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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, Scopus.

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

There are two options to purchase the submission fee:
1- Making a remittance

The payment is needed to be made to the account number below. While
purchasing the submission fee, please indicate your article manuscript
title 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.

2- Virtual POS method (Credit card payment with 3D Secure)

The payment link will be sent to you for your purchase. You can contact
us if you have further questions in this regard.

If you believe payment instructions are not in your email contact
us via the email addresses payment@eurjbreasthealth.com and
journalpay@tmhdf.org.tr

Refund policy:

The Eur J Breast Health will refund the overpayments of the submission
fees for the same article or in case of multiple payments by the authors
and financiers as free submission fees payment code to be used in the
submission fees system.

withdrawal of the article; There is no refund for articles whose editorial
review has started in the Eur J Breast Health system. You can view article
retraction policies here.

Returning the article to the author; The European Journal of Breast
Health will refund the submission fees with a coupon code if the article is
returned to the author. Using this code, authors can use the submission
fees of different articles without making a new payment. You can view
article return policies here.

Rejecting or accepting the article; Eur J Breast Health does not refund
any submission fees for articles whose editorial process has started, and
the process has been completed.

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.
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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),

+ 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.

A-VI

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.

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 a 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
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ABSTRACT

Breast cancer (BC) is the most frequent type of cancer among women. The neoadjuvant therapy was administered before surgery, and the adjuvant therapy
was administered post-surgery. The goal of this systematic review is to study the effects of adjuvant and neoadjuvant BC therapy on patient outcomes and
mortality. In July 2023, systematic searches were conducted through the Cochrane Library, Web of Sciences, Google Scholar, EMBASE, and PubMed
databases. The search method focused on studies that included all patients with BC stages 1, 2, and 3 and excluded studies that included patients with
metastatic and recurrent BC. The risk of bias in the included studies was evaluated using the Cochrane risk of bias technique. Throughout our search,
27 relevant studies with 161,552 patients were discovered. Anti-human epidermal growth factor 2 therapy (trastuzumab, pertuzumab), chemotherapy
(anthracycline), endocrine therapy (tamoxifen, aromatase inhibitor), and bisphosphonates were recommended treatments for BC patients. Choices for
radiotherapy included whole breast, partial breast, tumor bed boost, regional nodes, and chest wall choices after breast-conserving surgery. We discover that
while the majority of treatments reduced the mortality or recurrence rates of BC, anthracycline, chemotherapy, and radiation led to an overall rise in non-
BC deaths. The systemic assessment discovered several variables that impact a patient’s quality of life. Based on these advantages and disadvantages, various

treatment options for patients and recommendations for groups of women are made.

Keywords: Breast cancer, adjuvant, neoadjuvant, oncology

Cite this article as: Qari AS, Mowais AH, Alharbi SM, Almuayrifi MJ , Al Asiri AA, Alwatid SA, Aljohani AA, Alanazi RM, Al Thoubaity F. Adjuvant and
Neoadjuvant Therapy for Breast Cancer, A Systematic Review. Eur ] Breast Health 2024; 20(3): 156-166

Key Points

e The systemic assessment discovered several variables that impact a patient’s quality of life.

e The majority of treatments reduced the mortality or recurrence rates of breast cancer, anthracycline chemotherapy, and radiation led to an overall rise

in non-breast cancer death.

Introduction

Breast cancer (BC) is the most prevalent malignancy in the world and
the main reason women die from tumor-related causes. It causes 15%
of all cancer deaths and roughly 30% of cancer cases in women (1-
3). A multdisciplinary team is necessary to treat a patient with BC,
whether by surgery or radiation therapy, as well as systemic therapies

using a variety of medications (4).

Neoadjuvant chemotherapy (NACT) was introduced in the 1970s,
aiming to downstage locally advanced inoperable cancer to operable
cases. NACT was subsequently extended to operable early BC, mainly
to allow breast-conserving surgery (BCS), and is now widely used,
particularly for large tumors (5-8). Furthermore, NACT might be
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more likely to eradicate micro metastatic disease than chemotherapy
delayed until after surgery. Despite their adverse events, these
therapies decrease BC mortality and recurrence, so highly trained
clinical decision-makers are needed (9, 10). In 2016, a systemic
review and meta-analysis done in Boston found that neoadjuvant
endocrine therapy (NET), mainly when administered alone, has
significantly decreased toxicity and is linked to response rates that
are comparable to those of neoadjuvant combination chemotherapy,
suggesting that NET should be given another look as a potential
therapeutic option under the proper conditions. To develop logical
NET combinations and prognostic biomarkers, further research
is necessary to determine the optimum neoadjuvant therapy for

estrogen receptor-positive BC (11).
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In another study done in 2021 in China, a systemic review and meta-
analysis found 3842 triple-negative breast cancer (TNBC) patients,
and a total of nine randomized clinical trials (RCTs) were included.
Opverall, disease-free survival (DFS) and overall survival (OS) were
markedly improved with combined capecitabine regimens in
neoadjuvant and adjuvant chemotherapy (12).

In a Switzerland study in 2022, a systemic review and meta-
analysis found that the 21 RCTs with 11 regimens of neoadjuvant
anti-human epidermal growth factor receptor 2 (HER2) therapy
(T-DM1PC, T-DM1, and PTC_T-DM1P) had a good combination
of effectiveness and safety. In contrast, the pertuzumab, trastuzumab,

and chemotherapy (PTC) regimen had the greatest DES (13).

We present a systematic review of the data required to estimate the
proportional benefits and risks of modern adjuvant and neoadjuvant
treatment options recommended in current clinical guidelines for and
their effects on mortality and patient outcomes.

Materials and Methods

Literature Search Strategy

This systematic review was prospectively registered in PROSPERO
(CRD42023446212) and adhered to the preferred reporting items
for systematic review and meta-analysis (PRISMA) guidelines. A
comprehensive electronic search was conducted by the Web of
Sciences, Google Scholar, PubMed, Cochrane Library, and EMBASE
databases for studies published between 2013 and 2023. The search
strategy was designed independently by two authors and was approved
by the rest of the team. An amalgamation of medical subject headings,
such as “breast cancer”, “adjuvant”, and “neoadjuvant” was used to
identify all studies inclusively. References to the selected studies were
further reviewed to identify missing articles.

Inclusion/Exclusion Criteria

Two team members independently assessed each study using pre-
defined inclusion and exclusion criteria-the inclusion criteria: All
patients diagnosed with BC stage 1,2, and 3. Where the exclusion
criteria are metastatic BC and recurrent BC, disagreements between
reviewers regarding including a particular study were discussed and
resolved through consensus. The studies included are RCTs, non-
randomized studies, and observational studies with a control group.
This process ensures that only relevant studies meeting the criteria
are included in the review. The databases used to collect the included
papers are Web of Sciences, Google Scholar, PubMed, Cochrane
Library, and EMBASE.

Risk of Bias (Quality) Assessment

A risk-of-bias assessment was conducted to evaluate the internal validity
of the included studies. More specifically, the Critical Appraisal Skills
Programme (CASP) tool was used to minimize the risk of bias. Two
independent reviewers conducted the assessment; they evaluated the
studies for methods of randomization, treatment allocation, blinding,
selection bias, performance bias, detection bias, attrition bias, and
reporting bias. The risk of bias assessment was conducted at the study
level.

Synthesis Methods

The criteria for data synthesis will be based on the minimum number
of studies and the level of consistency. The data that will be synthesized
will include outcomes related to adjuvant and neoadjuvant treatments
of BC and their effects on mortality and patient outcomes.

Qari et al. Breast Cancer Therapy

All records resulting from the primary search were imported to
Mendeley for deduplication. Then, the result was subsequently
imported into Rayyan and screened by three authors for relevance
based on the title and abstract. The full texts of all retained studies
were then screened by all authors for final inclusion or exclusion.
Disagreements at any stage of the screening process were resolved
through discussion and consensus among all authors.

Data extracted for the retained studies included year, country, study
sample, and study design. A meta-analysis was not possible due to the
heterogeneity across the studies regarding interventions and outcomes.

Results

Study Characteristics

The 27 included studies consisting of 12 systematic reviews and
meta-analyses, eight systematic reviews, three systematic reviews and
network meta-analyses, two review articles, one meta-analysis, and
one network of meta-analyses. All the included studies were published
between 2013 and 2023. The sample size varied between studies, with
a peak of 49,133. With a total of more than 215,853 participants,
this systematic review covers a wide range of BC patients undergoing
several BC interventions.

The stages of cancer were established to be early or late, with 11 studies
emphasizing the early-stage intervention and five studies focusing
only on the late-stage intervention. The remaining studies involved
interventions with either mixed stages or irrespective of the cancer
stage. The treatment was administered as neoadjuvant in 11 studies,
nine as neoadjuvant plus adjuvant, and five as adjuvant.

Early-Stage Intervention

Different interventions have shown favorable outcomes in early-stage
cancer treatment, including hormonal therapy, radiotherapy, targeted
therapy, antimicrotubule agents, and chemotherapy. The findings
suggest that a combination of these interventions can be beneficial
in managing early-stage cancer, providing better survival rates, and
reducing the risk of recurrence.

Neoadjuvant and adjuvant chemotherapy combined with
capecitabine significantly improved both DES and OS in the early
stages, with a response rate of hazard ratio (HR) 0.75; 95% confidence
interval (CI), 0.65-0.86 (Table 1) (12). Some interventions, such
as NACT, were found to reduce mortality rates in early-stage cancer
patients. Results suggest that trastuzumab plus chemotherapy may
be more effective than chemotherapy alone in achieving pathological
complete response (pCR) in HER2-positive BC patients undergoing
neoadjuvant treatment with HER2-targeted therapies. The pooled
results showed significantly higher pCR rates than chemotherapy, with

a pooled relative risk (RR) of 1.81 (95% CI 1.36, 2.42) (Table 1) (13).

Targeted therapy has demonstrated promising results in improving OS
and reducing the risk of recurrence (HR = 0.59, 95% CI: 0.51, 0.69),
most effectively decreasing the risk of disease progression or recurrence
among the comparisons (Table 2) (14).

Chemotherapy, both neoadjuvant and adjuvant, has effectively
reduced mortality rates and improved survival outcomes. Significant
improvement in OS was observed (HR = 0.85; 95% CI, 0.75-0.96;
»=0.008) (15).
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Table 1. Summary of the 27 studies used for the adjuvant and neoadjuvant therapy for breast cancer systematic review

Author, year Country Study design
Pinto et al. (22) 2013 Belgium R
Charehbili et al. (19) 2014 Netherlands

Leal et al. (25) 2015 Brazil SM
Zhang et al. (28) 2015 China SM
Zhang et al. (15) 2016 China SM
Spring et al. (11) 2016 USA, Boston SM
Li and Shao (24) 2016 China S
Recht et al. (27) 2016 USA S
De Felice et al. (18) 2017 Italy SM
Pistelli et al. (33) 2018 Italy

Zaheed et al. (31) 2019 Australia R
Shen et al. (14) 2019 USA, Texas NM
Genuino et al. (30) 2019 Thailand SM
Wang et al. (17) 2020 China M
Surov et al. (35) 2020 Germany SM
Huo et al. (12) 2021 China SM
Hong et al. (20) 2021 China SM
Salvo et al. (34) 2021 Canada SM
Ahmed et al. (23) 2021 UK S
Hickey et al. (36) 2021 USA S
Kerr et al. (9) 2022 UK S
Nikyar et al. (26) 2022 Sweden SM
Giordano et al. (16) 2022 United States S
Schettini et al. (29) 2022 Switzerland SNM
Gunasekara et al. (13) 2022 Switzerland SNM
Yuan et al. (21) 2022 China SNM
Ergun et al. (32) 2023 Turkey SM

Number of Stage of cancer Type of intervention
participants
8,300 Early, late Neoadjuvant + Adjuvant
26 studies Early, late Neoadjuvant
9 studies Early, late Neoadjuvant
5,415 Early Neoadjuvant
9,097 Early Neoadjuvant + Adjuvant
3,490 Early, late Neoadjuvant
22,391 Early, late Neoadjuvant + Adjuvant
Early Adjuvant
2,447 Late Neoadjuvant
6,812 Early, late Neoadjuvant + Adjuvant
1,695 Early Neoadjuvant + Adjuvant
13,621 Early Adjuvant
10,635 Early Adjuvant
971 Late Neoadjuvant
1,827 Early, late Neoadjuvant
3,842 Early Neoadjuvant + Adjuvant
1,028 Early, late Neoadjuvant
21 studies Early Adjuvant
3,766 Early, late Neoadjuvant
15,187 Early
13,864 Early Neoadjuvant + Adjuvant
17,224 Late Adjuvant
12,454 Late Neoadjuvant + Adjuvant
49,133 Late
Early Neoadjuvant
12,024 Early, late Neoadjuvant + Adjuvant
630 Early, late Neoadjuvant

S: Systematic review; M: Meta-analysis; SM: Systematic review and meta-analysis; SNM: Systematic review and network meta-analysis; NM: Network of meta-
analysis; R: Review articles, these 27 studies included 12 systematic reviews and meta-analyses, 8 systematic reviews, 3 systematic reviews and network
meta-analyses, 2 review articles, 1 meta-analysis, and 1 network meta-analysis, with a total of more than 215,853 participants. In 11 studies, the patients
were diagnosed with early-stage BC, and 5 studies focused on late-stage BC. The remaining studies involved interventions with either mixed stages or
irrespective of the cancer stage. The treatment was administered as neoadjuvant in 11 studies, nine as neoadjuvant plus adjuvant, and five as adjuvant

Late-Stage Intervention

The findings contribute to understanding different interventions
and their impact on outcomes in late-stage cancer, providing
valuable information for clinical decision-making and treatment
strategies. With emphasis on the importance of targeted therapies and
antimicrotubule agents in achieving favorable outcomes for late-stage
cancer patients. Trastuzumab as an adjuvant along with chemotherapy
resulted in significant outcomes in terms of DFS [0.95 (95% CI, 0.71
to 1.25)] (Table 3) (16).

Additionally, the findings suggest that hormonal therapies cannot
significantly improve OS or pCR. In a neo-adjuvant-based intervention
study by Wang et al. (17), the rate of patients undergoing neoadjuvant
hormonal therapy (NHT) was significantly lower than that of those
undergoing NACT [odds ratio (OR), 0.48; 95% CI, 0.26-0.90].

Furthermore, NET and NACT had no statistically significant
difference in the overall objective response rate (ORR) (pooled OR,
1.05; 95% CI, 0.73—1.52) (Table 3) (17).

Radiotherapy in late-stage cancer patients showed reduced locoregional
recurrence (LRR). A study done by De Felice et al. in 2017 (18) shows
that regional nodal irradiation was mainly associated with a reduction
in the rate of LRR (4.3% uvs. 6.8%) and a statistically significant
improvement in 10-year DES (82% vs. 77%, p = 0.01) and distant
free survival (86.3% wvs. 82.4%, p = 0.03) rates. In contrast, there was
no significant difference in OS at ten years between groups (82.8% us.

81.8%, p = 0.38) (Table 3) (18).

Aromatase inhibitors (AI) as a hormonal neoadjuvant were found to
have higher response rates and better outcomes compared to tamoxifen
in terms of clinical response, radiological response, and BCS. In a study
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Table 2. Summary of early-stage breast cancer interventions

Author, year Intervention Class Response rate Survival rate Recurrence rate
52?29 sEaL ) B C  HRO.85;(95% Cl, 0.75-0.96) DFS (HR 0.93; 95% Cl, 0.85-1.02)
HR 0.80, (95%

ENCEEERED (E) B C RR 1.15 (0.96 to 1.38) (55%
2019 Cl, 0.60 to 1.08)
Huo et al. (12) 2021 B C HR 0.75; (95% Cl, 0.65-0.86) HR 0.63; (95% Cl, 0.53-0.77)

HR 0.59, (95%
Shen et al. (14) 2019 A T HR 0.59, (95% Cl, 0.51, 0.69)

Cl, 0.51, 0.69)
Genuino et al. (30) . o RR (95% Cl, 21.6% for
2019 A c/T Reduce mortality by 33% C/T vs. 29.4% For C

) RR 1.37, (95%

Kerr et al. (9) 2022 B C/H Reduce mortality 10-25%

Cl,1.17-1.61)
Salvo et al. (34) A H 17.2% (95% Cl,
2021 14.6%-20.3%)
Recht et al. (27) o o 45.5% without vs.
2016 A R DFS 21.0%, vs. 4.3% 33.8%
Hickey et al. (36) . RR 2.83 (95% ClI,
2021 i St 1.23-6.51)
Zhang et al. (28) N . RR 0.88, (95% RR 2.83, (95% Cl,
e Cl, 0.66-1.17) 1.23-6.51)
Gunasekara et al. . o RRs (95% Cl) of 1.81 HR (95% Cl) of 0.54
(13) 2022 (1.36, 2.42) (0.32-0.91).

0OS: Overall survival; HR: Hazard ratio; RR: Risk ratio; LRR: Locoregional recurrance; OR: Overall response; DFS: Disease free survival; H: Hormonal; R:
Radiotherapy; T: Targeted; AM: Antimicrotubule agent; C: Chemotherapy; N: Neoadjuvant; A: Adjuvant; B: Neoadjuvant + adjuvant; CI: Confidence interval,
the table summarizes various interventions and their outcomes in early-stage cancer patients. It includes information on response rates, survival rates, and
recurrence rates from different stud-ies and authors. Interventions range from chemotherapy to targeted therapy, with some studies showing reductions
in mortality rates and recurrence rates, while others indicate no significant difference or even increased risk

Table 3. Summary of late-stage breast cancer interventions

Author, year Intervention Class Response rate Survival rate Recurrence rate
el N H  OR1.05;(95% Cl,0.73-1.52)  HR 0.92; (95% Cl, 0.55-0.94)
(1 7) 2020 U5; o LI, U. o oy, o LI, U. o
Nikyar et al. . _ . g
(26) 2022 A R HR 0.24; (95% Cl 0.11-0.49) LRR HR 0.59; (95% Cl 0.42-0.81)
De Felice et al. . .

N R 0S 82.8% vs. 81.8% (without) LRR: 4.3% vs. 6.8% (without)
(18) 2017
ke skl A T 1.09 (90% Cl, 0.97 to 1.21)  DFS [0.95 (95% Cl, 0.71 to 1.25)]
(1 6) 2022 o o LI, U. o b o LI, U. o
Schettini et al. ———
(29) 2022 B AM  OR6.57, (95% Crl: 2.05-21.63)

0OS: Overall survival; HR: Hazard ratio; LRR: Locoregional recurrence; OR: Overall response; DFS: Disease free survival; H: Hormonal; R: Radiotherapy; T:
Targeted; AM: Antimicrotubule agent; N: Neoadjuvant; A: Adjuvant; B: Neoadjuvant + adjuvant; CI: Confidence interval, the table presents interventions and
their outcomes in late-stage cancer patients. It includes response rates, survival rates, and recurrence rates from various authors and studies. Interventions
span from ne-oadjuvant to adjuvant therapies, with results showing varied impacts on overall survival, disease-free survival, and locoregional recurrence. Some
interventions demonstrate significant improvements in sur-vival rates and recurrence rates, while others show no significant difference or even increased risk

by Spring et al. (11), there was a significantly higher clinical response Al and tamoxifen in terms of a response rate of 70% for Al vs. 51%
rate (OR, 1.69; 95% CI, 1.36-2.10; p<0.001; n = 1352), radiological ~ for Tyro3, Axl and MerTK (TAM) in a third study by Hong et al.
response rate (OR, 1.49; 95% CI, 1.18-1.89; p<0.001; n = 1418),  (20). The pCR is: OR = 0.34, 95% CI = 0.04-2.85, p = 0.318. Leal
and BCS rate (OR, 1.62; 95% CI, 1.24-2.12; p<0.001; n = 918) etal. (25), 2015, reported a significant overall response and found the
compared with tamoxifen (11). Furthermore, a study by Charehbili  response rate to be OR 1.9; 95% CI 1.17-3.08 (Table 4).

et al. (19) shows similar findings when it comes to the comparison of
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Table. 4 Summary of early and late breast cancer interventions

Author, year Intervention Class
Spring et al. (11)

2016 N H
Ergun et al. (32)

2023 N C/H
Charehbili et al. (19)

2014 N H
Li and Shao (24)

2016 B C/H/T
Surov et al. (35)

2020 N €
Hong et al. (20)

2021 N H
Pistelli et al. (33)

2018 B H
Leal et al. (25) 2015 N H
Ahmed et al. (23)

2021 N B
Yuan et al. (21) C
2022

Pinto et al. (22)

2013 B o

Response rate

OR, 1.69; 95% ClI,
1.36-2.10; p<0.001

82% vs. 72.7%;
OR:1.77,95% Cl,
1.20-2.62

70% for Al vs. 51%
for TAM

RR 1.29; 95% Cl,
1.14-1.47,

35.6% responders

OR0.34,95% Cl,
0.04-2.85

HR 0.72; 95% Cl,
0.60 to 0.85

OR 1.9;95% Cl,
1.17-3.08

RR: 0.98, 95% Cl,
0.93-1.03

Survival rate

HR 0.79 (0.69-0.90)

DFS 92.8% with
TAM

61.4%to 81% at 5
years

HR: 0.84, 95% Cl,
0.73-0.97

0S 0.66 [95% (95%
Cl) 0.57€0.77]

Recurrence rate

3.3 for hormonal
and 3.4% for
chemotherapy

15 years 33% for TAM
vs. 46.2% without

>25 BMI 50%
recurrence with
anastrozole

0.8%-10% for local
recurrence

0.65 (95% Cl, 0.55,
0.75)

0OS: Overall survival; HR: Hazard Ratio; LRR: Locoregional recurrence; OR: Overall response; DFS: Disease free survival; H: Hormonal; R: Radiotherapy; T:
Targeted; AM: Antimicrotubule agent; N: Neoadjuvant; B: Neoadjuvant + Adjuvant; Al: Aromatase inhibitor; TAM: tamoxifen BMI: Body mass index Cl:
Confidence interval, the table provides data on interventions and their outcomes in both early and late-stage cancer therapy. Authors and studies examine
various intervention classes, including neoadjuvant, chemotherapy, hormonal therapy, and targeted therapy. Results show response rates, survival rates,
and recurrence rates, with some interventions indicating significant improvements in survival and response rates while others show mixed or inconclusive
results. Notably, hormonal therapies like aromatase inhibitors and tamoxifen demonstrate varied impacts on recurrence rates, with some studies suggesting

significant re-ductions in recurrence

Chemotherapy in a study by Yuan et al. (21) found that trastuzumab
combined with lapatinib therapy was found to be superior to standard
trastuzumab therapy alone in terms of OS, DFS/event-free survival,
and pathologic complete response. Illustrating the response rate to be
RR: 0.98, 95% CI: 0.93-1.03, and the survival rate to be HR: 0.84,
95% CI: 0.73-0.97, Another study by Pinto et al. (22) found that
trastuzumab has improved both DES and OS in patients with early
HER-2-positive BC with moderate-to-high risk of recurrence when
given in combination with or in sequence with adjuvant chemotherapy.
The study reports the survival rate to be OS = 0.66 [95% (CI 95%)
0.57¢0.77] and the recurrence rate to be 0.66 (95% CI: 0.57-0.77)
and the recurrence rate to be 0.65 (95% CI: 0.55-0.75) (Table 4).

For radiotherapy, a study by Ahmed et al. (23) shows the five-year
survival to be 61.4% to 81% and the local recurrence to be 0.8—10%

(Table 4).

Intervention Efficacy

Al as a neoadjuvant had higher response rates and better outcomes
than tamoxifen in clinical response, radiological response, and BCS.
A study done by Spring et al. (11) shows a significantly higher clinical
response rate (OR, 1.69; 95% CI, 1.36-2.10; p<0.001; n = 1352),
radiological response rate (OR, 1.49; 95% CI, 1.18-1.89; p<0.001;

n = 1418), and BCS rate (OR, 1.62; 95% CI, 1.24-2.12; p<0.001; n
= 918) compared with tamoxifen. Moreover, a study by Li and Shao
(24) reports that Als have shown superiority over tamoxifen in terms
of clinical response rate and breast conservation rate in neoadjuvant
therapy where OS (relative HR = 0.82; 95% CI, 0.69-0.99). A third
study that compares Al to tamoxifen illustrates a reduction in BC
mortality or recurrence by 10-25%. Kerr et al. (9). Lastly, a study
by Leal et al. (25) reports an ORR (OR 1.9; 95% CI 1.17-3.08)
(Table 5).

A study by Charehbili et al. (19) illustrates that the favorable toxicity
profile of NHT makes it a very suitable treatment option for patients
unfit for chemotherapy. Studies have shown that Als, rather than
tamoxifen, are the preferred agents for NHT in postmenopausal
patients. Longer treatment durations demonstrated more significant
clinical responses and BCS rates with acceptable tolerability (70.4%
vs. 50.5%, p = 0.004).

A subgroup analysis done Hong et al. (20) showed that all three types
of cyclin-dependent kinase 4 and 6 (CDK 4/6) inhibitors improved
the complete clinical and pathological response rate in BC patients,
with similar efficacy to NACT and a decreased risk of adverse events.

Patients who received ribociclib were over ten times more likely to



Table 5. Summary of included studies

Study

Zhang et al.
(15) 2016

Spring et al.
(11) 2016
Wang et al.
(17) 2020

Zaheed et al.
(31) 2019

Huo et al. (12)
2021

Shen et al.
(14) 2019

Ergun et al.
(32) 2023

Charehbili et
al. (19) 2014
Li and Shao
(24) 2016

Genuino et al.
(30) 2019

Kerr et al. (9)
2022

Hong et al.
(20) 2021

Pistelli et al.
(33) 2018

Nikyar et al.
(26) 2022

Leal et al. (25)
2015

Salvo et al.
(34) 2021

Ahmed et al.
(23) 2021

Main drug

Cape

Al

Mulitple

Taxanes

Cape

Tras

CT+H

AN

TAM

Tras

TAM+AI

Ribo

Palbo

Abema

TAM

NACT then
ART

Al

TAM

NRT

Type of
intervention

NACT

NHT

NHT

NHT

NACT

AT

NHT

NHT

NHT

AT

NHT

Kl

Kl

Kl

NHT

NHT

NHT

NRT

Control

NA

TAM

NACT

AC

Without

AC+ CP+
TAX

NACT

TAM

Al

AC

TAM

TAM

TAM

TAM

AN

NACT

TAM

Letrozole

Multiple

Response

Disease free
survival

HR: 0.93; (95%
Cl, 0.85-1.02;
p=0.12)

HR: 0.84, (95%
Cl10.65 to
1.09)

HR: 0.75; (95%
Cl, 0.65-0.86;
p<0.001)

92.8% with
TAM, 92.0%
with AN

61.4% to 81%
at 5 years

Recurrence

HRs: 0.65 (95%
Cl: 0.55, 0.75,
p<0.001)

0.67 (95% ClI
0.61-0.73)

HR 0.59; (95%
C10.42-0.81;
p<0.001)
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Pathological
complete
response

OR: 0.48; (95%
Cl, 0.26-0.90)

RR 1.15, (95%
Cl0.96 to 1.38;
1280)

(6.5% vs. 3.8%;
OR:1.72,95% CI
0.82-3.62).

