
to their first breast clinic visit and 33% had been treated with
immunosuppressive therapy. Most patients were unable to recall
the details regarding those treatments, such as medication names,

dosages, and duration.

Radiographic and histologic findings

Breast ultrasound was performed on 40 (95.2%) patients, with
common findings being a lobulated or irregular hypoechoic mass,
sinus tract, and complex fluid collection. A mammogram was obtained

in 25 (59.5%) patients and most commonly demonstrated focal

Table 2. Clinical characteristics and presentation (n = 42)

Breast symptoms at disease onset n (%)
Mass/lump 37 (88.1)
Pain/tenderness 34 (81.0)
Erythema 26 (61.9)
Abscess 7(16.7)
Induration 6(14.3)
Itching 3(7.1)
Fistula 3(7.1)
Associated symptoms at disease onset

Fever 10 (23.8)
Erythema nodosum 8(19.0)
Chills 7(16.7)
Breast trauma prior to disease onset 2 (4.4)
Initial presenting specialty

Primary care 17 (40.4)
Ob/gyn 8(19.0)
Emergency medicine/urgent care 7(16.7)
Not stated 10 (23.8)
Mean time Ffrom symptom onset to breast

clinic provider (months) e
Mean size of lesion by exam at first breast

clinic visit (cm) Uil
Pat-ie-nts. who.had befen treated w.itl.m i 34 (81.0)
antibiotics prior to first breast clinic visit

Patients who had been treated with

immunosuppressive therapy prior to first 14 (33.3)
breast clinic visit

Average number of procedures per patient 18

prior to First breast clinic visit
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asymmetric density, a lobulated irregular mass, and skin thickening.
Three patients had a breast magnetic resonance imaging.

Tissue for histopathology was obtained by core needle biopsy in 38
(90.5%) patients and excisional biopsy in seven (16.7%) patients.
Histology was characterized by lobular-centric active granulomatous
inflammation with or without concomitant chronic inflammation and
no evidence of malignancy. Associated abscess formation, fat necrosis,

and stromal fibrosis were also seen.

Microbiology

Bacteria were identified in 34 samples from 22/42 patients (52.3%)
(Table 3). Diphtheroids (presumptive Corynebacterium spp.) were

most commonly identified, followed by Corynebacterium spp. and
Propionibacterium acnes (now Cutibacterium acnes).

Twenty-eight patients (66.7%) presented to their first breast clinic
visit with microbiological data obtained from an outside institution.
A total of 51 samples were collected from these patients. Twelve
patients overall had samples that grew one or more organisms,
and nine of these patients had samples that grew presumed
Corynebacterium speciated and non-speciated organisms. Fourteen
patients cither did not have microbiological data prior to their first
visit or did have microbiology studies but the results were unclear
or unknown. Details regarding antibiotic status when samples were

collected was also unknown.

Table 3. Organisms identified from samples both outside and within our institution

Presumed Corynebacterium speciated and non-speciated

Organism

Diphtheroids

11
Obtained outside
institution
C. kroppenstedtii 3
Corynebacterium spp. 1
(species not determined)
C. kroppenstedtii 2
Obtained within
institution Corynebacterium
tuberculostearicum or 1

Corynebacterium group G2

No of samples*

Sampling technique Microbiology test
FNA (4)
1&D (5) )
. Bacterial culture

Biopsy (1)

Superficial samplef(1)
FNA (2) Bacterial culture (2)
1&D (1) DNA sequencing (1)

1&D Bacterial culture

Superficial samplet (1) .
Bacterial culture
FNA (1)

Biopsy Bacterial PCR

Other organisms Organism No of samples* Sampling technique Microbiology test
Biopsy (1)
P. acnes 3 1&D (1) Culture
Obtained outside Superficial samplet (1)
institution Stenotrophomonas .
iy 1 Biopsy (1) Culture
Actinomyces odontolyticus 1 Superficial samplet (1) Culture
i FNA (1
Coagulase negative . F (1) R
staphylococcus Superficial samplet (2)
. 1&D (1)
Micrococcus 2 Culture
FNA (1)
Obtained within G 1 Biopsy (1) Culture
institution Citrobacter freundii 1 1&D Culture
Enterococcus 1 1&D (1) Culture
Klebsiella pneumoniae 1 Superficial samplet (1) Culture
Mycobacterium chelonae 1 Biopsy AFB PCR
Serratia marcescens 1 Superficial samplet (1) Culture

*QOF 90 samples obtained within and outside our institution, 34 samples from 22/42 patients (52.3%) grew one or more organisms; fSuperficial samples were

obtained from either nipple discharge or fluid from draining sinus tracts

1&D: Incision & drainage; FNA: Fine needle aspiration; PCR: Polymerase chain reaction; AFB: Acid-fast bacillus



Within our institution, a total of 39 microbiology samples were
obtained from 24 patients (57.1%). 21/39 (53.8%) samples were
collected while the patient was currently on antibiotics or had finished
a course of antibiotics within the last week. Ten patients overall had

samples that grew one or more organisms.

Management

Six patients (14%) had active GM at the time of their last visit and
were subsequently lost to follow-up. The remaining 36 were followed

to clinical resolution. Their management is outlined in Table 4.

Antibiotics were our preferred first-line medical therapy and
were used in 33/36 (91.7%) patients. The mean duration of
antibiotic therapy was 7.0+4.5 months. Clarithromycin was our
antibiotic of choice given its lipophilic properties and its ability to
concentrate within macrophage-derived elements of granulomas.
It was the initial agent used in 15 of the 33 patients (45.5%)
treated with antibiotics. Patients were treated with typical doses of
clarithromycin at 500 mg twice daily. The remaining 18 patients
received an alternate antibiotic because they cither a) were already
on an alternate antibiotic at the time of their first breast clinic visit
and were showing clinical improvement on this agent or b) had
a contraindication to clarithromycin, such as pregnancy or allergy.
Twelve of these patients were eventually switched to clarithromycin
due to lack of continued clinical improvement on an alternate
antibiotic. There were no major adverse effects of clarithromycin
therapy. Two patients experienced gastrointestinal side effects, and
one patient had QTC prolongation and was therefore transitioned

to high-dose amoxicillin.

Eleven patients required adjunctive therapy with prednisone due
to worsening or plateau of symptoms on antibiotic therapy. Steroid
doses varied, but we generally avoided high-dose steroid therapy and
typically started at 20-30 mg/day followed by taper based on clinical
improvement. The mean duration of steroid therapy was 4.3+2.5
months. No patients required discontinuation of steroid therapy due
to adverse effects, although two patients declined initiating treatment

with steroids due to concerns about weight gain.

Surgery for therapeutic, not diagnostic, purposes included incision
and drainage in seven patients, FNA in eight patients, and excision
of fistulous tract in one patient. No patients had large-volume

excisions.

Table 4. Management of patients followed to clinical
resolution (n = 36)

Therapy n (%)
Antibiotics only* 18 (50.0)
Antibiotics + steroids* 3(8.3)
Antibiotics + surgery* 4(11.1)
Antibiotics + steroids + surgery* 8(22.2)
Steroids only 1(2.7)
Observation only 2 (5.6)

*81.8% of patients treated with antibiotics received a course of macrolides

Williams et al. Granulomatous Mastitis and Antibiotics

Outcomes

The average time from the first breast clinic visit to clinical resolution
was 8.0+4.6 months. The estimated probability of resolution was 41%
within 6 months, 37% between 6 and 12 months, and 22% in more
than 12 months. Time to resolution was not significantly associated
with baseline lesion size (p = 0.135), identification of a pathogenic
organism (p = 0.738), or time since symptom onset (p = 0.127).

Recurrence was defined as redevelopment of symptoms or clinical
abnormalities greater than two months after cessation of therapy. In all,
17/36 (47%) patients were followed by either a breast clinic provider
or another provider within our system after clinical resolution. Five
of these patients (29%) developed recurrence of GM. The average
number of months from clinical resolution to recurrence was 30.2.

Discussion and Conclusion

The results of our study lend support to the theory that an infectious
process, particularly one initiated by corynebacteria, may play a role
in the pathogenicity of GM. Historically, corynebacteria have been
overlooked due to a lack of association of these bacteria with infection.
However, the hypothesis that these organisms can be pathogenic
in the breast is gaining momentum (20-23), and is consistent with
what is understood about granuloma formation in other settings.
Mycobacterium tuberculosis, for example, is also found in lipid-laden
macrophages and produces a chronic inflammatory response, requiring
long courses of antibiotics for effective treatment.

It is worth noting that 12/28 patients who presented to our breast
clinic with microbiology data obtained from an outside institution
had a microorganism identified in one or more samples. Though this
may seem like a high yield compared with the low rates of positive
cultures seen in prior studies, the majority of organisms identified
in these patients were diphtheroids. For a number of reasons,
diphtheroids may have been under-reported or under-detected in
prior studies, including a paucity of organisms present in clinical
specimens, fastidious growth requirements of C. kroppenstedii,
and dismissal of diphtheroids isolated in culture as contaminants.
Additionally, details about how tissue samples were obtained
and cultured are not included in many studies. If samples were of
superficial rather than deep-tissue, this may also explain the lower
yield observed in other papers. Furthermore, antibiotic status at time
of sampling can also affect the culture results. This could explain the
relatively lower yield from cultures obtained at our institution, as a
high percentage of patients were on antibiotics when samples were
obtained for culture.

Despite the increasing literature suggesting a pathogenic role of
Corynebacterium spp. in inflammatory breast disease and GM, it is
not commonplace to request that laboratory staff consider isolation
and identification of corynebacteria in specimens sent for analysis. We
therefore suggest that when sending samples to the laboratory, clinicians
alert laboratory staff to possible bacterial etiology and request that they
provide a species-level identification of any corynebacteria recovered
in culture. To evaluate for other secondary infectious etiologies of GM
and improve overall yield, we suggest that samples (tissue, fluid, or
purulent material) be submitted for Gram staining, bacterial culture,
fungal staining and culture, and acid-fast bacilli staining and culture.
To improve recovery of C. kroppenstedtii in particular, laboratories
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should consider adding Tween 80 (a lipid source) and esculin to
growth media. Cultures should be incubated for a sufficient duration
to recover slow-growing organisms such as C. kroppenstedtii. As the
culture can be negative, the addition of a broad range bacterial, fungal,
or acid-fast bacillus PCR can be considered to improve detection of

infectious etiologies.

Based on the supposition that GM is the result of a bacterial infection,
we prioritized treatment with prolonged courses of lipophilic antibiotics
for adequate tissue penetrance within lipid-filled spaces. It is difficult
to compare the results presented here to other studies in terms of time
to resolution, as many existing studies do not include information
about when a case was considered to have started (1% presentation vs 1+
clinical encounter with subspecialist or date of diagnosis). One recent
systematic review of cases from around the world demonstrated an
average delay in diagnosis of four to five months (31). Still, accounting
for heterogeneity in reporting of “start” and “completion” of therapy,
our treatment strategy appears to be similar to those of other studies in
terms of time to resolution, with a mean antibiotic therapy duration of
seven months, and a mean total time from “first visit” to “resolution”
of eight months.

While additional studies are needed to further evaluate the emerging
theory regarding the role of corynebacteria in GM, given the growing
evidence and the low morbidity associated with antibiotic treatment,
it is reasonable for clinicians to consider treating GM with empiric
antibiotic therapy in cases where an organism is not identified. Should
a clinician choose this strategy, we suggest treatment with either
clarithromycin 500 mg twice daily or doxycycline 100 mg twice daily.
Clarithromycin is preferred in the absence of contraindications to its
use. Like other macrolides, it concentrates in macrophages, which are
integral to the formation and structure of granulomas (32). Possible
side effects of clarithromycin include gastrointestinal side effects,
elevated liver function tests, and QT prolongation. Water soluble
agents used at the higher end of dosing (e.g., Amoxicillin 1000 mg
every 8 hours) are another option if the above are contraindicated or
not tolerated.

The response to antibiotic treatment can be slow, and careful
measurement of the area of induration from visit to visit is essential.
Based on our experience, signs of improvement—reduction in size,
reduction in pain and erythema, organization of the phlegmon-like
involvement into a drainable abscess—should be evident within 2—4
weeks. Clinic visits should be scheduled every 1-3 months to allow
close monitoring for the above signs. Worsening or the absence of
improvement should prompta change to a second antibiotic. Antibiotic
therapy should be continued until clinical resolution. If disease fails to
improve with antibiotic therapy, addition of prednisone at 20-30 mg
a day for 10-14 days with tapering based on the clinical response can
be added to the antibiotic. Clinicians should be aware of the multitude
of possible side effects of steroid therapy, including weight gain,
mood disorders, hyperglycemia, hypertension, immunosuppression,
and osteoporosis. The risk of these side effects can be mitigated by
limiting the dose and duration of steroids to the minimum necessary

for clinical effectiveness.

In our patients, we opted to avoid treatment with surgical excision,
aside from excision of the fistulous tract in one patient. Multiple
studies suggest that, although medical therapy or observation may be

a longer course to recovery than surgical excision, patients may in fact
achieve resolution with non-surgical treatments and thus potentially
be spared disfiguring surgeries or surgical complications (5, 7, 11, 33).
Conservative needle drainage of well-formed abscesses and surgical
drainage of larger ones did play a role in our treatment strategy but
was reserved for refractory cases or for patients who desired more rapid

symptom relief.

Confirmation of the superiority of an antibiotic-centered

approach versus surgery, immunosuppressive treatment, or
observation only requires a randomized trial. The roles of multi-drug

therapy and intralesional injections are largely unexplored.

This study had a predominance of non-White patients, the majority
being Hispanic. This pattern has been echoed in other studies (6, 8,
34) in the United States and is of unclear significance. Additionally,
the Mediterranean region, specifically Turkey, has made a large
contribution to the body of literature about GM, which raises the
question of whether this disease has an epidemiologic clustering in
certain ethnicities (35-37). One hypothesis to explain this may be
due to differing natal microbiomes or environmental exposures in
different ethnic groups. More research is needed to understand the

epidemiology of this disease.

This study is limited in its scope to one academic center, which
may limit its generalizability. However, our institution is typically a
referral center for this disease, seeing perhaps a much larger volume
than would be predicted based on the prevalence of the disease
in the general population. Additional limitations include the
retrospective nature of the data collection and limitations on access
to patients’ microbiological and medication details from outside

institutions.

In summary, this study suggests that GM may be the result of a
primarily infectious process and highlights the need for further
research. Until there is more definitive data in this area, we suggest
that clinicians request inclusion of Corynebacterium spp. in the
evaluation of samples sent for laboratory analysis. Extended courses
of lipophilic antibiotics such as clarithromycin may be a viable
treatment option; this approach has the potential to reduce the
application of more harmful interventions such as prolonged steroid
use (mean duration of steroid use only four months) or surgery,

including mastectomy.
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ABSTRACT

Objective: This study aimed to evaluate the dosimetric properties of treatment plans obtained from three-dimensional conformal radiotherapy (3D-CRT)
and intensity-modulated radiotherapy techniques (IMRT) plans for left chest wall breast cancer patients.

Materials and Methods: A total of 20 patients with left-sided chest wall radiotherapy were randomly selected with the dose prescriptions: 42 Gy and
45 Gy in 15 and 18 fractions, respectively. Treatment plans were obtained using 3D-CRT and IMRT for each patient. Five to seven beams were used for
IMRT, while tangential beams were used for 3D-CRT. Planning target volume, D (D,), D (D,y), D

(HI and CI) were obtained. Similarly, mean doses to organs at risk (OAR), V., V .V, .V, were generated from the dose-volume histogram and compared.

Homogeneity and Conformity Indices

near-min mean’

Results: IMRT showed a significant improvement in HI compared to 3D-CRT (p<0.0001). Although there was no significant difference in sparing of the
left lung between both plans for high-dose volumes (V20: 18.2 vs 30.55, p<0.0001), (V25: 11.17 vs 28.12, p<0.0001). IMRT however showed supremacy
to 3D-CRT with high-dose volumes for the heart, including V20 (4.44 vs 10.29, p = 0.02), V25 (2.08 vs 8.94, p = 0.002). 3D-CRT was better than IMRT
in low-dose volumes for left lung (V5: 92.23 vs 56.60, p<0.001; V10: 60.98 vs 47.20, p = 0.04) and heart (V5: 57.45 vs 30.39, p = 0.004).

Conclusion: IMRT showed better homogeneity and sparing of high-dose volumes to OAR than 3D-CRT. On the other hand, 3D-CRT showed a
reduction of low-dose volumes to OARs than IMRT.

Keywords: IMRT, 3D-CRT, PMRT, organs at risk, radiotherapy
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Key Points

e The dosimetric properties of 3D-CRT and IMRT for left-chestwall in breast cancer patients were evaluated on 20 patients.
e Dosimetric paramaters of PTV and OARs were obtained and analyzed from the DVH.

e HIand CI were also calculated and compared.

. Although, HI was better in IMRT than 3D-CRT, showed better sparing of low-dose volumes to OARs.
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Introduction

Breast cancer is the most frequently diagnosed life-threatening
malignancy that affects women, and the leading cause of cancer
death in women globally (1). It accounts for 15.3% of cancer
diagnosed globally and 7% of cancer-related deaths (2). Unlike in
developing countries, the survival rate of breast cancer has increased
in developed countries over the past 20 years, and more women are
now being treated successfully than in previous years. The majority
of patients in developing countries present an advanced stage of
the disease, owing to several factors that include late presentations,
delay in making an appropriate diagnosis, lack of access to
cancer treatment, unavailability of advanced technology and
infrastructure, poor health practices, ignorance, poverty, and several
others (3). Breast cancer treatment is multifactorial-dependent,
involving surgery, chemotherapy, radiotherapy, hormonal therapy,
and targeted therapy. Over the years, advances in technology have
helped to improve the survival rate.

Moreover, newer technologies and treatment methods are currently
being developed. Radiotherapy plays a significant role in preventing
local and regional recurrence in breast cancer care. It is an important
aspect of breast cancer treatment, which minimizes the risk of
regional recurrence and enhances the overall life of early-stage breast
cancer and the locally advanced disease following mastectomy
(4, 5). However, chest wall and regional lymph node irradiation
is one of the most complex challenging strategies of radiation.
Radiotherapy has a significant impact in the management of breast
cancer. Radiating the chest wall and regional lymph nodes, such
as supraclavicular, axillary, and internal mammary nodes, requires
special care for lung, cardiac, and contralateral breast doses. The
main aim of radiotherapy is to treat the target volume and protect
the surrounding healthy tissues. Three-dimensional conformal
radiotherapy (3D-CRT) and intensity-modulated radiotherapy
(IMRT) are most often used in the treatment of breast cancer.
IMRT is a form of 3D-CRT that further modifies the radiation
beam, varying the intensity of radiation to allow optimal treatment
precision and dose delivery. It directs radiation at the post-
mastectomy tumor bed and modulates the intensity of the radiation
beams with laser accuracy, thus ensuring the sparing of surrounding
healthy tissues (6). This study was conducted at our cancer center
to compare the dosimetric properties in 3D-CRT and IMRT on
patients with left post-mastectomy breast cancer who received chest
wall radiation.

Materials and Methods

Patients

Between June 2019 and September 2020, a total of 20 women (aged
over 18 years) with invasive ductal carcinoma (T0-T3, NO-N1), left-
sided breast cancer treated with modified radical mastectomy, followed
by radiotherapy to the chest wall, axillary lymph nodes levels I-III,
and supraclavicular fields were randomly selected at the NSIA-LUTH
Cancer center, Lagos, Nigeria. All patients were treated with IMRT.
Chest walls, including supraclavicular and axillary lymph nodes, were
re-planned using 3D-CRT on the Varian’s eclipse treatment planning
system (TPS) version 15.6 (7).

Computed tomography simulation

Patients were scanned with 16-slice General electric computed
tomography (CT) scanner with 2.5 mm thickness. With the aid of a

breast board, CT Simulation was performed in a supine position, with
arms raised and head in a fixed position. Images were obtained in digital
imaging and communication in medicine format and transferred to

the Eclipse TPS version 15.6 (VARIAN medical systems) (7).