OR 10.31, (95%
Cl=3.59-29.61,
p<0.001)

OR7.39, (95%
Cl=1.26-43.40,
p=0.027)

OR 8.28, (95%
Cl=3.41-20.11,
p<0.001)

HR 0.24; (95%
C10.11-0.49;
p<0.0001)

17.2% (95% credible interval:
14.6-20.3%)

0.8-10% for
local recurrence

14% to 42%

Overall response
clinical/radiological

HR 0.85; (95% Cl,
0.75-0.96; p = 0.008)

OR: 1.69; (95% Cl,
1.36-2.10; p<0.001)
OR: 1.05; (95% Cl,
0.73-1.52)

HR 0.80, (95% C1 0.60
to 1.08)

HR: 0.63; (95% Cl,
0.53-0.77; p<0.001)

HR: 0.59, (95% Cl,
0.51,0.69)

ORR (82% vs. 72.7%;
OR: 1.77,95% Cl
1.20-2.62)

70.4% vs. 50.5%, p=
0.004

RH 0.82; (95% ClI,
0.69-0.99)

OR1.9;95% CI
1.17-3.08

0S 71.6% to 84.2%
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Table 5. Continued

Study Main drug Type of Control Response
intervention
Disease free Recurrence Pathological Overall response
survival complete clinical/radiological
response
Recht et al 21.0%, 45.5% without
(27) 2016 : R ART Without compared to vs. to 33.8%
4.3% with
RR for IBTR was
0, .
(Zzh;)r‘zgojgal' IORT R EBRT Ofg 6(?15 ?7?' 2.83 (95% Cl
: : 1.23-6.51)
Giordano et Biosimilar  0.95 (95% ClI: 1.09 (90% Cl,
al (16)2022 s+ CT AT +CT 0.71t0 1.25) 0.97 to 1.21)
CP + MTX OR 6.57, (95 %
PTXt Bev AMA +5-FU Crl: 2.05-21.63)
Schettini et AC+-CP+ OR 3.45, 95
al (29)2022 ~ PTXtBev AMA TAX %Crl
Cape + OR 2.47, (95
PTXt Bev AMA Bev %Crl:1.08-5.73)
RRs (95% Cl) of
HR (95% Cl) of
Tras + CT NAT CcT 1.81 (1.36, 2.42;
0.54 (0.32-0.91). 12 2 0%)
RR of 0.74 (95%
Gunasekara TYK+ CT NAT Tras + CT C10.63, 0.87).
etal. (13) -
2022 TYK+ RRs of 1.26
NAT Tras + CT (95% ClI 1.11,
Tras+ CT
1.42)
TYK+ RRs 1.66 (95%
Tras+ CT NAT ke CT Cl11.33,2.06)
HR 1.22, (95%
Yuan et al. Tras + TYK AT Tras Cl: 1.05-1.41,
(21) 2022 p=0.008)
TYK NAT Tras
Pinto et al 0.60 (95% Cl
(22) 2013 : Tras AT 0.50-0.71, reduced by 40%
p<0.00001)

OS: Overall survival; HR: Hazard ratio; LRR: Locoregional recurrence; RH: Relative hazard; OR: Overall response; DFS: Disease free
survival; H: Hormonal; R: Radiotherapy; T: Targeted; AM: Antimicrotubule agent; N: Neoadjuvant; B: Neoadjuvant + Adjuvant; Al:
Aromatase inhibitor; NACT: Neoadjuvant chemotherapy; NHT: Neoadjuvant hormonal therapy; AT: Adjuvant targeted therapy; Kl:
Kinase inhibitor; NRT: Neoadjuvant radiotherapy; ART: Adjuvant radiotherapy; AMA: Antimicrotubule agent; NAT: Neoadjuvant targeted
therapy; CT: Chemotherapy; NA: Neo-adjuvant; TAM: tamoxifin; Tras: Trastuzumab; TYK: Lapatinib; PBI: Partial breast irradiation;

IORT: Intraoperative radiotherapy; Bev: Bevacizumab; PTX: Paclitaxel; Ribo: Ribociclib; Palbo: Palbociclib; Abema: Abemaciclib; Cape:
Capecitabine; AN: Anastrozole; WBRT: Whole breast radiotherapy; EBRT: Whole-breast external beam radiotherapy; AC: Anthracyclines;
CP: Cyclophosphamide; MTX: Methotrexate; 5-FU: 5-fluorouracil; TAX: Taxane, the table provides a summary of the included studies

in this systematic review, including the type of intervention, disease-free survival, recurrence, pathological complete response, and

radiological response

achieve complete cell cycle arrest (CCCA) than those who did not.
The 95% CI for this OR was 3.59-29.61, which means there is a high
degree of certainty that the actual OR falls within this range. Similarly,
the OR for palbociclib was 7.39, with a 95% CI of 1.26-43.40, and
the OR for abemaciclib was 8.28, with a 95% CI of 3.41-20.11. These
results suggest that all three CDK 4/6 inhibitors effectively improve
CCCA, although the degree of improvement may vary (Table 5).

In a study by Nikyar et al. (26) adjuvant locoregional radiation therapy
(LRRT) significantly reduced the risk of LRR in patients with N+ at
diagnosis and ypNO (HR 0.59; 95% CI 0.42-0.81). However, no
statistically significant difference was found in DFS or OS. Moreover,
a subgroup analysis including three studies with data on the impact of
LRRT on LRR in patients with pCR (both ypT0 and ypNO) showed
a statistically significant lower risk of LRR in patients who received

LRRT (HR 0.24; 95% CI 0.11-0.49; p<0.0001) (Table 5).



Another study by Ahmed et al. (23) for patients who received neo-
adjuvant radiotherapy (NRT) found that pCR values ranged from
14% to 42% in the patients who received NRT, and the 5-year DES
rates ranged from 61.4% to 81% in the patients who received NRT.
Moreover, the 5-year OS rates ranged from 71.6% to 84.2% in the
patients who received NRT (Table 5).

A study by Recht et al. (27) illustrates that postmastectomy
radiotherapy (PMRT) reduces the risks of locoregional failure (LRF),
recurrence, and BC mortality. Reporting the DFS to be 21.0% with
PMRT, compared to 4.3% without the intervention. Along with a
recurrence rate of 33.8% with PMRT vs. 45.5% without (Table 5).

Ipsilateral breast tumor recurrence (IBTR) was significantly higher in
patients with intraoperative radiotherapy (IORT) compared to those
with whole-breast external beam radiotherapy, with a risk ratio (RR)
of 2.83 (95% CI 1.23-6.51). However, the two treatment modalities
had no significant difference in overall mortality, with a pooled RR of
0.88 (95% CI: 0.66-1.17). Zhang et al. (Table 5) (28).

For antimicrotubule agents, a study done Schettini et al. (29) shows
that paclitaxel + bevacizumab was likely to be significantly associated
with superior ORR than several poly- chemotherapy regimens like
cyclophosphamide + methotrexate + 5-fluorouracil [OR: 6.57, 95%
credible intervals (Crl): 2.05-21.63], FEC (OR: 4.44, 95% Cirl:
1.33-15.23), ixabepilone + capecitabine (OR: 3.45, 95% Crl: 1.02—
12.03), or capecitabine + bevacizumab (OR: 2.47, 95% Crl: 1.08—
5.73) (Table 5).

Results suggest that trastuzumab chemotherapy (TC) and lapatinib
(LTC)
than chemotherapy (C) or lapatinib chemotherapy (LC) in achieving

trastuzumab  chemotherapy may be more effective
pCR in HER2-positive BC patients undergoing neoadjuvant
treatment with HER2-targeted therapies. The pCR rates for four
different treatment comparisons were TC vs. C, LC vs. TC, LTC vs.
TC, and LTC vs. LC. The pooled results of a study by Gunasekara et
al. (13) showed that TC had significantly higher pCR rates than C,
with a pooled RR of 1.81 (95% CI 1.36, 2.42). Similarly, LTC had
significantly higher pCR rates than TC and LC, with pooled RRs of
1.26 (95% CI 1.11, 1.42) and 1.66 (95% CI 1.33, 2.06), respectively.
Conversely, LC had significantly lower pCR rates than TC, with a

pooled RR of 0.74 (95% CI 0.63, 0.87) (Table 5).

Efficacy of different adjuvant trastuzumab-containing chemotherapy
combinations for patients with early HER2-positive primary BC.
For severe cardiac adverse events. A study by Shen et al. (14) based
on their analysis, found that anthracycline-cyclophosphamide with
concurrent trastuzumab (ACT+H) showed the best OS compared
to other combinations. Compared to ACT, ACT+H (HR = 0.59,
95% CI: 0.51, 0.69) most effectively decreased the risk of disease
progression or recurrence among the comparisons. In another study by
Genuino et al. (30), The analysis found that combining trastuzumab
with chemotherapy lowered the risks of death and relapse by one-
third, with recurrence rates (95% CI) of 21.6% (16.6%, 26.5%) for
the trastuzumab-chemotherapy group and 29.4% (24.6%, 34.2%)
for the chemotherapy alone group. In a third study, Giordano et al.
(16) found that in 2022, trastuzumab has shown efficacy in improving
progression-free survival (PES) by 1.09 (90% CI, 0.97 to 1.21), and
DES 0.95 (95% CI, 0.71 to 1.25), and OS in patients with advanced
HER2-positive BC. Lastly, a study by Pinto et al. (22) in 2013 found
that trastuzumab, when given in combination with or in sequence

with adjuvant chemotherapy, has shown a significant improvement
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in disease-free and OS in women with HER2-positive BC, reducing
mortality by one-third and the risk of relapse by 40% (Table 5).

In a study by Zhang et al. (15), Adding capecitabine to standard
neoadjuvant regimens in early BC. Adding capecitabine did notimprove
DFS for all patients. DES (HR = 0.93; 95% CI, 0.85-1.02; p = 0.12)
However, a sub-analysis revealed that capecitabine provided a benefit
in DFS for patients with the triple-negative subtype and extensive
axillary involvement. The addition of capecitabine demonstrated a
significantly superior OS in the meta-analysis (HR = 0.85; 95% CI,
0.75-0.96; p = 0.008). In another study by Huo et al. (12) in 2021,
it was found that capecitabine-based regimens in neoadjuvant and
adjuvant chemotherapy showed significantly improved DFS (HR =
0.75; 95% CI, 0.65-0.86; p<0.001) and OS (HR = 0.63; 95% CI,
0.53-0.77; p<0.001) in early-stage TNBC patients (Table 5).

The study by Wang et al. (17) suggests that postmenopausal HR-
positive BC patients may have a better tumor response after NACT
compared to NET, while the addition of endocrine therapy to
chemotherapy may not provide significant clinical benefits compared
to monotherapy. The pCR rate of patients undergoing NET was
significantly lower than that of those undergoing NACT. (pooled
OR, 0.48; 95% CI, 0.26-0.90) There was no statistically significant
difference in the ORR between NET and NACT. (pooled OR, 1.05;
95% CI, 0.73-1.52) (Table 5).

The neoadjuvant studies done by Zaheed et al. (31) in 2019 suggested
that the administration of taxanes first probably resulted in little to no
difference in OS (HR 0.80, 95% CI 0.60 to 1.08) and DES (HR 0.84,
95% CI 0.65 to 1.09). The administration of taxanes first also resulted
in little to no difference in pathological complete response (RR 1.15,
95% CI 0.96 to 1.38) (Table 5).

In the HR-positive/HER2-negative BC study by Ergun et al. (32)
in 2023, NACT significantly increased ORR without an increase in
serious adverse events. Although the pCR rate increased numerically,
it was not statistically significant. (6.5% vs. 3.8%; OR: 1.72, 95% CI
0.82-3.62). The study also reports that the NaCET arm exhibited a
significantly higher ORR (82% us. 72.7%; OR: 1.77, 95% CI: 1.20—
2.62) (Table 5).

Discussion and Conclusion

Neoadjuvant and adjuvant treatments are recommended for BC.
These therapies reduce cancer mortality and recurrence but have
adverse effects. Therefore, this systematic review aims to study BC’s
adjuvant and neoadjuvant treatments and their effects on mortality
and patient outcomes.

Anti-Human Epidermal Growth Factor
Chemotherapy

2 Therapy with

Neoadjuvant and adjuvant therapies combining trastuzumab with
chemotherapy have shown significant efficacy in improving DFS and
OS in patients with early-stage and locally advanced HER2-positive
BC. Gunasekara et al. (13) concluded that the T-DM1PC (trastuzumab
emtansine + pertuzumab + chemotherapy), T-DM1 (trastuzumab
emtansine), and PTC_T-DMIP (pertuzumab + trastuzumab +
chemotherapy followed by T-DM1P) regimens are the most effective
and safe neoadjuvant anti-HER2 therapies for early-stage and locally
advanced HER2-positive BC. These regimens have the optimal
balance between efficacy (pCR) and serious adverse events (SAE).
The PTC regimen has the highest DFS rate among these regimens.
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Additionally, Pinto et al. (22) reported that using trastuzumab in
combination with or in sequence with adjuvant chemotherapy has
significantly improved the DES and OS of patients with early HER-
2-positive BC with a moderate-to-high risk of recurrence. The patient
outcomes were also concluded by Giordano et al. (16) that adding
trastuzumab to chemotherapy as adjuvant therapy significanty
improves DFS outcomes.

Moreover, Shen et al. (14) concluded that the concurrent use of
anthracycline-cyclophosphamide and taxane or taxane plus carboplatin
with trastuzumab resulted in the most clinical benefits for early-stage
HER2-positive primary BC. Additionally, taxane and carboplatin with
trastuzumab had the lowest cardiotoxicity. This is proved by Genuino
et al. (30) that administering adjuvant trastuzumab in a weekly cycle
concurrently with an anthracycline-taxane chemotherapy regimen
appears to be a preferred option to optimize its favorable effect on
improving DFS and preventing significantly higher risk for cardiotoxic
effects.

Endocrine/Hormone Therapy Comparable to Chemotherapy

NHT is comparable in efficacy to NACT in hormone receptor-positive
(HR+) BC patients with lower toxicity, but there is a higher risk of
recurrence in node-positive patients. Spring et al. (11) concluded that
NET, even as monotherapy, is associated with similar response rates as
neoadjuvant combination chemotherapy but with significantly lower
toxicity. It was also proved by Hong et al. (20) that the combination
therapy comprising neoadjuvant CDK 4/6 inhibitors and NET
demonstrated increased efficacy and toxicity compared to endocrine
monotherapy. It also showed comparable efficacy and better safety
than NACT. Evidence has been accrued by Li and Shao (24) of the
benefits of ovarian ablation or suppression in premenopausal patients
and Als in postmenopausal patients for longer durations of adjuvant

NET as well as for the clinical utility of NET.

Moreover, Leal et al. (25) reported the safety of neoadjuvant hormone
therapy and reported that it could not be considered equivalent to
chemotherapy. Additionally, it was reported that Als are preferable
to tamoxifen when using neoadjuvant hormone therapy due to their
higher response rates. It could be proved by Pistelli et al. (33) that
in premenopausal patients with HR+BC, the combination of Als
and a gonadotropin hormone-releasing hormone analog is a safe and
effective treatment option. Charehbili et al. (19) reported that NHT
has shown comparable efficacy to NACT in patients with HR+ BC.
However, Wang et al. (17) reported that postmenopausal women with
HR+ BC can respond better to tumor treatment with NACT than
NET. Although neoadjuvant chemoendocrine therapy has improved
prognostic outcomes compared to NET or NACT alone, such benefits
may not be observed in this specific group of patients. Similar to other
findings by Ergun et al. (32), the combination of NACT and NET
leads to an increased ORR in patients with BC without a significant
increase in SAE.

Additionally, Yuan et al. (21) reported that the effectiveness of
combining pyrotinib with chemotherapy is superior to combining
lapatinib with chemotherapy in the treatment of BC but has more
safety risks. However, Salvo et al. (34) concluded that there is a high
risk of BC recurrence, particularly among node-positive patients.
Approximately 1 in 6 women with node-positive HR+/HER2-early-
stage BC who undergo NET experience recurrence or death within
five years of starting the treatment.

Chemotherapy

Anthracyclines and taxanes are commonly used chemotherapeutic
agents for early-stage BC, but recent studies have identified risks
associated with these drugs. Additionally, the benefits of combining
neoadjuvant and adjuvant chemotherapy with capecitabine are
mentioned for improved outcomes. Zaheed et al. (31) reported
that anthracyclines and taxanes are effective chemotherapeutic agents
commonly used in treating early-stage BC, either before or after
surgery. Schettini et al. (29) reported that nab-paclitaxel had the
highest overall response rates, while capecitabine and eribulin had the
highest PFS and OS rates, respectively. It was also proved by Huo et
al. (12) that combining neoadjuvant and adjuvant chemotherapy with
capecitabine significantly improved DFS and OS in early-stage triple-
negative BC patients with tolerable adverse events.

Moreover, Zhang et al. (15) concluded that adding capecitabine to
neoadjuvant therapy did not improve DES but OS. Furthermore,
the toxicity profile of capecitabine remained favorable, and no
capecitabine-related deaths were reported in the included trials.
Additionally, Kerr et al. (9) reported an increased risk of leukemia
associated with taxanes, while the risk of heart disease and leukemia
is associated with anthracyclines. Surov et al. (35) concluded that the
pretreatment apparent diffusion coefficient alone cannot predict the
response to NACT in BC.

Radiotherapy

Neoadjuvant and adjuvant radiotherapy options can reduce LRR in
BC, but their impact on OS varies, while IORT carries a higher risk
of tumor recurrence. Ahmed et al. (23) reported that BC treatment
could involve neoadjuvant radiotherapy, which can streamline
oncological treatment, provide chemosensitization to enhance pCR
before definitive surgery and provide treatment alternatives to ER-
positive patients who are less likely to respond to chemotherapy.
Moreover, De Felice et al. (18) concluded that regional nodal
irradiation could reduce the LRR rate and improve disease-free and
distant-free survival rates but did not significantly differ in OS at ten
years. It was also proved by Nikyar et al. (26) that adjuvant LRRT
after NACT can significantly reduce the risk of LRR but does not
provide any survival benefit regarding DFS or OS. According to the
Kerr et al. (9) study, radiotherapy options for BC include whole breast,
partial breast, tumor bed boost, regional nodes after BCS, and chest
wall and regional nodes after mastectomy. The study also found that
anthracycline chemotherapy and radiotherapy may increase overall
non-breast-cancer mortality.

Additionally, the authors identified heart disease, lung cancer, and
esophageal cancer as the main radiation risks, with the risk increasing
with higher doses of radiation to the heart, lungs, and esophagus,
respectively. Moreover, the authors recommended bisphosphonate
therapy for BC treatment. Recht et al. (27) also concluded
that PMRT reduces the risks of LRE LRR, and BC mortality for
tumor BC patients with one to three positive axillary nodes. Hickey
et al. (36) reported that altered fraction size regimens of radiation
therapy do not have a clinically meaningful effect on local recurrence,
are associated with decreased acute toxicity, and do not seem to affect
breast appearance, late toxicity, or patient-reported quality-of-life
measures for selected women treated with BCS. Moreover, Zhang et
al. (28) concluded that IORT has a significantly higher risk of IBTR
than whole-breast external beam radiotherapy. Overall mortality does
not differ significantly.



Patient’s Outcome Regarding Adjuvant and Neoadjuvant Therapy

Als as neoadjuvant have higher response rates, improved outcomes,
and better BCS results compared to tamoxifen. Similarly, Spring et al.
(11) and Li and Shao (24) studies reported higher efficacy of Als than
tamoxifen. It could be explained by the Kerr et al. (9) study, which
proved using Als led to a reduction in BC mortality or recurrence by
10-25% as compared to tamoxifen. Leal et al. (25) also reported a
higher ORR of Als than tamoxifen in postmenopausal patients.

Moreover, Charehbili et al. (19) reported that NHT’s favorable
toxicity profile makes it an optimal treatment for patients unfit for
chemotherapy.

In HER2-positive BC patients undergoing neoadjuvant HER2-
targeted therapy, trastuzumab, and LTC may be more effective
than chemotherapy or LC in achieving pCR. Gunasekara et al.
(13) reported that TC had significanty higher pCR rates than
chemotherapy, and LTC had significantly higher pCR rates than TC
and/or LC. According to adjuvant therapy, trastuzumab-containing
chemotherapy combinations showed the best OS compared to
other combinations. Shen et al. (14) reported that anthracycline-
cyclophosphamide with concurrent trastuzumab resulted in better
OS compared to anthracycline-cyclophosphamide, reducing the
risk of disease progression or recurrence. The reason could be that
Genuino et al. (30) and Pinto et al. (22) studies proved that combining
trastuzumab with chemotherapy showed a significant reduction
of one-third in the risks of death and relapse, leading to decreased
recurrence rates. Moreover, Giordano et al. (16) reported the high
efficacy of trastuzumab in improving PFS, DES, and OS in patients
with advanced HER2-positive BC. In HR-positive/HER2-negative
BC patients, NACT significantly increases ORR without an increase in
serious adverse events, as stated by Ergun et al. (32). Moreover, Wang
et al. (17) reported that NACT had a better tumor response NET in
postmenopausal HR-positive BC patients.

In early-stage BC, capecitabine-based treatments in neoadjuvant and
adjuvant chemotherapy showed significantly improved DFS and OS.
This could be explained by the Huo et al. (12) meta-analysis study
that proved these findings. However, Zhang et al. (15) reported that
adding capecitabine to standard neoadjuvant regimens in early BC did
not improve DFS.

Additionally, Schettini etal. (29) reported that paclitaxel + bevacizumab
had superior ORR than several poly-chemotherapy regimens like
ixabepilone + capecitabine or capecitabine + bevacizumab.

The adjuvant LRRT can reduce the risk of LRR. Nikyar et al. (26)
stated the same finding; however, no statistically significant difference
was found in DFS and OS. Neo-adjuvant radiotherapy can result in
variable pCR values and 5-year survival rates, as stated by Ahmed et
al. (23). Additionally, it was proved by Recht et al. (27) and Zhang et
al. (28) studies that PMRT reduces the risks of LRF and LRR, and
IORT is associated with a higher risk of IBTR compared to whole-

breast external beam radiotherapy.

The study conducted a comprehensive search across multiple
databases, including Web of Sciences, Google Scholar, PubMed,
Cochrane Library, and EMBASE, which captured relevant studies and
minimized selection bias. It also conducted a risk of bias assessment
using the CASP tool, which helped to assess the internal validity of the
included studies and provided insights into the quality of the evidence.
The studies included were for the early and late stages of BC using

Qari et al. Breast Cancer Therapy

neoadjuvant and adjuvant treatments. The studies included meta-
analysis studies, which provided more precise estimates of treatment
effects. The study’s limitation was that metastatic and recurrent BC
were excluded. Future studies should consider including metastatic
and recurrent BC patients. This would help evaluate the efficacy
of radiotherapy in these specific populations. Additionally, future
studies should aim for more extended follow-up periods to assess the
long-term effects of radiotherapy on survival, recurrence rates, and
treatment-related complications.

Based on a comprehensive systematic review, Als, as neoadjuvant
therapy, were the most effective ET with a high ORR and reduced
BC mortality or recurrence. Regarding anti-human epidermal growth
factor 2 therapy, combining Trastuzumab with chemotherapy was
the optimal treatment in HER2-positive BC patients as neoadjuvant
and adjuvant therapy, with a significant reduction of one-third in
the risks of death and relapse, leading to decreased recurrence rates.
Additionally, capecitabine-based treatments in neoadjuvant and
adjuvant chemotherapy for early-stage cancer improved the DFS and
OS in BC patients. Radiotherapy had a significant role in BC treatment
by reducing LRR risk (adjuvant therapy), producing variable pCR
rates and 5-year survival rates (neo-adjuvant therapy), and reducing
LRF and recurrence (postmastectomy therapy). However, most
treatments reduced BC mortality or recurrence rates; anthracycline,
chemotherapy, and radiation led to a rise in non-BC deaths overall.
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ABSTRACT

Midkine (MDK) is a protein that contributes to both physiological and pathological processes. Several studies provide insight into the different roles
of MDK in development, tissue repair, neural plasticity, and health and disease processes. This research further examined how MDK contributed to
conditions, including neurological diseases, inflammation, and ischaemia. Furthermore, MDK overexpression has been reported in many kinds of cancer
and MDK is recognized as a malignancy marker. MDK stimulates pro-tumor activity by regulating a number of signaling pathways, which increase cancer
cell proliferation, survival, metastasis, and treatment resistance. However, studies have shown that MDK also functions as a molecule that regulates drug
resistance. Several cancer therapy techniques have been suggested to modify MDK function, including antibody-based therapies, oligonucleotides, oncolytic
viruses, and small compounds. Further research and experimentation will be required to establish the therapeutic relevance and efficacy of these treatments.
This review focuses on the role of MDK in cancer biology, as well as its multiple different roles in health and disease processes.

Keywords: Midkine; MDK; cancer; therapeutic target

Cite this article as: Yildirnm B, Kulak K, Bilir A. Midkine: A Cancer Biomarker Candidate and Innovative Therapeutic Approaches.
Eur J Breast Health 2024; 20(3): 167-177

Key Points
*  Midkine (MDK) is a protein that functions in both physiological and pathological processes.

*  The role of MDK in physiological processes such as development, tissue repair and neuronal plasticity and its association with disorders such as
neurodegenerative disease, inflammation and ischaemia have been investigated by many studies.

*  MDK overexpression has been reported in many cancer types and identified as a biomarker in malignancy.

*  MDK promotes proliferation, survival, metastasis and treatment resistance of cancer cells by activating pro-tumoral processes by activating many
signalling pathways.

e  MDK induces tumour formation through angiogenesis.

*  Research suggests that MDK also functions as a molecule that regulates drug resistance.

© Many approaches to cancer therapy propose to target MDK.

*  MDK and the proliferation of cancer cells have been suppressed by various approaches such as antibody-based therapies, oligonucleotides, oncolytic
viruses and small molecules.

*  However, further studies and experiments are required to determine the therapeutic relevance and efficacy of these therapies.

e This review focuses on the effects of MDK on cancer biology and its numerous roles in health and disease processes.

Introduction individuals who are healthy has been observed in a variety of organs,

including the gastrointestinal system, kidney, spleen, lungs, and thyroid
Introduction to Midkine (MDK)

The Midkine (MDK) gene, which has a retinoic acid (RA) receptor

in its promoter, is a heparin-binding growth factor or cytokine (1).

(4, 5). MDK expression in healthy tissues is usually low and many
times lower than in malignant tissue (6-10). MDK promotes ligand-

dependent receptor activation, leading to a biological response (11,

MDK, a 13-kDa cysteine-rich protein, is activated by retinoic acid
and generated in large quantities throughout development, especially
in the nervous system (2, 3). It is generally overexpressed in adult

tissues after injury, disease, and healing (2). MDK gene expression in
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12). The MDK promoter region contains binding sites for Hypoxia-
Inducible Factor 1-alpha (HIF-1at), which, together with the retinoic
acid receptor, has been associated with increased MDK expression in

several cancers (13, 14). MDK was discovered in mouse embryonal
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cancer cells in 1988, and its molecular function is in embryonic
development regulation (15, 16). MDK expression in mice increased
only during the middle stages of gestation (days 8—11), after which
it significantly decreased (15, 16). Only the kidneys in 15-day-old
embryos showed significant MDK expression levels (15, 16). In one
study, once RA was applied to cells in the early phases of embryonal
cancer cell development, MDK mRNA levels increased (15, 16). The
MDK family contains two members, MDK itself and pleiotropin
(PTN) (16-18). These two proteins have similar receptors and
physical attributes, including the ability to bind heparin (18). There
are a number of evolutionarily conserved DNA sequences between
MDK and PTN (17). Human MDK and PTN have been found to
share around 50% sequence identity (17, 19). MDK and PTN have
biological activity in processes such as fibrinolysis, anti-apoptosis,
mitogenesis, and angiogenesis (18) (Figure 1). These activities
suggest that growth factors play a role in cancer development (18).
The increased expression of MDK and PTN in human carcinomas
supports their function in cancer (18). MDK also plays a role in
the pathogenesis of specific inflammatory diseases, including renal
failure and vascular restenosis following angioplasty (18).

Midkine-Associated Signaling Pathways

MDK receptors include integrins, neurogenic locus notch homolog
protein 2 (Notch2), anaplastic lymphoma kinase, the low-density
lipoprotein receptor gene (LRP), and receptor type tyrosine protein
phosphatase zeta (PTP-C) (20-24). MDK-binding integrins form a6 1
and 041 heterodimers (21). Syndecanes, glipican-2, PG-M/versican,
and neuroglycan C are a few such protein glycans that interact with
MDXK (6, 25-28). MDK consists of two domains and three antiparallel
[-strands containing heparin-binding sites (3, 29, 30). This structure
allows MDK to form molecular complexes with proteoglycans (3,
29, 30). MDK binding to sulfated glycosaminoglycans interacts with
a large number of crucial receptors, initiating a variety of signaling
pathways (3, 29, 30) (Figure 2). While MDK is involved in critical
processes such as development, reproduction, repair, inflammation,
innate immunity, blood pressure regulation, neurite outgrowth, and
angiogenesis, it also plays an important role in cancer formation and

progression by stimulating cellular activity (1, 3, 25).MDK expression
has been shown to be regulated by several kinds of transcription factors
(30). The hormone estradiol (E2) has been shown to increase MDK
mRNA levels in lung cancer cells (30). The MDK gene promoter
region contains hypoxia response elements (14, 30). Under hypoxic
conditions, HIF-1a binds to the MDK promoter region, increasing
expression (13, 14). This promotes the vascularization of pulmonary
arteries, the development of vasculature, and cancer cell survival
(14, 30). The promoter region of MDK has a functional nuclear
factor kappa B (NF-kB) binding site (30, 31). This leads to MDK
overexpression under inflammatory conditions (31). In prostate cancer,
tumor necrosis factor-o activates the NF-kB pathway (Figure 2) (31).
The SP1 specificity protein 1 (SPI) gene is essential for embryonic
development and early postnatal life (32). SPI expression has been
reported to be more significant in human glioma tissues than in
normal tissue, and it interacts with MDK in tumor development and
progression (30, 32). Thyroid transcription factor 1 (TTF-1) regulates
lung parenchymal growth and gene expression (30, 33). TTF-1 binds
to TTF regulatory elements located in the 5" region of the MDK
promoter (33). TTF-null mice’s lungs showed no expression of MDK
(33). Various transcription factors may regulate MDK in various
tissues (30). MDK could stimulate tumor development by activating
TGF-B receptors, Janus kinase/signal transducers and activators of
transcription (STAT), and STAT3 (34). Mitogen-activated protein
kinase (MAPK) pathways promote epithelial mesenchymal transition
(EMT), which regulates cancer development and metastasis (29, 35).
MDK induces EMT by interacting with P-catenin through WNT
signaling and the estrogen receptor (ER) (13). MDK interactions with
the MAPK/phosphoinositide 3 kinase (PI3K)/AKT pathway induce
proliferation and angiogenesis (35, 36) (Figure 2). Finally, MDK may
inhibit Caspase-3, which decreases apoptosis (36).

Role of Midkine in Inflammation

MDK is a growth factors known to regulate inflammation since it
is associated with antibacterial proteins that stimulate the innate
immune system (37). MDK expression increases during inflammatory
processes, which leads to increased angiogenesis (38). MDK promotes
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Figure 1. MDK plays a role in essential processes including as development, reproduction, repair, inflammation, innate immunity, and

angiogenesis by activating various signaling pathways
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neutrophil adhesion during angiogenesis (39). This happens through
increasing the affinity of B2-integrins and suppressing LRP1 (13). It
has been shown that in mice, the lack of MDK reduces neutrophil
and macrophage numbers during the early stages of fracture healing
(38, 40). Furthermore, the role of MDK in the inflammatory process
has been attributed to its expression in endothelial cells under hypoxic
conditions (14, 16). MDK is capable of maintaining tissue viability in
adults after hypoxic stress (5, 25). MDK expression in tissues increases
markedly following ischemia (41-45). In this case, increased MDK
suppresses apoptosis and protects the tissue by decreasing cell death
(5). Additionally, it promotes tissue repair through angiogenesis (46-
48).Increased MDK during ischemia is characterized by an increase
in blood MDK concentration (49). Serum MDK levels were shown
to be significantly elevated in patients with heart failure than in the
control group in studies on the treatment of the condition (49). MDK
may induce neutrophil and macrophage migration to the injury site
in renal ischemia-reperfusion damage, but it may decrease myocardial
apoptosis in cardiac ischemia-reperfusion injury (21, 42, 50, 51). In
endothelial cells, the PI3K/AKT and MAPK signaling pathways are
critical for regulating vascular homeostasis and neovascularization
(52, 53). AKT (protein kinase B) promotes the transcription of
angiogenesis-related genes and refills tissue oxygen (54). Vascular
endothelial growth factor alpha (VEGEF-A) is a critical protein in the
Chemokine (C-X-C motif) Ligand 1/Macrophage Inflammatory
Protein 2-(CXCL1/MIP-2)-induced angiogenesis that interacts with
VEGEF receptor 2 (VEGFR?2) (Figure 2) (16). Overexpression of MDK
may affect the angiogenesis process by increasing VEGF-A levels and
cellular release (Figure 2) (55, 56). These findings suggest that MDK
plays an important role in angiogenesis and vascular homeostasis (16).
A study suggested that MDK might be an effective therapeutic target
for Thl cell-induced autoimmune disorders such as experimental
autoimmune encephalomyelitis (16). Moreover, it has been shown that

MDK may promote the survival of mature B lymphocytes through
an autocrine pathway (Figure 2) (16). The data suggest that MDK
has multiple functions and has significant effects on many different
pathophysiological processes.

Anti-Bacterial and Anti-Apoptotic Properties of Midkine

A recent study showed that MDK has significant anti-fungal and anti-
bacterial effects (1, 16, 57-59). MDK contains a heparin-binding motif
(Cardin-Weintraub Motif), which is a common feature of antibacterial
proteins, and MDXK has been proposed to have antibacterial activity by
disrupting the bacterial plasma membrane, in addition to antibacterial
properties, especially against gram-positive organisms (16, 57, 58).
The anti-apoptotic activity of MDK has been associated with a
number of pathological events, including cancer, neurogenesis, and
tissue repair (16). MDK functions as an anti-apoptotic growth factor,
which allows cancer cells to proliferate more efficiently (60, 61). For
example, in developed G401 cells (derived from a rhabdoid tumor of
the kidney), MDK has been shown to prevent apoptosis by increasing
B-cell leukemia/lymphoma 2 (Bcl-2) protein expression (61). MDK
is also known to suppress Caspase-3 activation through extracellular
signal-regulated kinase (ERK) activation, which avoids neuronal death
(62). In contrast, MDK has been shown to protect against cardiac
ischemia-reperfusion (I/R) damage by increasing Bcl-2 and ERK
levels, which inhibit cardiomyocyte apoptosis (42). MDK has been
reported to decrease myocyte cell death by activating the PI3K/AKT
signaling pathway (Figure 2) (63). MDK and Bcl-2 collaborate to
suppress apoptosis, and Bcl-2 and ERK play critical roles in MDK’s
anti-apoptotic activity (16).

Midkine in Oxidative Stress and Cholesterol

Reactive oxygen species may cause oxidative stress due to an imbalance
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nephrectomy, MDK expression increased in tubular epithelial cells
and infiltrating macrophages in the kidneys of MDK+/+ mice (65).
In addition, oxidative stress increased MDK expression in capillaries,
lung endothelium, and alveolar-capillary endothelial cells (65).
Furthermore, it was demonstrated that MDK expression increased
when angiotensin I (Ang I) was converted to Ang II by angiotensin-
converting enzyme (65).

MDK is expressed at extremely low levels in healthy arteries and
veins (66). However, a recent study suggests an association between
high blood MDK levels and serum total and low-density lipoprotein
cholesterol levels (67). In apolipoprotein E (ApoE)-/- mice, MDK
treatment has been shown to improve atherosclerotic plaque
development (68). These findings suggest that MDK may have a role
in the development of atherosclerosis (16, 68).

CNS and Midkine

The role of MDK in the central nervous system (CNS) has been
studied extensively during development and in conditions such as
traumatic brain injury (TBI) (21). MDK is expressed in the CNS
during development and until mid-pregnancy, after which its mRNA
levels decrease (29, 69). In mice, oligodendrocyte precursor cells
express MDK before fetal astrocytes, neurons, and newly formed

oligodendrocytes develop (69). In humans, fetal astrocytes are the

main source of MDK in the CNS (69).

MDK is expressed early in cerebral infarction as well as in additional
clinical conditions (43). MDK has been shown to function as a
repairing neurotrophic factor in these situations, and its presence is
recognized in damaged nerve regions (43). HIF-1a transcriptionally
regulates MDK, a repair mechanism in hypoxia-induced diseases (21).
Animal studies suggest that MDK mRNA and protein levels increase
after short-term forebrain damage, but MDK expression increases in
areas of traumatic spinal cord injury (44, 70). These findings indicate
that MDK plays an important role in tissue repair in conditions such
as brain damage and traumatic spinal cord injuries (70).

Secondary damage in TBI is caused by primary tissue damage, leading
to disruption of the blood-brain barrier, immune cell infiltration into
the brain, and neuroinflammation (71). /n vivo studies suggested
that a decrease in MDK has no effect on astrogliosis after TBI (72).
Astrogliosis occurs when astrocytes respond to CNS injury by changing
their transcriptional expression (73). Microglia respond to CNS injury
in a similar fashion (74). However, it has been suggested that MDK
may contribute to that injury in TBI by allowing immune cells to pass

through the CNS (75).

Circulating MDK levels have also been shown to be significantly
higher in patients with Alzheimer disease than in healthy individuals
(5). This shows that MDK might be utilized as a marker in neurological
disorders like Alzheimer’s disease. MDK’s representation in the CNS
may be characterized as having a complicated process that MDK
functions significantly throughout developmental stages but also in
pathological situations such as TBI (21). Targeting MDK might be an
effective approach for treating CNS-associated neoplastic conditions
such as glioblastomas (21). These findings suggest that serum MDK
levels might be used to diagnose and monitor a wide range of diseases.
However, further research is required to support these findings (5).

Midkine as a Marker with Multiple Effects in Cancer

MDK overexpression has been reported in at least 20 distinct
malignancies (5). Overexpression of MDK protein within tumors is a
common feature of malignancy. MDK activates pro-tumoral activities
in numerous cancer types via several signaling pathways (4, 12).
MDK levels are frequently much greater in cancer patients than in
healthy persons, and MDK expression has been shown to rise in direct
proportion to the severity of illness (13, 53, 76-78). When tumors are
surgically excised, circulating MDXK levels often fall before increasing
again when the cancer recurs (13). As a result, circulating MDK levels
may act as a diagnostic, prognostic, or therapeutic marker for cancer

).

MDK promotes cancer through a variety of processes (1). These
mechanisms include cancer cell proliferation, survival, anti-apoptosis,
angiogenesis, and EMT regulation (I, 79). MDK initiatives are
simplified by specific receptor binding, which activates well-known
downstream signaling pathways associated with tumor development
and metastasis, including MAPK, PI3K/AKT, and ERK1/2 (Figure
2) (1,79).

MDK’s efficiency in promoting tumor development derives from
its ability to trigger tumor angiogenesis (76). MDK is an effective
pro-angiogenic factor (80, 81). Multiple studies have shown that
MDK promotes angiogenesis, which enhances tumor development
(13). In cancer cell culture studies with MDK overexpression,
in vitro proliferation of endothelial cells increased, which led to
angiogenesis (13, 80). The enhanced tumor development following
subcutaneous MDK injection into nude mice has been attributed to
increased microvessel density (76). This shows that endothelial cells
are proliferating in the tumor (76). Furthermore, significant MDK
expression has been found in tumor endothelial cells in human neural
tumor tissues (82). A previous study focused on the interaction between
the Notch2 receptor and MDK in pancreatic ductal adenocarcinoma
(PDAC) cells (83). Soluble MDK has been demonstrated to stimulate
Notch2 and its downstream targets, HES-1 and NF-kB/RelA (83).
This suggests that MDK may regulate both phases of carcinogenesis
(18).

MDK promotes tumor development partially by improving the
probability of metastasis formation (84). MDK has been predicted
to mediate metastasis through mitogenic, pro-inflammatory, and
angiogenic activities (84-86). MDK interacts with TGF-f pathway
proteins, which are necessary for EMT (Figure 2) (87-89). Furthermore,
MDK regulates cell survival and proliferation through activating the
PI3K and ERK signaling pathways (60, 90). MDK’s interaction with
the WNT/B-Catenin pathway is a key regulatory mechanism in glioma
growth (91). MDK expression is increased in glioma cells (13). The
MDK proximal promoter has a T-cell factor/lymphoid enhancer factor
(TCF/LEF) family binding site that interacts with B-Catenin (91).

MDK may promote metastasis through proteolytic enzyme networks
(92, 93). Expanded human kallikrein (KLKs) play an important role
in these networks (94). KLKs may stimulate cancer development
through extracellular hydrolysis (95). MDK has been recognized
as an important protein, especially for KLK7 and KLK9 (Figure 2)
(95, 96). This suggests a potential role for the KLK7/9-MDK axis
in cancer development and metastasis (95, 96). MDK promotes
metastatic development in melanoma through the mammalian target
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of rapamycin (mTOR)/VEGFR3 signaling pathway (97). MDK
regulates the mTOR signaling pathway by interacting with heparan
sulfate and lymphatic endothelial cells (97). These signals promote
lymphangiogenesis and metastasis in the lymph nodes and lungs
(97). Silencing MDK reduces lymphangiogenesis and metastasis (97).
These data suggest that MDK regulates the mTOR signaling pathway
in melanoma metastasis (13). In an in vizro study to determine the
effects of MDK concentration on drug cytotoxicity, MDK’s effect
on cells in the tumor microenvironment was studied in an ovarian
cancer cell line (98, 99). MDK has been shown to stimulate the AKT
signaling pathway in ovarian cancer cells, reducing the cytotoxic effect
of cisplatin, whereas inhibiting MDK increased cisplatin cytotoxicity
(98). Another study examining the role of MDK in the interaction
between stromal cells and tumor cells showed that cancer-associated
fibroblasts (CAFs) contribute to increased MDK levels in tumors and
that CAF-derived MDK may promote cisplatin resistance (100).

MDK and Breast Cancer

Breast cancer is the world’s most prevalent malignant tumor (101).
Metastases in distant locations are the leading cause of mortality
in breast cancer patients (102, 103). In a study comparing gene
expression levels in breast cancer, it was found that MDK gene
expression increased in tumor tissues (104). Some research has focused
on the function of MDK in breast cancer. Plasma MDK levels were
measured in 111 patients with primary invasive breast cancer and
25 patients with distant metastatic breast cancer (105). The results
demonstrated that plasma MDK levels were markedly elevated in
breast cancer patients compared to healthy controls (105). Although
the mechanism is uncertain, plasma MDK levels in primary invasive
carcinoma are significantly associated with the menopausal state.
MDXK is a substantially more effective biomarker for breast cancer than
CA15-3, CEA, and NCCST-439, especially for individuals with initial
invasive cancer (105). Furthermore, the MDK combination diagnoses
breast cancer at significantly higher rates than the combination of two

conventional tumor markers (CA15-3/CEA, CA15-3/NCCST-439, or
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CEA/NCCST-439) (105). As a result, MDK may be as effective, if not
more so, than conventional markers in diagnosing breast cancer (105).
The upstream kinases LKB1, CAMKKS, and TAK1 phosphorylate
adenosine monophosphate protein kinase (AMPK) at the Thrl72
site (106). Among these kinases, the serine/threonine kinase, LKB1,
regulates the conventional AMPK activation pathway, which has been
clarified in cancer cells (107). It is well-established that LKB1 forms
a heterotrimer with the pseudokinase STRAD and the scaffolding
protein MO25 prior to self-phosphorylating at a number of amino
acids to activate its own kinase activity (108). A recent study found that
altering the LKB1-STRAD-MO25 complex reduced AMPKo Thr172
phosphorylation levels and AMPK activity (109-111). In another study,
intracellular MDK suppressed AMPK activation by interacting with
LKB1 and STRAD to depolymerise the LKB1-STRAD-MO25 complex,
decreasing LKB1 activity and phosphorylation of AMPKa (112).
Reducing or maintaining extracellular MDK expression caused
enhanced AMPKa phosphorylation (108). Furthermore, MDK has
been shown to increase cancer cell proliferation by inhibiting the
LKB1-AMPK pathway, which proved to be negatively associated
with LKBI/AMPK signaling pathway activity (Figure 3) (108).
The treatment of locally advanced breast cancer is a combination of
neoadjuvant chemotherapy (NCT), surgery, and adjuvant systemic
and local treatments (113, 114). NCT increases the probability of
breast-conserving surgery by minimizing the breast lesion, monitoring
drug resistance, and determining prognosis and micrometastases (115).
However, more than 80% of patients who get NCT do not respond
effectively, causing risks that the treatment might delay surgery and
drug resistance (116). As a result, early diagnosis of treatment response
and resistance to chemotherapy may enhance the efficacy of NCT
(117). In one study it was demonstrated that liquid biopsies, which
are less invasive and less costly, were preferred, and that high levels of
miR-1275 in plasma increased in response to NCT. However, reduced
miR-1275 levels regulated chemoresistance in cancer stem cells by

inhibiting the MDK/AKT pathway (Figure 3) (117).
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Figure 3. MDK modulates breast cancer through a variety of signaling mechanisms
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Interferons (IFNs) are a type of cytokine with antiviral, antiproliferative,
and immunomodulatory properties (118). These cytokines play
crucial roles in immune surveillance against cancer cells (119).
IFN-y increases anti-tumor immunity by directly targeting cancer
cells (118, 120). Although IFN-y has anti-tumor capabilities, it has
been linked to an increased risk of metastasis in triple-negative breast
cancer (TNBC) (121). A study showed that increasing IFN-y levels
increased MDK levels in TNBC cells (122). IFN-y stimulates STAT1,
promoting downstream signaling (123). The study demonstrated that
reducing STAT1 decreased IFN-y-induced MDXK activation across all
cancer cell lines. The use of midkine inhibitor (iMDK) (124), a small
molecule for therapeutic use, reduced MDXK levels and IFN-y-induced
EMT activation in cells (Figure 3) (122). Inhibiting MDK can inhibit
IFN-y-induced cancer migration and metastases (122).

Deubiquitination, mediated by multiple deubiquitinases (DUBs),
regulates substrate protein levels by cleaving ubiquitin chains and
is involved in many kinds of physiological processes (125, 126).
DUBs have been found to play an important role in extracellular
matrix degradation (127), epithelial-mesenchymal transition (128),
angiogenesis (129, 130), and circulating tumor cell behavior (131).
However, the role and mechanisms of DUBs in breast cancer metastasis
are not established (103). In contrast, the ubiquitin regulator, ubiquitin
specific protease 12 (USP12) is a member of the USP family that
dehydrogenates and has been related to breast cancer (103). One study
demonstrated that USP12 induced angiogenesis and metastasis by
dehydrogenating and stabilizing the MDK protein (Figure 3) (103).

The immunological microenvironment in inflammatory breast
cancer (IBC) is still undetermined, although one study demonstrated
an interaction between the expression of the tetraspanin protein,
CD151, and increased macrophage accumulation in malignant
regions (132). It was established that higher CD151 expression and
the amount of macrophages inhabiting the tumor were associated with
a better response to chemotherapy in patients (132). IBC cells attract
monocytes by many pathways, including CD151, MDK, integrin
a6p1, and EV formation (Figure 3) (132).

NF-«B regulates several genes to enhance tumor cell proliferation,
angiogenesis, differentiation, and metastasis across various cancer
types (133). NR3C1, a member of the nuclear hormone receptor
superfamily, encodes the glucocorticoid receptor (133). After binding
to glucocorticoids, NR3C1 transfers from the cytoplasm to the
nucleus and function as a transcription factor (134). In human cell
lines, NR3C1/GR binds to the proximal RANKL promoter region,
promoting RANKL transcription (135). High NR3C1/GR expression
increased breast cancer growth and has a poor prognosis in TNBC
and ER(-) subtypes (136, 137). A study showed NF-kB to be a crucial
regulator, positively correlated with NR3C1 (138). Silencing MDK
has been shown to inhibit breast cancer cell growth and migration
(138). Transduction silencing of MDK inhibits the NF-kB pathway,
resulting in reduced NR3C1 expression (138). MDK promotes breast
cancer cell proliferation and migration by upregulating NR3Cl1
expression and activating the NF-kB pathway (Figure 3) (138).

Midkine Targeting

According to studies, MDK is a key regulator of drug resistance (15,
30). Previous studies have demonstrated that MDK protects cancer
cells against cannabinoid and doxorubicin treatments and MDK
expression was shown to increase the effects of chemotherapeutic
drugs on lymphoblastic leukemia cells (139-142). In addition, drug-

resistant gastric cancer cells were shown to express more MDK than
drug-sensitive cells (143). Another study reported that decreased
MDXK expression enhances cisplatin resistance in oral squamous and
renal carcinomas (144, 145). These findings show that MDK may
produce either a drug-resistant or drug-sensitive cancer cell phenotype
in different conditions (13).

MDK has been shown to be effective as a cancer biomarker at
multiple stages, such as early disease identification, treatment response
monitoring, and recurrence follow-up (5). Researchers are investigating
ways to target MDK for cancer treatment since it plays a crucial role
in tumor growth (30). An MDK antisense oligodeoxynucleotide was
given to naked mice expressing rectal cancer cells, and tumor growth
was significantly inhibited (146). Antisense oligonucleotides that
target MDXK effectively suppressed hepatocellular carcinoma (HCC)
and increased its chemosensitivity to adriamycin (147).

Antibody-based therapeutics have been designed to target MDK (30).
Monoclonal antibodies (mAbs) with high specificity for cell surface
antigens are effective against cytotoxic pharmaceuticals (30). For
example, anti-MDK mAbs combined with doxorubicin have been
demonstrated to inhibit HCC proliferation (148). MDK-specific
doxorubicin-conjugated single-chain variable fragments (scFv) showed
similar characteristics (149). Another study showed that effective anti-
MDK antibodies suppressed the growth of osteosarcoma cells (150).

In vitro viral therapy in pancreatic cancer cell lines is a different
approach for treating peripheral tumors that express MDK (151). In
this process, an oncolytic virus (adenovirus) containing part of the
MDK promoter may eliminate tumor cells, and the process is carried
out through tumor-selective replication (151). In contrast, siRNA or
shRNA down-regulation of MDK has been shown to significantly
inhibit PDAC growth (152). Another study found that knocking
down MDK through siRNA increased cisplatin’s anti-tumor activity in
human gastric cancer cells (153). However, negatively charged siRNAs
have limited pass-through into cells since they are not membrane-
permeable and are swiftly eliminated by the kidneys due to their small
size (154). They are also vulnerable to enzymatic degradation by serum
endonucleases and RNAases, which may have a negative effect on their
systemic distribution (154).

Metformin is utilized to treat Type II diabetes and is now being
investigated as a potential anticancer drug since it affects MDK activity
(30, 155). Metformin has been reported to beneficially interfere
with the several MDK pathways that trigger cancer growth and its
associated side effects (155). As a result, metformin may be effective as
an MDK inhibitér (155).iIMDK may decrease MDK expression while
reducing cell growth and proliferation, possibly through blocking the
PI3K signaling pathway (124). iMDK treatment of primary effusion
lymphoma (PEL) cells led to cell cycle arrest in the G2/M phase in
addition to a decrease in p-Cyclin-dependent kinase 1 levels (156).
This might stimulate caspases, triggering PEL cell apoptosis (156). In
studies of oral squamous cell carcinoma, iMDK treatment reduced
CD31 expression, cell proliferation, and inhibited VEGF-induced
angiogenesis (157).