Target definition

Under the protocol of the International Commission on Radiation
Units and Measurements (ICRU report 83, 2010), all volumes,
gross tumor volume, clinical target volume (CTV), planning target
volume (PTV), heart, ipsilateral and contralateral lung, contralateral
breast, and whole body were delineated. The PTV was restricted to
the chest wall, nodes, and supraclavicular, which encloses the CTV
with a 1 mm margin. All patients were treated with the Varian Linear
accelerator (Varian Medical System, Palo Alto, CA, USA), which
utilizes the Eclipse TPS with 6 MV and 10 MV photon beam. Dose
and fractionation for all targets were between 42 Gy and 45 Gy for 15
and 18 fractions, respectively. The goal of each plan was to deliver 95%
of the prescribed dose to 100% of the target volume. The PTV was in
the range of 99.5-937.2 cm’.

Treatment plan

For treatment planning, 6 MV and 10 MV beams from Vital-beam
linear accelerator (Varian Medical Systems, Palo Alto, California,
USA) integrated with 120 millennium multi-leaf collimator
(MLC) was used. Two tangential fields were applied in 3D-CRT
plan with the use of more fields (where necessary) to improve the
dose distribution. Field-in-fields technique with MLCs were used
to reduce hot spots and the maximum dose. Tools, such as field
weightings, plan normalization, and normalization at isocenter, were
utilized at appropriate situations to achieve a better dose coverage.
All MLCs were positioned to block a part of the lung, while the heart
was considered using the beams eye view, keeping both organs at the
lowest dose achievable.

The IMRT treatment plan was created with an inverse plan
optimization, and the algorithm used was dose-volume optimizer.
The number of fields used for plans ranged between five and
seven beams with 6 MV photon beam. The beam selection or
arrangement was based on the discretion of the physicist on the
best possible plan achievable. Digital reconstructed radiograph was
obtained for all fields in each plan to verify the patients’ position.
The plans were optimized to cover the whole PTV, while sparing
the organs at risk. In some cases, a 0.5 mm thickness of bolus
was used for the optimal dose. Priority was given to the PTV and
Organ at risk (OAR), which were gradually increased as deemed fit
until a balance was reached between achieving good coverage and
sparing OARs. The optimization process was done with the Eclipse
TPS using the anisotropic analytical algorithm for calculation. The
overall goal was to cover 95% of the PTV with the prescription and
maximum dose below 107%. The dose constraints for OAR used
in this study was recommended by QUANTEC (2010) (8). For the
ipsilateral lung, 10% of the total volume should not receive more
than 20 Gy (V25 <10%), while <5% of the volume of the heart
should not receive more than 25 Gy (contralateral breast mean dose

<3 Gy).

Plan evaluation

For dosimetric analysis, the data collated from the dose volume
histograms (DVHs) includes: D, (D), defined as the dose
delivered to 2% of the PTV; Do (D‘M), which is the dose delivered
to 98% of the volume of PTV; mean dose to the PTV, D , and

mean



DP, defined as the prescribed dose. Homogeneity index (HI) and
conformity index (CI) were calculated according to the definition
proposed by International Commission on Radiation Units and
Measurements (ICRU Report 83) (9). HI and CI are estimated as:

D29%-D V(RI
— Z2%~Dog% g4 ¢ = LED

HI —
Dy TV

Where V (RI) is defined as volume of reference isodose (95% of the
prescribed dose), while TV is the Target Volume. A more homogenous
dose distribution is described by a HI value closer to zero and the
closer the Cl is to 1, the higher the conformity of the dose conforms to
the PTV. In other words, 0 is the ideal value for HI and 1 is the ideal
value for CI.

The percentage volume of the left lung receiving V. (5 Gy), V,, (10
Gy), V,, (20 Gy), V., (25 Gy), and Dmeam
volume receiving Vs, Vip Vo Voe and D

obtained from the DVH.

as well as the percentage
to the heart were all

mean

Statistical analysis

All data were recorded on Microsoft Excel 2010. Statistical Package for
Social Sciences for Windows, Version 18.0 (IBM Corp. Armonk, NY,
USA) was used to analyze the data obtained from the DVHs. Student
t-test for two independent means was used to analyze the dosimteric
differences between parameters. P-value <0.05 was considered
statistically significant.

Results

All patients IMRT plans were reviewed and approved by a radiation
oncologist before treatment. A total of 20 plans for 3D-CRT and
IMRT plans were created for this study, obtaining a comparison of the
dosimteric parameters between both techniques. Table 1 summarizes
the results of PTV in terms of D V.., HI, and
CL

near-max” near-min’ mean’

95’

There was a non-significant difference with IMRT compared to
3D-CRT in terms of conformity (CI) (0.994 vs 1.1586, p = 0.5786).
Similar results were seen for D (43.20 vs 43.13, p = 0.893) and
Vs (567.43 vs 518.42, p = 0.390). A huge significant difference was
seen among these parameters in both techniques. However, there was
significant difference between the two planning techniques in terms of

D (44.55 vs 46.25,p = 0.002), D (D,.) at (41.73 vs 37.71,

near-max near-min 98

Table 1. Dosimetric comparison of PTV using 3D-CRT and IMRT

Parameters 3D-CRT

PTV volume (cm?3) 569.57+227.95

D cormex (D,): (GY) 46.25+1.63
D earmin (Dgg)s (GY) 37.7142.28
Prescribed dose (D,), (Gy) 43.05+1.49
D ean (GY) 43.13+1.95
V95, (%) 518.424169.30
HI 0.1984+0.065
cl 1.1586+1.314

PTV; D, and D,-Dose delivered to 2% and 98% of PTV, respectively; Dp—Prescribed dose; D

Adeneye et al. 3D-CRT and IMRT Breast Plan Evaluation

p=0.001), and HI (0.065 vs 0.1984, p = 0.0001). Figure 1a shows the
95% dose coverage and beam arrangement of 3D-CRT plans. Figure
1b shows the DVH of 3D-CRT plans. Figure 2a shows the 95% dose
coverage and beam arrangement of IMRT plans. Figure 2b shows the
DVH of IMRT plans. Regarding dose constraint to OAR, particularly
the left lung and heart, immense consideration was given in all plans.
All IMRT plans were clinically acceptable and fit for treatment.
The left lung and heart were both within recommended constraints

(QUANTEC 2010) used by the center for the IMRT plans.

Table 2 analyzes the dosimetric parameters of the OARs between the
3D-CRT plans and IMRT plans. The mean dose to the left lung was
within tolerance and considered not significant between both plans
(13.66 vs 18.25, p = 0.05), while that of the Heart showed a significant
difference at (7.55 vs 8.21, p = 0.7). There was no significant difference

Figure 1a. PTV beam arrangement for 3D-CRT

PTV: Planning target volume; 3D-CRT: Three-dimensional conformal radiotherapy

Figure 1b. PTV dose volume histogram for 3D-CRT

PTV: Planning target volume; 3D-CRT: Three-dimensional conformal radiotherapy

IMRT p-value
571+187.84 0.983
44.55+1.52 0.002
41.73%£1.30 <0.001
43.05£1.49 1.000
43.2041.77 0.893

567.43+186.48 0.390
0.065+0.009 <0.0001
0.994+0.005 0.579

-Mean dose; HI: homogeneity; Cl: Conformity index; 3D-CRT:

mean

Three-dimensional conformal radiotherapy; IMRT: Intensity modulated radiotherapy techniques
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Figure 2a. PTV beam arrangement for IMRT
PTV: Planning target volume; IMRT: Intensity modulated radiotherapy techniques

Figure 2b. PTV dose volume histogram for IMRT

PTV: Planning target volume; IMRT: Intensity modulated radiotherapy techniques

Table 2. Dosimetric comparison of OARs using 3D-CRT and IMRT

in sparing of the left lung between both plans for high-dose volumes,
including V, and V,.. IMRT significantly reduced the dose to the
volumes Vi, and V., when compared to 3D-CRT (VZO: 18.2 vs 30.55,
p<0.0001; V,.: 11.17 vs 28.12, p<0.0001). For the heart, there was
no significant variation, since IMRT showed supremacy to 3D-CRT
at high-dose volumes (Vzo: 4.44 vs 10.29, p = 0.02; V., 2.08 vs
8.94, p = 0.002). On the other hand, 3D-CRT showed a significant
exceptionality to IMRT in terms of low-dose volumes for left lung (V.:
92.23 vs 56.60, p<0.001, V,  60.98 vs 47.20, p = 0.04) and heart (VS:
57.45 vs 30.39, p = 0.004). A significant difference was seen for V,, in
heart (24.48 vs 24.23, p = 0.974) for 3D-CRT.

However, there was no significant difference between the two planning
techniquesin termsof D (D,) at (44.55vs 46.25,p = 0.002),D,
o (Dyg) at (41.73 vs 37.71, p = 0.001) and the Homogeneity index
(HI) at (0.065 vs 0.1984, p = 0.0001). In comparing the dose to the
contralateral breast, the mean dose and V, were statistically significant
(2.35vs 1.235, p = 0.0016; 12.01 vs 4.76, p = 0.008, respectively). On
the other hand, the mean dose and V. to the contralateral lung showed
no significant variation (4.036 vs 2.457, p = 0.153; 30.105 vs 16.885,
p = 0.127, respectively).

Discussion and Conclusion

This study provides an optimal plan to every patient whose chest
wall were radiated by IMRT, thereby protecting the OARs. Many
studies have been conducted to demonstrate the superiority of one
technique over another. In several trials, the advantages of IMRT over
3D-CRT with lower dose to OARs and improved dosage compliance
to PTV were found in whole breast cancers. There are few accounts
of radiotherapy after mastectomy (PMRT). In this study, the dose
conformity, homogeneities, and sparing of OAR were analyzed for
PMRT in our center. A dosimetric comparison of 3D-CRT and IMRT
with left-sided mastectomy patients was done by Fiorentino et al. (10)
and it was found that there was no significant difference between the
two treatment planning techniques in terms of maximum dose (5.579

Organ at risk Parameters 3D-CRT IMRT p-value
Vv, 56.60%1+25.06% 92.23%15.64% <0.001
Vi, 47.20%+26.60% 60.98%112.89% 0.04
V, 30.55%+9.95% 18.2%+2.51% <0.0001
Ipsilateral lung V. 28.12%%9.21% 11.17%21.96% <0.0001
D-,... Gy) 18.2510.2 13.66£1.29 0.05
v, 30.39%+33.23% 57.45%+20.77% 0.004
o 24.23%+31.61% 24.48%1+13.58% 0.9741
V,, 10.29% +10.47% 4.44%%3.12% 0.02
Heart vV, 8.94%18.98% 2.08%+1.56% 0.002
D-... Gy) 8.21+7.66 7.55+2.25 0.7
D-,... Gy) 1.234%1.069 2.35+1.004 0.0016
Contralateral breast v, 4.76+4.98 12.01£10.63 0.008
d- ... (Gy) 2.457+4.614 4.036+1.479 0.153
Contralateral lung Vv 16.885+ 33.766 30.105£17.4 0.127

5
D,.... Mean dose; V: Volume of tissue receiving X
techniques; OAR: Organ at risk

Gy; 3D-CRT: Three-dimensional conformal radiotherapy; IMRT: Intensity modulated radiotherapy



vs 5.529, p = 0.51), minimum dose (3.900 vs 3.887, p = 0.85), mean
dose (4.698 vs 5.137, p = 0.33), and homogeneity index (1.17 vs 1.16,
p = 0.47). Recently, Shanei et al. (11) conducted a radiobiological
comparison of 3D-CRT and IMRT in left-sided radiotherapy breast
cancer. Their results showed a significant increase in mean dose of
the target (p<0.001) and a significant difference in CI and HI for six
to nine fields IMRT plans than 3D-CRT at p<0.001. In the current
study, there was a non-significant difference in mean dose to the target
(p = 0.983) and CI (p = 0.5786), with HI significant at (p<0.001).
In 2013, Moorthy et al. (12) compared the dosimetric properties of
SIB-IMRT and SIB-3D-CRT for breast cancer using breath-holding
gated technique. Although no significant difference was seen in HI (p
= 0.45) for both techniques, an improvement in CI from 3D-CRT
(0.18) to IMRT (0.14) at (p = 0.01) was observed. Also, it was stated
that IMRT reduced the dose to the OAR better than 3D-CRT. In a
research study regarding PMRT in 3D-CRT and IMRT, Rastogi et al.
(13) concluded that IMRT significantly improves CI at p<0.001 and
that no significant difference was seen in both techniques for mean
dose, although IMRT, in comparison with 3D-CRT, significantly
reduced the high-dose volumes of ipsilateral lung and heart, 3D-CRT
is superior in low-dose volume. Li et al. (14) also investigated IMRT
and 3D-CRT in post-mastectomy irradiation of chest wall and
regional nodes and found that low-dose volumes to the ipsilateral lung
were better spared in 3D-CRT, while high-dose volumes to the lungs
were better spared in IMRT; and homogeneity and conformity were
also better in IMRT than in 3D-CRT. Findings from these studies
are similar to those of our study for HI, which showed a significant
variation, the current CI is considered non-significant. It is worthy to
state that the heterogenous dose distribution, hot/cold spots due to
irregular breast contour, difficulty in establishing dose consistency, and
homogeneity are few of the challenges found in 3D-CRT technique.
Normal tissues are exposed to radiation during treatment of primary
cancer. The dose to the contralateral breast and lung has been proven
to cause secondary cancer. The IMRT treatment plans adhered to the
QUANTEC constraint of less than 3 Gy for contralateral breast. A
significant difference was seen in mean dose and V. for contralateral
breast (p = 0.0016). This was in line with the results reported in Serhat
etal. (15).

Radiation pneumonitis and cardiac morbidity are major concerns in
patients who have received radiotherapy after a mastectomy. Many
factors, including radiation fractionation, volume of lung radiated,
intake of chemotherapy drugs, and increasing use of CT, have been
implicated in the increasing rate of this complication (16, 17).
Although there is no threshold or safe dose to which they do not occur,
dose to the lungs and heart should be kept as low as achievable and this
is seen in the present study. IMRT showed better sparing in V, and
V,, to the left lung and heart. The geometric difference between whole
breast cancers and PMRT (chest wall radiation) may have an impact
on the dose distribution; in other words, the anatomical structure of
the whole breast and chest wall are much different. This may be a
reason for the differences in dose distribution to OAR found in other
studies. We encountered a few limitations during the research, one of
which was the less number of patients. Another was a short follow-up
on radiation toxicity and local control in IMRT plans, which was not
addressed in this work. In the future, further studies are encouraged to
address these limitations.

In conclusion, this work showed better homogeneity and conformity
of dose to target volume in IMRT than in 3D-CRT. However, the
3D-CRT was found to be exceptional in low-dose volumes for left

Adeneye et al. 3D-CRT and IMRT Breast Plan Evaluation

lung and heart (V, and V) than IMRT. IMRT showed superiority
in high-dose volumes (V,; and V) to the organ at risk. IMRT was
proven to be a better technique than 3D-CRT in terms of dose
homogeneity and sparing of OAR, however, no substantial difference

was seen in CI.
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ABSTRACT

Objective: Coronavirus disease 2019 (COVID-19) has placed an unprecedented burden on healthcare systems and restricted resources for non-COVID
patients worldwide. Treatment approaches and follow-up plans have been modified to prevent the risk of infection for patients and healthcare workers.
Patients prefer to delay or cancel their treatments during the peak period of infection.

Materials and Methods: We retrospectively reviewed the characteristics of patients with breast cancer who were consulted at our outpatient clinic right
after early COVID-19 peak in May and June 2020 and compared them with the same period in 2017 to 2019.

Results: The number of patients who consulted at our outpatient medical oncology clinic declined in May and June 2020. This decline was regardless of
stage and was larger in May than in June 2020. In general, the distribution of tumor subtypes [luminal, human epidermal growth factor receptor 2 (HER-2)
positive, and triple negative] was not different from 2017 to 2020. Less than half of the patients received adjuvant chemotherapy following early COVID-19
peak in May and June 2020. Few patients received chemotherapy for metastatic disease, whereas many metastatic patients received endocrine therapy. None
of the consulted new patients had a non-invasive disease. More patients received endocrine therapy than chemotherapy.

Conclusion: The presentation patterns of patients with breast cancer after early COVID-19 peak differed from those during the same period in the last 3
years. The pandemic affected the number of new patients consulted and the way medical oncologists treat their patients.

Keywords: Breast cancer, COVID-19, early peak

Cite this article as: Dauti Isiklar A, Deniz C, Soyder A, Giildogan N, Yilmaz E, Basaran G. How Do Breast Cancer Patients Present Following COVID-19
Early Peak in a Breast Cancer Center in Turkey?. Eur ] Breast Health 2021; 17(3): 253-257

Key Points
e COVID-19 pandemic led to important changes in the breast units of hospitals.
e The number of consulted patients decreased because of early curfew and right after the early peak of pandemic.

*  Medical oncologists preferred less toxic treatment modalities more in May and June 2020 than in the last 3 years.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic has led to practical changes in the management of patients with breast cancer worldwide
(1). Multidisciplinary oncology teams modified their treatment decisions with respect to surgical approach, radiotherapy, and optimal systemic
therapy to ensure maximal protection from infection based on their regional dynamics (2).

The first documented COVID-19 case in Turkey was reported on March 11* 2020. The peak for active cases was reached in the last week of
April 2020 (3). Acibadem Altunizade Hospital is one of the largest hospitals of the Acibadem Healthcare Health Group in Turkey with a capacity
of 350 beds. It has a specific unit for the diagnostic and therapeutic management of breast cancer. At the outset of the COVID-19 pandemic,
in line with the precautions of Acibadem Hospital, our breast center has adapted to the management of patients with breast cancer and delayed
elective operations of elderly and follow-up patients until the end of April. New diagnoses and suspicious relapses were handled as usual.
Ongoing chemotherapies continued throughout the pandemic, unless the performance and comorbidities of the patients were not restrictive/
compromising. Endocrine therapy is opted for patients with hormone receptor-positive metastatic breast cancer, whereas oral chemotherapeutic
agents are preferred for patients with newly diagnosed metastatic breast cancer or progressed metastatic breast cancer. Breast surgery was delayed
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for patients with early breast cancer if they were endocrine sensitive
and can be managed by endocrine therapy until optimal settings are
available. Following the peak, curfew restrictions for people over 65
years old, those with chronic illnesses, and young people under 20
years old were eased by government at the beginning of May 2020.
Therefore, a number of patients who need oncological care and
those who were referred for oncological therapy started to come to
the medical centers. Surgery for early breast cancer started safely with
precautions, and outpatient follow-ups commenced for patients with
high risk of recurrence at oncology clinics in Istanbul. Patients with
undiagnosed breast lumps during the peak or patients with biopsy-
proven breast cancer right after the early peak sought radiological
imaging and surgical attention in May and June 2020.

The present study aimed to characterize new patients who were
evaluated at our center right after the early peak of COVID-19
infection in May and June 2020. Past patient records were analyzed to
characterize new patients who were admitted in May and June 2017-
2019. This study focused on the presentation of new cases in terms of
stage, tumor subtype, age, and preferred therapy.

Materials and Methods

We retrospectively reviewed the records of patients who were
consulted at our outpatient clinic and noted their stage at
presentation, tumor subtype, and recommended therapy right after
early peak of COVID-19 in May and June 2020. We also reviewed
the same parameters for the patients who presented at the same
period in 2017-2019. This cross-sectional retrospective study was
approved by the institutional review board at Altunizade Acibadem
Hospital Hospital (no: 755, date: 01.09.2020).

Results

The number of patients consulted at our outpatient medical oncology
clinic declined. Figure 1 shows our patient profile based on the disease
stage in 2017-2020. Fewer patients with early disease and metastatic
disease were consulted in May and June 2020 than in the same months
of 2017-2019. The number of patients who needed neoadjuvant
therapy was similar between 2019 and 2020, greater than that in 2017
and less than that in 2018.