Besides pharmaceuticals targeting MDK, there are many approaches
for increasing MDK expression levels (21). It has been shown that
cytotoxic T-cells with enhanced MDK expression may lyse tumor
cells, suggesting that MDK may have potential for cancer vaccine
development (13, 21). Another study used MDK RNA aptamers to
activate T regulatory cells, showing that autoimmune diseases may be
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prevented (158). These findings suggest that MDK-targeted treatments
may be effective in inhibiting cancer formation and reducing drug
resistance (30).

Discussion and Conclusion

This review discusses the effects of the MDK in cancer biology, as well
as additional functions for MDK in health and disease processes. The
crucial role of MDK in physiological processes, such as development,
tissue repair, and neuronal plasticity, as well as its association with
diseases such as neurodegenerative disorders, inflammation, and
ischemia, are explained in detail. MDK’s neuroprotective effects,
impact on tissue regeneration, and potential effects to regulate
inflammatory processes contribute to its biological importance. In
this regard, a better understanding of MDK’s cellular and molecular
functions might lead to the development of innovative approaches for
managing and treating a number of medical conditions. As a resul, it
is important to do more studies on MDXK’s role in diseases and health
issues.

However, MDK’s effects on cancer cell proliferation, survival,
metastasis, and drug resistance have been studied. Various techniques
and therapeutic approaches involving the use of MDK as a target for
cancer therapy are also discussed. The approaches described include
antibody-based therapy, small chemical inhibitors such as iIMDK,
siRNA, and RNA Aptamers. The published evidence concerning
MDK’s effects on cancer cell characteristics and its potential effects
on cancer therapy shows that MDK plays an important biological
role and that targeting it in cancer therapy has significant potential. A
comprehensive understanding of the contribution of MDK to cancer
biology could help in the development of innovative cancer therapies,
as well as more effective cancer-fighting approaches. However, further
study is required to identify these innovative approaches to cancer
treatment and controlling the disease.
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ABSTRACT

Objective: Among women, breast cancer (BC) is the most prevalent form of cancer. Many molecular targets have been discovered for BC prognosis and
treatment. However, new markers still need to be identified, as cancer pathogenesis is triggered by different mechanisms. The aim of this study was to

examine the changes in the paraoxonase genes (PONI, PON2, and PON 3) involved in the pathogenesis of BC.

Materials and Methods: The characteristics of the mutations were evaluated with the Cbioportal database. Kaplan-Meier Plot evaluated recurrence-free
survival (RES). The UALCAN database determined the promoter methylation. Gene expression was evaluated by GEPIA2.0 database.

Results: PON1 harbored the most mutations. There was a significant decrease in PON3 expression levels in BC samples compared with healthy samples.
PON1 and PON2 expression levels did not differ between BC tissue and normal adjacent tissue. Elevated expression levels of PONI and PON2 genes
were correlated with longer RES, whereas reduced expression of the PON2 gene showed an association with longer RES. Moreover, the promoter regions of
PONI1 and PON 3 were found to be hypermethylated, while the promoter region of PON 2 was found to be hypomethylated. The PON3 promoter region
was significantly hypermethylated in luminal and human epidermal growth factor receptor 2 (HER2) + BC subtypes. However, the PON3 promoter region
was significantly hypomethylated in the triple negative breast cancer (TNBC) subtype.

Conclusion: These results suggest that methylation and expression status of PON3 in BC and BC subtypes (TNBC, luminal and HER2) may indicate a

poor prognosis. The PON3 gene could be a negative prognostic marker in BC. However, the results should be supported by prospective studies.

Keywords: Breast cancer; paraoxonase; bioinformatics
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Key Points

¢ Breast cancer is one of the most common cancer types among women.

* Paraoxonase 1 (PON1) enzyme has the most mutations compared to PON2 and PON3 enzymes.

* PON3 gene expression level (downregulation) in breast tissue was significant (p<0.05)

* PON3 expression levels were downregulated, especially in triple negative breast cancer (TNBC)-BL1, TNBC-BL2 and TNBC-unknown subtypes

* The PON3 promoter region was significantly hypomethylated in the TNBC subtype. This may explain global DNA hypomethylation.

¢ Global DNA hypomethylation in breast cancer may be associated with the formation of repressive chromatin domains and gene silencing

Introduction

Breast cancer (BC) is one of the most common cancers in women
(1, 2). The high mortality and morbidity rates associated with BC
make it a prominent health concern among women. Despite adjuvant
chemotherapy, the five-year survival rate for metastatic BC is less than
30% (3). Although the precise cause of BC is not yet fully understood,
specific risk factors can heighten the probability of its occurrence.
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These risk factors include age (the risk increases with age), a family
history of BC and genetic mutations (e.g. BRCAI and BRCA2) (4).
There are five different subtypes of BC, known as luminal A [estrogen
receptor (ER), progesterone receptor (PR)+, human epidermal growth
factor receptor 2 (HER2)-, Ki67+ <20%], luminal B (ER/PR+ <20%,
HER2-, Ki67+ 220%) HER2+ B2 (ER/PR+, HER2 overexpression),
HER2 overexpression (ER-, PR-, HER2 overexpression) and triple
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negative breast cancer-basal-like (TNBC-BL) (ER-, PR-, HER2-).
The most challenging of these is TNBC, where all receptors are
negative, treatment options are limited, and it has an aggressive course.
For this reason, the search for new treatments for this type of cancer
continues (5).

The paraoxonase (PON) gene is located on human chromosome 7 (6).
The enzyme PON is involved in antioxidant defense and is associated
with lipid metabolism. There are three isoforms within the enzyme
class, namely PON1, PON2 and PON3. PONI, which is mainly
found in the bloodstream, is known for its ability to hydrolyse and
detoxify specific harmful compounds, such as organophosphates. In
addition, PON1 has an antioxidant effect and protects cells from
oxidative stress caused by reactive oxygen species (ROS) (7). The
antioxidant capacity of PONI suggests that it may play a protective
role against cancer development by neutralizing harmful ROS that can
damage DNA and promote tumour formation.

Several studies have explored the relationship between PON and the
risk and prognosis of BC, although the precise mechanisms are not
yet fully understood (8). Some evidence suggests that PON1 activity
may be associated with treatment outcomes in BC patients (9).
Human susceptibility to BC has been studied in the context of genetic
variations in the PON. Some specific single nucleotide polymorphisms
in the PONI gene have been associated with altered enzyme activity
that may affect a person’s risk of developing BC (8). It has also been
reported that higher levels of PON1 in BC tissue than in normal
tissue indicate a possible link to cancer development (10). PON1 and
PONS3, which are bound to high-density lipoprotein (HDL) particles,
have antioxidant and anti-inflammatory properties (11). PON2 and
PON3 serve as intracellular enzymes and regulate mitochondrial
superoxide anion production and endoplasmic reticulum (ER) stress-
induced apoptosis (12). The pleiotropic role of PON enzymes has been
studied in the context of cardiovascular and neurodegenerative diseases
(13). In recent decades, researchers have identified the overexpression
of PON2 and PONS3 in cancer cells, leading to the suggestion that
these enzymes may contribute to tumour survival and resistance to
stress (11).

However, the clinical utility of PON enzymes as diagnostic or prognostic
biomarkers remains unclear and requires further validation. Given the
current state of knowledge, in this study we used some bioinformatics
tools to analyze the association among possible mutations, expression
and promotor methylation of PON1, PON2 and PON3 genes in BC
subtypes, especially TNBC.

Material and Methods
Study Design

This was a bioinformatics study. The current study was based upon
open-source data obtained from The Cancer Genome Atlas (TCGA,
https://www.cancer.gov/tcga), which is a public database. The
patients involved in the database have given ethical approval. Users
can download relevant data for free for research and publish relevant
articles. There are no ethical issues or other conflicts of interest. The
BRCA cohort consists of a total of 996 cases. The results of these cases
were obtained using the Cbioportal database. The data were accessed
on July 05, 2023, from TCGA. The cbioportal database evaluated
PONI, PON2, and PON3 mutations. This database accessed the
amino acid in which the mutation occurred, the cancer subtype, and
clinical information about the cancer. It was determined whether there
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was a somatic mutation or not, using the COSMIC (https://cancer.
sanger.ac.uk/cosmic) database.

Survival Investigation

For recurrence-free survival (RES) analysis, the Kaplan-Meier Plotter
(KM) tool, available at https://kmplot.com/analysis/, was used to
analyze the associations between gene expressions and survival rates
in cancer. Moreover, this tool helped us to understand the prognostic
values of the expression levels of PONI, PON2 and PON3 genes in
BC patients. The KM plotter can evaluate the correlation between the
expression of PON1, PON2 and PON3 (mRNA) and the survival rate
in BC. The KM-Plotter used Cox proportional hazards regression and
calculates the false discovery rate to analyze and evaluate the data (14).

Gene Expression and Correlation

We used Gene Expression Profiling Interactive Analysis, version
2 (GEPIA2.0) to assess the expression levels of PON1, PON2
and PON3 in both tumour and adjacent normal tissues, focusing
specifically on BC. GEPIA2.0 uses the TCGA database and genotype-
tissue expression (GTEx) data to perform this analysis. The screening
criteria used in GEPIA2.0 were p<0.05, and |Log2FC]| the cut-off
point was 0.01. These criteria filter out genes that are not significantly
differentially expressed between the two datasets (15). In addition, the
correlation analysis between the expressions of the genes was examined
with the GEPIA2.0 database.

Promoter Methylation and BC Subtypes Expression

UALCAN is an interactive open-access web page for OMICS data
analysis (http://ualcan.Path.uab.edu/index.html). This database is
built on PERL-CGI and can be used at approximately 6000 gene
methylation levels (16). This study evaluated the promoter methylation
level of PONI, PON2, and PON3 genes in the BRCA data. Promoter
region methylation levels of genes were also examined in BC subtypes.
In addition, the change in expression levels in BC patients with BC
subtypes accompanied by the TNBC subtype was examined using the
UALCAN web server, since expression analysis was not available in the

other web tool (GEPIA2).

Statistical Analysis

The evaluation of the study data included statistical analyses performed
with the GEPIA2 database. Differential expression between BC tissue
and adjacent normal tissue was measured using the One-Way ANOVA
test. Correlation analysis of genes was performed by Pearson correlation
analysis. The post-hoc Tukey test was favored for homogeneity of
variances. Significance of difference between methylation levels was
estimated by Students t-test in UALCAN database. Significance of
difference between BC subtypes was evaluated by the One-Way
ANOVA test in UALCAN database. Survival status was assessed using
the KM plotter with default settings, focusing on recurrence-free
survival and using auto-best cut-off values and the J-best probe set.
A log-rank p-value below 0.05 was considered statistically significant.

Results

Mutation Profile Interpretation

Among 996 cases, 9 cases (0.9%) of BC patients had genetic alterations
in PON1, PON2 and PON3. There was a statistical significant co-
occurrence of mutations in the analyzed populationamong PONI,
PONZ2, and PON3 (p<0.01). The highest mutation rates were found
in PON1 (55.5%), followed by PON3 (33.3%) and PON2 (11.2%)).
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The mutation types in the PONI, PON2 and PON3 genes in BC are
listed in Table 1. In the analyzed genes of the BRCA cohort, there
were eight missense mutations (88.8%) and one nonsense mutation
(11.2%). None of these mutations originated in germ cells. The
COSMIC database confirmed the somatic origin of the mutations.

The PONI gene contains two evolutionarily conserved regions. One
is the arylesterase (between 168-253 amino acids) and the other is
the SMP-30/gluconolaconase/LRE-like region (92-295 amino acids).
There are three missense mutations in the region where the arylesterase
domain of PON1 is located. All three of these mutations are located in
the exon 7 region. In addition, there was a nonsense mutation (exon
4 region) and another missense mutation (exon 8 region). PON2
contains a 100% conserved arylesterase domain in the evolutionary
process. This domain is located between 99 and 184 amino acid
residues. There was a missense mutation in PON2 outside this region.
This mutation was located in the exon 5 region. PON3 also contains
an evolutionarily conserved arylesterase domain. This region is located
between 167-252 amino acid residues. There was a missense mutation
in this region of PON3, located in the exon 6 region. In addition, there
were two further missense mutations in this gene. These mutations are
located in the regions of exon-9 and exon-8.

Survival Prognosis Evaluation Results of Genes

The RES results we obtained from the KM plotter analysis are shown
in Figure 1. According to the analysis results, we found that increased
expression of the PONI and PON3 genes was significantly related to
longer RES (p =7.5E-06 and p = 3.3E-05, respectively), while decreased
expression of the PON2 gene was significantly related to longer RFS
(p = 0.024).

Gene Expression Results

The expression level of the PON3 gene in tumour tissue was
significantly lower when comparing tumour tissue (7 = 1085) with
adjacent normal tissue (7 = 291) (p = 0.01), but there was no difference

Table 1. PON1, PON2 and PON3 gene mutation analysis

in the expression levels of the PONI and PON2 genes (according to
GEPIA2) (Figure 2A).

According to UALCAN, the expression level of PON1 in BRCA,
based on major subclasses (with TNBC types) was significantly
downregulated in TNBC Basal-like 1 (TNBC-BL1) (7 = 13) compared
to adjacent normal tissue (7 = 114) (p<0.001). The expression level of
PON?2 in BRCA based on major subclasses (with TNBC types) was
significantly upregulated in Luminal (» = 566) and downregulated
in HER2+ (z = 37) compared to adjacent normal tissue (7 = 114)
(p<0.001). The expression level of PON3 in BRCA based on major
subclasses (with TNBC types) was significantly downregulated in
TNBC-BLI (1 = 13), TNBC Basal-like 2 (TNBC-BL2) (% = 11) and
TNBC unspecified (TNBC-UNS) (7 = 27) compared to adjacent
normal tissue (7 = 114) (p<0.001) (Figure 2B).

While there was a weak positive correlation between PONI gene
expression levels and PON2 gene expression levels (» = 0.18, p<0.001),
a strong positive correlation was found between PONT gene expression
levels and PON3 gene expression levels (r = 0.095, p = 0.00041). In
addition, there was a weak positive correlation between PON2 gene
expression levels and PON3 gene expression levels (= 0.28, p<0.001)
(Figure 3).

Analyzes of Promoter Methylation Level

DNA methylation is an essential condition for the epigenetic
modification of the genome and is closely linked to the development
of cancer (17). According to the results of the analysis using the
UALCAN online tool to determine the DNA methylation level, the
promoter methylation level of PON1 (p = 1.62E-12) and PON3 (p
= 1.62E-12) was found to be significantly higher (hypermethylation)
in BC tissue compared to healthy tissue. Conversely, the methylation
level of the promoter of PON2 (p = 3.79E-03) was significantly lower
(hypomethylation) (Figure 4A). Moreover, compared to normal tissue,
the PON3 promoter region methylation level was hypermethylated

American Neoplasm Neoplasm Diagnosed Overall
No Gene Ntchange AA Typeof Subtype Joint Disease Disease age survival
position cancer Committee Lymph Stage (months)
on Cancer Node Stage American
Metastasis American Joint
Stage Code Joint Committee
Committee on on Cancer
Cancer Code Code
1 PON1 ¢.743A>G Y248C BIDC Basal like MO NO STAGE IIA 69 16.4*
2 PON1 ¢c.736C>T H246Y BIDC Luminal B MO NO STAGE | 60 13.0*
3 PON1 c.821A>T D274V BIDC Basal like MO N1 STAGE IIA 40 36.3*
4 PON1 ¢.332C>A S111* BIDC Luminal B MO N1A STAGE IIB 77 14.1*
5 PON1 c.727C>T H243Y BIDC Basal like MX N1A STAGE IIB 49 14.8*
6 PON2 ¢.396C>A N132K BIDC Luminal B MO NO (I-) STAGE IIA 69 81.6
7 PON3 ¢.683C>T §222L BIDC Basal like M1 N2 STAGE IV 59 7.9*
8 PON3 ¢.929T>G L310W BILC HER2+ MX NO STAGE IIA 65 16.6*
9 PON3 ¢.882C>G N294K BILC Luminal A MO N2A STAGE IlIA 72 47.0

BIDC: Breast invasive ductal carcinoma; BILC: Breast invasive lobular carcinoma; *: Livin; HER2: Human epidermal growth factor receptor 2
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Figure 1. Different expressions of PON1, PON2 and PON3 in breast cancer (BC) patients in the recurrence-free survival curve (using the Kaplan-
Meier plotter). The red line represents the survival rate curve of patients with BC who expressed the gene, and the black line represents the

survival rate curve of BC patients who did not express the gene

in the luminal and HER2 positive BC subtypes (p = 1.62E-12, p =
8.83E-04, respectively), while it was hypomethylated in the TNBC
(p = 3.39E-03). In BC subtypes accompanied by TNBC, PON3
expression levels were downregulated compared to normal tissue.
However, significance was present only for TNBC-BCL1, TNBC-
BCLI, TNBC-UNS (p = 5.44E-03, p = 1.40E-03 and p = 7.58E-03,
respectively) (Figure 4B).

Discussion and Conclusion

As a multifactorial antioxidant enzyme, PON1 plays a protective
role against oxidative stress, a factor thought to contribute to the
development of cancer. The role of PON1 in the detoxification of
cancer-causing oxidative stress has led to the evaluation of genetic
variations in PON1, particularly with regard to susceptibility to BC
(18). Considering the data obtained through the cBioPortal, five
missense mutations in the PONI gene were discovered. PON1 is the
gene in the paraoxonase gene family that underwent the most somatic
alterations. The p.S111* nonsense changes in the exon 4 region may
cause the polypeptide to terminate too early and the protein to be
truncated. This probably leads to the loss of the arylesterase domain.
The presence of an arylesterase domain characterizes the PON
family of genes. Arylesterase enzymes, which belong to the family
of conserved protein domains, are responsible for the hydrolysis of
organophosphorus esters such as paraoxon. These enzymes are present
both in the liver and in the blood and ensure resistance to the toxicity
of organophosphates. In humans, arylesterase is associated with HDL
and presumably provides protection against oxidation of low-density
lipoprotein (19). There were three different (p. H243Y, p. H246Y,
p-Y248C) missense mutations in this 100% conserved splice region.
The result of these is likely to be dysfunctional protein. In this case, the
antioxidant balance, which has an important role in the pathogenesis
and development of BC, may be disrupted.

Hypermethylation in the PONI promoter region has been
reported to lead to downregulation of PON1 (20). In the BRCA
cohort, the promoter region of PON1 in BC tissue was statistically
hypermethylated compared to healthy tissue. In our BRCA cohort, the
expression of PON1 was decreased in BC tissue compared to healthy
tissue, possibly as a result of the hypermethylation of the promoter
region. When we examined BC subtypes, we found that luminal and

HER2+ were hypermethylated compared to normal tissue, but on
the other hand, the TNBC subtype was hypomethylated. When it
comes to expression levels, we found significant downregulation only
in TNBC-BL1. Although this does not conform with the classical
theory, it can best be explained by global DNA hypomethylation.
Global DNA hypomethylation is a hallmark of human cancer, but
its functional consequences remain unclear. The results of the present
study suggest that global DNA hypomethylation in BC is closely
linked to the formation of repressive chromatin domains and gene
silencing. Therefore, this can be described as a potential epigenetic
pathway for gene regulation in cancer cells (21).

Reduced PON1 expression was associated with shorter RES in BC
patients. Tumor growth and development depend on a wide variety of
factors. The most prominent of these are inflammation and oxidative
stress. The inflammatory and oxidative environment contributes
to cell damage and may lead to cancer formation in the long-term
(22). However, differential DNA methylation, detection of circulating
nucleic acids, and histone-modifying enzymes are being investigated
as epigenetic biomarkers for BC (21). In light of this information,
an inflammatory and oxidative environment may occur as a result of
the decrease in PONI expression levels in the BRCA cohort due to
the effect of epigenetic mechanisms and may cause serious prognostic
effects by supporting the progression of cancer pathogenesis in patients
in the long-term.

In the BRCA cohort, there was a missense mutation in the PON2
gene. The PON2 gene was the least somatically mutated of the PON
genes analyzed. The promoter region of PON2 was significantly
hypomethylated in BC tissue. This may explain the upregulation of
PON2 in the BRCA cohort. On the other hand, the promoter region
of PON2 contains an ER stress element-like sequence that regulates
ER stress (6). Epigenetic changes in this region can cause ER stress
in particular. There is evidence that the enzyme PON2 plays a role in
cancer cell survival due to its antioxidant and anti-apoptotic activities.
In addition, it is thought to play a role in the resistance of cancer
cells to chemotherapy and therefore RFS (11). Thus, the upregulation
of PON2 in BC tissue may be considered a survival mechanism of
cancer cells. It has been observed that PON2 levels are upregulated in

patients with BC (23). Although the expression of PON2 tended to
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Figure 2. A. mRNA expressions of PON1, PON2 and PON3 in BC (red)
and normal breast tissues (gray). B. The expression level of PON1,
PON2 and PON3 in BRCA based on major subclasses (with TNBC
types), *: p<0.05

TNBC-BL1: TNBC basal-like 1; TNBC-BL2: TNBC basal-like 2; TNBC-
IM: TNBC immunomodulatory; TNBC-LAR: TNBC luminal androgen
receptor; TNBC-MSL: TNBC mesenchymal stem-like; TNBC-M: TNBC
mesenchymal; TNBC-UNS: TNBC unspecified; BC: Breast cancer;
TNBC: Triple negative breast cancer

be upregulated in the BRCA cohort compared to expression in healthy
tissue, there was no significant difference between these two tissues.
Interestingly, higher PON2 expression levels were associated with
shorter RFS in the BRCA cohort. Although this situation seems to

be associated with poor prognosis in BC, the fact that the increase in
PON2 levels was not significant in the BRCA cohort makes it difficult
to evaluate it from a prognostic perspective.

In a study of infiltrating tumours related to BC subtypes, such as
luminal A, HER2+ and TNBC, PON2 expression was significantly
upregulated compared to expression levels in healthy tissue (23).
TNBC is highly aggressive, prone to recurrence and early metastasis,
and lacks receptors for targeted therapy, limiting treatment options to
surgery, radiotherapy, and chemotherapy. It has been observed that
PON2 levels are overexpressed in this BC subtype, and it has been
proposed that reducing PON2 levels may be a treatment option. As a
result, it was found that when PON2 expression levels were reduced,
BC cell proliferation decreased and the response to chemotherapy was
more effective in TNBC cells (23). In the BRCA cohort, while there
was statistical difference in the PON2 expression levels of tumour
tissue compare to adjacent normal tissue in luminal and HER2+
subtypes, there was no any statistically difference TNBC subtype.
Furthermore, there was only one mutation in the PON2 gene in the
BRCA cohort, and the BC subtype associated with this mutation was
luminal B. Therefore, more evidence is needed to consider PON2 as a
treatment option in subtypes of BC.

Three missense mutations were found in the PON3 gene in our BRCA
cohort. One (p.S228L missense mutation) is a 100% conserved splice
site in the arylesterase domain. Such a change in the arylesterase
domain may affect the progression of cancer pathogenesis by causing
a change in the antioxidant property of the protein. As with other
PON family genes, increased expression levels in PON3 seem to be
associated with prolonged survival.

PONS3 is overexpressed in a proportion of various human tumors,
just like PON2, and reduces mitochondrial superoxide formation
(11). Direct interaction with coenzyme Q10 characterizes PON3,
suggesting its probable function in sequestering ubisemiquinone and
enhancing resistance to cell death. PON3 is situated within the ER
and mitochondria, and it counteracts apoptosis triggered by DNA
damage or intrinsic and extrinsic stimuli. In addition, PON3 impairs
ER stress-induced apoptotic MAPK signaling and CHOP induction.
In this case, the upregulation of PON3 in cancer tissue protects the cell
against mitochondrial superoxide-mediated cell death (11). Studies
have obtained various and different data on the regulation of PON3
in cancer tissue. One indicated that PON3 was underexpressed in 13
out of 20 cancer types, including bladder, breast, colorectal, liver, and
lung cancer (24). Other studies reported that PON3 level was high in
cancers such as pancreas, lung, prostate, and liver (25). In the BRCA
cohort, the expression levels of the PON3 gene in breast tissue were
significantly lower when compared to healthy tissue. This decrease can
be attributed to the hypermethylation of the PON3 gene promoter
region in the BRCA cohort. In addition, lower PON3 expression levels
were identified to be associated with shorter RES in the BRCA cohort.
Furthermore, according to GEPIA2, tumor tissue PON3 expression
levels were significantly downregulated compared to adjacent normal
tissue across BC subtypes (except for the Basal Like subtype). We
found very interesting results when evaluating the PON3 promoter
region methylation status in BC subtypes. The PON3 promoter region
was significantly hypermethylated in luminal and HER2 positive BC
subtypes, and PON3 expression levels were significantly downregulated
in both luminal and HER2 positive BC subtypes. This suggests gene
silencing because of promoter region hypermethylation. In contrast,
in our BRCA cohort, the PON3 promoter region was significantly
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hypomethylated in the TNBC subtype. According to classical theory,
it is expected that the gene will be activated and its expression levels
will increase as a result of promoter region hypomethylation (26).
However, PON3 expression levels were downregulated, especially
in TNBC-BL1, TNBC-BL2 and TNBC-unknown subtypes. This
may again be a result of global DNA methylation and global DNA
hypomethylation in BC could be associated with the formation of
repressive chromatin domains and gene silencing.

Especially in TNBC, this potential epigenetic change should be
evaluated in further research in terms of regulating the PON genes.
This may help identify new pathogenetic mechanisms and treatment
options. However, we believe that further, population-based studies are
needed to elucidate this epigenetic pathway, which remains unclear.

Study Limitations

Although our study was well designed, there are some limitations.
The study includes the results of a study conducted in a limited area
of population. For this reason, priority should be given to studies
to be carried out with wider participation in different populations.
Additionally, since the results are obtained through the bioportal, not
all data regarding the cases may be available.

Our findings suggest that, in line with the data obtained in the BRCA
cohort, changes in the PON3 gene in BC and BC subtypes appear to
be a genetic risk factor for BC development and can be considered an
applicable molecular biomarker for screening women with a genetic
predisposition. The current study may contribute to the literature to
understand the possible impact of changes in the molecular function
of genes belonging to the PON family on the pathogenesis of BC. As
a result of the data obtained, the methylation status of PON3 in BC
and BC subtypes, especially TNBC, may indicate a poor prognosis.
This data may suggest a search for new therapeutic strategies targeting
PONS3. However, we suggest prospective investigations with BC driver
gene mutations may be required to appraise PON genes as a treatment
target strategy. Since the mechanisms behind cancer are many, there is
a need for large-scale research on this subject by adopting population-
based and multidisciplinary approaches.
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High Levels of Superoxide Dismutase 2 Are Associated
With Worse Prognosis in Patients With Breast Cancer
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ABSTRACT

Objective: Breast cancer is classified based on hormone receptor status and human epidermal growth factor receptor 2 (HER2) expression, including
luminal, HER2+, or triple-negative (TNBC). The absence of a therapeutic target in TNBC and the resistance to treatment associated with other subtypes
means that research for new biomarkers remains important. In this context, superoxide dismutase 2 (SOD2) has emerged as a potential therapeutic target
due to its clinicopathological associations and its ability to predict responses in human tumors. To analyze SOD2 staining in samples obtained from
individuals with breast cancer and explore its transcriptional pattern across tumor subtypes.

Materials and Methods: SOD2 staining was assessed using the immunohistochemistry (IHC) in 80 samples from breast cancer patients. To analyze the
expression profile at the transcriptional level, international databases such as cBioPortal (1,980 patients) and PrognoScan were accessed.

Results: Significant differences were observed between SOD2 expression analyzed by IHC, and estrogen (p = 0.0008) and progesterone (p = 0.0003)
receptors, as well as tumor subtypes (p<0.0001). These differences were found in conjunction with other associations, including clinical and pathological
data, such as tumor stage (p = 0.0129), tumor size (p = 0.0296), and node metastasis (p = 0.0486). Moreover, elevated SOD2 expression correlated with
an unfavorable prognosis. The 77 silico analysis revealed a similar pattern, despite operating at the transcriptional level. Moreover, notable correlations were
identified between elevated SOD2 expression and worse survival.

Conclusion: These results highlight the importance of SOD2 in breast cancer, particularly in aggressive subtypes. Increased SOD2 staining correlates with
poorer outcomes, suggesting it as a potential therapeutic target.

Keywords: Biomarkers; breast cancer; SOD2; superoxide dismutase 2; triple negative breast cancer
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Key Points
* Superoxide dismutase 2 (SOD?2) is elevated in advanced stage breast tumors, lymph node metastases, negative hormone receptors, and molecular subtypes.
* SOD2 is consistently increased in triple-negative breast tumors.

* High levels of SOD2 are associated with worse clinical outcomes in patients with breast cancer.

Introduction Due to the heterogeneity of these tumors, classifications based on

) o ) histopathological characteristics have emerged. The classification
Breast cancer is the most incident cancer among women worldwide.

The Globocan/2020 project estimated 4.4 million cancer-related
deaths, with breast cancer ranking fifth in terms of mortality when

takes into account immunohistochemical (IHC) staining for estrogen
hormone receptors (ER), progesterone receptors (PR), and human
epidermal growth factor receptor type 2 (HER2). In addition, Ki67

considering both men and women, and first if considering onl e . o .
g > & oMY proliferation marker analysis can be used to distinguish luminal tumors

women (1). into A and B. As a result, tumors can be categorized into luminal A,
luminal B, HER2-positive, and triple-negative (TNBC) (2, 3).
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Patient survival varies according to the tumor subtype and a better
prognosis is observed in patients with luminal tumors compared to
those with HER2-positive or TNBC tumors (4). Several factors
contribute to the survival of the patients, ranging from early diagnosis
to the existence of targeted therapies capable of assisting in the
pathological response. For instance, luminal and HER2-positive
breast carcinomas are responsive to hormone therapy (e.g., tamoxifen,
anastrozole) and targeted therapy (e.g., trastuzumab, lapatinib),
respectively. In contrast, patients with TNBC do not have a specific
therapeutic target, which contributes significantly to the frequent
low survival observed in this population. Thus, the search for new
biomarkers to assist in prognosis and a better understanding of these
tumors remains the focus of much rsearch (2, 3).

Superoxide dismutase 2 (SOD2) is a mitochondrial enzyme with an
important function in modulation of reactive oxygen species (ROS).
Briefly, SOD2 reacts with superoxide (O2-) and hydrogen ions (H+) to
generate oxygen (O,) and hydrogen peroxide (H,0,) in a physiological
process of cell detoxification (5). This balance is essential for cellular
homeostasis. However, in cancer cells there is an impairment of this
balance, leading to resistance to conventional treatments and worse
survival (6). Despite its suppressive role in certain tumors, studies
have shown that high levels of SOD2 can increase cell proliferation,
as well as contribute to resistance to treatment and dissemination of
metastases, especially in advanced-stage tumors (6-8).

Our group has investigated SOD2 since it was observed its differential
expression in response to pro-inflammatory stimulus in human
papilloma virus-immortalized keratinocytes (9). Complementary
studies using IHC analyses were performed to detect SOD2 expression
in samples from patients with cervical and penile cancer, revealing an
important clinical and pathological association. High levels of SOD2
protein are associated with severity in these tumors (10-12). Moreover,
it was shown that higher SOD2 expression was associated with a very
poor prognosis for squamous cell carcinoma of the uterine cervix stage
IIIB in terms of treatment with chemo- and radiotherapy (13).

In breast cancer, most of the studies regarding SOD2 investigated the
relation between the polymorphism of this gene, especially variant
C, with treatment toxicity and efficacy. In addition, there are also
studies evaluating different post-translational modifications of the
enzyme (acetylated and methylated) in animal and cellular models.
However, there are still few published studies that have investigated
the expression of SOD2 in the context of breast cancer, particularly
concerning molecular subtypes and other clinicopathological features,
such as tumor stage, lymph node involvement, its relationship with
hormone receptors, as well as its prognostic role (14-17). In the
present study, we evaluated the expression of SOD2 in samples from
patients with breast cancer and investigated its transcriptional pattern
in the luminal, HER2-positive, and TNBC subtypes. Our results may
contribute to assessing the value of SOD2 expression as a biomarker
in breast cancer.

Materials and Methods

Ethical Approval

This study was approved by the Research Ethics Committee (REC) of
the Hospital das Clinicas of the Faculty of Medicine of the University
of Sao Paulo (HCFMUSP) with approval number 797466 (date:
11.11.2022). Samples were collected between April 2010 and January
2012, and were analyzed for this study in March 2023. The waiver of

the informed consent form was approved by the REC. The patients’
data were anonymized, ensuring that no identifiable information was
used. Additionally, the age of all patients was over 18 years.

Immunohistochemical Analysis

IHC reactions were performed on the automated VENTANA
BenchMark GX System (Roche Diagnostics, Mannheim, Germany).
The anti-SOD2 polyclonal antibody produced in rabbits (Abcam,
ab13533) was used at a concentration of 1:1000 according to the
manufacturer’s instructions. Positive reactions were visualized with
a cocktail containing peroxidase-conjugated secondary anti-rabbit
antibodies using the UltraView Universal 3,3’-Diaminobenzidine
Detection Kit (Ventana Medical Systems Inc, Roche, Tucson,
Arizona, USA) according to the manufacturer’s instructions. Each of
the 80 samples from breast tumors was evaluated in triplicate. Fully
standardized TNBC biopsies were employed as both positive and
negative controls. The negative control underwent no application of
the primary antibody. The IHC results were evaluated according to
the extent (E) and intensity (I) of SOD2 staining. Values from 0 to 3
were assigned to both parameters. The value 0 (zero) was assigned to
samples without detectable staining for SOD2, 1 when was less than
30% of tumor cells were stained, 2 when 30 to 60% of tumor cells
were stained and 3 when SOD2 staining was detected in more than
60% of tumor cells. For the intensity, the value 0 corresponds to no
staining reaction, 1 for weak staining intensity, 2 for mild staining
intensity and 3 for strong staining intensity. For each sample, the
average between the triplicates for the variables extension and intensity
was calculated, then a staining score was established by multiplying the
mean values of E and I for each sample [x-Ex( x-I)], resulting in a last
score ranging from 0 to 9 as described by Klein and colleagues (18).
Finally, the average of all scores obtained was extracted. The samples
were classified as “low” when the score was below the mean value or
“high” when the score was above the mean. Based on this classification,
a contingency table and survival curves were constructed.

In Silico Analysis

To complement the findings of the IHC investigation, we additionally
conducted an 77 silico analysis to investigate the expression pattern of
SOD2 at transcriptional levels and determine its reproducibility in
other patient groups. Data from the Metabric project available on
the cBioPortal for Cancer Genomics were accessed. The cBioPortal
(hteps://cbioportal.org) is a database that provides access to genomic
and transcriptomic data and is hosted by the Center for Molecular
Oncology at MSK (19, 20). In the present study, we accessed the
SOD2 expression of 1,980 cases of patients with breast cancer. The
microarray mRNA data were downloaded and correlated with the
clinicopathological information of the patients. Missing data was
excluded. For the construction of the contingency table, the median
was initially obtained from the SOD2 expression data. Values below
the median were classified as low and values above the median were
defined as high. Then, a chi-square test or Fishers exact test was
applied. The low/high classification was also used for survival analysis

using the Kaplan-Meier method and the logRank test.

PrognoScan is a user-friendly tool for fast access to microarray data.
Using this tool, it is possible to access different genes and observe
prognostic associations (21). In this study, we utilized SOD2 as the
input and downloaded the relevant studies (p<0.05) for the graphical
construction of the forest plot using MedCalc software (https://www.
medcalc.org/).



Statistical Analysis

The assessment of Gaussian distribution was conducted to determine the
most appropriate statistical test. Qualitative variables were analyzed using
the chi-square test or Fisher’s exact test. The t-test or Mann-Whitney test
were applied to assess possible differences between two groups. ANOVA
or Kruskal-Wallis was applied to analyze differences between three or
more groups. Kaplan-Meier method and the log-rank test were utilized
for survival analysis. Employing Cox regression, both univariate and
multivariate analyses were performed. To achieve this, data from patients
who underwent IHC analysis were utilized, alongside the patient cohort
sourced from the Metabric database. This combined approach allowed
for a comprehensive exploration of the factors influencing the outcomes
under investigation. Results were considered statistically significant when
$<0.05. All statistical analyses were performed using Statistical Package
for Social Sciences (SPSS) version 25 (IBM Inc., Armonk, NY, USA) or
GraphPad Prism v. 7 (California, USA).

Results

Immunohistochemistry

The tdissue microarray (TMA) employed in this study comprised
samples from 92 patients, with seven exclusions due to incomplete
clinicopathological data, and an additional five exclusions resulting
from sample loss during technical procedures. In this way, a total of
80 samples were used for statistical analyses. Illustrated in Figure 1
are representative images showing the SOD2 staining patterns within
the analyzed samples. Notably, elevated SOD2 results manifest a
distinctive punctate cytoplasmic staining pattern, while exhibiting
an absence of observable membrane or nuclear staining. To facilitate
subsequent analyses, samples scoring below the mean were categorized
as low, while those surpassing the mean were denoted as high.

Significant associations were observed between IHC results for SOD2
and clinicopathological aspects of the study population. There were
differences in ER (p<0.0001), PR (p<0.0001) levels, tumor stage (p
= 0.042), size of the tumor (p = 0.0296) lymph node involvement
(p = 0.0486) and molecular classification (p<0.0001). Regarding age,
HER2 and metastasis status, no significant differences were found

(Table 1).

In addition, regarding the TMA, we used the score to analyze the
dispersion of data based on classical markers in breast cancer. We
observed that ER-negative patients had a higher SOD2 score compared
to those who were ER-positive (p = 0.0008) (Figure 2A). Similarly, PR-
negative samples exhibited higher SOD2 scores (p = 0.0003) (Figure
2B). No differences were observed in relation to HER2 (p = 0.083),
possibly due to the limited number of samples (Figure 2C). Regarding
the tumor subtype, luminal A were found to have a lower SOD2
score, while TNBC showed significantly higher average SOD2 scores
(p<0.0001) (Figure 2D).

In order to assess the prognostic value of SOD2 in the studied
population, we conducted a survival analysis. It was observed that
patients with higher SOD2 expression had a worse overall survival
(hazard ratio = 2.10; p = 0.0363; Figure 3A). Regarding relapse-free
survival (RFS), the analysis did not reveal significant differences
(hazard ratio = 2.22; p = 0.0748; Figure 3B).

In Silico Contributions

To further confirm our observations in a larger number of samples
from different centers, we conducted an i silico analysis. Significant
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Figure 1. Representative images of SOD2 staining within breast
cancer samples are presented. The images reveal A, C. High score and
B, D. Low score. The upper images are captured at a 5X magnification,
while the lower images are depicted at a 10X magnification.
Additionally, an inset image is provided at a 20X magnification for
detailed examination

SOD2: Superoxide dismutase 2

differences were observed regarding patients’ age and menopausal
status (p<0.0001), cellularity (»<0.0001), tumor subtype (p<0.0001),
ER (p<0.0001) and PR (p<0.0001) expression, HER2 (p<0.0001)
expression, and according to the Neoplasm Histologic Grade

(p<0.0001) (Table 2).

Furthermore, in relation to the patients in the Metabric study, we
observed increased levels of SOD2 transcript in patients with negative
staining for ER (p<0.0001; Figure 4A) and PR (p<0.0001; Figure 4B).
Interestingly, with a larger number of cases, it was possible to observe a
significant difference in terms of HER2 status (p<0.0001; Figure 4C).
A similar profile was also observed regarding tumor subtypes, with
lower SOD2 levels in luminal tumors and higher levels in basal tumors

(»<0.0001; Figure 4D).

Elevated SOD2 expression demonstrated a correlation with a less
favorable 120-month overall survival rate (hazard ratio = 1.40;
<0.0001; Figure 5A) Furthermore, it exhibited a similar association
1.31;

with an adverse relapse-free survival rate (hazard ratio =

<0.0001; Figure 5B).
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We then conducted an analysis using ROC plotter and plotter. We
observed that non-responders had high SOD2 expression (p<0.0001;
Figure 6A, B). The data were analyzed, and the hazard ratio along with
the confidence interval observed in each study were used to construct

the forest plot. Using this approach, we observed that high SOD2

Table 1. Clinicopathological parameters and association with
immunohistochemical staining for SOD2

Clinical Low (score High (score >1.2)
parameters <1.2)

n % n % p-value
Age
<50 9 17.00 9 33.30 0.0980
>50 44 83.00 18 66.70
ER
Negative 6 11.50 14 56.00 p<0.0001
Positive 46 88.50 11 44.00
PR
Negative 8 15.40 18 66.70 p<0.0001
Positive 44 84.60 9 33.30
HER2
Negative 46 90.20 19 73.10 0.0930
Positive 5 9.80 7 26.90
Tumor stage
1 13 24.50 1 3.70 0.0129
2 27 50.90 11 40.70
3 9 17.00 12 44.40
4 4 7.50 3 11.10
T
1 16 30.20 2 7.40 0.0296
2 26 49.10 12 44.40
3 6 11.30 7 25.90
4 5 9.40 6 22.20
N
Negative 28 52.80 8 29.60 0.0486
Positive 25 47.20 19 70.40
M
Negative 49 92.50 24 88.90 0.6829
Positive 4 7.50 3 11.10
Molecular classification
Luminal A 12 26.10 2 8.00 p<0.0001
Luminal B 29 63.00 7 28.00
HER2 2 4.30 5 20.00
TNBC 3 6.50 11 44.00

The low or high category was defined based on the average score
obtained. ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human
epidermal growth factor receptor type 2; T: Tumor; N: Node; M: Metastasis;
TNBC: Triple-negative breast cancer; SOD2: Superoxide dismutase 2

expression was associated with different overall survival, relapse-
free survival, metastasis-free survival, and disease-specific survival of

patients with breast cancer (Figure 6C).

Finally, we conducted a univariate and multivariate analysis with
the aim of exploring the factors influencing the clinical outcome of
the patients. For this purpose, classical variables were employed for

both the group of patients analyzed through THC and the group
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Figure 2. Scoring SOD2 after immunohistochemical technique.
SOD?2 score based on A. Estrogen receptor status; B. Progesterone
receptor status; C. Human epidermal growth factor receptor type 2
status; and D. Molecular subtype of patients with breast cancer
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of patients sourced from the Metabric database. In the univariate
analysis, significant differences were observed in terms of ER (p =
0.002; p<0.0001) and PR (p = 0.02; p<0.0001), triple-negative and
non-triple-negative status (p = 0.01; p = 0.0008), and SOD2 (p = 0.04;
<0.0001) in both patient groups (Table 3). With a larger patient
sample and considering the distinct SOD2 evaluation technique,
significant differences were also observed in terms of patient age (p
= 0.01) and HER?2 status (p<0.0001). In the multivariate analysis,

no significant differences were observed concerning the group of

Table 2. Clinicopathological parameters and association with
SOD2 expression of patients from the Metabric study

Clinical parameters Low (mRNA High (nRNA  p-value
<8.26) >8.26)
n % n %
Age
<50 175 17.70 249 25.20 <0.0001
>50 815 8230 741 74.80
Menopausal state
Pre 175 17.70 249 25.20 <0.0001
Post 815 82.30 741 74.80
Cellularity
Low 112 11.70 103 10.70 0,002
Moderate 400 4190 337  35.00
High 443 46.40 522 54.30
PAMS50 with claudin-low subtype
Basal 24 2.40 185 18.70 <0.0001
Claudin-low 27 2.70 191 19.30
HER2 65 6.60 159 16.10
Luminal A 512 52.00 188 19.00
Luminal B 260 26.40 215 21.70
Normal-like 97 9.80 51 5.20
ER
Negative 74 7.60 365 37.70 <0.0001
Positive 894 92.40 604 62.30
PR
Negative 335 33.80 605 61.10 <0.0001
Positive 655  66.20 385  38.90
HER2
Negative 918 92.70 815 82.30 <0.0001
Positive 72 7.30 175 17.70
Neoplasm histologic grade
1 114 12.20 55 5.80 <0.0001
2 489 52.20 282 29.50
3 333 3560 619 64.70

Low or high expression according to median value. Analysis using the
chi-square technique. Microarray data of breast cancer patients from the
Metabric study; HER2: Human epidermal growth factor receptor type 2;
SOD2: Superoxide dismutase 2
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patients evaluated through IHC. Conversely, among patients from the
Metabric cohort, significant differences were observed in terms of age
(p<0.0001), ER (p<0.0001), PR (»<0.0001), HER2 (»<0.0001), and
SOD2 (p<0.0001).

Discussion

Despite significant advances in cancer treatment, a considerable
number of patients suffer from relapses and/or therapeutic resistance,
resulting in high mortality rates. Therefore, the search for new
therapeutic and prognostic targets is important. SOD2 has been
investigated in several studies, including those conducted by our

research group. In a previous study, using cervical tumor cell lines,
our group identified alterations in the SOD2 expression pattern after
treatment with tumor necrosis factor (9). In the literature, other authors
have explored approaches involving drugs capable of modulating of
SOD2 (22). Thus, understanding the expression pattern of SOD2 in
human tumors, including its subtypes in the case of breast cancer, is
essential to identify and characterize tumor profiles that are candidates
for therapies that may directly or indirectly affect their transcriptional
and protein levels.

In the present study, we observed elevated SOD2 staining in hormone
receptor-negative breast cancer patients. These results agree with the
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Table 3. Univariate and multivariate analysis of patients with breast cancer assessed by IHC and patients from the Metabric

study
Variable IHC staining
HR (95% Cl)
P
Univariable
<50 1
Age
>50 0.76 (0.34-1.68)
Positive 1
ER
Negative 3.03 (1.48-6.20)
Positive 1
PR
Negative 2.32 (1.15-4.66)
Negative 1
HER2
Positive 1.62 (0.70-3.73)
nTN 1
TN NTN
TN 2.78 (1.26-6.13)
Negative 1
SOD2
Positive 2.10 (1.03-4.26)
Multivariable
<50 1
Age
>50 1.45 (0.62-3.41)
Positive 1
ER
Negative 2.17 (0.27-17.60)
Positive 1
PR
Negative 0.91 (0.11-7.50)
Negative 1
HER?2
Positive 1.23 (0.48-3.15)
Negative 1
SOD2
Positive 1.43 (0.59-3.49)

Metabric mRNA

HR(95%CI) p

0.5082 1 0.0103
1.28 (1.06-1.54)

0.0025 1 <0.0001
1.57 (1.34-1.85)

0.0181 1 <0.0001
1.63 (1.41-1.88)

0.2609 1 <0.0001
1.75 (1.44-2.11)

0.0115 1 0,0008
1.39 (1.15-1.69)

0.0407 1
1.40 (1.21-1.61) <0.0001

0.3881 1 <0.0001
1.45 (1.19-1.76)

0.4670 1 0,0293
1.24 (1.02-1.51)

0.9288 1 <0.0001
1.37 (1.16-1.61)

0.6625 1 <0.0001
1.47 (1.20-1.80)

0.4268 1 0,0299

1.19 (1.02-1.39)

TN: triple negative; nTN: non triple negative; HR: Hazard ratio; ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor
receptor type 2; SOD2: Superoxide dismutase 2; IHC: Immunohistochemistry; Cl: Confidence interval

study conducted by Li and colleagues, who identified an elevated
SOD?2 transcriptional expression pattern in patients with breast cancer,
compared to adjacent tissue (23). In addition, Li’s group analyzed
a population of 60 patients and observed higher SOD2 staining in
cancer samples compared to non-tumor tissue (23). Many studies
have reported that the SOD2 enzyme in the context of tumors acts
as an oncogene, promoting signaling for malignant transformation,
cell survival and ability to generate tumor stem cells (24). It is well
known that SOD2 function cannot be replaced by others SOD
family member such as SOD1. SOD2 knockout in mice model, for
example, resulted in neonatal lethality revealing its importance for
normal cell functionality. However, SOD2 plays a dichotomous role
and is regulated differently during tumor progression depending on
the tumor type. Interestingly, some cancers exhibit increased SOD2
expression compared to healthy tissues (25). Therefore, considering
our data and other studies regarding SOD2 role in the context of
breast cancer, we can infer that increased levels of SOD2 in tumor

tissue may indicate an oncogenic role in breast tissue.

We found that increased expression of SOD2 was associated with
advanced tumor stages and lymph node metastases, as well as worse
overall survival (Figure 3A). These findings are supported by the
study conducted by Li et al. (23), although they performed survival
analysis on a different population than the one assessed by IHC. Our
distinct approach included survival analysis on the same population
subjected to THC for SOD2 detection. In addition, we observed a
clear differentiation between the “low” and “high” SOD2 expression
curves for RFS (Figure 3B). Although there was no significant
difference by the logRank test, with the p-value close to 0.05, a
larger sample size may provide additional confirmation of this trend.
Following a 60-month follow-up, only two events were observed
(Figure 3B). Given that most recurrences occur within the first 60
months (26), and few events were observed in our population after this
period, we decided to analyze the data adjusted for 60 months, with
subsequent events censored. In this context, we observed a significant
association between high SOD2 expression and increased likelihood of
tumor recurrence (Supplementary Figure 1). These findings not only

reinforce the importance of our initial discoveries but also underscore
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the clinical potential of SOD2 as a predictive marker for identifying
individuals at higher risk of tumor recurrence.

In the following assessment, it becomes apparent that elevated SOD2
expression is associated with cancer cases that are unresponsive
to conventional chemotherapy agents. Moreover, by utilizing the
Metabric cohort, both OS and RFS have demonstrated significance,
thus solidifying our initial hypothesis. Finally, we employed Cox
regression to conduct both univariate and multivariate analyses,
uncovering a range of significant associations, including the classical
hormonal receptors of breast cancer, triple-negative and non-triple-
negative statuses, and SOD2. In summary, the present study’s results
indicate that various factors, including receptor status (ER, PR), triple-
negative status, SOD2 levels, age, and HER2 status, can influence the
clinical outcomes of patients with the analyzed condition. The impact
of these factors might differ depending on the patient cohort and the
evaluation techniques used (IHC or Metabric database). It is likely
that with a larger sample size and the use of the IHC technique, we
may observe similar results to those found in the Metabric dataset.
Furthermore, the multivariate analysis suggests that some of these
factors might have more pronounced effects when considered together
rather than individually.

In ouranalysis, TNBC showcased the highest mean SOD2 scoresamong
molecular subtypes (p<0.0001). This subgroup of tumors represents
a remarkably diverse cohort, comprising approximately 12-17% of
all breast cancer cases (27). Due to the absence of classical markers,
such as ER, PR and HER-2, this tumor subtype does not benefit from
endocrine or target-directed therapies. Although the patients initially
respond to a therapeutic strategy including surgery, radiotherapy and
chemotherapy, they eventually develop therapeutic resistance, leading
to tumor recurrence. Therefore, our data are of paramount importance
to encourage research studies of potential therapeutic targets for this
population (28-30). So far, there are no specific therapies targeted at
SOD2. However, its potential as a biomarker in the current context
could be valuable, especially regarding its role in therapeutic resistance
in patients, particularly those with TNBC. Nonetheless, additional
investigations are imperative to unravel the mechanisms that
underlie the elevated SOD2 expression, thereby facilitating a more
comprehensive exploration of its therapeutic potential.

Conclusion

Odur analyses revealed significant correlations between increased SOD2
expression and hormone receptor negativity. Moreover, consistently
elevated levels of SOD2 were observed in TNBC compared to luminal
and HER2 subtypes. This observation is particularly intriguing as it
suggests a specific association between SOD2 and TNBC, a subtype
known for its aggressiveness and treatment resistance. The observation
of high SOD2 levels in these tumors may have important implications
for understanding the underlying mechanisms of TNBC'’s aggressive
biology and for developing more effective targeted therapies.

Lastly, analysis of IHC and transcriptomic data unveiled a clear
association between high SOD2 levels and poorer prognosis. This
link between elevated SOD2 and adverse clinical outcomes strongly
suggests that this antioxidant enzyme plays a crucial role in breast
cancer progression and disease course determination. The consistency
of these results across different analytical platforms further confirms
the clinical and prognostic importance of SOD2 in the context of

breast cancer, highlighting its potential as a promising therapeutic
target and valuable prognostic marker.
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ABSTRACT

Objective: Breast abscesses are localized purulent collections, often arising from bacterial mastitis, and pose significant health risks, especially for lactating
women. The aim of this study was to compare the efficacy and outcomes of two different treatment approaches: Traditional incision and drainage (I&D)
versus ultrasound (USG)-guided aspiration in breast abscess management.