We have consulted 428, 702, 610, and 521 patients (patients on
chemotherapy, new patients, and follow-up patients were all included)
in May and June of 2017, 2018, 2019, and 2020, respectively, at our
center (Table 1). Among 521 patients consulted in May and June
2020, 36 were new cases. Median age was 50 and similar to that
of the last 3 years. Eighteen out of 36 patients have been recently
operated for early breast cancer during the peak months of COVID-19

Table 1. Patient consulted in May—June between 2017-2020

2017
Patient consulted (n) May June May
New patients 24 23 35
Follow-up 105 76 197
On IV therapy 102 98 177

IV: Intravenous therapy; n: Number

2018

infection. One patient who underwent breast-conserving surgery 3
years ago presented with ipsilateral local relapse, and mastectomy was
recommended. Thus, these patients were recorded as having early-stage
disease. Of the 18 patients who underwent breast surgery, 11 received
breast-conserving surgery, one mastectomy, two bilateral subcutaneous
mastectomy, and four subcutaneous mastectomy. Among carly-stage
patients, 14 had node-negative and three had node-positive disease.

Neoadjuvant therapy was recommended for 11 patients, and five
patients had metastatic disease at the time of admission. Among
metastatic presentations, one patient had de novo disease, one patient
relapsed while on adjuvant endocrine therapy, one patient had
progressive disease while on therapy for metastatic breast cancer, and 2
patients were consulted for a second opinion. Three of the metastatic
patients had visceral metastases. Table 2 shows patient and treatment
characteristics in May and June 2017-2020.

distribution  of tumor subtypes by

immunohistochemistry as luminal, HER-2 positive, and triple

In general, the

negative showed no significant difference from 2017 to 2020 (Figure
2). Table 3 shows the distribution of tumor subtypes for patients
who received adjuvant and neoadjuvant therapy and for metastatic
patients.

The recommended adjuvant therapy for patients who had breast
surgery in May and June 2017, 2018, 2019, and 2020 is shown in
Figure 3. Two thirds of the patients received adjuvant chemotherapy
in May and June 2017-2019. Less than half of the patients received
adjuvant chemotherapy following early COVID-19 peak in May and
June 2020. Few patients received chemotherapy for metastatic disease,
and many metastatic patients received endocrine therapy (Figure
4). Two patients received neoadjuvant endocrine therapy in 2019

Stage of breast cancer

30

25

20 —

2017 2018 2019 2020

W Benign M Early stage Locally advanced M Metastatic

Figure 1. Patient profile based on the disease stage in May and June
2017-2020

2019 2020
June May June May June
18 32 1 9 27
119 144 136 59 180
156 168 119 124 120



and 2020, and none of the patients received neoadjuvant endocrine
therapy in 2017 and 2018 (Figure 5). Two patients who received
neoadjuvant therapy in 2020 were elderly patients aged 87 and 72
years old. Similarly, the two other patients who received neoadjuvant

endocrine therapy in 2019 were elderly patients aged 95 and 72 years
old.

Tumor subtypes by IHC between 2017-2020

Dauti Isiklar et al. COVID-19 and Breast Cancer

Discussion and Conclusion

The COVID-19 pandemic has dramatically changed inpatient and
outpatient care in oncology clinics as in other healthcare workers. All
preventive and follow outpatient visits are postponed to decrease the
risk of transmitting the virus to either patients or healthcare workers.
Oncological emergencies and new diagnoses requiring urgent therapy
were continued. Telemedicine visits were organized for elderly
patients or patients with comorbidities. Patients with cancer are

40
P susceptible to infection because of their systemic immunosuppressive
% state caused by malignancy and anticancer treatments, such as
- Metastatic breast cancer patients
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Figure 2. Tumor subtype in May-June 2017-2020 £ 2017 2018 2019 2020
IHC: Immunochistochemistry; HR: Hormon receptor; HER2: Human epidermal Figure 4. Patients with metastatic breast cancer
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Figure 3. Recommended adjuvant therapy Figure 5. Patients who received neoadjuvant therapy
CT: Chemotheraphy; ET: Endocrintheraphy; n: Number CT: Chemotheraphy; ET: Endocrintheraphy; n: Number
Table 2. Patient characteristics in May and June 2017-2020
May-June May-June May-June May-June
Period 2017 2018 2019 2020
Number 47 53 42 36
Median age 48 (26-83) 45 (26-85) 49 (33-95) 50 (27-82)
DCIS or LCIS 3 2 2 0
Received adjuvant therapy following breast surgery 26 26 21 19
Received neoadjuvant therapy 7 15 11 11
Metastatic (total) 11 9 7 5
De novo 6 2 2 1
Relapsed 2 1 1 1
Second opinion 1 6 2 2
PD on therapy for MBC 2 0 2 1
Visceral 7 7 3 3
Metastatic site .
Non-visceral 4 2 0 3

DCIS: Ductal carcinoma in situ; LCIS: Lobular carcinoma in situ; PD: Progression disease; MBC: Metastatic breast cancer
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Table 3. Tumor subtype for patients who received adjuvant, neoadjuvant therapy, and for metastatic patients

Period

Operated and received adjuvant therapy

Received neoadjuvant therapy

Metastatic

Tumor May-June May-June May-June May-June
subtype 2017 2018 2019 2020
HR-positive
. 16 20 15 12
HER-2 negative
HER-2 positive 6 4 4 4
Triple-negative 4 3 3
HR-positive
. 4 10 8 6
HER-2 negative
HER-2 positive 2 3 3 3
Triple-negative 1 2 1 2
HR-positive
. 7 7 4 5
HER-2 negative
HER-2 positive 2 2 1 1
Triple-negative 2 0 1 0
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HR: Hormon receptor; HER-2: Human epidermal growth factor receptor 2

chemotherapy or surgery (4-7). A study from China has shown that
rate of SARS-CoV-2 infection in patients with cancer is 0.79% at
their institution (8). Another Chinese study reported a mortality
rate of 7.6% in all cancer patients (9). The need for intensive care,
invasive ventilation, and mortality rates are slightly higher in patients
with cancer than in individuals without cancer (hazard ratio: 2.29—
3.50) (10). At our breast center, only six patients had COVID-19
infection in March and April 2020, and all were follow-up patients
with early breast cancer. Two of them were living in another city.
None of them required intensive care, and no deaths were due to

COVID-19 infection.

Many patients avoid hospital visits to decrease their risk of exposure.
In addition, many patients could not attend necessary medical visits
because of local restrictions by government (such as curfew for people
>65 years old). Chemotherapies were delayed or substituted by oral
regimens for some patients during the early pandemic. All these
changes decreased the number of hospital outpatient visits.

This study found that the presentation patterns of new breast cancer
cases right after the early COVID-19 peak differed from those during
the same period in the last 3 years. Data covering only two months
of 2017-2020 were analyzed. Therefore, the number of new patients
was low and did not allow us to make statistical comparisons between
years. Despite the low number of new patients, our findings have
shown that follow-up patients with breast cancer or women with
undiagnosed breast tumors were terrified and did not visit hospitals
right after the peak. A small proportion of new consultations (three,
two, and two patients in 2017, 2018, and 2019, respectively) were
ductal carcinoma in situ or lobular carcinoma in situ in the last 3
years, and no patients were consulted with a non-invasive histology in
May and June 2020. Non-invasive disease was considered low priority
during the pandemic. Therefore, all diagnostic and therapeutic
procedures were postponed for these cases. Our findings revealed that
oncologists preferred endocrine therapy more than chemotherapy in
May/June 2020 irrespective of the disease stage.

Its retrospective nature and the small number of patients are the main
limitations of our study. The number of new COVID-19 cases are

still increasing following the early peak in April in Turkey and globally
(1). Analyzing the patient presentation patterns of patients until the
pandemic could be more informative because many patients avoid
hospital visits with the fear of COVID-19 infection. Hence, the
number of patients with local relapse and metastatic presentations may
increase in the upcoming months.
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ABSTRACT
Objective: This study aimed to find out valuable parameters that predict the nature of breast papillary lesions before excision, and we compared our results

with those in the literature.

Materials and Methods: We reviewed the medical records and pathology slides of patients diagnosed with papillary neoplasm after undergoing a core-
needle biopsy between 2010 and 2020, who, subsequently, underwent surgical excision in a single tertiary care institution. The core biopsy results and
pathology results of excision materials were compared with the radiological, pathological, and demographic findings.

Results: A total of 51 patients were included in the study. According to the excision results, the patients were divided into two groups: the atypical group,
which included 20 patients (39.3%), and the benign group, which included 31 patients (61.7%). The results of the core biopsy showed that the loss of
myoepithelial cell layer was identified in 18 patients in the atypical group, while it was present in all patients in the benign group. Tumor sizes were larger and
patient ages were older in the atypical group compared with the benign group. No significant difference was found between atypical and benign groups in
terms of breast imaging-reporting and data system (BI-RADS) classification and location (right vs left; central vs peripheral). The upgrade rate was between
0% and 16% in literature, while it was 4% in our study.

Conclusion: There is no consensus on whether patients diagnosed with papillary neoplasia as a result of core biopsy will undergo excision. According to
our results, patients with following criteria should have their lesions excised: those who are advanced in age, those who are diagnosed with a papillary lesion
as a result of core biopsies with loss of myoepithelial cell layer, and those who are diagnosed with large-sized lesions without loss of myoepithelial cell layer.
Patients diagnosed with small-sized lesions without loss of myoepithelial cell layer and who are young in age are to be followed up without the need for lesion
excision. The lesions should be adequately sampled.

Keywords: Breast neoplasm, core biopsy, papillary neoplasm
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Key Points
e In particular, there is no consensus on whether patients with a diagnosis of papillary neoplasia resulting from core biopsy will undergo excision.

*  According to the results of our study, patients with advanced age, a diagnosis of papillary lesions as a result of core biopsy with loss of myoepithelial
layer, and large-sized lesions should have their lesions excised.

e In patients who did not experience loss of myoepithelium, it should be ensured that it is adequately sampled if the lesion will not be excised.

Introduction

Papillary breast neoplasms are lesions with a fibrovascular core surrounded by an epithelial cell layer. Most of the papillary lesions are restricted
to cystically dilated ducts and have thick fibrous walls. Intraductal papillary neoplasms of the breast are intraductal papilloma with atypical
ductal hyperplasia/ductal carcinoma in situ (DCIS), papillary DCIS, and solid and encapsulated papillary carcinomas iz situ. Papillary lesions
of the breast span the spectrum of benign, atypical, and malignant. While the myoepithelial cell layer reveals continuity in all benign intraductal
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papillary neoplasmas, the type of the lesion in atypical papillary lesions
varies according to the presence of the myoepithelial cell layer inside
and around the papilla (1).

In all breast lesions, core biopsies can efficiently predict the nature of
the lesion. In papillary lesions, histopathological assessment of core
biopsies is very effective when deciding on excision or follow-up of the
lesion. However, in some papillary lesions, the nonhomogeneity of the
lesion decreases the reliability of core biopsy (1).

In our study, we included patients who were diagnosed with papillary
neoplasm as a result of core biopsies done at our hospital and whose
excision materials were present in our hospital, but the type of their
lesions could not be specified. The demographic, radiological, and
histopathological characteristics of the patients were analyzed. We
aimed to find out valuable parameters for predicting the nature of
breast papillary lesions before excision and compared our results with
those in the literature.

Materials and Methods

The pathological data of patients who were diagnosed with papillary
neoplasia as a result of core-needle biopsies done at our hospital
between 2010 and 2020 and whose excision materials were present in
our hospital were assessed. The radiological images and pathological
slides of all patients were reassessed.

The excision results of patients were classified according to the
International Classification of Diseases for Oncology, Third Edition,
Second Revision (ICD-0O-3.2) determined by WHO. Papillary lesions
are classified as benign, malignant, or uncertain behavior lesions
according to ICD-0O-3.2 (1). We divided them into two groups: the
atypical group, which included the malignant and uncertain behavior
lesions, and benign group, which included the benign lesions (1).

Radiological parameters such as ductal ectasia, microcalcification,
mean size of the lesion, peripheral or central location of the
lesion, and BI-RADS category, pathological parameters, such
as immunohistochemical markers, and demographic data were
analyzed in selected patients. At least two myoepithelial markers,
one cytoplasmic and the other nuclear [high molecular weighted
cytokeratin (HMWCK), SMA, CK5/6, CK14, and p63], were
routinely used in all core biopsy specimens and excision materials. In
addition to these, the estrogen receptor was investigated in patients
when necessary.

There were less than six months between durations of excision
materials and core biopsy of patients included in the study.

Patients whose excision was not performed at our hospital and patients
whose final diagnosis and classification were identified using core
biopsy materials were excluded from our study.

We compared between the atypical papillary lesion and benign
papillary lesion groups. We used the Statistical Package for Social
Sciences version 21 (IBM SPSS Corp; Armonk, NY, USA) for
statistical analysis. The results of categorical variables are shown in
tables and charts where appropriate. Differences between groups were
determined using the Mann—Whitney U test for numerical variables.
Categorical variables were determined using the chi-square test.
p<0.05 was considered statistically significant.

Ugur Kiling et al. Breast Papillary Neoplasms

Results

Fifty-one patients were included in the study: 31 in the benign group
and 20 in the atypical group (Table 1). Excision diagnoses of the 51
patients with papillary neoplasm are shown in Table 2.

The median age of the patients included in the study was 44 (24-79).
90% of the patients were older than 40 years. The mean age was 59.4
(40-79) in the atypical group and 48 (23-70) in the benign group
(Table 1).

The mean size of the largest tumor detected on ultrasound was
14.240.9 mm in the benign group and 31.15+1.2 mm in the atypical
group (Table 1).

Papillary lesions were observed more on the left (61%) than on the
right (39%). However, no significant difference was found between
the atypical and benign groups in terms of lesion laterality (p>0.01).

Five of the patients underwent only ultrasonography (USG), four
underwent USG and magnetic resonance imaging (MRI), 21
underwent USG and mammography (MMG), and 20 patients
underwent all three imaging methods.

According to ultrasonographic locations, lesions of only three patients
(10%) in the benign group were located in the peripheral ducts and
the rest of the patients (28; 90%) had centrally located lesions. In the
atypical group, 11 patients (55%) had centrally located lesions and
nine patients (45%) had peripherally located lesions (Table 1).

According to the results of the USG BI-RADS classification, 24
patients were reported as BI-RADS 4A, three patients as BI-RADS
4C, two patients as BILRADS 3, one patient as BI-RADS 4B, and one
patient as BI-RADS 5 in the benign group. In the atypical group, 12
patients were reported as BI-RADS 4A, four patients as BI-RADS 4B,
three patients as BI-RADS 5, and one patient as BI-RADS 4C (Table
1; Figures 1 and 2).

Forty-one patients underwent MMG. Microcalcification was
monitored at a rate of 6% (2/31) in the benign group. This rate was

higher (25%; 5/20) in the atypical group (Table 1).

While the rate of ductal ectasia was 54% (17/31) in the benign
group, it was 6% (3/20) in the atypical group. All three ductal ectasias
monitored in the atypical group were centrally located, and their
excision diagnoses were intraductal papilloma with DCIS (Table 1).

Eighteen out of 20 patients, who were diagnosed with papillary
neoplasia and in whom loss of myoepithelial cell layer was detected as
a result of core biopsy, were diagnosed with atypical papillary lesions
based on the excision materials. The loss of myoepithelial cell layer was
not detected in the biopsy material of the other two patients in the
atypical group, and they were diagnosed with intraductal papilloma
with DCIS based on the excision materials (upgrade rate was 4%).
Myoepithelial cell layers were continuous in the core biopsies and
excision materials of all patients in the benign group.

In only four patients in the benign group, intraductal papilloma was
accompanied by atypical ductal hyperplasia in the excision materials.
Their mean age was 48 (35-67). In three of the four patients, the
lesions were centrally located, while it was peripherally located in one
patient. The mean size of the lesions was 13.75 mm.
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In our series, the mean age of patients with papillomas with DCIS
(5/51) was 50.5+11.4 years. The mean size of large lesions was
28.5 mm. Four of the aforementioned five patients had centrally
located lesions and one had peripherally located lesions. Four of
them were diagnosed as BI-RADS 4A and one was diagnosed as
BI-RADS 4C. Ductal ectasia was detected in three patients, and
microcalcification was detected in two patients. Histopathological
images of one of the patients with papilloma with DCIS are shown

in Figures 3 and 4.

Core biopsies and ultrasound were performed in 50 patients, while
only one patient underwent excisional biopsy. All biopsies were

sampled with 16-gage (G) (16 G; 38 patients) or 18-gage (G) (18 G;

13 patients) needles. In our study, the mean size of core-needle biopsy

tissue samples was 26 mm (Table 1).

Discussion and Conclusion

To date, several studies have been conducted to predict preoperative
atypia in papillary breast lesions (2-6). Our study also contributes to
the literature as it contains detailed radiological, pathological, and

demographic data.

According to studies in literature, lesions located on the left breast
and peripherally, advanced age, large-sized lesions, and high BI-RADS
category may help predict atypia (6-10).

Table 1. Demographic, pathological, and radiological descriptive findings and statistical value of the groups

All papillary Benign papillary Atypical papillary p-value
neoplasms neoplasms neoplasms
(n=51) (n=31) (n =20)
Number 51 31 20 -
Age
Mean = SD 44 49.09£12.31 57.65+12.82 0.05
<40 7 6 1
240 44 25 19
BI-RADS category
3 2 2 0 @
4a 36 24 12
4b 5 1 4
4c 4 3 1
5 4 1 3
Mass size (mm)
Mean + SD 23.2219 mm 14.2£0.9 mm 31.15£1.2 mm <0.01
<1cm 10 10 0
>1.cm 41 21 20
Loss of myoepithelial cell layer 18 0 18 p<0.001
Location
Peripheral 12 3 9 &
Central 39 28 11
Lesion laterality
Right 15 10 5 >0.05
Left 36 21 15
Microcalcification 7 2 5 &
Ductal ectasia 23 17 6 <0.01
Needle gage size 37 22 15 &
16 G
Needle gage size 14 9 5 @
18 G
Core biopsy sample (mean) 18 mm 17 mm 17.5mm >0.05

*: Statistical test result is not available due to limited data.

BI-RADS: Breast Imaging Reporting and Database System score; SD: Standard deviation; n: Number
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In our study, the mean age of the atypical group was 59.4 years (40—  group (14.2+0.9 mm), which is consistent with literature data. No
79), which is higher than that of the benign group, 48 years (23-70).  lesion smaller than 1 cm was detected in the atypical group (0%:;
This is consistent with literature data (1). 0/20), while 35% (11/31) of the lesions in the benign group were 1

The mean size of the largest tumor detected on ultrasound was higher €™ and smaller. In some studies in the literature, lesions larger than 1

in the atypical group (31.15+1.2 mm) compared with the benign  cm were associated with atypia, which agrees with our results (1, 7, 8).

Figure 1. A 64-year-old woman presenting with pain in the left breast. (@) On the mammogram (MMG), there was a global asymmetric density
increase in the upper left quadrant of the left breast. (b) On breast ultrasonography (USG), an irregular spiculated contoured mass lesion with
asize of 22 x 16 mm was detected at a distance of 7 cm nipple, at 2 o'clock of the left breast. Imaging findings (MMG + USG) were reported as
BI-RADS 5. The pathological result of the core biopsy taken from the defined lesion and USG was reported as a papillary neoplasm. The final
pathological result of the excision was reported as encapsulated papillary carcinoma

BI-RADS: Breast Imaging Reporting and Database System score

Figure 2. A 45-year-old female patient presenting due to stiffness in the left breast. (a) Increased nodular density increase in left breast retro
areolar area on MMG, (b) on the USG, a solid component with dimensions of 24 x 28 mm was detected in the posterior wall of the cyst of 65
x 60 mm in the left breast retroareolar area. In the breast MRI examination, (c1), in the posterior wall of the cyst in the retroareolar area.
Isointense with fibroglandular tissue on T1A images. (c2) Mild hyperintense from fibroglandular tissue in T2A images. (c3 and c4) On the
contrast dynamic series, a mass lesion showing pathological contrast enhancement in the early phase and drawing a plateau of the contrast
curve in the late phase was observed. Imaging findings (MMG + USG + MRI) were reported as BI-RADS 4b. The pathological result of a Tru-Cut
biopsy taken from the defined lesion with USG was reported as papillary lesion. As a result of the excision, the final pathological result was
reported as intraductal /intracystic papilloma.