Materials and Methods:Fifty female patients with breast abscesses were enrolled and divided into two groups: Group A (n = 25, I&D) and group B (n
=25, USG-guided aspiration). Group A underwent I&D under general anaesthesia and group B underwent USG-guided aspiration under local anaesthesia.
The patients were followed up for two weeks after the procedure. Patient demographics, abscess characteristics, treatment outcomes, and complications
were analyzed.

Results: The mean age of patients was 36.4 and 31.8 in group A and B, respectively and the mean abscess size was 5.7 cm. The study found that USG-
guided aspiration was associated with several advantages over 1&D. Patients in group B experienced shorter healing times (5 days vs. 13 days, p = 0.001),
lower rates of residual abscesses (12% vs. 36%, p = 0.047), and no recurrence after two weeks vs. 28% in group A (p = 0.012). Notably, the resumption of
lactation was significantly greater in group B (91.67% vs. 20%). Importantly, patients in group B had no scarring, while 37% in group A healed with scars.

Conclusion: These results highlight that USG-guided aspiration offers a minimally invasive and effective method for managing breast abscesses, leading
to quicker recovery, better cosmetic outcomes, and higher patient satisfaction compared to the traditional 1&D approach. Early diagnosis and intervention
with USG-guided aspiration can prevent complications and reduce the need for open surgery. Based on these findings, USG-guided aspiration is a safer and
more efficient method for treating breast abscesses, particularly when initiated promptly after diagnosis.

Keywords: Abscess; benign; breast; needle aspiration; ultrasound-guided

Cite this article as: Totadri VM, Vetri R, Sainath S. A Comparative Study of Drainage of Breast Abscesses by Conventional Incision and Drainage vs
Ultrasound-Guided Needle Aspiration/Re-Aspiration in A Tertiary Health Care Centre.

Key Points

o Advantages of ultrasound-guided aspiration: The results indicate several advantages associated with ultrasound-guided aspiration, including shorter
healing times, lower rates of residual abscesses, no recurrence after two weeks, higher rates of lactation resumption, and minimal scarring. These
findings suggest that ultrasound-guided aspiration may offer superior outcomes compared to the traditional incision and drainage approach.

e Clinical implications: The study underscores the clinical implications of adopting ultrasound-guided aspiration as a minimally invasive and effective
method for managing breast abscesses.

Introduction The reported incidence of abscesses in lactation-related mastitis ranges

from 4.8% to 11% (2). Complications may include severe necrotizing

A breast abscess is defined as a localized collection of purulent material . . .
infections and sepsis (3).

in the breast surrounded by a pyogenic membrane (1). Typically,

breast abscesses originate from bacterial mastitis, most commonly
caused by Swphylococcus aureus. Abscess formation is the most feared
complication of parenchymal infection, predominantly observed in

lactating women, and often originating from a sore or cracked nipple.

Corresponding Author:
Rishwanth Vetri; rish.vetri94@gmail.com

The conventional approach to treating breast abscesses has been
incision and drainage (I&D) with antibiotic coverage, primarily
after initial unsuccessful needle aspiration. However, non-operative
techniques such as percutaneous drainage using ultrasound (USG) have
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gained popularity, even in large abscesses that were once considered
indications for I&D. The conventional method has major drawbacks,
such as extended healing time, unfavorable cosmetic outcomes, and a
higher risk of recurrence, leading to a significant shift in management

protocols (4, 5).

In cases where image-guided aspiration, performed under antibiotic
cover, fails to resolve the abscess or results in recurrence or increased size,
surgical drainage under general anesthesia may still be necessary. I&D,
along with wound debridement, may be required in cases of superficial
abscesses with skin necrosis, and surgery may also be necessary when
malignancy is suspected (4). The aim of this study was to compare the
traditional I1&D technique versus percutaneous USG-guided needle
aspiration in terms of efficacy, healing time, cosmetic outcome and
resumption of breast feeding. A preliminary preprint version of this
article was previously posted in The Tamil Nadu Dr.M.G.R University
repository on February 9, 2021.

Materials and Methods
Study Design

This was a randomized, controlled trial.

Sample Size

A total of 105 patients were referred to the Department of General
Surgery at Stanley Hospital, Chennai, India, for the treatment of
tender breast lumps between 2018 and 2019. All female patients
underwent an initial USG examination using a commercially available
portable ultrasound machine. The presumptive diagnosis of abscess
was made when a homogenous or non-homogenous liquid collection
was observed, often with some acoustic enhancement.

Study Criteria

All patients above the age of 12 years, diagnosed with an abscess
in either breast (lactating or non-lactating), and not undergoing
treatment for any other breast pathology were included in the study.
Women with recurrent abscesses, a diagnosis of malignancy, or those
unwilling to participate were excluded from the study.

Statistical Analysis

A data sheet was formulated to collect the data. The collected data
were analysed using IBM SPSS Statistics for Windows, Version 23.0
(Armonk, NY: IBM Corp). Frequency and percentage analysis were
used for categorical variables (presence of residual abscess, recurrence
rates, lactation resumption). Mean and standard deviation were used
for continuous variables (patient age, abscess size, healing time). Chi-
square analysis was used for categorical variables, and the independent
sample t-test was used for the comparison of healing times.

Ethical Considerations

Prior to the commencement of the study, informed consent was
obtained from all the participants, explaining the purpose, procedures,
potential risks and benefits. Data collected, including personal details
and medical records were anonymized and access was restricted to the
research team. Participation was voluntary and patients were informed
that their decision to participate or withdraw would not impact their
medical care. The study protocol, including the research design,
procedures and consent forms received approval from the Institutional
Ethics Committee, Stanley Medical College, Chennai to ensure
compliance with ethical guidance and standards (approval number:

EC/NEW/INST/2018/461; date: 07.12.2018). The participants were

also debriefed at the conclusion of the study, providing them with an
understanding of the research goals and outcomes. All queries and
concerns were addressed and participants were informed how their
data would be used.

Procedure

Fifty-seven patients met the inclusion criteria after detailed history and
examination, as well as USG. Seven patients refused to take part in
the study and the remaining fifty were randomized into twenty-five
patients each in groups A (I&D) and B (USG-guided aspiration). The
patients were randomized using a computer generated randomization
table. Written informed consent was obtained from the patients
included in the study. Patients in the I&D arm were admitted and
prepared for surgery under general anaesthesia in casualty theatre by
the Principal Investigator. Hilton’s method was used for I1&D. Initial
pus drained was sent for culture and sensitivity. The pus was then
evacuated and loculi broken down digitally, the wound was packed
with sterile gauze. Post-operatively the patient was on analgesics and
appropriate antibiotics. The patient was discharged home after two
days to undergo daily wound dressing at a nearby clinic until the

wound healed.

Patients under the needle aspiration arm were managed in the
department of interventional radiology as outpatient cases. Under
aseptic condition, a small area of skin adjacent to the abscess was
anaesthetized by 1% lignocaine through a 23 G needle. Aspiration
was done under USG guidance using a 16 G needle and a 20 mL
syringe. Initial aspirated pus was sent for culture and sensitivity against
antibiotics. Aspiration was done until there was no significant residual
pus. After the procedure the patient was discharged on antibiotics and
analgesics. In both arms, lactating patients were advised to resume
breast-feeding on both breasts as soon as they could tolerate the pain
as the baby breastfeeds.

All patients were treated with appropriate empiric antibiotics and
analgesics initially and were subsequently tailored according to
pus culture and sensitivity results. Ultrasonogram of the breast was
done on days 3.7 and 14 post operatively/post drainage to rule out
residual abscess. Each patient was analyzed on the basis of residual
abscess, recovery duration, recurrence of abscess and resumption of
functionality for lactating mothers and the patients were followed up
for a period of two weeks.

Results

The average age of the patients in group A was 36.4£10.21 years and
group B was 31.8+8.01, ranging from 12 to 60 years, of whom a total
of 47% were lactating mothers. Table 1 provides the age distribution
of the patients.

The mean + standard deviation abscess size was 5.7+3.4 cm (95%
confidence interval, 2.8 to 8.1). Just over half (53%) of abscesses were
noted in the left breast whilst the remainder were noted in the right.
However, there was no significance in the size range of the abscess with
respect to either breast or lactation status. There was no significant
difference between group A and group B regarding age and side of
breast involved. Table 2 shows the distribution of lactating mothers
in each group.

Nearly all patients (94%) had a palpable breast mass. The abscess was
localized to the left upper outer quadrant in 34% (7 = 17), whereas
whole breast involvement was present 8.6% (1 = 6). Right (47%; »

195



196

Eur J Breast Health 2024; 20(3): 194-198

= 23) and left (53%; 7 = 27) breasts were almost equally affected.
Out of the 25 patients in group B, 52% (1 = 13) were found to have
undergone aspiration just once for resolution of the abscess. Table

3 shows the quadrants involved and Table 4 shows size of the abscess.

As far as symptoms were concerned, pain was present in 92% (n =
46) and fever in 58% (7 = 29). On the third day after the procedure,
out of 25 patients in group A, only one was normal (4%) while the
rest (7 = 24, 96%) had residual abscess, edema, minimal collection,

subcutaneous edema or persistent loculations.

In comparison, in group B on the third day after the procedure, 44%
(7 = 11) returned to normal while the remaining 56% (» = 14) had
had residual abscess, edema, minimal collection, and/or subcutaneous
edema. Thirteen patients (26%) needed only a single aspiration and
one week of antibiotics. Eight patients (16%) underwent aspiration
twice, whereas four (8%) required three aspirations and more than one

week of antibiotics.

In terms of duration of symptoms or residual abscess until the seventh
post-operative day, 36% (7 = 9) of group A patients were found to
remain symptomatic while only 12% (n = 3) of those from group B
had residual abscess <2x2 cm in size with no complaints (p = 0.047).

Table 5 show the number of residual abscess on 7 post-operative day.

The mean healing time was 13+5.01 days in group A and 5+2.54 days
in group B. The mean difference was significant (p = 0.001). Out of 25
patients in group B, none had recurrence after two weeks while around
28% (n = 7) of patients from group A returned with recurrence (p =

0.012). The Table 6 shows the recurrence in the two groups.

Table 1. Age distribution

Age distribution, years land D USG guided
aspiration

25 25
Mean 36.4 31.8
Median 35 30
Mode 34 30
Standard deviation 10.27132 8.03119
Minimum 21 19
Maximum 56 48
I and D: Incision and drainage; USG: Ultrasonography
Table 2. Lactating patients for each group
Lactating Management (method) Total Chi-square

test
landD  USG guided p-value
aspiration
No 15 13 28
0.325,
Yes 10 12 22
p=0.776

Total 25 25 50

1 and D: Incision and drainage; USG: Ultrasonography

Table 3. Quadrants involved

Quadrant

Two separate loculi
Diffuse
Diffuse, multiloculated

Diffuse, multiloculated
with edema

Multiloculated

LLIQ (left lower inferior)
LLOQ (left lower outer)
LUIQ (left upper inferior)
LUOQ (left upper outer)
RLIQ (right lower inferior)
RLOQ (right lower outer)
RUIQ (right upper inner)
RUOQ (right upper outer)
Total

Management (method)

landD
1
1
1 0
1 0
2 2
4 3
3 2
2 4
3 1
0 2
3 4
5 1
1 4
25 25

I and D: Incision and drainage; USG: Ultrasonography

Table 4. Size of the abscess in the two groups

USG Finding (size)

10X8CM
11X10CM
12X13CM
2X2CM
2X3CM
3X2CM
3X4CM
4X2CM
4X3CM
4X4CM
4X5CM
4X6CM
5X2CM
5X3CM
5X4CM
5X5CM
5X6CM
6X3CM
6X5CM
6X6CM
7X3CM
7X4CM

land D

- N A W =2 =22 O O O = O =

N = W =

. O 2 a2 O -

USG guided
aspiration

o

N N N O N = =2 O =
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Total 25 25
I'and D: Incision and drainage, USG: Ultrasonography

Total
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There was a significant difference (p = 0.003) in the duration to
resumption of lactation and comfort of re-initiating feeds which was
noted to be better in group B with 91.67% resuming lactation while
only 20% in group A resumed lactation. There was complete healing
with no scar formation in group B compared to 37% patients in group
A who healed with scarring.

Patients from group A needed hospital admission (1 to 3 days); the
procedure was done under general anesthesia. Daily dressings were
required for two weeks on a regular basis and most of the patients were
unable to feed from the affected breast during this period, so milk was

discarded by pumping.

In group B, patients continued to breastfeed, and the procedure did
not require any form of general anesthesia or sedation and was carried

out on an outpatient basis.

All fifty patients yielded seven aerobic and polymicrobial (14%)
cultures. The isolates in decreasing order of frequency were
Staphylococcus aureus (20 samples, 40%), Escherichia coli (12 samples,
24%), multiple mixed anaerobic-aerobic (7 samples, 14%), Klebsiella
pneumoniae (5 samples, 10%) Methicillin-resistant Staphylococcus

aurens (MRSA) (3 samples, 6%), and Proteus spp. (3 samples 6%).

Discussion and Conclusion

Breast abscesses, both lactational and non-lactational, are a very
common clinical entity identified in daily practice. At an early stage and
on initial presentation, acute mastitis may be treated conservatively with
antibiotics. Once an abscess is formed, management conventionally
involves I&D, but this is associated with a requirement for daily
dressing, a prolonged healing time, patient apprehension regarding
continuing breastfeeding, an unsatisfactory cosmetic outcome, and

recurrence of breast abscess.

Table 5. Residual abscess on 7t" post-treatment day

Residual Management (method) Total Chi-square
abscess on 7t" test
post- landD  USG guided p-value
treatment day aspiration
No 16 (64%) 22 (88%) 38

3.947,
Yes 9(36%) 3 (12%) 12

p=0.047
Total 25 25 50
I and D: Incision and drainage, USG: Ultrasonography
Table 6. Recurrence after two weeks
Recurrence Management (method) Total Chi-square
after two test
weeks landD  USG guided p-value

aspiration

No 18 (72%) 25 (100%) 43

8.857,
Yes 7 (28%) 0 7

p=0.012
Total 25 25 50

I and D: Incision and drainage, USG: Ultrasonography

Traditionally, this was the main modality of management but over
time with further analysis, research, and trials, it has emerged that
minimally invasive methods provide better results and are a more
acceptable method of management. USG-guided needle aspiration
under antibiotic coverage has become the latest management protocol

in many institutions due to its ease and outcome.

Needle aspiration is performed with a large needle, and as much pus as
possible is aspirated at each attempt at aspiration; antibiotics are also
administered (2, 6, 7, 8).

Breast abscesses are most frequently located in the upper outer
quadrant, which is probably because most of the breast parenchyma
is found in this area (2). In the present study, 34% of the patients
had abscesses in the upper outer quadrant, and 58% of the abscesses
were in the left breast. The highest incidence of breast abscess during
lactation has been reported within the first 12 weeks of the postpartum
period (2, 9). In the present study, the mean duration of lactation
before abscess formation was two months. The most common
pathogen identified was Staphylococcus aureus (2, 10-12), which was
isolated from the pus culture in 40% of cases. It is reccommended that
when a diagnosis of mastitis or abscess is made, antibiotics that target
gram-positive bacteria should be used and milk should be drained via
frequent pumping or regular nursing.

The recommended duration of antibiotic therapy is ten days for
oral or intravenous antibiotics (1, 2, 7, 8, 13). A break in the skin of
the nipple-areola complex may prove to be a source of infection for
pathogenic organisms. This, followed by infrequent nursing due to the
pain of a cracked nipple, may result in milk stasis which may further
contribute to the colonisation of bacteria (14, 15). Fifty-six percent of
the patients in group A were unhappy with the residual symptoms they
experienced and 37% of them developed a scar.

In group B, none of the patients failed to respond to needle aspiration.
The mean healing time was significantly longer in group A than in
group B and fewer patients in group A were able to resume lactation
following open surgery.

There are multiple advantages of using diagnostic ultrasound in the
treatment protocol: The ability to differentiate simple mastitis from
abscess, assessing the size of the abscess, and detecting the presence of
multiple loculi. Most importantly, it helps in assessing the adequacy
of drainage (15-19). Eryilmaz et al. (20) reported that breast abscesses
smaller than 5 cm in diameter on physical examination can be treated
with repeated needle aspirations with good cosmetic results while
I&D can be reserved for patients with larger abscesses. While needle
aspiration is a currently accepted minimally invasive procedure for the
treatment of uncomplicated abscesses, in case of residual collections
that last longer than two weeks, a surgical approach may still be
considered for definitive management.

A meta-analysis of existing data and further randomized clinical studies
are necessary to evaluate the benefit of USG guidance during needle
aspiration in different categories of patients with breast abscesses in
relation to puerperium and lactation.

There was a significant difference between group A and group B in
terms of post-operative outcome and patient satisfaction, favoring
group B. USG-guided guided aspiration/re-aspiration is a technically
feasible and easy method of management when done under aseptic

precautions and under antibiotic cover with good cosmetic and
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functional results for the patient and quick recovery. We concur that
I&D should be reserved for patients with skin involvement and large
abscesses.

Limitations of this study include the small sample size which was taken
for convenience and it was a single centre study, which may limit the
generalizability of the study. Lack of blinding may introduce bias.
Finally, the two week follow-up was inadequate in terms of long-term
complications.

Breast abscess is a basic clinical entity that every physician or surgeon
must learn to diagnose, especially in developing countries due to its
common occurrence. Once diagnosed it is important to treat at the
carliest, as it is a rapidly spreading condition which can involve the
entire breast, skin and become multiloculated.

Our findings unequivocally support the superiority of percutaneous
USG-guided aspiration over conventional 1&D. The USG-guided
approach demonstrated notable advantages, including faster healing
times, improved cosmetic outcomes, and quicker resumption of
lactation. Furthermore, it significantly reduced hospital stays,
underscoring its efficiency in providing a patient-friendly and
resource-effective solution. The present study also suggested that,
when appropriate, multiple USG-guided aspirations can be considered
before resorting to I&D, in order to optimize outcomes. Our results
affirm the safety and efficacy of percutancous USG-guided aspiration
as a preferred approach for managing breast abscesses. Physicians and
surgeons, particularly in resource-constrained settings, should consider
the adoption of this minimally invasive technique for optimal patient
outcomes.

Ethics Committee Approval: The study protocol, including the research
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ABSTRACT

Objective: Neoadjuvant chemotherapy (NAC) in breast cancer (BC) is being considered for a broader range of cases, including locally advanced tumors
and situations where downstaging could reduce extensive surgery. Several trials have explored predictive markers of pathological complete response (pCR).
The role of Ki-67 as a predictor of pCR has been demonstrated in studies. However, the cut-off remains vague, given the lack of standardization of
measurement methods. The aim of our study was to evaluate the predictive value of Ki-67 in response to NAC and to identify the cut-off values that exhibit
the strongest correlation with best response.

Materials and Methods: This retrospective study included 187 patients who had undergone surgery following NAC for BC at the CHU Souss Massa of
Agadir between January 2020 and January 2023. Logistic regression was used to assess the correlation between Ki-67 and patients’ characteristics. Optimal
Ki-67 cutoff was identified by receiver operating characteristic curve. Kaplan-Meier curves were used to assess disease-free survival (DES), and survival
comparisons were assessed with the log-rank test.

Results: The median age was 51.8+10.7 years and 51.4% of tumors were smaller than 5 cm. Node invasion was found in 55.4%. Luminal B subtype
was found in 49.7%, followed by human epidermal growth factor receptor-2 (HER-2)-positive in 27.4%, triple-negative in 14.3% and Luminal A in
8.6%. pCR occurred in 40% of patients overall. Subgroup analysis revealed a significant association between pCR and tumor size (p<0.001), lymph node
involvement (p<0.001), grade 2 (»<0.001), vascular invasion (p<0.001), and positive HER-2 status (p = 0.022). In statistical analysis, pathological responses
were improved in patients with Ki-67 >35% (p<0.001). DES was 98.8% at 12 months. No statistical difference was found in DFS according to Ki-67 values
and pCR status.

Conclusion: Our results indicate that Ki-67 is a predictive marker for response in the neoadjuvant setting in BC patients. Our study showed that a Ki-67
cut-off >35% predicts a better pCR rate in response to NAC. However, this cutoff value remains controversial due to the absence of a standard method of
measurement, with inter- and intra-observer variability. It would be necessary to validate this cutoff in other studies.
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Introduction

Neoadjuvant chemotherapy (NAC) in breast cancer is being considered
for a broader range of cases, including locally advanced tumors and

situations where downstaging may facilitate less extensive surgery. This
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approach allows for tailored treatment based on the tumor response
before surgery. In numerous neoadjuvant analyses, patients who
attained a pathological complete response (pCR) demonstrated a more
favorable survival outcome (1). Several trials have explored clinical,
biological and histological markers to predict pCR in breast cancer.
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Various factors have been recognized as predictors of pCR such as age,
menopausal status, tumor stage, nuclear grade, lymphatic invasion,
genomic signature, molecular subtype and Ki-67 value (2, 3). Ki-67 is
a protein marker used to measure cell proliferation. It is expressed in
the active phases of the cell cycle (G1, S, G2 and M), but not in the
quiescent phase (GO) (4). The strong correlation between Ki67 and
pCR has been demonstrated in numerous studies (5). However, the
cut-off remains vague and inaccurate, given the lack of standardization
and variability of measurement methods (6). To the best of our
knowledge, only a few studies in a Moroccan population have been
reported to date. The specific aim of this study was to analyze the
potential role of Ki-67 in patients receiving NAC for breast cancer.
In addition, we sought to identify the cut-off values of Ki-67 that
exhibited the strongest correlation with the best response to NAC.

Materials and Methods

Patients

This retrospective study included 187 patients who had undergone
surgery following NAC for breast cancer at the Regional Oncology
Center in Agadir between January 2020 and January 2023. For
inclusion in the study, patients were required to be at least 18 years
old. They were enrolled only if they had completed NAC, followed by

surgery. The patient selection process is shown in Figure 1.
gery. g

The inclusion criteria for NAC administration were: Confirmed
invasive breast cancer, from stage T2 and or lymph node involvement
for human epidermal growth factor receptor-2 (HER-2)-positive or
triple-negative tumors, and T4 for luminal tumors. The patient’s
overall health status and ability to tolerate chemotherapy were taken

into consideration.

Patients admitted for breast
cancer From January 2020-
January 2023 (N=960)

Excluded: Patients In adjuvant
(N=359) or metastatic setting
(N=180)

Patients with localized Breast
cancer eligible for NAC (N=421)

Excluded: Patients without
available Ki67, patients who
did not undergo surgery, lost to
Follow-Up (N=234)

Patients operated with pCR status

The study Cohort (N=187)

Figure 1. Patient selection

The study adhered to the principles outlined in the Declaration
of Helsinki (1964) and received approval from the Local Ethics
Committee (CHU Souss Massa, Biomed Laboratory, Faculty of
Medicine and Pharmacy of Agadir, University Ibn Zohr Agadir,
approval number: 25_01_2023, date: 25.01.2023).

Clinical Data

Patients’ characteristics were selected from a database containing
archived medical records. They included: Patients’ age, menopausal
status, disease stage, chemotherapy protocol, surgical treatment,
histological results, tumor grade, molecular sub-type, and Ki-67
value. A staging assessment was carried out on all patients, which
included thoraco-abdomino-pelvic computed tomography and bone
scintigraphy.

Histopathological Data

Histological parameters of the tumor included the histological type,
histological grade, estrogen receptor (ER) status, progesterone receptor
(PR) status, HER-2 status and Ki-67 expression level, obtained from
the original pathology reports. Molecular subtypes were classified
according to the Saint Gallen recommendations from 2013 into four
groups: Luminal-A, Luminal-B, HER-2+, and triple negative.

Molecular profiling was carried out using monoclonal mouse antibodies
(for ER: ID5, 1:50 dilution; Dako, Glostrup, Denmark), (for PR
(PgR636, 1:100 dilution; Dako) and HER-2 protein (CB11, 1:100
dilution; NeoMarker, Fremont, USA). Hormone receptor positivity
was defined by an ER and PR cut-off value of 1%. Hormone-negative
status was determined by the absence of ER and PR expression by
the tumor. HER2 status was assessed using the Hercep test by
immunohistochemistry (IHC). Positive results were defined as either
3+ expressions on IHC or 2+ expressions on IHC and positive results
in fluorescent in situ hybridization. The Ki-67 value was evaluated by
automated quantitative analysis, using a monoclonal antibody (MIB-
1, 1:400 dilution; Dako, Denmark). The process typically included
digitization of tissue slides byscanning to create high-resolution (x40
objectives) digital images. The images were then analyzed by computer
algorithms to detect and quantify Ki-67-positive nuclei within the
tissue. The percentage of Ki-67-positive cells is calculated and reported.

Treatment

Anthracyclines-based treatment followed by taxanes was administered
to all patients in our study. NAC typically involved administering
three to four cycles of anthracyclines as part of the standard regimen
(AC60: Doxorubicin 60 mg/m? and cyclophosphamide 600 mg/m?,
or EC100: Epirubicin 100 mg/m?* and cyclophosphamide 500 mg/m?
every three weeks). The taxane-based regimens used were as follows:

Weekly paclitaxel 80 mg/m? or triweekly docetaxel 100 mg/m?.

For patients with HER2-positive breast cancer, anti-HER-2 targeted
therapies were combined with taxanes: Either a dual HER-2 blocking
therapy with pertuzumab 840 mg intravenously, followed by 420
mg and trastuzumab 600 mg subcutaneously or trastuzumab 600
mg subcutaneously every three weeks. In triple-negative breast
cancer, patients received the dose-dense protocol: AC followed by
weekly paclitaxel and carboplatin: Doxorubicin 60 mg/m* and
cyclophosphamide 600 mg/m? every 2 weeks, followed by paclitaxel
80 mg/m”* on days 1, 8 and 15, and carboplatin AUC5 (area under the
curve) every 3 weeks.



The patients underwent surgery after completing NAC with a median
interval of 24.7+3.68 days. All patients underwent mastectomy or
breast-conserving surgery with axillary lymph node dissection. The
choice of surgical procedure was discussed in a multidisciplinary
consultation meeting, and it was determined by the initial stage, the
optimal cosmetic results, and the patient’s choice.