USG: Ultrasonography; MMG: Mammogram,; MRI: Magnetic resonance imaging; BI-RADS: Breast Imaging Reporting and Database System score
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Although studies assert that the BI-RADS category can predict
atypical papillary lesions, there was no difference between the two
groups in terms of the BI-RADS category according to our study
results (4).

When tumor locations were evaluated, it was found in a study in the
literature that the rate of peripheral location in the atypical group was
57%, while the rate of central location was 42% (3). Similarly, these
rates were 55% (11/20) and 45% (9/20), respectively, in our study.
Lesions of only three patients (10%) in the benign group were located
peripherally, and the rest of the patients (28; 90%) had centrally
located lesions. In such a case, although the peripheral location is
relatively higher in atypical lesions, the location of the lesion will not

help give a certain result.

Table 2. Results of excision of 51 patients diagnosed with
papillary neoplasm as a result of core biopsy

Atypical papillary lesions

Encapsulated papillary carcinoma 4
Invasive encapsulated papillary carcinoma 1
Invasive papillary carcinoma 5
Solid papillary carcinoma 2
Papillary DCIS 3
Intraductal papilloma with DCIS 5
Total 20
Benign papillary lesions
Intraductal papilloma 27
Intraductal papilloma with atypical ductal hyperplasia 4
Total 31

DCIS: Ductal carcinoma in situ

Microcalcification was detected in two patients (6%) in the benign
group and five patients (20%) in the atypical group. Although the rate
of microcalcification was relatively higher in the atypical group in our
study, studies in the literature did not find MMG results reliable for
papillary lesions (10).

In our study, the mean size of lesions was 21 mm, the mean size
of core biopsy samples was 17.2 mm, and mean sample length per
cm calculated as 8 mm, which resulted in a low upgrade rate (4%).
We recommend collecting at least a 1 cm sample per lesion size in
papillary lesions since this increases diagnostic sensitivity and decreases
the upgrade rate. Therefore, the clinician must check if the lesion is
adequately sampled before the decision of excision or follow-up is
made.

In core biopsies, the myoepithelial cell layer was regular in all benign
lesions. There was a partial or complete loss of myoepithelial cell
layer in all atypical lesions except for two patients whose lesions were
associated with an upgrade (Figures 3 and 4). Our findings were
consistent with literature data (1, 7, 11, 12).

Although heterogeneity in papillary lesions is stll a source of
concern, comprehensive studies generally show low upgrade rates.
A large number of studies were conducted on the increase in the
histopathological degree of the lesion in excision material after core
biopsy, which is defined as an upgrade. In recent literature, intraductal
papilloma has an incidence of upgrade ranging from 0% to 16% (5, 12,
13). According to our results, the upgrade rate was 4% (2/51), which is
consistent with literature data. The excision diagnosis of two papillary
lesions that were upgraded was intraductal papilloma with DCIS. In
core biopsy material of papillary neoplasia, where the myoepithelial
cell layer is regular and cytological atypia is not observed, papilloma
with DCIS can be missed due to the heterogeneity of the lesion.

In our series, the loss of the myoepithelial cell layer was the most
significant parameter in predicting atypical papillary lesions. Apocrine
cells are more common in benign papillomas that were associated with

the loss of myoepithelial cell, which may be misleading in that case. In

Figure 3. A 40-year-old female patient with a 3.5 cm diameter mass presented with pain in the left breast. Imaging findings (MMG + USG + MRI)
were reported as BI-RADS 4a. The pathological result of a Tru-Cut biopsy taken from the defined lesion with USG was reported as papillary
neoplasm. (a) In the core biopsy sample, the papillary neoplasm was diagnosed (H&E; 20x). (b) The myoepithelial layers are shown regularly
with p 63. As a result of the excision, the final pathological result was reported as intraductal papilloma with DCIS (one of our patients whose

lesion was associated with an upgrade)

USG: Ultrasonography; MMG: Mammogram; MRI: Magnetic resonance imaging; BI-RADS: Breast Imaging Reporting and Database System score; H&E: Hematoxylin and

eosin; DCIS: Ductal carcinoma in situ
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Figure 4. Histopathological images of the excision material of patient with intraductal papilloma with DCIS. The core biopsy sample of this
patient is shown in Figure 3. (a) Benign areas of lesion (H&E; 40x). (b) Benign/intraductal papilloma and atypical/ductal carcinoma in situ areas
of the lesion (H&E; 40x). (c) Higher magnification of DCIS areas of the intraductal papilloma (H&E; 400x)

H&E: Hematoxylin and eosin; DCIS: Ductal carcinoma in situ

such cases, the absence or extremely rare presence of mitosis in benign

papillomas will be a clue for us (1).

According to our findings, papillary lesions must be excised if loss of
myoepithelial cell layer was detected as a result of core biopsy, which is
consistent with literature data (1). If the myoepithelial cell layer is the
regular size of the lesion and the size of the sample should be assessed
and the lesion’s other parts that cannot be represented on core biopsy
should be considered in that case. If the size of the lesion is larger than
1 cm (lesion size was larger than 3 cm in two patients whose lesions
were associated with an upgrade) and patient is older than 40 years,
new samples or excision may be recommended. If the lesion size is
smaller than 1 ¢cm and the patient is young and does not want an

operation, a close follow-up is recommended.

According to our results, although lesion size, advanced patient’s age,
and loss of myoepithelial cell layer can guide us, taking a 1 cm sample
per cm of tumor size will decrease the possibility of histopathological
upgrade. In radiological studies, defining suspected areas of papillomas
with DCIS and focusing on sampling from these areas may help
decrease the upgrade rates.

We recommend that when encountering a core biopsy sample of a
papillary lesion without significant cytological atypia and malignancy,
it should be reported as papillary neoplasia with regular myoepithelial
cell layer or focal/complete loss of the myoepithelial cell layer.

As our study included many radiological and histopathological data,
it can guide breast surgeons, radiologists, and pathologists in clinical
practice in terms of papillary neoplasms.
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ABSTRACT

Objective: We aimed to investigate the distinction between Paget’s disease of the breast (PDB) and malignant tumor invasion of nipple-areolar complex
(MTION) with Magnetic resonance imaging (MRI) findings without the need for skin punch biopsy.

Materials and Methods: MRI findings of 16 patients with pathologically proven PDB and 11 patients with pathologically proven MTION were
reviewed retrospectively. MRI images were assessed for nipple morphological changes; areolar-periareolar skin changes; thickness, classification, and kinetic
characteristics of the nipple-areolar complex (NAC) enhancement; morphological pattern, size, and pathological diagnosis of concomitant malignant
lesions; kinetic characteristics of the concomitant malignant lesions enhancement; continuity of enhancement between the nipple and closest concomitant
malignant lesion; similarity of enhancement kinetics of the NAC and concomitant malignant lesions; and nipple-to-malignant lesion distance in both
patient groups.

Results: Areolar-periareolar skin thickening was statistically different between the patient groups. Enhancement kinetic pattern was classified as persistent
in four patients with MTION and plateau in seven patients with PDB. Moreover, NAC enhancement kinetic characteristics were statistically different
between the groups. Invasive ductal carcinoma was detected in three patients with PDB and five patients with MTION. A statistically significant difference
in malignant lesion pathological types was detected between the patient groups.

Conclusion: The significant MRI findings in patients with MTION diagnosed as invasive ductal carcinoma were areolar-periareolar skin thickening and
asymmetric NAC enhancement with persistent kinetics pattern. In patients diagnosed with ductal carcinoma in situ, a plateau pattern of asymmetric NAC
enhancement without any areolar-periareolar skin changes on MRI may indicate PDB.

Keywords: MRI, breast imaging, nipple-areola complex, breast cancer
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Key Points
e The nipple-arcola complex may be affected by malignancies.

e Dynamic breast MRI findings help us to diagnose Paget’s disease of the breast and malignant tumor invasion of the nipple-areolar complex without
skin punch biopsy.

e Areolar-periareolar skin changes and the kinetic pattern of nipple-areola complex enhancement and pathologic diagnosis of the concomitant malignant
lesion are critical MRI findings in the differentiation of Paget’s disease of the breast and malignant tumor invasion of the nipple-areolar complex.

e 3.0-T MRI is superior to 1.5-T MRI in obtaining areolar-periareolar skin thickness.

Introduction

The nipple-areola complex (NAC) is a specialized breast structure for breastfeeding that involves the pigmented squamous epithelium, a layer of
circumferential smooth muscle, and sebaceous glands (1). The skin of the nipple is continuous with the epithelium of the ducts (2). Cancer of

the ducts may spread to the NAC (3).

The NAC may be affected by malignancies such as invasive cancer, ductal carcinoma /n situ (DCIS), or Paget’s disease of the breast (PDB) (4).
NAC involvement in breast cancers has an incidence rate of 5.6%-24.6% (5). The different pathological mechanisms of NAC involvement

include a direct tumor invasion and dissemination of the tumor within ducts or lymphatics (6). Tumor size and distance between the tumor
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and nipple are significant factors for NAC involvement. Tumors
that are small and far from the nipple pose lower risk of NAC
involvement (5, 7). PDB is a rare malignant entity that accounts for
0.7%-4.9% of all breast carcinomas. PDB is usually accompanied by
underlying invasive cancer or DCIS (8). Two hypotheses regarding
the etiopathology of PDB were noted. The epidermotropic theory
suggests that ductal cancer cells migrate through the basement
membrane, whereas another theory implicates malignant neoplastic
transformation of the intracpidermal clear cells of the NAC (9,
10), which may explain the absence of an underlying malignancy
in 1%—6% of PDB cases (8). Definitive diagnosis of diseases of the
NAC is made by histopathological examination of wedge biopsy and
mastectomy or lumpectomy samples (9). The NAC is examined using
imaging methods before skin punch biopsy. Magnetic resonance
imaging (MRI) has a higher sensitivity than mammography and
ultrasonography in evaluating diseases of the NAC and underlying
malignancy (5, 11).

There are no previous studies in the literature comparing the
MRI findings of PDB and malignant tumor invasion of the NAC
(MTION). Therefore, this study aimed to differentiate between PDB
and MTION by dynamic breast MRI findings without the need for
skin punch biopsy.

Materials and Methods

This study was approved by the Medical Ethics Committee of Dr
Abdurrahman Yurtaslan Ankara Oncology Training and Research
Hospital and was in accordance with the principles of the Declaration
of Helsinki (approval number: 2020-10/834; approval date: October
21%, 2020).

Study population

We reviewed the pathology results of patients who underwent
preoperative dynamic breast MRI between June 2016 and September
2019. Patients who had preoperative breast MRI examination images
in our archive and were diagnosed as having PDB or MTION as a
result of pathology examination of operative material were included
in this study. Patients who received neoadjuvant chemotherapy or did
not have postoperative pathology report of PDB or MTION were
excluded.

Of 620 patients who underwent preoperative breast MRI examination,
35 patients were diagnosed by pathologic examination as having
nipple malignancy such as PDB or MTION. Eight patients received
neoadjuvant chemotherapy before surgery and were excluded. Finally,
the study group included 27 patients with a mean age of 51.4 years
(age range: 31-76 years). All patients were women and underwent
mastectomy within 1 month of breast MRI. Pathology reports
indicated PDB in 16 patients and MTION in 11 patients.

MRI technique

Among the patients, 17 were examined with a 1.5-Tesla (T)
magnetic resonance (MR) scanner (Signa HDx; GE Healthcare,
Wisconsin, USA) and 10 with a 3.0-T MR scanner (Skyra; Siemens
Healthineers, Erlangen, Germany) before surgery. All patients were
examined in the prone position using a breast array coil. Imaging
parameters on the 1.5-T MR scanner were as follows: TR/TE,
6500/45; T1, 150 ms; field of view (FOV), 320 mm; matrix, 416 x
224; and number of excitations (NEX), 1 and slice thickness (ST)
of 5 mm for axial STIR sequences; TR/TE, 400/8.8; FOV, 320

mm; matrix, 448 x 224; and NEX, 1 and ST of 5 mm for axial T1-
weighted (T1W) images; TR/TE, 4/1.5; FA, 10°% FOV, 320 mm;
matrix, 350 x 350; and NEX, 1 and ST of 2.8 mm for dynamic axial
fat-suppressed T1W images (before and after contrast injection);
and TR/TE, 1000/83; FOV, 320 mm; matrix, 192 x 192; and NEX,
4 and ST of 5 mm for echo-planar imaging (EPI)-based diffusion
weighted imaging (DWI). In contrast, the imaging parameters on
3.0-T MR scanner were as follows: TR/TE, 5000/88; FOV, 350 mm;
matrix, 576 x 768; NEX, 2; and ST, 4 mm for axial fat-saturated
T2-weighted (T2W) sequences; TR/TE, 800/11; FOV, 350 mm;
matrix, 448 x 640; NEX, 1; and ST, 4 mm for axial T1W images;
TR/TE, 4.3/1.6; FA, 10°; FOV, 350 mm; matrix, 352 x 352; NEX,
1; and ST, 1 mm for dynamic axial gradient fat-suppressed T1W
images (before and after contrast injection); and TR/TE, 6000/85;
FOV, 361 x 401 mm; matrix, 180 x 200; NEX, 1; and ST, 5 mm
for EPI-based DWI. Gadobutrol/gadopentetate dimeglumine at of
0.1 mmol/kg was used as the contrast agent for dynamic contrast-
enhanced sequences. Images were taken once before contrast and
five times after contrast injection. Standard subtraction images
were generated by subtracting precontrast images from postcontrast
images. Maximum-intensity projection (MIP) and multiplanar
reconstruction images were reconstructed. Conventional kinetic
analysis was done using a time-intensity curve for the NAC, mass
lesions, and nonmass enhancing lesions.

Analysis of magnetic resonance images

MR images were evaluated retrospectively on two workstations by two
radiologists who had at least 5 years of experience in breast imaging.
The radiologists were blinded to the pathology reports. Each case was
evaluated through a consensus between the two radiologists.

We evaluated nipple changes such as nipple inversion or retraction and
skin thickness of the NAC on T1W and fat-suppressed T2W images.
Complete and partial pulling inward of normal nipple was accepted
as inversion and retraction of the nipple, respectively (12, 13). The
thickness of the areolar-periareolar skin is normally between 0.5 and
2 mm (2). Asymmetric thickening of the areolar-periareolar skin
relative to the contralateral breast was evaluated. The characteristic
enhancement of the NAC is symmetric, with superficial linear
enhancement thickness of 1-2 mm (1, 13). We evaluated thickness and
classification of NAC enhancement on postcontrast T1W MR images.
Symmetric absent, mild, and intense nipple enhancement patterns
were considered normal (1). Asymmetric NAC enhancement was
considered pathologic enhancement. Pathologic NAC enhancement
was classified as nodular, discoid, linear, and irregular (11). We
evaluated NAC enhancement on postcontrast T1W subtraction and
MIP images. Concomitant malignant lesions were classified as single
mass, multiple masses, nonmass enhancement (NME), or mass with
NME. The largest dimension of the malignant lesions was recorded.
Enhancement kinetics of the NAC and concomitant malignant lesions
were evaluated as washout, plateau, or persistent enhancement. The
enhancement patterns of the NAC and concomitant malignant lesions
were compared. The continuity of contrast enhancement in the area
between the nipple and subareolar mass or NME was evaluated and
classified as discontinuous if a non-enhancing area was observed
between the NAC and mass or NME. The distance between the
nipple and malignant lesion was measured. If a gap between the mass
or NME and NAC was not noted, it was classified as a continuous
enhancement (12). The nipple-to-malignant lesion distance was
accepted as 0 mm in these cases.



Statistical analysis

SPSS 15.0 for Windows program was used for statistical analysis.
As descriptive statistics, numbers and percentages are presented for
categorical variables and mean, standard deviation, minimum, and
maximum values for numerical variables. Students t-test was used
for between-group comparisons of normally distributed variables
and Mann-Whitney U test for non-normally distributed variables.
Categorical variables were compared using chi-square test. Statistical

significance was accepted at p<0.05.

Results

Pathological evaluation determined 16 patients with PDB and 11
patients with MTION. MRI showed nipple inversion or retraction
in 19 cases: nine patients (56.3%) in the PDB group and 10 patients
(90.9%) in the MTION group. Nipple inversion was more common
in patients with MTION (63.6%) than in those with PDB (25%);
however, the difference was not significant (p = 0.093) (Figure 1).

Areolar-periareolar skin thickening was detected in a total of 12
patients: two (12.5%) in the PDB group and 10 (90.9%) in the
MTION group (p<0.001) (Figure 1).

NAC enhancement was observed in 26 patients. In seven of these

patients, enhancement was symmetrical, superficial, and linear, which

Figure 1. Axial T1-weighted MRI of a 66-year-old woman with ductal
carcinoma /n situ and malignant tumor invasion of the nipple-areola
complex shows areolar-periareolar skin thickening (white arrow)

MRI: Magnetic resonance imaging
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was considered normal (Figure 2). Only one patient with PDB showed
no NAC enhancement. Pathological NAC enhancement was detected
in 12 (75.1%) of the patients with PDB and seven (63.7%) of the
patients with MTION. Pathological NAC enhancement was evaluated
as nodular in four, discoid in three, linear in two, and irregular in
10 patients. Irregular NAC enhancement was more common in both
patient groups (Figure 3a). Enhancement patterns were not statistically
different between the groups (p = 0.086).

Median thickness of the NAC enhancement was 0.47+0.29 cm in the
PDB group and 0.32+0.15 cm in the MTION group (p = 0.141).

NAC enhancement kinetics are summarized in Table 1. Persistent
enhancement pattern was more common in MTION and plateau
enhancement pattern in PDB. The distribution of NAC enhancement
kinetics differed significantly between the groups (p = 0.026).

Morphological pattern of the concomitant malignant lesion was
classified as mass in three, NME in 17, and mass with NME in seven
patients. NME was the most common in both patient groups. The
distribution of morphological patterns did not differ significantly
between the groups (p = 0.078). The median size of the concomitant
malignant lesions was 2.99+2.12 c¢cm in patients with PDB and
2.9£1.63 cm in patients with MTION (p = 0.863).

Concomitant malignant lesion enhancement kinetics were evaluated as

washout, plateau, and persistent enhancement pattern in six (37.5%),
seven (43.8%), and three (18.8%) patients in the PDB group and four
(36.4%), three (27.3%), and four (36.4%) patients in the MTION
group, respectively (p = 0.551).

Figure 2. Axial dynamic postcontrast T1-weighted MRI of the right
breast of a 45-year-old woman with invasive ductal carcinoma
and Paget’s disease of the breast shows a normal thin, superficial
enhancement (white arrow) of the skin of the nipple-areola
complex, concomitant mass (black arrow), and concomitant nonmass
enhancement (empty white arrow)

MRI: Magnetic resonance imaging
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On comparison of the enhancement kinetic curves of the NAC and  The mean nipple-to-malignant lesion distances in the PDB and
concomitant malignant lesions, different patterns were observed in ~ MTION groups were 0.29+0.64 cm and 0.06+0.16 cm, respectively.
nine patients (56.3%) in the PDB group and eight patients (72.7%)  The average distance was longer in patients with PDB; however, the
in the MTION group (Table 2; Figures 3b and 3c). There was no  difference was not statistically significant (p = 0.799).

statistically significant difference between the groups (p = 0.448).

Table 1. MRI findings compared by pathologic diagnosis of nipple-areola complex involvement

Pathologic diagnosis of NAC involvement

PDB MTION p-value
MRI findings (n) (n =16) (%) (n=11) (%)
Nipple change
None (n = 8) 7 (43.7%) 1(9.1%)
Inversion (n=11) 4 (25.0%) 7 (63.6%) 0.093
Retraction (n = 8) 5(31.3%) 3(27.3%)
Areolar/periareolar skin thickening
Absent (n = 15) 14 (87.5%) 1(9.1%)
Present (n = 12) 2 (12.5%) 10 (90.9%) <0001
NAC enhancement
Classification
None (n=1) 1(6.3%) 0 (0.0%)
Normal (n=7) 3(18.7%) 4 (36.4%)
Nodular (n = 4) 4 (25.0%) 0 (0.0%)
Discoid (n = 3) 3 (18.7%) 0 (0.0%) 0086
Linear (n=2) 0 (0.0%) 2 (18.2%)
Irregular (n=10) 5(31.3%) 5 (45.4%)
Thickness (mm), mean + SD 4.71+£2.97 3.22+1.55 0.141
Kinetic pattern
Persistent (n = 13) 4 (26.7%) 9 (81.8%)
Plateau (n = 8) 7 (46.6%) 1(9.1%) 0.026
Washout (n = 5) 4(26.7%) 1(9.1%)
Concomitant malignant lesion
Morphological pattern
Single mass (n = 3) 0 (0.0%) 3(27.3%)
NME (n = 17) 12 (75.0%) 5 (45.4%) 0.078
NME + mass (n = 7) 4 (25.0%) 3(27.3%)
Maximum size (mm), mean * SD 29.9+21.2 29.0+16.3 0.863
Enhancement kinetic pattern
Persistent (n = 7) 3(18.7%) 4 (36.4%)
Plateau (n = 10) 7 (43.8%) 3(27.2%) 0.551
Washout (n = 10) 6 (37.5%) 4 (36.4%)
Pathological diagnosis
Inflammatory carcinoma (n = 2) 2 (12.5%) 0 (0.0%)
Invasive ductal carcinoma (n = 8) 3(18.7%) 5 (45.5%)
DCIS (n=10) 9 (56.3%) 1(9.1%) 0.025
Invasive breast carcinoma (n = 6) 2 (12.5%) 4 (36.3%)
Invasive lobular carcinoma (n = 1) 0 (0.0%) 1(9.1%)

NAC: Nipple-areola complex; MRI: Magnetic resonance imaging; PDB: Paget’s disease of the breast; MTION: Malignant tumor invasion of the nipple-areola
268 complex; SD: Standard deviation; NME: Nonmass enhancement; DCIS: Ductal carcinoma in situ; n: Number



Figure 3. MRI of a 50-year-old woman with invasive breast carcinoma
and malignant invasion of the nipple-areola complex. (a) Axial dynamic
postcontrast T1-weighted subtraction MRI of the left breast shows
pathologic irregular enhancement (white arrow) in the nipple-areola
complex. Conventional kinetic analysis by time-intensity curve shows
(b) plateau pattern of pathologic NAC enhancement and (c) persistent
enhancement pattern for the closest concomitant mass lesion

MRI: Magnetic resonance imaging; NAC: Nipple-areola complex
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Continuous enhancement between the NAC to the concomitant
malignant lesion was seen in 22 patients: 13 (81.3%) in the PDB
group and nine (81.8%) in the MTION group (p = 1.00).

The distribution of pathological types of concomitant malignant
lesions is shown in Table 1. DCIS was diagnosed in nine (56.3%)
patients with PDB and one (9.1%) of the patients with MTION.
Invasive ductal carcinoma (IDC) was detected in three patients
with PDB (18.8%) and five patients with MTION (45.5%). The
distribution of pathological types of concomitant malignancy differed
significantly between the groups (p = 0.025).

Preoperative breast MRI examinations were conducted with a 1.5-T
MR scanner in 17 patients and a 3.0-T MR scanner in 10 patients.
Furthermore, 13 of 17 patients examined with 1.5-T MRI were
patients with PDB (76.4%), seven of 10 patients examined with
3.0-T MRI were patients with MTION (70%) (p = 0.04). Areolar-
periareolar skin thickening was detected in four (23.5%) and eight
(80%) of the patients imaged with 1.5-T and 3.0-T MRI, respectively
(p = 0.007). No pathological NAC enhancement was detected in
five patients (29.4%) consisting of four patients with PDB and one
patient with MTION imaged with 1.5 T MRI and three patients
with MTION (30%) imaged with 3.0 T MRI (p = 1.00) (Table 3).
There were no statistically significant differences in nipple change; the
classification, thickness, and kinetic pattern of NAC enhancement;
the morphological pattern, size, enhancement kinetic pattern, and
pathological diagnosis of concomitant malignant lesion; the similarity
of enhancement kinetics pattern of the NAC and concomitant
malignant lesions; nipple-to-malignant lesion distance; and the
relationship between enhancement of the NAC and concomitant
malignant lesions between the patients imaged with 1.5-T and 3.0-T

MR (Table 4).

Discussion and Conclusion

Nipple inversion and retraction are terms used to describe changes
in the nipple. Retraction is defined as partial pulling in of the
nipple, whereas inversion is complete pulling in. Nipple inversion
and retraction may occur secondary to malignant lesions, as well

Table 2. Comparison of concomitant malignant lesions and nipple-areola complex MRI findings according to pathologic

diagnosis of nipple-areola complex involvement

MRI Findings (n)

Nipple-to-malignant lesion distance (cm), mean + SD

Pathologic diagnosis of NAC involvement

Relationship between enhancement of the NAC and concomitant malignant lesions

Continuous (n = 22)

Discontinuous (n = 5)

Enhancement kinetic pattern of the NAC and concomitant malignant lesions

Same (n = 10)
Different (n=17)

PDB MTION p-value
(n = 16) (%) (n=11) (%)
2.88+6.40 0.69+1.63 0.799
13 (81.3%) 9 (81.8%)
1.000
3(18.8%) 2 (18.2%)
7 (43.8%) 3 (27.3%)
0.448
9 (56.3%) 8 (72.7%)

NAC: Nipple-areola complex; MRI: Magnetic resonance imaging; PDB: Paget's disease of the breast; MTION: Malignant tumor invasion of the nipple-areola

complex; SD: Standard deviation; n: Number
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Table 3. Comparison of presence of pathological nipple-areola complex enhancement according to magnetic field strength of

MRI scanner
1.5-T (n=17) 3.0-T (n = 10)
PDB MTION PDB MTION p-value
Pathological NAC enhancement (n) (n =13) (%) (n = 4) (%) (n = 3) (%) (n=7) (%)
Absent 4 (23.5%) 1(5.8%) 0 (0.0%) 3 (30%) 6
Present 9 (52.9%) 3 (17.6%) 3 (30%) 4 (40%) '

NAC: Nipple-areola complex; PDB: Paget's disease of the breast; MTION: Malignant tumor invasion of the nipple-areola complex; MRI: Magnetic resonance
imaging; n: Number

Table 4. MRI findings compared by magnetic field strength of MRI scanner

Magnetic Field strength of MRI scanner

MRI Findings (n) 1.5-T (n = 17) (%) 3.0-T (n = 10) (%) p-value

Nipple change

None (n = 8) 6 (35.3%) 2 (20%)

Inversion (n=11) 6 (35.3%) 5 (50%) 0.877
Retraction (n = 8) 5(29.4%) 3 (30%)

Areolar/periareolar skin thickening

Absent (n = 15) 13 (76.5%) 2 (20%)

Present (n=12) 4 (23.5%) 8 (80%) 0007
NAC enhancement

Classification

None (n=1) 1(5.9%) 0 (0%)

Normal (n=7) 4 (23.5%) 3 (30%)

Nodular (n = 4) 4 (23.5%) 0 (0%)

Discoid (n = 3) 2 (11.8%) 1(10%) 0:299
Linear (n = 2) 2 (11.8%) 0 (0%)

Irregular (n = 10) 4 (23.5%) 6 (60%)

Thickness (mm), mean + SD 3.80+2.52 4.61+2.67 0.438
Kinetic pattern

Persistent (n = 13) 7 (43.7%) 6 (60%)

Plateau (n = 8) 6 (37.5%) 2 (20%) 0.770
Washout (n = 5) 3 (18.8%) 2 (20%)

Concomitant malignant lesion

Morphological pattern

Single mass (n = 3) 1(5.9%) 2 (20%)

NME (n = 17) 12 (70.6%) 5 (50%) 0.528
NME + mass (n = 7) 4 (23.5%) 3 (30%)

Maximum size (mm), mean + SD 26.3+14.4 35.0+24.8 0.258
Enhancement kinetic pattern

Persistent (n = 7) 5(29.4%) 2 (30%)

Plateau (n = 10) 8 (47.1%) 2 (20%) 0.211
Washout (n = 10) 4 (23.5%) 6 (60%)



Table 4. Continued

MRI Findings (n)

Pathological diagnosis
Inflammatory carcinoma (n = 2)
Invasive ductal carcinoma (n = 8)
DCIS (n = 10)

Invasive breast carcinoma (n = 6)
Invasive lobular carcinoma (n = 1)

Nipple-to-malignant lesion distance (cm), mean + SD

Coskun Bilge et al. MRI Findings of Nipple Malignancies

Magnetic field strength of MRI scanner

Relationship between enhancement of the NAC and concomitant malignant lesions

Continuous (n = 22)

Discontinuous (n = 5)

Enhancement kinetic pattern of the NAC and concomitant malignant lesions

Same (n = 10)

Different (n=17)

Pathologic diagnosis of NAC involvement
PDB (n = 16)

MTION (n = 11)

1.5-T (n = 17) (%) 3.0-T (n = 10) (%) p-value
2 (11.8%) 0 (0%)
3(17.6%) 5 (50%)
8 (47.1%) 2 (20%) 0.258
3 (17.6%) 3 (30%)
1 (5.9%) 0 (0%)
2.85+6.19 0.50+1.58 0.354
13 (76.5%) 9 (90%)
0.621
4(23.5%) 1 (10%)
7 (41.2%) 3 (30%)
0.692
10 (58.8%) 7 (70%)
13 (76.5%) 3 (30%)
0.040
4(23.5%) 7 (70%)

NAC: Nipple-areola complex; MRI: Magnetic resonance imaging; PDB: Paget’s disease of the breast; MTION: Malignant tumor invasion of the nipple-areola
complex; SD: Standard deviation; NME: Nonmass enhancement; DCIS, Ductal carcinoma in situ; n: Number

as congenital or benign causes, and a detailed history and physical
examination are crucial to distinguish them (3). In the literature,
central, symmetric, slit-like, long-term retraction is generally
associated with benign processes, whereas rapid inversion with
distortion of the areola usually indicates malignancy (1, 3). Although
the difference was not statistically significant, nipple inversion on
MRI was more frequent among patients with pathologically proven
MTION than those with pathologically proven PDB in our study.
In a study by Moon et al. (12), nipple change was detected in all six
patients with pathologically proven MTION and six of 10 patients
with pathologically proven PDB. Contrary to our study, they did
not subdivide nipple changes as inversion and retraction. However,
the rates of nipple changes in the two patient groups were similar to
those in our study.

Areolar-periareolar skin thickening on MRI was significantly detected
more frequently in patients with MTION than in patients with PDB.
These findings are consistent with those of Moon et al. (12), although
the difference between the two groups in their study was smaller
compared to that in our study. Patients with MTION may exhibit
more edema and areolar-periareolar skin thickening because MTION
involves all layers of the skin or areolar lymphatics, whereas PDB is

located within the epidermis of the NAC (2, 14, 15).

Asymmetric NAC enhancement has been emphasized in the literature
as a significant indicator of NAC invasion (5, 7, 16). Symmetric NAC
enhancement, which is accepted as normal, was more common in
patients with PDB and MTION in our study compared to that in
the literature. This may be related to the stage or extent of the disease
in the patients analyzed. However, these were not investigated in our
study. We compared the presence and types of NAC enhancement

in pathologically proven PDB and MTION cases. Irregular NAC
enhancement was more common than the other patterns in both
groups, and no significant difference in distribution was found
between the groups.

Due to the small size of the NAC area and motion artifacts, kinetic
curve assessment may not be reliable for NAC enhancement. Therefore,
NAC enhancement kinetics have not been adequately studied and we
were not able to find adequate literature data to compare with our
findings. In our study, we observed a significant difference between
the groups, with persistent enhancement being more common in
MTION and plateau pattern more common in PDB. Contrary to our
results, Echevarria et al. (17) detected persistent nipple enhancement
in two of three patients with PDB, whereas plateau enhancement was
detected in only one patient with PDB.

In terms of concomitant malignancies, DCIS was more frequently
detected in patients with PDB than those with MTION in our study.
DCIS was reported as the concomitant malignancy in 50% of PDB
cases in the study by Moon et al. (12), in two of three patients with
PDB in the study by Echevarria et al. (17), and in 88% of PDB cases
in a study by Frei et al. (18) (2, 17). These results are compatible with
our study.

DCIS usually appears as NME on breast MRI (19, 20). High
prevalence of DCIS in patients with PDB was observed in our study;
further, the prevalence of NME was higher in the PDB group than in
the MTION group. Moon et al. (12) reported that multiple masses
were most common in PDB cases. This difference may explain the
lower prevalence of DCIS among patients with pathologically proven
PDB in their study than in ours.
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In MTION, the malignant tumor either invades the NAC directly
or through ducts or lymphatics (6). In contrast, MRI findings of
NAC involvement in PDB are mostly associated with eczematous
and inflammatory changes of the nipple (13). Therefore, we expected
that tumor and NAC contrast enhancement kinetics would be more
similar in MTION than PDB; however, we found the opposite. This
result may be related to the technically difficult nature of nipple
enhancement kinetics analysis due to the small size of the NAC and
motion degradation artifacts.

In the literature, it has been reported that a distance of more than
2 cm between the tumor and NAC and tumor size greater than 2
cm may increase the risk of malignant NAC invasion (5, 12). In our
study, we compared these parameters in pathologically proven PDB
and pathologically proven MTION cases and found no statistically
significant difference. However, we noted smaller distances between
the tumor and NAC in MTION cases.

In the present study, enhancement of the NAC and the concomitant
malignant lesion was predominantly continuous in both patient
groups. In most studies in the literature, continuous enhancement was
ound to be correlated wi invasion (5, 7, 16, . However,
found to b lated with NAC 5,7, 16, 21). H
pathologically proven cases of MTION and PDB were not compared.
Moon et al. (12) reported that discontinuous enhancement was more
prevalent in pathologically proven MTION, whereas continuous and
discontinuous enhancement patterns were equally represented in
pathologically proven PDB cases.

3.0-T MRI has higher spatial and temporal resolution than 1.5-T
MRI (22, 23). The evaluation of the morphology of the breast lesions
improved with 3.0-T MRI (22, 23). The spectral separation of fat and
water is better in 3.0-T MRI. Therefore, fat suppression is superior
in 3.0-T MRI images and lesion enhancements are more clearly
visualized (23). In our study, the number of patients with increased
areolar-periareolar skin thickness was statistically significantly higher in
patients imaged with 3.0-T MRI than those imaged with 1.5-T MRI.
This may be because of the higher resolution of 3.0-T MRI or that
70% of patients imaged with 3.0-T MRI were patients with MTION,
in whom we found a more frequent increase in areolar-periareolar skin
thickness. To clarify this, patients should have been examined with
both 1.5-T and 3.0-T MRI and the obtained findings compared. This
was not possible because our study was retrospective. In our study,
no significant difference was found between 1.5-T and 3.0-T MRI
in detecting pathological NAC enhancement in nipple malignancy.
When we examined the pathology reports, we found that all cases in
which pathological findings in the NAC could not be detected with
1.5-T and 3.0-T MRI were in the early phase of the disease.

Our study had several limitations. First, the sample was selected
retrospectively from patients with pathologically proven MTION
and PDB who underwent preoperative breast MRI. Although the
radiologists were blinded to patient groups while reevaluating the
breast MRI images, they knew that all patients had a diagnosis of NAC
malignancy. This may have caused bias in the evaluation. Second,
since our study was retrospective, we could not evaluate the possible
contribution of the results to treatment management and planning
for these patient groups. Third, the study population was small. Since
PDB is a rare NAC disease and preoperative MRI of every patient in
both patient groups is required, the study population was small. A
prospective study with a larger sample size is warranted to overcome
these limitations.

In conclusion, areolar-periareolar skin thickening and asymmetric
NAC enhancement with persistent kinetics curve were significant
MRI findings for MTION in patients diagnosed with IDC.
In contrast, the plateau kinetic pattern of asymmetric NAC
enhancement without areolar-periareolar skin changes may support
PDB in patients diagnosed with DCIS. 3.0-T MRI was superior
to 1.5-T MRI in detecting the presence of areolar-periareolar skin
thickness.
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ABSTRACT
Objective: Liposomal cancer treatment strategies are useful in removing the side effects that were the main concern in recent years. In this study, we
prepared microbubble (MBs) conjugated with DOX-loaded liposomes (DOX-loaded MBs) and investigated their effectiveness in in vitro breast cancer cells
in two dimensions (2D) and three dimensions (3D).
Materials and Methods: With this aim, breast cancer cells with different features (4T1, MDA-MB231, MCEF-7) were growth in 2D and 3D dimensions.
The cytotoxic and cell death effects under different conditions, durations and doses were evaluated with WST-1, trypan-blue, colony counts. Apoptotic
effects were investigated with flow cytometric Annexin-V-PI and immunohistochemical (Ki-67, caspase 3, 8, 9) methods.
Results: After free DOX and LipoDOX were applied, the proliferation index of three cell lines reduced. Intrinsic and extrinsic apoptotic pathways were
activated in both 2D and 3D models. However, this effect was observed at lower levels in the 3D model due to the difficulty of diffusion of DOX into the
spheroids. Additionally, the suitability of the 3D model for breast cancer cells was supported by formation of ductus-like structures and spheroids. Cell
deaths were not observed significantly with the DOX-loaded microbubbles due to rising of MBs to the surface and not reaching spheroids held in matrigel
of 3D model.
Conclusion: DOX and LipoDOX showed anti-proliferative and apoptosis-inducing effects in breast cancer cells. However, these effects indicated variability
depending on the cell lines and 2D or 3D model types.
Keywords: 3D cell culture, breast cancer, doxorubicin, liposome, microbubble
Cite this article as: Aydin M, Ozdemir E, Altun Z, Kilig S, Akras S. Evaluation of Liposomal and Microbubbles Mediated Delivery of Doxorubicin in
Two-Dimensional (2D) and Three-Dimensional (3D) Models for Breast Cancer. Eur J Breast Health 2021; 17(3): 274-282
Key Points
e Doxorubicin can be delivered with liposome and microbubbles.
* 3D spheroid model is suitable for 7 vitro breast cancer studies.
e 3D in vitro models are difficult to test microbubble loaded drugs.

Introduction

Cancer is one of the leading causes of deaths worldwide. In women, breast cancer is the most commonly diagnosed cancer. In fact, it is the
second most common cause of cancer death among women (1, 2). In 2020, breast cancer accounted for ~ 684,000 deaths worldwide according
to GLOBACON (https://doi.org/10.3322/caac.21660). Several studies are being conducted to devise new strategies to overcome or reduce the
common side effects associated with the administration of chemotherapeutics (3, 4). One of the strategies that is being widely explored involves
the use liposomes to deliver entrapped cancer drugs. Commercially approved liposomal formulations include lipoplatin (cisplatin encapsulated
in liposome) and LipoDOX [doxorubicin (DOX) entrapped in liposome] (5-7). Currently, the therapeutic safety and efficacy of LipoDOX for
the treatment of triple-negative breast cancer is being evaluated in clinical trials and experimental studies in different combinations (8, 9). Most
of the current research is focused using of poly (ADP-ribose) polymerase (PARP) inhibitors (10), in modified tandem peptide form (11), with
liposomal immunotherapy (12), and in local gel form (13).