PCR Assessment

The pathological response to chemotherapy was assessed by analyzing
surgical specimens taken from the tumor. The pCR was defined as the
absence of invasive residues in the breast or nodes (ypT0 and ypNO).
The pCR analysis was performed using the Sataloff and Chevalier
classifications. At the time of the study, Residual Cancer Burden
(RCB) classification was not used in the Moroccan centers.

Statistical Analysis

Data was collected in an Excel database. Statistical analysis was
performed using Jamovi software (https://www.jamovi.org), p<0.05
was considered to be statistically significant.

The optimal cut-off value for Ki-67 percentage was assessed by receiver
operating characteristic (ROC) curve analysis and area under the
curve. The cut-off value refers to the value corresponding to maximum
sensitivity and minimum 1-Specificity. The cut-off value for Ki-67
used in our series to define either high or low classification was 35%.

Student’s t-test was employed for analyzing quantitative characteristics,
while Pearson’s chi-square test was used to contrast categorical variables.
Logistic regression methods were adopted to approximate the risk ratio
of achieving pCR according to the baseline factors.

Disease-free survival (DES) was characterized as the time between
surgery and relapse. Kaplan-Meier curves were used to assess DFS,
and differences between survival curves were assessed with the log-
rank test.

Results

Clinical and Histological Characteristics

A total of 187 patients were included in the study. The average age of
patients was 518+10.7 years. Of these, 75 (40%) were premenopausal
at diagnosis, and 112 were menopausal (60%). In 96 (51.4%) the
tumor size <5 cm, while 91 patients (48.6%) had a tumor size >5
cm. Lymph node involvement was documented among 104 patients
(55.4%). The mean CA 15-3 value was 18.6+10 U/mL. When
diagnosed, 137 patients were classified as stage II (73,1%), and 50
patients were classified as stage III (26.8%) (Table 1).

The distribution of patients according to histological type was: Invasive
ductal carcinoma in 171 (91.4%) and invasive lobular carcinoma in
16 (8.6%). The histological prognosis grade revealed a predominance
of grade 3 in 64.4% of cases (120) and grade 2 in 35.4% of cases
(67). Among the 187 patients, there were 16 patients (8.6%) with the
luminal A subtype, 93 (49.7%) patients with the luminal B subtype,
51 patients (27.4%) with the HER-2 subtype, and 27 patients (14.3%)
with the triple negative type. With the study cut-off value of Ki-67
>35%, 113 patients (60.2%) were considered to have a high level of
Ki-67 (Table 1).

After NAC, 75 patients (40%) showed a clinical complete response
(cCR), 85 patients (45.7%) showed a clinical partial response (cPR),
and 27 patients (14.3%) showed clinical stable disease (cSD).

Rais et al. Ki-67 and Response to Neoadjuvant Chemotherapy

The complete absence of residual invasive carcinoma cells in the breast
was confirmed by histological examination in 75 patients (40%),
however, 115 (60%) patients had residual carcinoma cells in the breast
or in the resected lymph nodes (Table 1).

Analysis of the Relationships Between the pCR Rate and Ki-67

As a result of a univariate analysis, clinical and pathological responses
to NAC were significantly improved when Ki-67 levels were high
>35% (p<0.001). Furthermore, a better rate of pCR was significantly
associated with tumor size <5 cm (p<0.001), lymph node invasion
(p<0.001), nuclear grade 2 (p<0.001), vascular invasion (p<0.001),
hormone receptor positive subgroup (p<0.001) and HER-2-positive
subgroup (p = 0.022) (Table 2).

Study of the Correlation Between pCR and Clinico-Pathological
Factors

The multivariate logistic regression analysis of the correlation between
pCR and clinicopathological factors was performed using tumor
diameter, tumor grade, lymph node invasion, vascular invasion,
molecular subtype (HR, HER-2), and Ki-67 expression level. It
showed significant correlations between pCR and Ki-67 expression
>35% (p<0.001), tumor size <5cm (p<0.001), HER2 positive status (p
= 0.023), and lymph node invasion (p<0.001) (Table 3).

Progression-Free Survival

All patients were monitored until January 2024. Six (3.4%) patients
presented with a local or metastatic relapse of the disease. The average

Table 1. Patient characteristics

Value (%)

Age, years Mean £ SD 51.8+10.7
Menopausal Premenopausal 75 (40%)

status Postmenopausal 112 (60%)

Tumor size (cm) <5cm 96 (51.4%)

>5cm 91 (48.6%)

Nodal status Negative 96 (55.4%)

Positive 91 (48.6%)

Invasive ductal carcinoma 171 (91.4%)

Histological type

Invasive lobular carcinoma 16 (8.6%)

Grade 2 67 (35.4%)
Nuclear grade SBR

Grade 3 120 (64.4%)

. . Positive 71 (38.3%)

Vascular invasion .

Negative 116 (61.7%)

Luminal A 16 (8.6%)
Tumor subtype Luminal B 93 (49.7%)

51 (27.4%)
27 (14.3%)

HER-2 overexpression
Triple negative

) X 235% 113 (60.2%)
Ki-67 expression
<35% 74 (39.4%)
Non pCR 112 (60%)
Response to NCT
pCR 75 (40%)

SD: Standard deviation; SBR: Scarff-Bloom-Richardson; HER-2: Human
epidermal growth factor receptor-2; pCR: Pathological complete response;
NCT: Neoadjuvant chemotherapy
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DES period was 51.1 months (49.5-52.6) (Figure 2). No significant
difference was found when comparing DFS in terms of pCR status or

Ki-67 cut-off (Figures 3 and 4).

Discussion and Conclusion

Antigen Ki-67, also known as Ki-67 or Marker of Proliferation Ki-
67 (MKIG67), is a nuclear antigen and is closely associated with
increased proliferation and a poorer prognosis in breast cancer. (7)
The cellular expression level of Ki-67 can be detected using IHC
and immunofluorescence (IF) methods. IHC is more frequently used
(8). Measurements are conducted using various antibodies, such as
mouse or rabbit monoclonal antibodies (MM1, MIB-1, SP-6) (9).

The manual counting of at least 500—1000 malignant invasive cells, as

Table 2. Patient characteristics by pCR status

Age (years) 51.8+10.7
Premenopausal

Menopausal status
Menopausal

q <5cm

Tumor size (cm)
>5cm
Positive

Nodal status .
Negative

. i Invasive ductal carcinoma

Histological type . .
Invasive lobular carcinoma
Grade 3

Nuclear grade
Grade 2

. ) Positive

Vascular invasion .
Negative
Positive

Hormonal receptor status .
Negative
Positive

HER-2 status .
Negative

) <35%

Ki-67

>35%

proposed by the International Ki-67 in Breast Cancer Working Group,
is frequently used to assess Ki-67 (10). However, counting this number
of cells is a substantial, labor-intensive, and time-consuming task for
histopathologists and poses challenges in terms of reproducibility
(11). The evaluation and measurement methods for Ki-67 are
variable, leading to inconsistencies in results. In a study by Chung et
al. (12), which included 30 observers from 30 different institutions,
and examined Ki-67-stained slides of 20 different breast cancers on
whole sections and tissue microarray. Each observer assessed Ki-67 in
two different ways: Direct counting and categorical estimation. The
study concluded that inter-observer variability of the Ki-67 index for
the two methods was significantly high. Tumors with hot spots had
higher inter-observer variability, and restricting the measurement area
resulted in lower variability.

PCR (n = 75) Non-pCR (n=112) P
No. (%) No. (%)
50+10.5 52+10.8 0.353
32 (42.8%) 80 (71.4%)

0.051
43 (51.1%) 32 (28.6%)
45 (60%) 52 (45.7%)

<0.001
30 (40%) 60 (54.3%)
51 (68.6%) 52 (46.7%)

<0.001
20 (31.4%) 60 (53.3%)
62 (82.8%) 109 (97.1%)

<0.001
13 (17.1%) 3 (2.85%)
57 (75.7%) 9 (8.6%)

<0.001
18 (24.3%) 96 (91.4%)
58 (82.8%) 10 (8.6%)

<0.001
12 (17.1%) 102 (91.4%)
63 (84.3%) 48 (42.8%)

<0.001
12 (15.7%) 64 (57.1%)
48 (64.3%) 70 (62.8%)

=0.022
27 (35.7%) 42 (37.1%)
11 (14.3%) 63 (56.2%)

<0.001

64 (85.7%) 49 (43.8%)

HER-2: Human epidermal growth factor receptor-2; pCR: Pathological complete response

Table 3. Logistic regression analysis of the correlation between pCR and clinicopathological characteristics

Parameter 0dds ratio
Ki-67 >35% 5.27
Tumor size<5cm 3.26
Nuclear grade 3 89.18
Hormone-positive status 91.78
HER-2 positive status 2.23
Lymph node invasion 5.38
Vascular invasion 341.5

Confidence interval p
2.44-11.39 <0.001
1.675-6.33 <0.001
31.48-252.62 <0.001
12.29-685.38 <0.001
1.12-4.45 0.023
2.59-11.21 <0.001

71.41-1633.76 <0.001

HER-2: Human epidermal growth factor receptor-2; pCR: Pathological complete response
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To solve this problem, automated counting using computer software

may be used to objectively measure protein expression in tumor and
T subcellular compartments (13). It involves the processing of scanned
images on whole slides by microscopy and computer analysis. It has
= recently been developed as a reproducible and more specific method
of assessing Ki-67 than visual methods (14). Klauschen et al. (15)
0.6+ described encouraging results from the validation of computer-assisted
Ki-67 assessment on over 1,000 breast tumors. The study concluded
that it was a valid method for assessing Ki-67 and for predicting overall

and progression-free survival (pOS <0.0001, pPFS <0.0002) (15).

0.4+

Proportion Disease Free

02 There isn't a universally defined cut-off value for categorizing Ki-67
expressions. The Ki-67 cut points are used in various ranges, from

0.0 5% to 34% (16). In a study of prognostic factors in breast cancer,
. n the researchers determined a cut-off value for Ki-67 at 12% (17).
This value was observed in patients without recurrence, providing a

T T T T
10 20 30 40

o
”
24

Disease-Free Survival (months)

rationale for their categorization. In another related study, a cutoff
Figure 2. Disease free survival value of 20% was adopted (18). Kim et al. (18) determined 25% as
the optimal cut-off value using ROC curve analysis. However, another
study by Alba et al. (19) indicated that the Ki-67 cut-off with the
greatest sensitivity and specificity values was 50%. Denkert et al. (20)
el B concluded that Ki-67 cut-off points between 3 and 94% are predictive

of pCR. Our study population of 187 patients showed a complete

0561 = ELH pathological response of 85.7% in patients with a Ki-67 value of more

712No PCR
than 35% which was significant (p<0.001).

0967

High Ki-67 level is correlated with an increased probability of
ool achieving pCR in breast cancer patients undergoing NAC (21). This
correlation can be explained by the fact that High Ki-67 represents
rapidly dividing cells, and that NAC typically targets dividing cells,
resulting in enhanced elimination of tumor cells (22). In a meta-
analysis conducted by Chen et al. (23), which included 53 studies,
b and 10,848 patients, it was found that high Ki-67 before NAC was a

predictor for pCR in the neoadjuvant setting for breast cancer patients.

Proportion Disease Free

Log-rank p=0,310 . ‘ . .
ad Indeed, a variety of cut-off points correlated with pCR were used in

0 10 2 30 40 5 this meta-analysis, ranging from less than 14% to more than 50%

in a total of 41 studies. In a retrospective study by Ingolf et al. (1),

Figure 3. DFS according to PCR which included 77 patients receiving NAC for breast cancer, the study
concluded that there was a significant correlation between Ki-67 and
pCR as a predictive factor (p = 0.001) (1). The average Ki-67 value
was 34.9% but ranged widely between 1-90%. In the group with
pCR, the cutoff of Ki67 was 37.4+24%. Similar results were found in
a large series by Peter et al. (5), which included 552 patients treated

DFS: Disease free survival; PCR: Pathological complete response

1 Ki67<35% . . . . . . .
with NAC for invasive breast carcinoma. Ki-67 was identified as a

0se gTeas pCR marker by using a cutoff value of more than 13% [odds ratio

(OR) 3.5, p = 0.01] (5). It seems that the predictive cutoff values of
diie Ki-67 differ based on the molecular profile according to some authors.
Peter et al. (5), showed that higher cutoff values are observed in the
hormone receptor-positive tumors (ranging from 36% to 40%) and
1 the triple-negative tumors (30-40%). For the HER-2-positive tumors,
Ki-67 varies between 17% and 20% (5). Across all studies, Ki-67

0921 values between 30% and 50% were correlated with better pCR rates in

Proportion Disease Free

all four breast cancer subtypes. In a study by Wang et al. (24), which

450 Log-rank p=0,656 included 240 patients, a Ki-67 value of 40% was associated with better

T T T T

T T T T T T pCR. In our series, a Ki-67 value of 35% was predictive of a complete
Disease-Free Survival (months) response to NAC in all subgroups (p<0.001).

Tumor size has been considered in numerous studies as a predictor
Figure 4. DFS according to Ki-67 of pCR (25). Consistent with our findings, Chen et al. (25) in their
DFS: Disease free survival study, which included 1010 BC patients, concluded that tumor sizes

less than 4 cm were more likely to attain pCR (p = 0.039). The same 203
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results were observed in the study of Peter et al. (5). The pCR rates
were 34.8% in pT1 tumors and 21.5% in pT2 tumors (p<0.0001).
This finding aligns with the idea that small tumors might exhibit a
more robust response to treatment (5). Our study confirms similar
results, with a pCR rate of 60% for tumors <5 c¢cm versus 40% for
tumors greater than 5 cm (p<0.001).

Molecular subtype is another factor that has been correlated with pCR
(26). In the meta-analysis of Chen et al. (23), Ki-67 was a predictive
factor for pCR in all molecular subtypes: in HR+ (7 = 7; OR: 2.51),
HER2+ (7 = 9; OR: 2.76) and triple-negative (z = 10; OR: 2.77)
(23). Moreover, the neoadjuvant GeparTrio trial showed that Ki-67
was predictive of response to NAC in nearly all molecular subtypes
(21). Kim et al. (18) demonstrated in their study, which included 74
patients, that patients with HER2-positive tumors exhibited a higher
rate of pCR (p = 0.040), and a similar trend was observed in ER-
negative patients (p = 0.031). In the same way, Peter et al. (5) found
that pCR rates were higher in tumors with HER2 over expression
(p<0.00001). We also observed a significant association between
pCR and HER-2 overexpression (p = 0.0023, OR = 2.227) and HR
negative (p<0.001, OR = 91.777). The improvement in pCR rates in
these subgroups may be due to the elevated levels of Ki-67 frequently
observed in tumors with negative Hormone receptors or exhibiting
HER-2 over expression (20). Nonetheless, Petit et al. (27) concluded
that the absence of hormone receptor expression (ER and PR) in the
high Ki-67 group was a predictor of pCR (p = 0.008 and p = 0.01,
respectively). However, HER-2 overexpression was not significantly

associated with achieving pCR (p = 0.99).

Tumor grade has shown a clear association with pCR status in
many studies (28). In the study of Peter et al. (5) the pCR rate was
significantly higher in grade 3 (45.3% compared to 10.6%) than grade
2 (p<0.00001). In another recent study performed by Jarzab et al.
(28), including 353 females receiving NAC for breast cancer, increased
nuclear grade demonstrated an elevated rate of pCR (31.28% in
grade 3 wversus 8.55% in grade 2, p<0.0001) (28). This finding could
be explained by a direct and significant correlation between higher
nuclear grades and high Ki-67. In a retrospective study involving
260 breast cancer patients, it was reported that a robust correlation
existed between high Ki-67 and elevated nuclear grade (p = 0.010)
(29). Furthermore, this study concluded that a higher Ki-67 index
was significantly associated with positive lymph nodes and vascular
invasion. This discovery may also explain the notable link between
lymph node invasion, vascular invasion and pCR in patients exhibiting
high Ki-67 levels (30). Our results are consistent with this finding,
with pCR rates of 75.7% in nuclear grade 3 (p<0.001, OR = 89,176)
and in lymph node involvement (82.8%, p<0.001, OR = 5.388).

Another question is the impact of the chemotherapy regimen on
achieving pCR in patients with high Ki-67. The meta-analysis of Chen
etal. (23) demonstrated that Ki-67 was also a useful predictor of pCR
in patients receiving chemotherapy regimens containing anthracyclines
and/or taxanes (7 = 13; OR: 2.90), anthracyclines plus taxanes (7 = 22;
OR: 3.15), and anthracyclines (7 = 5; OR: 4.67), compared to taxanes
(n=3; OR: 1.29).

pCR is generally considered a predictor of OS and DFES (31). Von
Minckwitz et al. (32) presented a meta-analysis of 6.377 breast cancer
patients. The authors concluded that pCR was an effective marker of
survival for TNBC, luminal B and HER2-positive patients (p = 0.005).
Kong et al. (33) completed a meta-analysis that included 16 studies

and 3.776 patients with breast cancer. The authors indicated that
pCR was prognostic for relapse-free survival (OR = 3.44), DFS (OR =
3.41), and RFS (OR = 2.45). Similar results were also reported by two
large metaanalysis conducted by Cortazar et al. (34) and Spring et al.
(35). Patients with TNBC who achieved pCR had significantly better
DEFS than those who did not (36). Moreover, some authors suggested
that a decrease in Ki-67 after NAC contributed to a favorable DFS
(37). Yoshioka et al. (38) demonstrated in their study, including 64
patients, that the level of Ki-67 in residual tumors after NAC was
strongly associated with increased DFS and OS (p = 0.0004 and p =
0.0003, respectively) (38). Chen et al. (39) showed, in a series of 92
patients with locally advanced breast cancer, that a Ki-67 decrease of
over 12.5% was consistent with a better DFS (p = 0.007).

Our study has some limitations. First, our study was conducted
retrospectively. Second, the small size of our sample contributed to the
variability of certain results compared to other studies. Furthermore,
there was no standard cutoff value for Ki-67. It was determined, in
our study, using the ROC curve, which combines sensitivity and
specificity. Further studies are necessary, involving larger patient
groups with analyses of cutoff values, subtypes of BC and outcomes,
which will reinforce the present findings.

Obur results confirm the predictive role of Ki-67 in patients’ response to
chemotherapy in the neoadjuvant setting. The findings of the present
study suggest that this marker could help select patients who may
benefit from chemotherapy. Our analysis showed that a Ki-67 cut-off
>35% predicted a better pCR rate. However, this cutoff value remains
controversial due to the absence of a standard method of measurement
and interpretation with inter- and intra-observer variability. Validation
of this cutoff value in a larger population would be desirable.
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ABSTRACT
Objective: To evaluate the effect of mobile app-based educational information on anxiety, distress, and quality of life in patients with breast cancer (BC).

Materials and Methods: This mobile app was designed to assist patients before and after BC surgery. This randomized controlled study was conducted
between April and August 2021. The intervention group (7 = 42) received routine care and access to the mobile app for one month, while the control group
(7 = 40) received only routine care. Data were collected using questionnaires one week before and three weeks after surgery.

Results: The patients in the intervention group, after using the mobile app, had significantly lower anxiety and distress levels than those in the control
group (p<0.05). However, there was no difference between the two groups regarding overall quality of life and subscale mean scores (p>0.05).

Conclusion: These findings suggest that using informative mobile apps starting before surgery can effectively reduce anxiety and distress in the early
periods after surgery. Although the impact on overall quality of life was insignificant, such interventions may have long-term positive effects on quality of life.
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Key Points

*  The anxiety and distress scores of women utilizing the informative mobile application were significantly lower in the early period after surgery.

. Although quality of life decreased during the postoperative period, no significant difference was identified between the intervention and control

groups.

*  Participants who received educational information through the mobile application expressed satisfaction with the provided content.

Introduction

Breast cancer (BC) is one of the most important health problems
threatening women globally. According to the Cancer Statistics
for 2020, female BC is the most frequently diagnosed cancer, with
an estimated 2.3 million new cases (1). In Turkey, BC is also the
most common cancer among women, with an incidence of 48.6
per hundred thousand (2). Following a diagnosis of BC, women
commence treatments such as chemotherapy, radiotherapy, and

surgical procedures .

BC patients require additional information regarding the treatment
following their diagnosis (3, 4). Patients seek information on essential

aspects, such as the treatments side effects, long-term outcomes,
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details about aftercare, and post-treatment care (5). Due to insufficient
information on the procedure, rehabilitation, recovery time, and pain
management, patients harbor concerns about potential complications
associated with surgery (4). Insufficient information contributes to
uncertainty, distress, anxiety, and fear among BC patients. (5). In
addition, any unmet need for information will increase anxiety and
distress and thus decrease the quality of life (6-9). Informative training
and counseling are essential in reducing the anxiety and distress
experienced by women during BC surgery. Patients also express a
desire for written materials, facilitating the recall of information (5).

Using accessible technologies, like mobile applications (apps), will aid
in ensuring that women receive adequate information and training

throughout their treatment. With their ease of use, mobile apps enable
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access to much information or training via smart devices, regardless of
time and place. Supportive care with mobile apps may revolutionize
cancer care (10). Numerous mobile apps, whether independently
developed or institutionally created, are currently accessible for BC-
related purposes (11). Mobile apps continue to be produced to provide
information, education, or support to patients at different stages of
BC treatment (12-15). While mobile apps are designed to aid in BC
care management, further studies are required to establish evidence-
based data (16). Moreover, BC patients seek trustworthy mobile health
apps to manage their care independenty (17, 18). Implementing a
mobile application that provides information and support to patients
throughout the treatment process can reduce their anxiety and distress
and increase their quality of life. The objective of this study was to
assess the impact of a mobile app, designed to provide information to
BC patients undergoing surgical treatment, on their levels of anxiety,
distress, and quality of life.

Materials and Methods
Design

This study was conducted as a two-group randomized controlled trial
with BC patients scheduled for elective surgery.

Participants

Patients were included if they were scheduled for elective surgery due
to BC, were over 18 years old, could read and understand Turkish,
were at least a primary school graduate, had internet access, and had a
smartphone with an Android operating system suitable to download
the mobile app. Patients who were diagnosed with active psychiatric
disease, were using antidepressant medication, had vision problems
that prevented them from using a mobile app, and were scheduled
for reconstructive surgery using their tissue were excluded from the
study. In this study, out of 162 recruited patients, 74 were excluded
due to the following reasons: non-Turkish speakers (7 = 5), illiteracy
(n = 5), non-phone users (7 = 10), lack of a phone compatible with
the e-mobile application (7 = 23), use of antidepressant medication
(n = 12), planned additional surgeries alongside breast surgery (n =
7), and unwillingness to participate (7 = 12). The participants were
randomized into either the intervention group or the control group.
The required sample size was determined previously using the “G.
Power-3.1.7” software package after reaching ten individuals in each
group. Accordingly, at least 42 individuals were identified in each
group at 80% power, 0.54 effect size, and 0.05 significance level.
Considering there may be drop-out during the study, 88 patients were
included in the sample (Figure 1).

Randomization

Types of surgery for women who will have breast surgery for BC
for the first time were breast-conserving surgery, mastectomy, and
modified radical mastectomy. Intervention and control groups were
determined using the bloc randomization method, stratified according
to the types of surgery. The random.org (https://www.random.org/)
website was used for randomization. The random assignments were

conducted under the clinic nurse’s supervision.

Preliminary Study

The preliminary preparation for this study was carried out in three
stages, including the creation of scientific content, mobile app design,
and pilot study.

The Creation of Scientific Content: Scientific content for the

needs of patients was gathered under three main headings, and some
content was structured with video support (Table 1). The scientific
content included information and education about BC, preparations,
and training before the operation, as well as post-operative care
management and discharge training. The videos included training,
such as breathing exercises, arm and shoulder exercises, and wound
and drain care. The content validity index (CVI) of Davis (19) was
used to determine the content validity of scientific content. Values
with a CVI of 0.80 or above are considered valid. The overall content

validity of the guide, for which ten experts were consulted, was 0.98

Mobile app Design: The mobile app had three sections: Information
Forum (I), Personal Forum (notebook and reminder) (II), and Ask
the Researcher (messaging) (III). The information forum is a section
that enables patients to access related texts, pictures, and videos. This
section, presented under three main headings, general information
about BC, pre-operative information, and post-operative information,
offers a comprehensive educational package to the patients (Table 1).
The prepared pictures and videos were placed on the relevant subject.
The personal forum is a section that allows patients to create their notes
and use the necessary reminders. The Ask the Researcher section will
enable patients to communicate with the researcher via messages. The
participants could download the “Breast Cancer Surgery Information
Guide” mobile app from the Google Play Store and install it on their
phones. Users whom the researcher authenticated could access the

content with an email and password.

Pilot Study: The mobile app’s functionality was evaluated with three
patients during the surgical treatment process, but they were omitted
from the final analysis. The mobile app was finalized based on stylistic
and improvement suggestions from the patients.

Data Collection

Preoperative interviews were conducted face-to-face, on average, 3—7
days before admission to the hospital. In the first interview with the
patients, data were collected using the Patient Information Form and
Anxiety, Distress, and Quality of Life measurement tools (see below)

[ Enrollment ] | Assessed for eligibility (n=162) ‘

Excluded (n=74)

- Not meeting inclusion criteria
(n=62)

- Declined to participate (n=12)

_{ }_

Allocated to intervention (n=44) ‘ [ Allocation ] ‘ Allocated to control (n=44)

Randomized (n= 88)

Lost to follow up (n=2) Lost to follow up (n=4)

- Didn't want to continue the
research (n=3)

- Starting antidepressant
medication (n=1)

- Reoperation (n=1)

Analysed (n=42 ) ‘ [ Analysis ] Analysed (n=40)

- Could not be reached (n=1)

Figure 1. The CONSORT flow diagram
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Table 1. Information headings and subheadings in the mobile application

General information Preoperative information

- General information before
- What is Cancer?

- What is Breast Cancer?

- Breast Cancer Risk and
Prevention

- Breast Cancer Detection and
Diagnosis [BSE-Video]

- Types of Breast Cancer

[Video]

- Breast Cancer Surgery and
Breast Reconstruction

- Other Treatment Methods of
Breast Cancer
- Surgery Day Preparation [Video]

Intervention Group: The researcher uploaded the mobile app to the
Android market and downloaded it to the patients’ phones. Patients
were taught how to use this app and given an instruction manual.
One week after the surgery, the patients were called and reminded
about using the app. Data were collected three weeks after the
surgery through telephone interviews with the Patient Follow-up
Form, Anxiety, Distress, and Quality of Life measurement tools, the
Patient Information Satisfaction Questionnaire, and the Mobile App
Evaluation Form.