Microbubbles (MB), small gas-filled bubbles with size 0.5-10 pm, find wide applications in industry, medicine, and life sciences. Generally,
microbubble shell structure is characterized by the presence of phospholipid with polyethylene glycol (PEG) as emulsifying agent. When
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ultrasound is applied to MBs, the high pressure induces a compression
movement resulting in the reduction in the size of MBs. Further,
the reduction in pressure is accompanied by an increase in the size
of MBs (14). Thus, the ultrasound images generated from the signals
obtained from oscillations of microbubbles provide high quality and
clearly comprehensible information. All theses features make MBs a
promising contrast agent for ultrasound imaging. During ultrasound
imaging, the oscillation of MBs results in the development of transient
pores in the cell walls. As the intensity of ultrasound increases, MBs
form a jet flow. This results in the opening of holes in cell walls,
allowing the flow of chemotherapeutic drug into the cells (15). Thus,
MBs act as excellent drug delivery agents.

In the present study, the suitability of MBs as delivery agents for DOX
was explored. Doxorubicin-loaded MBs were developed by attachment
of DOX-loaded liposomes to ultrasound contrast agent microbubbles
via avidin-biotin bridge. The study aimed to evaluate and compare
the therapeutic of efficacy of DOX-loaded MBs and DOX-loaded
liposomes with free DOX in iz vitro two-dimensional (2D) and three-
dimensional (3D) models for breast cancer.

Material and Methods

Chemicals
Clinical grade liposomal doxorubicin (Caelyx LipoDOX) was

purchased from Janssen Pharmaceutica NV, Belgium. Doxorubicin
HCI (Adriamycin) India, was procured from West-Ward, Franco
Indian  Pharmaceuticals.  Distearoyl glycero  phosphocholine
(DSPC, 99%), 1,2 distearoylsnglycerol 3 phosphoethanolamine
N [methoxy(polyethylene glycol)2000] (DSPE-PEG2000), and
biotinylated DSPE-PEG2000 were obtained from Avanti Polar
Lipids (Alabaster AL). Cholesterol and polyoxyethylene-40-stearate

(PEG40St) were purchased from Sigma Aldrich (St. Louis, MO).

Preparation and characterization of microbubbles, DOX-loaded
liposomes (LipoDOX), and DOX-loaded MBs

Microbubbles were prepared using DSPC as lipid, (PEG40St)
as emulsifier, and biotinylated DSPE-PEG2000. MBs were
prepared using the process described previously by Onercan
(16). Since Caelyx LipoDOX is not suitable for conjugation
with MBs, LipoDOX was prepared in-house using a mixture of
DSPC, cholesterol, DSPE-PEG, and biotinylated DSPE-PEG
as described before (16). In order to prepare DOX-loaded MBs,
preformed LipoDOX and MBs in same %50 weights were mixed
and incubated for 15 min on a rotary mixer at room temperature.
Unbound LipoDOX was removed from the solution by flotation
technique. Unbound Lipodox was at bottom and MB loaded
Lipodox was flotaning. The amount of DOX bound to the
MBs was determined using a fluorescence spectrophotometer
(SHIMADZU) with emission signal at 595 nm upon excitation
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with a 470 nm laser. Characteristics for the various formulations
used in the study are summarized in Table 1.

Formation of three-dimensional (3D) cell cultures and spherule
diameter measurement

MCE-7 (HTB-22, ATCC) (hormone receptor positive human cell
line), MDA-MB-231 (HTB-26, ATCC) (triple negative human cell
line expressing human epidermal growth factor receptor 2 (HER2),
non-amplified), and 4T1 (CRL-2539, ATCC) (triple negative mouse
cell line) breast cancer cell lines were used in the study. The cells
were cultivated using Dulbecco’s Modified Eagle Medium, DMEM
(Corning, 10-017 CV) for MDMA-MB-231 and RPMI-1640 medium
(Corning, 15-040 CV) for 4T1 and MCF7 supplemented with 1%
L-glutamine (Corning, 25-005 CI), penicillin/streptomycin (Corning,
30-002-CI), and 10% fetal bovine serum (Corning, 35-010-CV). The
cell lines were maintained at 37 °C in a humidified incubator under
5% CO,. All the experiments were repeated thrice, at minimum three
different time points.

For 3D cell culture, a Matrigel basement membrane matrix (Corning)
was first brought to liquid state by incubation at 4 °C. The material
was swirled to ensure proper dispersion of the material. In a 96 well
plate, 1000 cells per well were seeded with Matrigel in 96 well plate,
6 wells per condition (17-19). The cells were incubated at 37 °C in
a humidified incubator at 5% CO, for 24 hours. After 24 hours,
the cells were treated with optimized doses of DOX, LipoDOX, and
DOX-loaded MBs. For ecach treatment six wells were used. Samples
were further incubated at 37 °C in a humidified incubator at 5% CO,
for 48 hours. Post 48 hours, an inverted light microscope (LEICA
DMIL)) was used to image and count the number and diameter of
spherules formed in each well. The cells were further stained with
trypan blue to evaluate the number of live and dead cells. For trypan
blue staining, 10 mL of the dye was added per 96 wells, media was
removed, and number of blue and transparent cells were counted
using a microscope. In addition to this, the cells seeded in 25 cm?
flasks were treated with effective dose of DOX, LipoDOX, and DOX-
loaded MBs for appropriate time and exposed to ultrasound. The
cells without any treatment were used as controls for comparison.
For immunohistochemical analysis, colonies were collected using a
cell scraper and paraffin blocks were prepared. Immunohistochemical
analysis was performed on the sections in 3D to evaluate the expression
of Ki-67, caspase-3, caspase-8, and caspase-9.

This study was approved by Dokuz Eyliil University, Noninvasive
Ethics Committee (date: 09.11.2020, no: 2017/26-22).

Flow pattern

Breast cancer cells were grown on the surface of sterile slides inserted
in a flask (4-well Multidish, Nunc). For 2D model, cells were directly
seeded onto the slides at a cell density of 10,000 cell/ml. For in vitro

Table 1. Characterization results for various formulations used in the study

Sample DOX concentration (mg/ml) Sample Concentration (MB/ml) Mean size (mm)

LipoDOX 493.8 e 2.66 x 10° 3.11
conjugation

DOX-loaded MBs 15.4 LT 7.90 x 108 2.99

conjugation

LipoDOX: Doxorubicin (DOX) entrapped in liposome; MB: Microbubbles
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3D studies, 21.8 cm?/well area was seeded with 10°¢ cells mixed in 1
mL of cold liquid Matrigel per unit surface. The cells were incubated
at 37 °C to allow hardening of the Matrigel for 30 minutes. Further,
complete medium was added and plate was incubated for 48 hours
for spherule formation. After 48 hours, the cells were used for flow
experiments. A special flow chamber was designed to perform the
experiments in 2D and 3D. The cells were placed in the flow chamber
and the flow experiments were performed. The MB loaded DOX were
fluxed through the flowing apparatus over cells.

Measurement of cell proliferation using WST-1 assay

In a 96 well plate, the cells were seeded at a density of 10% cells/well
and treated with different doses of DOX and LipoDOX (0.5, 1.5,
2.5, 5, 10, and 20 uM). For each treatment six wells were used. Cell
proliferation assay was performed after 24 and 48 hours of incubation
using WST-1 solution (Roche, 11644807001). To evaluate the effect
of dose and time on cell viability, the cells were treated with WST-
1 at a concentration 10 pL/well and incubated at 37 °C for 1 hour.
Cell proliferation was measured in terms of absorbance at 450 nm
using an ELISA reader (Thermo). LD50 (50% Lethal dose) for DOX
and LipoDOX on these breast cancer cell lines was calculated as
[(absorbance of test sample — absorbance of control)/control].

Flow cytometry-based measurement of apoptosis and necroptosis
using Annexin-V-FITC/PI staining

Post the treatment of cells with different formulations, treated and
control cells were collected and centrifuged at 1,200 rpm for 5 min. The
supernatant was carefully removed without disturbing the cell pellet.
The resulting cell pellet was resuspended in 100 pL of PBS buffer. For
FACS analysis, one tube for each sample without staining was used for
gating. The remaining tubes were stained with propidium iodine (PI)
alone, FITC-Annexin-V alone or combination of PI and Annexin-V
(Sigma-Aldrich A9210). All the tubes were incubated for 15 minutes
at 4 centrigrate degree. After 15 minutes of incubation, binding buffer
was added to each tube and flow cytometry analysis (BD-Accuri, C6
Flow Cytometer) was performed (FITC with FL 1 dedector at 530/30
nm filter and PI with FL2 dedector at 585/42 nm). After appropriate
gating, carly apoptotic and late apoptotic/necrotic cells were identified
using Annexin-V staining alone and a combination of Annexin-V and
DI, respectively. The data for flow cytometry analysis was expressed as
percentage calculated in comparison to the initial cell counts.

TUNEL and immunohistochemistry

For each cell line, cells were seeded in a 25 cc flask and treated with
LC50 doses (obtained in the previous assay) for 24 or 48 hours (time
and dose for each treatment are given in results section). The cells were
collected in 15 mL tubes and centrifuged at rpm. The supernatant
was carefully removed and the cells were fixed by the addition of
methanol. After 24 hours, the cells were blocked for tissue monitoring
and paraffin blocking was performed. Sections of 5 pm thickness were
placed on positive-loaded slides.

The sections were incubated in an oven at 60 °C overnight. Further,
the sections were deparaffinized with water and TdT labeling was
performed using Biotin d-UTP kit (Genscript L00290) according to
the manufacturer’s protocol. The resulting sections were further stained
with diaminobenzidine, while background staining was performed
using hematoxylin. In order to calculate % apoptosis, the number of
brown positive cells were counted per 5,000 cells and normalized for
total cell count. The identification of apoptotic cells was performed on
the basis of the presence of double chain fractures.

For immunohistochemistry analysis, the samples were treated with
primary antibody for Ki-67 (Elabscience, e-pp-246306), caspase-3
(Bioss, Bs-0081R), caspase-8 (Bioss, Bs-0052R), and caspase-9 (Bioss,
Bs-0049R) for 30 minutes. This was followed by treatment with
anti-rabbit haptoglobin related protein secondary antibody at 1:200
dilution in automatic immunohistochemistry staining device (Ventana
Discovery). The treatment with diaminobenzidine resulted in dark
brown color. During analysis, positivity was used as the sole criteria,
while sample intensity was not considered. Number of positive
and negative cells were counted and percentage was calculated. For
background staining hematoxylin dye was used. All sections showed
positive cell counts, and cells and colonies were imaged using a light
microscope (Olympus, Germany).

Statistical analysis

Data are represented as mean + standard deviation. Statistical analysis
was performed using SPSS 22.0 program. Nonparametric tests
were used for analysis and the results of the study were considered
statistically significant for p<0.05.

Results

Cell proliferation assay using WST-1

The effect of DOX dose and duration of treatment on cell viability
was evaluated in three breast cancer cell lines using WST-1. Each cell
line was treated with six different concentrations of DOX (0.5, 1.5,
2.5, 5, 10, and 20 pg/mL) for 24 and 48 hours. As shown in Figure
1, the effective near LC50 dose for 4T1, MCE-7, and MDA-MB-231
cells was found to be 1.5, 1.5, and 3 pg/ml, respectively. Both 4T1 and
MDA-MB-231 cell lines showed LC50 time of 48 hours, while MCE-
7 was characterized by LC50 time of 24 hours (Figure 1).

To evaluate the effect of LipoDOX on cell viability, all three cell lines
were treated with seven different doses of LipoDOX (0.1, 0.25, 0.5,
0.75, 1, 1.5, and 2 pg/ml) and LC50 time and dose were calculated.
The effective near LC50 time and dose for 4T1 cells was 48 hours
and 1.5 pg/ml, respectively. In comparison to this, MCF-7 and MDA-
MB-231 showed lower LC50 doses of 0.75 pg/ml and 0.25 pg/ml,
respectively, which were observed at LC50 time of 24 and 48 hours,
respectively (Figure 2).

Assessment of spherule number and diameter in 3D matrigel
model

To assess the number and diameter of spherules formed, the cells were
grown in 3D Matrigel and treated with optimized doses of DOX,
LipoDOX, and DOX-loaded MBs. After 48 hours of treatment,
spherule formation was evaluated using light microscopy. Spheroids
displayed significant variability in terms of size, diameter, and numbers.
In the control group, large size spheroids with ductus structures were
observed. Interestingly, spheroids formed in case of MDA-MB-231
cell were smaller in size as compared to the spheroids for MCF-7. In
comparison to these, most successful and dense spheroid formation
was observed in 4T1 cells, where large of number of spheroids were
formed. The treatment of all the cell lines with DOX resulted in
significant decrease in spheroid diameters as compared to the control
cells. These DOX treated spheroids showed significant necrosis and
apoptosis. In case of DOX treated MCEF-7 cells, spheroids were
preserved, however, they were smaller size. A lower apoptosis rate was
observed in MCEF-7 cells as compared to other cell lines, which was
in agreement with the aforementioned observation. In comparison to
this, DOX treatment in MDA-MB-231 cells resulted in fewer number



of spheroids that showed apoptotic morphology. For all three cell lines
included in the study, spherule counts and diameter were significantly
reduced post administration of DOX and LipoDOX. Mean values for
number and diameter of spherules observed for different treatment
groups are summarized in Table 2. Figure 3 shows microscopic images

of the 3D spherules formed for three breast cancer cell lines.
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Technical Issues associated with 3D model studies

After successful development of 3D culture models for three cell lines,
paraffin blocks were prepared and spheroid morphologies were assessed
using hematoxylin-eosin staining. In Matrigel matrix (Corning,
354234), the cells formed a specific structure around the spheroids

which was similar to connective tissue. The occasional occurrence of
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Figure 1. Doxorubicin WST-1 viability percentages compared with controlin breast cancer cell lines. The effective near LD50 time and dose for
4T1 cells was 48 hours and 1.5 pg/ml, 24 hours and 1.5 pg/ml for MCF7 cells, 48 hours and 3 pg/ml for MDAMB-231 cells (p<0.05).

Table 2. Mean spherule number and diameters obtained in 3D cell culture model for three cancer cell lines. Mean spherule
number and diameter were found to be reduced in DOX and LipoDOX treated groups as compared to control group, for all

three cell lines (p<0.05)

3D Matrigel model Mean spherule number

4T1 control 302 +18
4T1 DOX 43 +8
4T1 LipoDOX 82 +13
MCF-7 control 338 +21
MCF-7 DOX 182 +36
MCF-7 LipoDOX 118 +42
MDA-MB-231 control 286 +28
MDA-MB-231 DOX 27 +7
MDA-MB-231 LipoDOX 46 +15

LipoDOX: Doxorubicin (DOX) entrapped in liposome; MB: Microbubbles

Standard derivation

Mean spherule diameter (um) Standard derivation

306.2 +80.4
104.4 +95.5
152.2 +46.2
336.3 +90.1
184.01 +50.8
227.04 +67.1
280.06 +120.8
76.21 +20.7
117.01 +71.2
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apoptotic objects in the center of the spheroids and ductus structures
was quite significant, particularly in MCEF-7. These observations
provided evidence for the suitability of the structures formed in 3D
cultures for breast cancer studies. The ductus structures were found to
be located in the center of the spheroids.

In 4T1 cells, the number of spheroids were higher as compared to other
two cell lines. The treatment of cells with DOX resulted in a reduction
in spheroid diameters and cell counts per spheroid. However, the cell
viability was found to be higher in 4T1 cells as compared to other
cells in 3D model. Post DOX treatment, 4T1 cells in 3D model were
characterized by disrupted and reduced ductus structures. All three cell
lines exhibited high proliferation index in 3D cell cultures. However,
the identification of 3D model proliferation index was difficult as
compared to 2D cultures.

The treatment of cells with DOX-loaded MBs failed to produce any
results. This was mainly attributed by rising of MBs to the surface that
remained under the Matrigel and did not diffuse owing to their large
size. DOX dissolved in the medium could easily diffuse through the
pores of the Matrigel and bound to the cells; however, the spheroids
formed above the Matrigel did not allow the transition of liposomes
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and MBs into the pores. As a result, DOX-loaded MBs did not pass
through the pores and failed to reach the cells. Therefore, DOX-loaded
MBs were not included in the following proliferation and apoptosis
experiments.

For all three cell lines, the decrease in mean spherule number and
diameter upon treatment with DOX and LipoDOX was found to
be statistically significant as studied using Mann-Whitney U test
(p<0.05).

Flow pattern findings

The flow experiments were successfully performed in 2D model;
however, 3D model could not be used for flow pattern studies
owing to the inability of the drug to enter the spherules. DOX and
LipoDOX were successfully applied to the cells in 2D model. A model
to perform shear stress formulation was adapted. Results for the same
will be provided in our future studies. One of the aims of the flow
experiments was to utilize ultrasound to burst the MBs near the cells.
This would have allowed the release of DOX from the liposomes,
while the formation of transient pores in the cells by sonoporation
would have assisted in the passage of the drug molecules. However,
the experiment could not be performed as the MBs added to the
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Figure 2. Liposomal-Doxorubicin WST-1 viability percentage compared with control in breast cancer cell lines. The effective near LD50 time
and dose as 48 hours and 1.5 pg/ml for 4T1 cells, 24 hours and 0.75 pg/ml for MCF7 cells, 48 hours and 0.25 pg/ml for MDAMB-231 cells

(p<0.05).



medium for ultrasound destruction floated. As a result, these MBs did
not contact the cells on the surface and failed to show any significant
binding.

Apoptosis and necroptosis findings with flow cytometric Annexin-
V-FITC/PI staining

The cells were treated with DOX and LipoDOX using the effective
LC50 dose and time optimized in the previous experiments. Post
treatment, the cells were collected, stained with Annexin-V-FITC/
PI, and assessed using flow cytometry. The treatment of the three
breast cancer cells with DOX and LipoDOX using optimized dose
and incubation time resulted in the induction of cell death via
necrosis (Table 3). For DOX treatment, the necrosis rate was found
to be 95.5%-99.1%, while LipoDOX showed necrosis rate of 75.8%—
87.4%. Mann-Whitney U analysis displayed statistically significant
difference among control, DOX, and LIPODOX groups for all the
cell lines (p<0.05).

TUNEL and immunohistochemistry findings

In 3D model studies, terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) staining was used for the identification

Aydin et al. Liposomal Doxorubicine in Breast Cancer Cells

of apoptosis in the cells. For 3D model of 4T1 cells, 3% and 35%
apoptosis was observed in the control and DOX treated groups,
respectively (Table 4). Similar increase in apoptosis was observed for
MCE-7 cells with DOX treatment, where apoptosis of 5% and 25%
was observed in the control and DOX treated cells, respectively. In
case of MDA-MB-231 cells, DOX treatment resulted in an increase
in apoptosis to 24%. The treatment of the cells with LipoDOX was
also accompanied by an increase in apoptosis, however, the rate of
apoptosis was low as compared to free DOX. The involvement of
both extrinsic and intrinsic pathways in this DOX induced apoptotic
effect could be deciphered by the evaluation of caspase expression.
In addition to this, significant morphological changes along with
necrosis were also observed in DOX treated cells. When the results
of 3D and 2D models were compared, significant differences were
observed in proliferation indices and caspase levels.

In 4T1 cells, mouse-derived progressive triple-negative breast cancer
cells, Ki-67 analysis showed high proliferative activity of 80%
which reduced to 27.2% after treatment with DOX. In case of 3D
cultures for 4T'1 cells, the expression of caspase-3, 8, and 9 increased
by 20%, 40%, and 20%, respectively, as compared to the control
cells. 2D cultures for MDA-MB-231 cells showed a reduction in

Figure 3. 3D Spherulesin cell culture of @) Control 4T1 cells, b) DOX 4T1 cells; ) Control MCF7 cells, d) DOX MCF7 cells; e) control MDAMB231
cells and F) DOX MDAMB231 cells. Spherule number and diameters are prominently decreased in three cell lines after DOX incubation

3D: Three-dimentional; DOX: Doxorubicin

279




280

Eur J Breast Health 2021; 17(3): 274-282

Ki-67 proliferation index from 98% to 13% upon treatment with
DOX, while a significant increase was observed in the expression
of caspase-3, 8, and 9. A comparative analysis for the three caspases
showed maximum increase in case of caspase-8, indicating induction
of both extrinsic and intrinsic pathways of apoptosis upon DOX
treatment, but the activation of extrinsic pathway was comparatively

higher.

In MDA-MB-231 cells, the activation of expression of caspase-3, 8,
and 9 and reduction of proliferation index on DOX treatment was
more significant as compared to 4T1 cells. These two cell lines are
characterized by the presence of triple-negative breast cancer features.
However, they differ in terms of their origin, one belongs to humans
while the other is derived from mice. In human-derived MDA-
MB-231 cells, DOX was found to be more effective in 2D cultures
and its apoptosis-inducing effect was mediated via both extrinsic and
intrinsic pathways. For MCF-7 cells, the increase in the expression

of caspase-3, 8, and 9 expressions was lower as compared to 411 and
MDA-MB-231 cells.

In 3D spheroid model for 4T1 cell line, DOX treatment reduced Ki-
67 proliferation index by 40%; however, the expression of caspase-3, 8,
and 9 was higher in the control group. Higher expression of caspases in
the control group of 3D models might be attributed to lower support
provided by the Matrigel, which could have induced cell death in
spheroids after certain duration owing to the absence of suitable
vascularization. Additionally, identification of negative cells in terms of
caspase expression within the spheroids indicated absence of any issue
in immunohistochemical staining. In order to identify the apoptosis
mechanism induced by DOX treatment, expression of caspase-3, 8,
and 9 was evaluated, which are indicative of involvement of common
apoptotic, extrinsic, and intrinsic pathways, respectively. Similar to 2D
model studies, caspase-3, 8, and 9 were activated in 3D model for all
three cells. However, in case of 3D model studies, the control groups

Table 3. Flow Cytometry results for the effect of DOX and LipoDOX treatment for three cancer cell lines used in the study.

Both DOX and LipoDOX induced cell death majorly via necrosis for all three cell lines (p<0.05)

Viability Early apoptosis Late apoptosis Necrosis
% AnnexinV-Pl- AnnexinV + AnnexinV + Pl + Pl +
4T1 control 61.6 0.2 14.9 233
4T1 DOX 0.2 0.0 0.6 99.1
4T1 LipoDOX 21 2 1.2 75.8
MCF-7 control 46.8 0.3 1.3 51.6
MCF-7 DOX 2.0 0.0 2.7 95.3
MCF-7 LipoDOX 17.2 1 0.6 81.2
MDA-MB-231 control 78 0.0 5.6 16.4
MDA-MB-231DOX 1.5 0.3 8.4 89.8
MDA-MB-231 LipoDOX 4.6 2.8 5.2 87.4

Annexin-V (=) and PI (-) cells are indicative of viability, Annexin-V (+) PI (-) cells represent early apoptotic cells, Annexin-V (+) and PI (+) cells indicate late

apoptotic cells, and only PI (+) cells are necrotic
LipoDOX: Doxorubicin (DOX) entrapped in liposome; MB: Microbubbles

Table 4. TUNEL and Immunohistochemistry results for 3D cell culture of breast cancer cell lines. Proliferation index was

measured in terms of Ki-67, which decreased upon treatment of the cells with DOX and LipoDOX (p<0.05) as compared to

the control, for all three cell lines used in the study. Activation of both intrinsic and extrinsic pathways was involved in the

induction of apoptosis

% TUNEL Ki-67 Caspase-3 Caspase-8 Caspase-9
4T1 control 3 80 60 50 30
471 DOX 35 27 80 90 50
4T1 LipoDOX 23 50 100 100 85
MCF-7 control 5 80 30 49 20
MCF-7 DOX 25 19 60 82 81
MCF-7 LipoDOX 18 80 95 95 95
MDA-MB-231 control 6 98 36 21 21
MDA-MB-231 DOX 24 13 95 96 90
MDA-MB-231 LipoDOX 15 50 100 73 70

TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling; LipoDOX: Doxorubicin (DOX) entrapped in liposome; MB: Microbubbles



showed higher levels of expression for caspase-3, 8, and 9 as compared
to 2D cultures. The treatment of MCF-7 cells with DOX resulted in
15% higher activation of caspase-3, 8, and 9 as compared to the control
cells in 3D model. In addition to this, a 20% reduction in proliferation
index was observed post DOX treatment. For MDA-MB-231 cells,
DOX treatment in 3D cell cultures resulted in a lower reduction in the
proliferative index as compared to 2D model. In 3D model studies, the
proliferation index for all three cell lines was observed to reduce after
DOX treatment. This reduction in proliferation for 3D models was
low as compared to the reduction observed in 2D cell culture models.
Thus, all these results are indicative of the reduction in intracellular
diffusion of DOX in 3D cell culture model, which further highlights
the suitability of 3D cell cultures for drug efficacy studies.

Discussion and Conclusion

2D cell culture models generally fail to mimic true iz vivo tumor
conditions (17, 18). In addition to this, 2D models generate very limited
knowledge regarding the therapeutic efficacy of chemotherapeutic
drugs. These limitations can be overcome by the use of 3D cell culture
models. In comparison to 2D cultures, 3D cell culture models mimic
in vivo tumor microenvironment in a much better way (17, 19).
Several previous studies have reported significant differences in the
results obtained for 2D and 3D cell culture models, particularly for the
expression of various proteins and effects of chemotherapeutic drugs
(19, 20). Similar results were obtained in the present study, where the
expression of Ki-67, caspase-3, caspase-8, and caspase-9 in 2D cell
cultures was comparatively low as compared to their 3D counterparts,

irrespective of the cell line used for the evaluation.

In the present study, DOX and LipoDOX showed better 2D and 3D
efficacy with increase in dose, for all the three cell lines studied. The
observed change in efficacy was induced by the activation of apoptosis,
particularly via induction of caspase-8. This was accompanied by a
decrease in proliferative activity and viability in the 3D model, where
significant reduction was observed in three-dimensional growth of
the tumor cells. Moreover, the effective doses of LipoDOX required
for the induction of cell proliferation inhibition and cell death were
comparatively low as compared to free DOX, for all breast cancer
cell lines used in the study. Thus, all these results suggest that lower
doses of DOX would be safe for healthy cells, while ensuring effective
inhibition of growth in breast cancer cells.

In the present study, the results obtained from the imaging studies
highlighted the suitability of 3D cultures for breast cancer studies.
In Matrigel matrix, the cells formed a structure similar to connective
tissue around the spheroids. The occasional occurrence of apoptotic
objects in the center of the spheroids and ductus structures was quite
significant, especially in MCF-7 cells. These results were in agreement
with a previous study, where establishment of spheroid like 3D model
of breast cancer cell lines was associated with lower sensitivity toward
chemotherapeutic drugs (18). These structures provided evidence for
the suitability of the structures formed in 3D cultures for breast cancer
studies.

In the present study, when spheroid structures were formed in 3D
Matrigel model, DOX showed very limited diffusion into the cells,
which was similar to in vivo conditions. Such a situation might be
one of the responsible for the requirement of repeated administration
of DOX at certain intervals under iz vivo conditions. DOX showed
antiproliferative and apoptosis-inducing effect in both 2D and 3D
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models for all three cell lines used in the study; however, this effect
was quite variable among the three cell lines. These findings might
preclinically reflect the difference in treatment responses observed in
different individuals diagnosed with same cancer type. This further
highlights the importance of personalized therapy for cancer treatment.

The present study was associated with certain limitations. In 3D
models, great difficulty was witnessed while evaluating proliferation of
spheroids using absorbance-based WST-1. Thus, trypan blue staining
might be more effective and reliable for testing viability of spheroids
in 3D cell culture models. Since DOX is characterized by absorbance
maxima of 480 nm, it might interfere with the absorbance-based
measurements performed using WST-1.

In the present study, the effects of DOX and LipoDOX treatment on
three different breast cancer cell lines were investigated in 2D and 3D
cell culture models. Both drug formulations were found to be effective
in all three breast cancer cells tested. The currently used strategies
mainly focus on utilizing tumor targeting drug delivery vehicles to
ensure local delivery of the drugs to the tissue of interest. Such targeted
delivery minimizes the side effects and improves the antitumoral effect
of the drug. In the present study, DOX-loaded MBs were targeted
to the tumor cells by Epidermal growth factor receptor (EGFR);
however, in vitro flow experiments could not be performed owing to
the buoyancy of the MBs. The results for the antitumoral effects of
DOX and LipoDOX obtained in the present study have laid down
the foundation of a future study that will focus on the development
of liposomal DOX-MB complex targeted specifically to breast cancer
using EGFR. This study will also evaluate the local delivery of DOX
in mouse model both in the presence and absence of ultrasound. Thus,
the present study provided a suitable method for the evaluation of
anti-proliferative and anti-apoptotic effects of liposomal doxorubicin
in 3D cell culture models with different types of breast cancer cells.
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ABSTRACT

Objective: Idiopathic granulomatous mastitis (IGM) is an inflammatory and chronic benign breast disease that has proven difficult to diagnose and treat.
Since most treatment modalities cannot be used in pregnant patients, the choice of treatment is more difficult and the need for surgery is more pressing. In
this first and innovative study, we assess the results of local corticosteroid therapy of IGM in pregnant women.

Materials and Methods: Pregnant women with IGM were evaluated between June 2017 and May 2019. The six pregnant women were treated using
intralesional steroid injections and topical steroid administration. The treatment response was evaluated, both clinically and radiologically, at the end of 2
weeks and once more at the end of 1 month.

Results: The median patient age was 26 years. The mean duration of complaints was 4.3 months. The median number of children was 2, and the mean
breastfeeding time was 41 months. The predominant complaints at onset were a breast mass or local pain and inflammation in four (66.7%) patients and a
breast mass with pain and without signs of local skin inflammation in two (33.3%) patients. Diagnosis was made using a tru-cut biopsy in two patients, and
with an incisional biopsy in four patients who had abscess drainage and fistulation to the skin. Five (83.3%) patients achieved a complete response, and one
(16.7%) patient responded only partially after the first course of treatment. A second course of treatment was given to the patient with partial response. All
patients achieved complete response at the end of the second course of treatment. The mean follow-up time was 19.5 months. During the follow-up period,
one patient experienced a recurrence at 4 months after giving birth, and she then received a third course of treatment. Topical and systemic side effects of
the corticosteroids were not observed in any patient.

Conclusion: While the state of pregnancy generally precludes the use of most drugs, the use of local corticosteroid in the treatment of IGM is effective in
terms of treatment response, treatment duration, need for surgery, and reduced recurrence and side effects.
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Key Points

e There is no consensus on the optimal treatment of IGM since its etiology is presently unknown due to insufficient case series and lack of prospective
studies.

e Idiopathic granulomatous mastitis (IGM) is an inflammatory and chronic benign disease of the breast, which has long proven difficult to diagnose and
treat. Since most treatment modalities cannot be used in pregnant patients, choice of treatment is more difficult.

e Pregnant women who were diagnosed with IGM and received treatment with local corticosteroids with at least 12 months of follow-up were included
in the study. For patients treated with local steroids, protocol included an intralesional 40 mg methylprednisolone injection into the breast skin affected
by mastitis and administration of topical 0.125% prednisolone twice a day, on alternate days, for 4 weeks.

e While pregnancy argues against the use of many drugs, the use of local corticosteroid in the treatment of IGM is effective in terms of response to
treatment, duration of treatment, need for surgery, and reduced recurrence and side effects.
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Introduction

Idiopathic granulomatous mastitis (IGM) is a benign inflammatory
disorder and rare cause of chronic mastitis. There is no consensus on the
optimal treatment of IGM, since its etiology is presently unknown given
insufficient case series and lack of prospective studies (1). Antibiotic,
corticosteroid, immunosuppressant, methotrexate, colchicine, and
surgical treatment modalities have been previously used in IGM
treatment. However, at present, since many medical treatments cannot
be used in pregnant patients with IGM, corticosteroid and surgery
are the most commonly used treatment modalities (2-4). Surgery
carries with it cosmetic and healing problems; by contrast, long-term
and high-dose use of corticosteroid has side effects (5, 6). Some recent
studies have used steroids locally. These studies have shown that local
corticosteroid was effective, better tolerated, and caused fewer side
effects. In addition, studies have shown that steroid therapy results
in faster recovery than expectant management and other systemic
treatment (1, 4, 5). In this study, intralesional steroid injections with
concomitant topical steroids are assessed in the treatment of IGM in
pregnant women.

Materials and Methods

Data collected between June 2017 and May 2019 were analyzed
retrospectively. Pregnant patients who visited the breast clinic with
complaints of a breast mass, breast pain, and/or local erythema
were evaluated clinically and radiologically. Patients with suspected
IGM underwent core needle and incisional biopsy depending
on their clinical presentation. The diagnosis of IGM was made
histopathologically. In the histopathological diagnosis of each
patient, infectious granulomatous mastitis agents were, excluded
based on the results of Gram, periodic-acid-Schiff, Ehrlich-
Ziehl-Neelsen, and Giemsa staining. Pregnant women who were
diagnosed with IGM and received local corticosteroid treatment
with at least 12 months of follow-up were included in the study.
For patients treated with local steroids, the protocol included
intralesional injection of 40 mg methylprednisolone (Prednol-L
40 mg ampule; Mustafa Nevzat Pharmaceuticals, Istanbul, Turkey)
into the breast skin affected by mastitis and topical administration
of 0.125% prednisolone (Prednol-a30 gr pomade; Mustafa Nevzat
Pharmaceuticals, Istanbul, Turkey) twice a day, on alternate days,
for 4 weeks. Patients who have diffuse disease, by which lesions
cover more than two quadrants of the breast, received injection
at different points at 5 cm intervals. In patients with multiple
lesions, if lesions were more than 5 cm apart, lesions were injected
separately, and if the lesions were less than 5 cm apart, the larger
one was injected.

Patients with recurrent disease, patients for whom use of corticosteroids
was contraindicated, and patients aged <18 years were excluded
from the study. Patients were followed up to assess treatment results.
Treatment responses were evaluated both clinically and radiologically
after 2 weeks and again after 1 month. The responses were categorized
as “complete response,” “partial response,” “no response,” or “worsening
disease.” Patients with “complete response” were assigned follow-up,
while patients with “partial response,” “no response,” or “worsening
disease” received the second and, if necessary, third courses of treatment
with monthly check-ups until the disease completely resolved (Figures
la and b). Surgical treatment was a second option for all patients who
clinically required or preferred surgery during follow-up.

This study was approved by the Local Ethics Committee of Yiiziincii
Y1l University, Van, Turkey, with the registration number of 2020/04-
33. Informed consent was received from each patient.

Results

Six women in their third trimester of pregnancy were included in
the study. The disease localized bilaterally in one patient, in the left
breast in three patients, and in the right breast in two patients. The
mean patient age was 26 (range: 23-33) years. None of the patients
had comorbid medical condition, but one patient had a history of
smoking. The mean duration of complaints was 4.3 months. While the
mean number of children was 2 (range: 2-5), the mean breastfeeding
time was 41 (range, 24-72) months. Predominant complaints at
onset were a breast mass with local pain and inflammation in four
(66.7%) patients and a breast mass with pain and without signs of
local skin inflammation in two (33.3%) patients. Diagnosis was made
by using core biopsy in two (33.3%) patients and by an incisional
biopsy in four (66.7%) patients. Abscess drainage was performed in
four (66.7%) patients, and these patients had fistulation to the skin.
All patients had used antibiotics. While ultrasonography (USG) was
used in all patients, both USG and magnetic resonance imaging were
employed in two patients.

Five (83.3%) patients achieved a complete response, and one patient
(16.7%) achieved a partial response after the first course of the

treatment. A second course of treatment was given to the patient with

Figure 1. Fistula tract (white arrow) and abscess associated with
fistula (white star) before treatment (a), significant regression in the
fistula tract (white arrow) and abscess (white star) after treatment
(b). (B-mode USG)

USG: Ultrasonography
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partial response. Complete response was achieved by all patients at
the end of the second course of treatment (Figures 2a and b). One
patient had a recurrence during follow-up at 4 months after delivery,
and a third course was administered to this patient. The mean follow-
up time was 19.5 months. Neither topical nor systemic side effects of
corticosteroids were observed in any patient. Patients and their clinical
characteristics are shown in the accompanying table (Table 1).

Discussion and Conclusion

IGM is characterized by non-caseating chronic granulomatous lobules
in which microorganisms are absent. Causes include local trauma,
extravasated secretions, underlying auto-immune process, or damage
to the ductal epithelium of an unknown infective etiology. This process
is thought to induce a localized immune response that may elicit a
local granulomatous response. (4, 7) Uncertainty over the exact cause

Figure 2. Widespread inflammation in the upper and inner quadrants
of the left breast and multiple fistula orifices on the skin, before
treatment (a), after treatment (b)

of IGM leads to a lack of clear consensus in its treatment. Research
on the treatment of IGM indicates that corticosteroids and surgery
are predominantly used in IGM treatment (8-10). Since the literature
indicates that the number of pregnant women with IGM is low, there
is lictle information about the effectiveness of IGM treatment in
pregnant women. A few case reports described pregnant women with
IGM who received oral prednisone (4, 11, 12). By contrast, the present
study focused on the assessment of the effect of topical corticosteroid
on IGM in pregnant women.

Recurrence rates would likely be higher after limited excision; by
contrast, wide local excision may lead to poor cosmetic results.
Therefore, surgery should be reserved for recurrent disease or disease
unresponsive to medical therapy (4). Many medical treatment
modalities cannot be used during pregnancy, with the result that
surgery is used more frequently in these patients (11-14). Among the
six patients, abscess drainage and incisional biopsy were performed in
four patients. In these patients, postoperative wound healing required
considerable time; in three patients with abscess drainage, recovery
took approximately 4 weeks.

Corticosteroids cause significant regression in breast mass and
skin lesions, but high-dose and long-term use of corticosteroids
has side effects. Topical corticosteroids are used because of
their anti-inflammatory, vasoconstrictor, antiproliferative, and
immunosuppressive properties in treating various skin diseases.
In addition, corticosteroid has been used in pregnant women for
theumatoid arthritis, lupus, antiphospholipid syndrome, and risk
of miscarriage (15, 16). In our study, which compared the results
of treatment with topical and systemic steroids as described in the
literature, patients treated with topical steroids had a shorter duration
of treatment, had fewer steroid-related side effects, had less need for

surgery, an a OWEr recurrence rates an systemic steroids .
gery, and had | tes than syst teroids (1

Table 1. Descriptive properties

n (%/range)

Mean age 26 (23-33)
Mean duration of complaints (month) 4.3 (2-6)
Mean number of children 2 (2-5)
Mean breast-feeding time (month) 41 (24-72)
Left 3 (50)
Right 2(33.4
Localization |g ( )
Bilateral 1(16.6)
Breast mass with
local pain and 4 (66.7)
inflammation
Main complaint at onset Breast mass and
pain without 2 (33.3)
inflammation
Tru-cut 2 (33.3)
Diagnosis
Incisional 4 (66.7)
Complete 5(83.3)
Treatment response
Partial 1(16.7)
Mean follow-up time (month) 19.5 (14-28)

n: Number
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Use of topical steroid in the treatment of IGM was also assessed in
other studies (8, 11, 17-19). Cetin et al. (8) showed no significant
difference between the efficacy rates of topical and systemic steroid
treatment. Altintoprak et al. (17) showed that clinical improvement
occurred within an average of 8.2 weeks in IGM treated with topical
steroids, with a long-term success rate of >90% during a mean follow-
up duration of 37.2 months. No topical steroid-related side effects
were reported during the treatment period.

Goldberg et al. (11) reported that pregnant women with IGM did
not respond to 5-week antibiotic treatment and low-dose oral
corticosteroid treatment, and the breast mass remained stable until
delivery. Breast lesions improved within 2 months with 60 mg
corticosteroid prescribed daily postpartum.

Goulabchand et al. (20) treated a 32-week pregnant woman with
IGM with antibiotics, but the symptoms persisted until delivery.
After 1 month of breastfeeding, breast inflammation aggravated.
Breastfeeding was stopped, and corticosteroid treatment was started.
After a few months, complete resolution of wounds was achieved,
and corticosteroids were tapered and ultimately stopped. Complete
remission was observed during early follow-up. Boukaidi et al.
(21) used a number of treatment modalities in treating pregnant
patients with IGM, including antibiotherapy with nonsteroidal
anti—inﬂammatory drugs, progestogens, vein tonicity drugs, and
bromocriptine. Notwithstanding, they could not cure the disease,
short of terminating the pregnancy, and used corticosteroids.

Garcia-Rodiguez et al. (2) reported the case of a patient in her 11
week of pregnancy. At the time, the patient’s breast mass measured 3
cm, but measured 12 cm after 10 days. As the patient’s pain became
intolerable, she was hospitalized twice over 1.5 months. The patient
also consulted with other clinics, among them internal medicine,
emergency medicine, general surgery, gynecology, and infectious
diseases. The patient was treated sequentially with clindamycin,
cefazolin,  vancomycin,  piperacillin-tazobactam  combination,
ceftriaxone, and metronidazole. She showed no improvement, and
narcotics were required to control her pain. After the first dose of
vancomycin, the patient developed symptoms of the “red man”
syndrome. She also had an allergic reaction to clindamycin. Further
bacterial cultures, fungal cultures, and tuberculosis cultures and stains
proved negative. After the diagnosis of IGM, the woman was treated
with 20 mg prednisone four times daily, and symptoms were improved
subsequently. Because of worsening symptoms, treatment options
were re-evaluated by a multidisciplinary team, and mastectomy was
recommended 1 month after delivery, but the patient did not accept

the decision.

All the aforementioned studies show clearly the challenge of treating
pregnant patients with IGM. In our study, we used intralesional
injection of 40 mg methylprednisolone and topical administration
of 0.125% prednisolone pomade. Within 2 months after treatment,
complete remission was apparent in all our patients. Treating patients
with topical corticosteroid has the following advantages: stress
reduction, increased patient compliance, and a reduction in the cost
of treatment. No side effects related to steroids were observed in either
the mother or baby. Patients showed no problems with breastfeeding
after birth. Moreover, no negative cosmetic results, which are common
in repeated surgeries, were observed. Our patients’ compliance and
satisfaction with this topical steroid treatment, in which only two
drugs were used for a short time, were highly encouraging.

In conclusion, the treatment discussed should be considered the first
course of action to the treatment of IGM in pregnant women due to
the relative ease in delivering a steroid injection and applying topical
steroid pomade, more positive response seen in a relatively short time,
high patient compliance with treatment, and lower rates of side effects
and recurrence.
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ABSTRACT
Beckwith-Wiedemann syndrome (BWS) is a human genomic imprinting disorder that presents with a wide spectrum of clinical features, including
overgrowth, abdominal wall defects, macroglossia, neonatal hypoglycemia, and predisposition to embryonal tumors. Its diagnosis is based on molecular tests
or clinical signs. However, in children with features of BWS who do not fulfill the clinical diagnostic criteria, the molecular tests may play an important role
in the diagnosis. There is an increased risk of embryonal tumors in patients with BWS, but few case reports have been reported on benign breast tumors in
female adolescents with this syndrome. To our knowledge, this is the first case report in the literature that describes the imaging findings of fibroepithelial
breast tumors (phyllodes tumor and fibroadenomas) in a 13-year-old female with BWS, highlighting the need for lifelong tumor surveillance in this patient
population.
Keywords: Beckwith-Wiedemann syndrome, tumorigenesis, fibroepithelial breast tumors
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Key Points
*  Benign breast tumors can accompany to Beckwith-Wiedemann syndrome (BWS).
e Fibroepithelial tumor of the breast is a spectrum of lesions ranging from fibroadenoma to malignant phyllodes tumor.
e Lifelong tumor surveillance in patients with fibroepithelial tumor of breast in BWS is recommended.

Introduction

Beckwith-Wiedemann syndrome (BWS) is a human genomic imprinting disorder that presents with a wide spectrum of clinical features,
including overgrowth, abdominal wall defects, macroglossia, neonatal hypoglycemia, and predisposition to embryonal tumors (1). It is a
panethnic syndrome with a 1:1 sex ratio and approximate incidence of one in 10,000-13,700 births. Such incidence may be underestimated in
mild phenotypes and most likely increases due to a positive correlation with assisted reproductive techniques. This syndrome is caused by diverse
genetic and epigenetic disorders that usually affect the regulation of genes imprinted on chromosome 11p15.5 (2). The relevant imprinted
chromosomal region in 11p15.5 and uniparental disomy (UPD) of chromosome 11p15 is a risk factor for BWS-associated tumorigenicity.
Chromosome 11p15.5 consists of imprinting domains of IGF2, the expression of which is associated with the tumorigenesis of various breast
cancers (3). To date, there have been only a few reports on benign breast tumors in patients with BWS. Here, the authors present a case of
fibroepithelial breast tumors (phyllodes tumor and fibroadenomas) in a 13-year-old female with a known history of BWS to increase awareness
about this rare and unusual presentation.

Case Presentation

A 13-year-old female with a known history of BWS presented to our hospital with a right breast mass in 2016. On physical examination,
there were a right-sided hemihypertrophy (Figure 1), which she had since birth, and a nontender palpable large mass on the left breast, mobile
over the underlying tissues, with no lymph nodes enlargement detected. Other findings were unremarkable. On an ultrasound, a giant solid
mass measuring 7 cm in diameter was observed in her right breast. The mass was surgically excised, and the pathology result showed a juvenile
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fibroadenoma (Figure 2). In 2017, on a controlled ultrasound exam,
no cystic or solid mass was detected in her breasts.

In 2018, on the breast ultrasound, it was found that she had multiple
masses in the lower inner quadrant of the right breast (Figure 3). On
magnetic resonance imaging images, multiple masses were observed in
the lower quadrant of her right breast, with the largest one about 3 cm in
diameter (Figure 4a and b). The fine needle biopsy and cytology result
of this lesion showed a benign entity. As this patient had a high risk
of tumorigenesis and childhood cancers, following a multidisciplinary

consultation, complex literature review, and evaluation of risks and

Aoy

Figure 1. Plain X-ray image of lower extremities showing a right
femoral hemihypertrophy

R: Right

Oktay et al. Fibroepithelial Breast Tumors in BWS

benefits, a right breast lumpectomy was performed using a free nipple
graft technique. The pathology examination of this lesion revealed a
benign phyllodes tumor and fibroadenoma, but there were no signs
of malignancy.

Discussion and Conclusion

BWS is the most common overgrowth syndrome. The condition was
named after American pediatric pathologist John Bruce Beckwith in
1963, and German pediatrician Hans-Rudolf Wiedemann in 1964,
reported the syndrome independently (4). This syndrome is caused
by diverse genetic and epigenetic disorders that usually affect the
regulation of genes imprinted on chromosome 11p15.5 (2). It presents
with a wide and varied clinical spectrum, including hemihyperplasia,
macroglossia, prominent eyes with infraorbital creases, facial nevus
flammeus, and midfacial hypoplasia, but the BWS facies often
normalizes across childhood. Hyperinsulinemia, hypoglycemia,
abdominal wall defects, visceromegaly, fetal adrenocortical cytomegaly,
and renal and cardiac malformations are the important signs of this
syndrome (4, 5).

The diagnosis is based on molecular tests or clinical signs. However,
in children with features of BWS who do not fulfill clinical diagnostic
criteria, the molecular tests may play an important role in diagnosis
(2, 5). Our patient had BWS with a positive family history and
characteristic right hemihypertrophy.

There is an increased risk of embryonal tumors in BWS, but few
case reports have been published on benign breast tumors in female
adolescents with this syndrome. These tumors were often asymmetric,
and the applied medical strategy was their surgical removal (6).

To our knowledge, this is the first case report in the literature to
describe asymmetric fibroepithelial breast tumors (phyllodes tumor and
fibroadenomas) in a teenager with BWS. Fibroepithelial tumor of the
breast is a heterogeneous group of lesions ranging from fibroadenoma
at the benign end of the spectrum to malignant phyllodes tumor.
There are overlapping histologic features among various subtypes,
and transformation and progression to a more malignant phenotype
may also occur (7). Fibroadenomas and phyllodes tumors share many
common features. However, phyllodes tumors tend to show a more
rapid growth and tend to recur if incompletely excised. Moreover,
borderline and malignant phyllodes tumors may metastasize. In

Figure 2. Ultrasound images of the right breast showing a well-defined, hypoechoic, lobulated mass with some vascularity, consisting of a
fibroadenoma
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Figure 3. Ultrasound images of the right breast showing multiple well-defined, hypoechoic, lobulated masses with some vascularity, consisting

of fibroepithelial breast tumors

Figure 4a. Axial T2 weighted image demonstrates a high signal
intensity mass with well-defined margins in the right breast

contrast, fibroadenomas usually need not be removed, and even when
surgery is needed, enucleation is sufficient (8). In the patient described
herein, a surgical reduction of giant breast lesion was performed using a
free nipple graft technique, but the risk of recurrence may be the main
lifelong concern Mishra et al. (9) in 2013. The relevant imprinted
chromosomal region in 11p15.5 and UPD of chromosome 11p15isa
risk factor for BWS-associated tumorigenicity. Chromosome 11p15.5
consists of imprinting domains of IGF2, the expression of which is
associated with the tumorigenesis of various breast cancers. However,
it remains unclear whether BWS imposes an increased risk of breast
lesions or a yet unknown molecular defect is responsible for the rare
occurrence of this tumor in BWS (3-10).

This is the first case report in the literature to describe phyllodes tumor
in a teenager with BWS. However, a wide range of both malignant and
benign neoplasms has been reported in patients with BWS. This case
report describes a case of fibroepithelial breast tumors (phyllodes tumor
and fibroadenomas) in a 13-year-old female with BWS, highlighting

the need for lifelong tumor surveillance in this patient population.

Informed Consent: Written informed consent was obtained from the patient’s

parents for publication of this case report.

Peer-review: Externally peer-reviewed.

Figure 4b. 3D, maximum intensity projection (MIP), dynamic contrast-
enhanced subtracted MRI image showing multiple, well-defined
masses in the right breast

MRI: Magnetic resonance imaging
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N
ABSTRACT
Myeloid sarcoma of the breast is a rare malignancy, can be seen after bone marrow transplantation. Although there are no specific features for this malignancy
which is difficult to diagnose, some common features draw attention in the published case reports. Since there is no consensus on the treatment of myeloid
sarcoma of the breast, we aimed to explain our own diagnosis and treatment methods in this case report.
Keywords: Breast, myeloid sarcoma, breast sarcoma, bone marrow transplantation
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Key Points
3 Myeloid sarcoma(MS) is an aggressive tumor.
*  Breast tissue is a rare region for MS development.
3 The development of MS of the breast tissue after bone marrow transplantation (BMT) in patients with acute myeloid leukemia (AML) is remarkable.
e Ifa breast mass is detected, the diagnosis should be supported by immunhistochemistry and biopsy.
e Systemic treatment should be started as soon as possible.
Introduction

292

Mpyeloid sarcoma (MS) is an aggressive tumor characterized by leukemic proliferation with or without mature myeloid cells, which can be seen
anywhere in the body except bone marrow (1). MS is a hematological malignancy, rarely encountered as a soft tissue mass in the extramedullary
system called granulocytic sarcoma or chloroma (2-4). Although MS can develop in any part of the body, it is frequently seen in bone, lymph
nodes, soft tissue, and skin (1, 5). Breast tissue is a rare region for MS development, and only 3% of cases with,MS in breast tissue were reported
in the Mayo Clinic series (6, 7). The development of MS of the breast tissue after bone marrow transplantation (BMT) in patients with acute
myeloid leukemia (AML) is remarkable (8).

Case Presentation

A 31-year-old female presented to the General Surgery Department Breast and Endocrine Unit with the complaint of a palpable mass in both
breasts. Seventeen years ago, the patient underwent surgery and chemotherapy due to osteosarcoma in the left ankle. Six years ago, she underwent
a bilateral breast fibroadenoma excision, and four years ago, she underwent an excision due to phyllodes tumor in the right breast. Four years
ago, bone marrow biopsy, peripheral smears, and hematological tests during postoperative controls were performed and they showed abnormal
findings. After she was diagnosed with AML, BMT was performed. One month ago, she had a total thyroidectomy due to a malignant tumor
in the left thyroid lobe. She experienced a postoperative pathology of papillary thyroid carcinoma with AML infiltration and follicular variant.
During that period, she had masses in both breasts. On physical examination, 4-5 cm masses were palpated on the bilateral breasts. On the recent

breast ultrasonography (USG), it was observed that the patient had masses in the lower outer quadrant of the right breast, whose borders were
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ambiguous. A 2.5 cm residual phyllodes tumor with a heterogeneous
structure and an approximately 1 c¢m fibroadenoma with a slightly
faint border at 3 o'clock were noted in the left breast. In the same
period, fluorodeoxyglucose-18 (FDG-18) [FDG- positron emission
tomography/computed tomography (PET)/CT] imaging showed
that the mass in the right breast maximum standardized uptake values
[((SUV_ ) = 3.9] had activity involvement. There were no other
positive findings in the PET/CT scan of the patient. Since the patient
had a systemic disease, PET/CT imaging was performed after breast
USG. This does not normally fit the breast imaging sequence and it
is an exception for this patient. Due to the coronavirus disease 2019
(COVID-19) pandemic, there was a disruption in the follow-up. The
control PET/CT imaging was performed after six months showing
massive lesions of 4 cm in the right breast and 5 cm and 1.5 cm in
the left breast (SUV__=9)anda 1 cm (SUV = 3.7) increase in the
metabolism areas in both axilla (Figure 1). It was decided to perform
a breast and axilla Tru-Cut biopsy. The results of the biopsies were
interpreted MS containing diffuse blastic cell infiltration. Microscopic
images of diffuse blastic cell infiltration in breast tissue with
haematoxylin and eosin stain (H&E) are shown in Figure 2. When
the blastic cells were examined immunohistochemically, they showed

diffuse strong cytoplasmic staining with cluster of differentiation-45

(CD45), CD34, CD117, and human leukocyte antigen-DR (HLA-

Figure 1. Axial paranchimal fused PET/CT image showing massive
lesions of 4 cm in the right breast and 5 cm and 1.5 cm in the left
breast (SUV__ =9) and 1 cm (SUV__ = 3.7) increase in metabolism
areas in both axilla

PET/CT: Positron emission tomography/computed tomography
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DR) and focal strong cytoplasmic staining with myeloperoxidase
(MPO). Immunohistochemical staining images of breast tissue
showing blast cells positive for CD45, CD34, CD117, HLA-DR, and
MPO are shown in Figure 3.

The patient was evaluated in the oncology council. Due to the
aggressive spread, a BMT and systemic chemotherapy were planned.
The mass in the patient’s breast did not need a palliative resection. The
patient was followed up after the planned therapies.

Discusson and Conclusion

Although MS is an extramedullary hematological malignancy, in
which myeloid cells show various degrees of maturation, it is frequently
seen in patients with previously diagnosed myeloid leukemia (9,
10). According to the World Health Organization, MS is diagnosed
based on three classes: blastic (consisting of myeloblasts), immature
(consisting of myeloblasts and promyelocytes), and differentiated
(consisting of promyelocytes and more mature neutrophils) (8).
Although MS can develop in any part of the body, the development
of MS of the breast is extremely rare. For this reason, patients with
MS in the breast are often misdiagnosed as having lobular breast
carcinoma, non-Hodgkin lymphoma, or small-round-blue-cell tumor
(11). The first area where extramedullary relapse occurs after stem cell
transplantation is the breast, and relapse can occur 2-73 months after
transplantation (average 17 months) (8). MS may occur as a unilateral
or bilateral breast mass, but it usually does not cause nipple retraction
(2, 12-14). Although there was no specific finding of MS in the breast
when examining the studies, case reports emphasize the findings
of irregular, spiculated, angular or unclear margins, and posterior
shadowing (7, 15). MS diagnosis can be supported by MPO, CD34,
CD 43, CD 117, and CD 68 (12). Specific CD markers can be very
useful in diagnosis. CD 117, CD 68, and CD 43 are positive in most
cases, and CD 45 is reactive in 75% of the cases (12).

There is no consensus on the treatment of MS of the breast, but surgical
resection (lumpectomy or mastectomy) with systemic chemotherapy
is generally recommended (7, 8). Simultaneous radiotherapy is
controversial (8). Disease-free survival is predicted between three and
twelve years with systemic chemotherapy (8). In light of the literature,
the diagnosis was supported by MPO, CD 34, and CD 117 staining in
our patient, who developed bilateral breast MS four years after BMT
for AML treatment. Considering the patient’s diagnosis of MS in both
breasts and the inclusion of AML infiltration of the cancerous tissue in
the thyroidectomy material, it was decided that the patient undergoes
BMT and receive systemic treatment again. Moreover, systemic
chemotherapy was planned after the transplantation.

Figure 2. Microscopic images of diffuse blastic cell infiltration in breast tissue with haematoxylin and eosin stain (H&E). a) Diffuse blastic cell
infiltration in breast tissue (H&E x100). b) Diffuse blastic cell infiltration in breast tissue (H&E x200). ) Diffuse blastic cell infiltration in breast
tissue (H&E x400)



294

Eur J Breast Health 2021; 17(3): 292-295

Figure 3. Immunohistochemical staining images of breast tissue. a) Immunohistochemical staining of blast cells showing diffuse strong
cytoplasmic positivity for CD45 (CD45 x400). b) Immunohistochemical staining of blast cells showing diffuse strong cytoplasmic positivity for
CD34 (CD34 x400). ) Immunohistochemical staining of blast cells showing diffuse strong cytoplasmic positivity for CD117 (CD117 x400). d)
Immunohistochemical staining of blast cells showing diffuse strong cytoplasmic positivity for HLA-DR (HLA-DR x400). ) Immunohistochemical
staining of blast cells showing focal strong cytoplasmic positivity for MPO (MPO x400)

CD: Cluster of differentiation; HLA-DR: Human leukocyte antigen-DR isotype; MPO: Myeloperoxidase

In this case report, we described the management of a patient with MS
of the breast, which is a rare tumor. It should be kept in mind that MS
may develop in the breast after BMT in patients with AML and those
patients should be followed up using breast ultrasound. If a mass is
detected, the diagnosis should be supported by immunhistochemistry
and biopsy, and systemic treatment should be started as soon as possible.

Informed Consent: Written informed consent was obtained from the patient
before participation in this study.

Peer-review: Externally peer-reviewed.
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In the article by Mathelin et al., entitled “Breast Cancer Management During the COVID-19 Pandemic: The Senologic International
Society Survey” (Eur J Breast Health 2021; 17: 188-196. DOI: 10.4274/ejbh.galenos.2021.2021-1-4) that was published in the 2021/2 (April)
issue of European Journal of Breast Health, the surname of the thirty fourth author had mistyped. Upon the written request from the authors,
the correction was implemented.
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M. Breast Cancer Management During the COVID-19 Pandemic: The Senologic International Society Survey. Eur J Breast Health 2021;
17(2): 188-196

The aforementioned manuscript can be accessed through the following link:

10.4274/ejbh.galenos.2021.2021-1-4
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