Control Group: The patients received routine care and training in
the clinic, and no additional intervention was applied. Data were
collected three weeks after the surgery through telephone interviews
with the Patient Follow-up Form, Anxiety, Distress, and Quality of
Life measurement tools, and the Patient Information Satisfaction
Questionnaire.

After the data collection process for the mobile app was completed,
the patients in the control group were informed about it. The mobile
app was downloaded for the patients (z = 15) who wanted it, and
the information was sent to the others (z = 25) as a PDF document.
Patients in the intervention group could continue to access the mobile

app
Data Collection

Data were collected using data collection forms from patients who
attended the surgical oncology clinics and outpatient clinics of a
university hospital between April and August 2021.

Patient Information and Follow-Up Form: This form consists of two
sections. The first section consists of questions about patients, such as
age, marital status, education status, occupation, employment status,
income status, smoking status, presence of chronic disease, planned

hospitalization (information about the
surgery and consent, situations that should
be reported to the doctor, blood supply,
pre-operative tests, private room situation,
companion situation, meal and visiting
hours, coping with pre-operative stress)

- Preparation from the day before the
surgery until the night (shower/bath,
hair removal, fasting period, items to be
brought to the hospital, exercises to be
learned before the surgery) [Video]

Postoperative information

- Conditions to be considered in the first 24 hours after
the surgery

- Post-operative complications (respiratory
complications, hematoma, seroma, wound
complications, lymphedema)

- Pain and its management

- Time to discharge and recheck

- Post-operative bath time

- Wound care

- Stitches care and removal

- Surgical Drain Care [Video]

- Life After Discharge (skin care, use of deodorant-
perfume, avoidance of heat, nutrition, work life,
home life, doing sports, traveling, sexual life, choice
of clothing, breast prosthesis and pocketed bra use,
psychological health after surgery) [Video]

- Lymphedema and its management [Video]

- Arm Shoulder Strengthening Exercises [Video]

hospitalization, date of surgery and discharge, the type of treatment,
the performed type of the surgery, sentinel lymph node dissection, and
axillary lymph node dissection status. The second section, the “Follow-
up form”, includes questions about the type of surgery performed and
the date of hospitalization, surgery, and discharge.

Hospital Anxiety and Depression Scale: The hospital anxiety
and depression scale (HAD) is a self-report scale used to diagnose
anxiety and depression in a short time and to determine the risk
group in patients with physical illness and applied to primary
healthcare services. Only the Anxiety subscale (HAD-A) was used
in this study. The anxiety subscale consists of seven items (1%,
3rd 5t 70 9m 1% and 13™ questions). Items 1, 3, 5, 11, and 13
gradually decrease severity. The score that is obtained from the
HAD-A ranges between 0 to 21 (min.-max.). The Turkish validity
and reliability study of the scale was conducted by Aydemir et al.
(20). In the reliability study of the scale, Cronbach’s alpha value for
the anxiety subscale was found to be 0.85. In this study, Cronbach’s
alpha value of the scale was calculated as 0.83.

The NCCN Distress Thermometer and Problem List: This
scale measures psycho-social distress in cancer patients. It consists
of a visual analog scale that individuals can apply independently,
consisting of only one question. It is used to evaluate the stress
situation patients have experienced in the last week and a list of
problems. The validity and reliability study of the NCCN Distress
thermometer was conducted by Ozalp et al. (21) in 2006. The scale’s
sensitivity in the study was 0.73, and the specificity was 0.49. A list
of problems was added to the distress thermometer in 2003. The
problem list consists of the issues collected in five different groups
(daily life, family, emotional, physical, and body problems) that
cancer patients frequently experience. Patients mark the difficulties
they have encountered in the last week in the list (21).
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FACT-G Quality of Life Scale: Functional Assessment of Cancer
Therapy-General (version 4) Quality of Life Scale consists of four
dimensions: physical well-being (seven items), social/family well-being
(seven items), emotional well-being (six items), and functional well-
being (seven items). There were 27 questions on the scale. The scale
has a 5-point Likert-type structure and is scored between 0 and 4. All
questions assess the patient’s quality of life in the last seven days. The
scale’s total score equals the sum of the sub-dimensions, and a high
score indicates a high quality of life. Cronbach’s alpha value calculated
because of the cross-cultural use of the scale was found to be 0.88 (22).
In our study, Cronbach’s alpha value of the scale was determined to

be 0.92.

Patient Information Satisfaction Questionnaire: This questionnaire
consists of three questions about patients’ satisfaction with the
information they receive and the information/training they receive

from doctors and nurses.

Mobile App Evaluation Form: This form consists of seven closed
questions that are answered “yes, no, or partially” to evaluate the
mobile information app used by the patients in the intervention group
in terms of form, layout, readability, information quality, and ease of
use, and two open-ended questions about the most used section on the
app and suggestions for improvement (23, 24).

Ethical Considerations

Institutional permission and the University Ethics Committee
approval were obtained for the study (approval number: 83264,
date: 23.10.2019 - Ankara University Ethics Committee). This study
was performed in compliance with the Declaration of Helsinki (as
revised in Brazil 2013). Written informed consent was obtained from
the patients. The permission of the authors was obtained to use the
measurement tools. To protect personal data, the information used to

access the mobile app was closed to third parties.

Statistical Analysis

Data were analyzed using SPSS, version 21 (IBM Inc., Armonk,
NY USA). Descriptive statistics of the variables were presented with
numbers (n), percentages (%), mean scores (x), standard deviation
(ss), median, interquartile range, and minimum-maximum values.
The Shapiro-Wilk test was used to confirm the data conform to the
normal distribution, the paired samples t-test was used to evaluate
the repeated measurements, and the independent samples t-test was
employed to compare the groups. The data obtained were evaluated
at a confidence interval of 95% and a significance level of p<0.05. An
intention to treat (ITT) analysis was performed based on the groups
to which the women were initially assigned. A per-protocol analysis
was used for reporting because similar main results were obtained in
the ITT analysis.

Results

Demographic and Disease-Treatment Characteristics: The mean
age of the patients in the intervention group was 48.8+9.0 years, and
the mean age in the control group was 49.3+9.4 years. There was no
statistically significant difference between the groups according to
the descriptive and disease-treatment characteristics of the patients

(p>0.05; Table 2).

The Effect of Mobile Apps on Anxiety: The mean post-test anxiety

scores of the patients in the intervention and control groups were

significantly lower than their pre-test scores (p<0.05). The mean
anxiety scale scores of the patients in the intervention group after
access to mobile information were significantly lower than those of the

control group (£ =-2.031, p<0.05; Table 3).

The Effect of Mobile App on Distress: The mean distress score of
the patients in the intervention group (IG) after mobile information
was significantly lower than in the pre-test score (# = 6.50, p<0.01)
and control group (CG; £ = 3.642, p<0.01; Table 3). The causes of
patients distress were primarily emotional problems (IG = 78.8%, CG
71.4%) in the pre-test, whereas emotional (IG = 44.5%, CG = 49.4%)
and physical (IG = 38.8%, CG = 34.6%) problems were found in the

pOSt—tCSt.

The Impact of Mobile Apps on Quality of Life: Total and sub-
dimension mean quality of life scores after mobile information did not
differ between the intervention and control groups (p<0.05). The total
quality of life score and the functional well-being mean score of the
patients in the control group were significantly lower than their pre-
test scores (t/p = 2.123/0.04; t/p: 3.426/0.001, respectively). In both
groups, the mean physical well-being score decreased (p<0.05), and the
mean emotional well-being score increased (p<0.05) in the post-test,
and there was no significant difference between the groups (Table 3).

Satisfaction with Patient Information: There was a significant
difference between the intervention and control groups according
to their satisfaction with all information/education they received
(p<0.01). Patients in the intervention group were more satisfied with
the information they received than the control group (x*=13.47, p =
0.001).

Evaluation of the Mobile App: The patients’ evaluations were as
follows: the adequacy of information provided in the mobile app
(90.5%), the quality of information (90.2%), satisfaction with the
app’s visual aspects (92.9%), the adequacy of the app’s readability level
(90.5%), and satisfaction with the app’s ease of use (92.9%).

Discussion and Conclusion

The findings of this study support the research hypothesis, indicating
that the implementation of an informative mobile app effectively
reduced anxiety and distress levels among women undergoing surgery
for BC. However, unlike our research hypothesis, the results show
that this implementation did not positively impact the health-related
quality of life in the early postoperative period.

The comparison between the groups demonstrated that the
intervention group using the mobile app exhibited a significantly lower
anxiety score, supporting the research hypothesis. Various studies with
different results have been conducted examining the effect of web and
mobile-based information on the anxiety level of BC patients. (25-27).
Similar to this study, web-based training, which was given during the
period before and after surgery, was effective in reducing the anxiety
of women. However, the information that was provided with the
mobile app consisted of BC biology, treatment methods, and surgical
techniques and did not include the subjects that supported the care of
the patient, increasing the anxiety and depression levels of the patients
(25). The video-assisted information about the length of hospital stay,
surgery, and adjuvant treatment given to the women in the preoperative
period did not affect their anxiety levels (28). An information resource
created according to women’s needs, supported visually and audibly,

covering care issues, and a platform where they can obtain advice about



Salman Sarac et al. Informative Mobile App Use for Breast Cancer

Table 2. Descriptive and clinical characteristics of the patients

Characteristic 1G (n = 42) CG (n = 40) Statistical analysis
X +SD X +SD
Age (years) (48.81+£9.018) (49.30+£9.379) t=-0.241 p=0.810
Min-Max (33-66) Min-Max (32-69)
n (%) n (%) x2 ]
Marital status
Married 36 (85.7) 37 (92.5) 0.483 0.266
Single 6(14.3) 3(7.5)
Education level
Primary school 13 (31) 22 (55) 7.33 0.062
Secondary school 4(9.5) 6 (15)
High school 16 (38.1) 7(17.5)
University 9 (21.4) 5(12.5)
Job
Worker 10 (23.8) 8 (20) 0.174 0.677
Housewife 32 (76.2) 32 (80)
Income level
Income less than expenses 4(9.5) 10 (25) 3.466 0.063
Income equals expense 38 (90.5) 30 (75)
Living city
Ankara 31(73.8) 27 (67.5) 0.394 0.530
Other cities 11 (26.2) 13 (32.5)
Smoking
Yes 13 (31) 12 (30) 0.009 0.925
No 29 (69) 28 (70)
Chronic disease
Yes 22 (52.4) 21 (52.5) 0.000 0.991
No 20 (47.6) 19 (47.5)
Family history of breast cancer
Yes 11 (26.2) 10 (25) 0.015 0.902
No 31(73.8) 30 (75)
Type of treatment
Adjuvant 25 (59.5) 31(77.5) 3.057 0.080
Neoadjuvant 17 (40.5) 9 (22.5)
Planned type of surgery
BCS + SLNB 14 (33.3) 15 (37.5) 0.297 0.862
Mastectomy + SLNB 20 (47.6) 19 (47.5)
MRM 8(19) 6 (15)
Sentinel lymph node dissection
Yes 34 (81) 34 (85) 0.237 0.626
No 8(19) 6 (15)
Axillary lymph node dissection
Yes 24 (57.1) 18 (45) 1.209 0.272
No 18 (42.9) 22 (55)

IG: Intervention group; CG: Control group; BCS: Breast conserving surgery; SLNB: Sentinel lymph node biopsy MRM: Modified radical mastectomy; SD:
Standard deviation; Min-Max: Minimum-Maximum
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Table 3. Comparison of the anxiety, distress and quality of life total and subscale scores of the patients

Characteristics Pre-test Post-test Test statistics

Groups Mean £ SD Median (IQR) Mean £ SD Median (IQR) t P

IG 8.40%4.33 8(5) 4.74+4.037 3(5) 4.423 0.001*
Anxiety CG 8.83+4.47 9(7) 6.55+4.038 6(6) 3.247 0.002*

1G vs. t=-0.432 £=-2.031

CG p=0.667 p = 0.046*

IG 5.95+2.48 6 (4) 3.81£2.25 4(3) 6.500 0.001*
Distress CG 5.58+2.18 5.5(3) 5.35%+2.30 5(4) 0.621 0.538

1G vs. t=0.783 t=-3.642

CG p=0.436 p=0.001*

I1G 82.71+£13.71 85.5 (22) 80.97+13.67 84 (18) 0.735 0.466
LT @@ 80.53+13.55 81(17) 76.95£11.19 75 (17) 2.123 0.04*

1G vs. t=0.721 t=1.45

CG p=0.473 p=0.150

IG 23.52+3.24 24 (4) 20.12+4.24 20.5 (5) 5.309 0.001*
Physical well being CG 23.50+3.41 24 (4) 19.73+4.21 20 (7) 5.507 0.001*

1G vs. t=0.422 £=0.422

CG p=0.675 p=0.675

1G 24.56+3.25 25 (4) 24.88+2.72 25.33 (4) -0.528 0.600
Social/family well ~ CG 23.28+4.93 25 (6) 24.48+3.69 26 (6) -1.824 0.076
being IG vs t=0.563 t=0.563

CG p=0.402 p=0.575

IG 14.57+4.44 14.5 (5) 16.88+4.28 17.5 (6) -3.029 0.004*
Emotionalwell CG 13.9+4.34 14 (7) 15.30+3.48 15 (5) -2.309 0.026*
being IG vs. t=0.691 t=1.827

CG p=0.491 p=0.071

I1G 20.05+5.37 21(8) 19.10+4.89 19.5 (7) 1.103 0.276
Turcienal wall CG 19.85+4.49 19 (7) 17.45+4.28 17 (6) 3.426 0.001*
being IG vs. t=0.180 t=1.617

CcG p=0.858 p=0.110

*: p<0.05; IG: Intervention group; CG: Control group; QOL: Quallity of life; SD: Standard deviation; IQR: Interquartile range

their problems may have been effective in reducing women’s anxiety.
In the present study, an informative mobile app reduced distress levels.
Similarly, Cinar etal. (13) reported that the supportive education given
via a mobile app to BC patients receiving hormone therapy reduced
the distress level of the patients. Studies investigating the effect of
knowledge-based interventions on the level of distress are limited (13).
In another study, group consultation combined with a tablet-based
online app did not affect the distress level of BC patients, which may
have been due to the low initial measurement distress levels of the
patients (29). The increase in patients” distress levels is associated with
the need for unmet information and supportive care (6, 7).Although
the postoperative quality of life decreased in both groups, the quality
of life score of the intervention group was better than that of the
control group. In contrast to the present study’s findings, research
has indicated that interventions, such as self-management support,

supportive education, and awareness training delivered through
mobile applications and web-based educational programs positively
impact the quality of life among women diagnosed with BC (13-15,
27). However, these developed applications are directed towards stages
such as chemotherapy and radiotherapy rather than surgical treatment
for BC. The messaging app-based rehabilitation program increased
the quality of life of women who underwent breast surgery (30). In
the study, interventions related to subjects, such as teaching arm-
shoulder exercises, stress management, and nutrition, were applied to
the women starting from the preoperative period. In the postoperative
period, interventions were conducted to manage complications and
life after discharge. The patient’s quality of life after the surgery
decreased in the first month compared with the preoperative period
and increased by the sixth month (30). In this study, which evaluated
the short-term quality of life of the patients, considering that other
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treatment processes may have adverse effects on the quality of life, the
information and support provided by the mobile app did not affect the
quality of life. To evaluate the impact of informative mobile apps on
the quality of life, long-term follow-ups should be performed starting
from the preoperative period and after the surgery. The patients in the
intervention group in the present study were satisfied with the mobile
app developed and its contents. In a qualitative study evaluating the
information needs of patients with BC, it was stated that women
wanted the information to be given in a form that could be taken
home to ensure that they could remember it easily (4). Mobile apps
are technological products patients can download to their phones and
quickly access information wherever and whenever they want. The
mobile app we used in this study is adequate because it is easy to use
and meets its purpose.

Study Limitations

The results of this study only include patients who underwent surgery
for BC in the hospital where the study was conducted. Patients
were operated on in three different ways based on the findings of
preoperative tests, but there could be changes in the type of surgery
depending on the patient’s condition. Whether or not an axillary
dissection would be performed on a patient scheduled for breast-
conserving surgery was often clarified during the operation. Therefore,
the study was conducted with patients undergoing all types of breast
surgery. The mobile app used in the research was developed according
to the type of smartphone used by middle-aged and older people in
our country. It cannot be generalized to patients using other operating
systems. Another limitation of the study is the inability to implement
blinding for the researcher during the data collection. Lastly, the
research was conducted when the effects of the COVID-19 pandemic
had diminished, but the impact of the pandemic on the research was
not investigated.

Although the informative mobile support app used in this study
decreased the anxiety and distress levels of BC patients in the early
postoperative period, its effect on longer term quality of life could not
be determined, as there was only a one-month follow-up. This study,
conducted during the pandemic, is relevant to the use of technological
apps, which have been used increasingly in our daily lives and came to
the fore during the pandemic. Interventions via mobile apps developed
by health professionals can be used regardless of place/time. Nurses
can use this application developed for BC patients in clinics to ensure
continuity of patient education. Since this application can provide
information to patients from the preoperative period, the unmet
need for information and education may also be reduced. Moreover,
supporting patient education and information with such mobile
applications can enable patients to easily access reliable information
or support in the post-discharge period. As a result, nurses’ use of the
developed mobile application in the care of patients may help reduce
the anxiety and distress of BC patients. As a data source for evidence-
based studies, this study will contribute to the results of using mobile
informative apps in care practices for patients undergoing breast
surgery.
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ABSTRACT
Objective: Reports demonstrating the effectiveness and safety of strut-adjusted volume implants (SAVI) in Japan are limited. Therefore, this study aimed

to compare the treatment outcomes of SAVI and whole-breast irradiation (WBI) at a single facility.

Materials and Methods: Data were retrospectively extracted from the medical records of patients treated with SAVI or WBI following partial mastectomy
(Bp). Patients undergoing Bp, sentinel lymph node biopsy, and SAVI spacer insertion followed by brachytherapy with the SAVI device were compared to
those followed with WBI. Local recurrence was assessed annually by physical examination, bilateral mammography, and breast ultrasonography.

Results: The SAVI and WBI groups comprised 53 and 113 patients, with a median age of 55 and 52 years, respectively; among them, 47 and 91 patients
had a pathological tumor diameter <2 cm and six and 22 had a pathological tumor diameter >2 cm, respectively. Recurrence events, acute adverse events,
and late adverse events were observed in the SAVI and WBI groups in 1 and 3 (p = 0.726), 24 and 79 (p = 0.01), and 24 and 18 patients (p = 0.00002),
respectively, with median observation periods of 60.0 and 47.8 months, respectively. All adverse events were grades 1-2, with dermatitis being the most
common in the acute phase. In the late phase, pigmentation was common in both groups.

Conclusion: The local recurrence rate does not differ between SAVI and WBI within the relatively short-term follow-up period. Longer follow-up is
required to confirm our results in the Japanese population.

Keywords: SAVI; accelerated partial breast irradiation; Japanese; breast cancer; local recurrences
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Key Points

*  The strut-adjusted volume implant (SAVI) and whole breast irradiation (WBI) groups showed similar local recurrence rates within the relatively short-
term follow-up period (p = 0.726). The median follow-up periods in the SAVI and WBI groups were 60.0 and 47.8 months, respectively.

*  Fewer adverse events were observed in the SAVI group than in the WBI group in the acute phase.

*  In the late stage, patients in the SAVI group experienced more adverse events than those in the WBI group; however, most of them were grade 1, with

no significant difference in grade 2 or higher events compared to WBI.

*  In the future, tumor control, adverse events, and cosmetic outcomes in the SAVI and WBI groups should be observed and compared over a longer

period.
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Introduction

Whole-breast irradiation (WBI) is the standard treatment for local
control after partial mastectomy (Bp) for breast cancer, which has
been shown to reduce the risk of local recurrence and contribute to
survival rates in meta-analyses of previous clinical trials (1). However,
WBI usually requires long-term outpatient treatment for 5-6 weeks or
even 3—4 weeks for hypofractionation, and most patients experience
adverse events, primarily radiodermatitis. A clinical trial demonstrated
that approximately 70% of local recurrences in the preserved breast
after Bp occurred near the original tumor bed, with recurrences from
other areas resembling contralateral breast cancer occurrences in terms
of timing and frequency (2, 3). Therefore, control of local recurrence
in the preserved breast by targeting only the tumor bed with radiation
therapy may be possible.

Accelerated partial breast irradiation (APBI) is a modality that
enables an increase in the per-fraction dose and a reduction in
treatment duration by narrowing the irradiation target volume to
only the tumor bed using several methods, including brachytherapy,
intraoperative irradiation, and external irradiation. Brachytherapy
involves the insertion of small, sealed sources containing radioactive
isotopes into the body to directly irradiate cancerous tissues, allowing
minimal damage to the surrounding normal tissues, which is a
standard treatment for cervical and prostate cancers. For breast cancer,
brachytherapy methods include interstitial irradiation using the
multicatheter method and intracavitary irradiation using the balloon
catheter method (MammoSite®) or a strut-adjusted volume implant

(SAVI).

The balloon catheter method (MammoSite®) is a single-lumen
balloon-type applicator, whereas the SAVI has a cage-like structure
surrounding the center catheter with multiple outer catheters,
which are expanded post-insertion to adhere to the resection cavity
post-lesion excision. The SAVI was approved by the Food and Drug
Administration in 2006 and received pharmaceutical approval in Japan
in 2013.The local recurrence rate of post-irradiation using the SAVI
is approximately 3.6%, showing no significant difference in treatment
outcomes compared with standard treatment. It shows excellent tumor
control, comparable to that of APBI, and survival with low toxicity
(4). Recently, the preliminary results of a prospective clinical trial on
the usefulness of brachytherapy using SAVI for Japanese patients with
breast cancer have been reported (5). In this report, 44 patients were

. - \i&\/l spacer

SAVI applicator

Operation .
Bp+SLNB+Insert SAVI spacer
(Frozen section rapid intraoperative pathology),

included, and Grade 2 acute toxicities were observed in 18% of the
patients. This report mainly focused on dosimetry and acute adverse
events; thus, clinical information regarding the local recurrence and
late adverse event rates in this population is limited. Health insurance
covers brachytherapy for breast cancer, including the SAVI device
in Japan; however, this coverage includes brachytherapy treatments
beyond those using the SAVI device. The insurance approval is not
specifically focused on brachytherapy using the SAVI device, which
may be a barrier to expanding brachytherapy with SAVI and might be
one reason for the limited use of the SAVI device in Japan. Therefore,
the clinical efficacy, usefulness, and side effects of brachytherapy with
SAVI in the Japanese population should be clarified.

In this study, we compared the treatment outcomes and adverse events
of SAVI with those of WBI by retrospectively examining cases of WBI
and SAVT use at our institution in a single-facility setting. This study
aimed to clarify the clinical data, such as local recurrence and acute/
late adverse event rates, which would contribute to the new insurance
coverage specifically focused on brachytherapy with the SAVI device.

Materials and Methods

Study Design

This retrospective observational study extracted data from medical
records of patients treated with SAVI or WBI following breast-
conserving therapy at Showa University Hospital from February 2014
to June 2019. This trial was conducted with ethical approval from
Showa University Research Ethics Review Board Committee (approval

no: 22-170-B, date: 17.11.2022).

Participants

Treatment was performed according to the American Society for
Radiation Oncology guidelines for brachytherapy (6). The inclusion
criteria were: patients aged >40 years; clinically single lesions of <3
cm in diameter; NO stage ductal (invasive/non-invasive), mucinous,
medullary, tubular, or lobular (invasive/non-invasive) carcinoma;
no previous radiation or chemotherapy; no prior breast cancer; no
synchronous bilateral breast cancer; performance status of 0-1; and
the provision of informed consent and voluntarily requesting SAVI
treatment. Luminal A was defined as Ki-67 <20% and Luminal B as

Ki-67 >20%.

The SAVI treatment schedule is shown in Figure 1. The SAVI spacer
was placed within the cavity and at the time of Bp and sentinel lymph

SAVI
radiation
34 Gy/10 f/5 days
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Figure 1. Treatment schedule

Bp: Partial mastectomy; SAVI: Strut-adjusted volume implant; SLNB: Sentinel lymph node biopsy
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node biopsy (SLNB), where rapid pathological diagnosis confirmed
a negative sentinel lymph node (SLN) metastasis. The spacer was
replaced with an applicator under ultrasound guidance on postoperative
day 5 after a pathological check confirmed that the surgical resection
margins were free and there was no extensive intraductal spread.
After computed tomography (CT)-based simulation for treatment
planning, an accelerated partial irradiation dose of 34 Gy was delivered
in 10 fractions, administered twice daily on 5 treatment days, starting
on postoperative day 10. The planning target volume (PTV) was
defined as a 1 cm expansion from the cavity’s edge, which corresponds
to the outer boundary of the SAVI applicator. The PTV_EVAL was
subsequently determined by subtracting the volumes occupied by
the chest wall, cavity, and subcutaneous tissue within 2 mm below
the skin surface from the PTV. Several dosimetric constraints were
established for quality assurance. These included ensuring that at least
90% of the prescribed dose covered 90% or more of the PTV_EVAL
(V90% 290%), limiting the volume of breast tissue receiving 150%
of the prescribed dose (V150%) to no more than 50 cm?, restricting
the volume of breast tissue receiving 200% of the prescribed dose
(V200%) to under 20 c¢m?, and maintaining the dose delivered to 1
cm’® (D1 ecm?®) of the skin within 110% of the prescribed dose. To
ensure accurate treatment delivery, the position of the applicator
was verified by measuring the distance between the skin and the
applicator’s hub, as well as through anterior-posterior and lateral CT
scout views, prior to each irradiation session. If displacement of the
applicator was observed, it was confirmed by CT and re-planned at
the discretion of the radiologists. The applicator was removed after
irradiation, and discharge was scheduled for the following day. All
cases in the SAVI group had a fixed hospital stay of 17 days for surgery
and brachytherapy with the SAVI device. Post-irradiation, whether
using chemotherapy, hormonal therapy, or both, was at the discretion
of the treating medical oncologist, based on the pathological results
of each patient. The patients were followed up annually by physical
examination, bilateral mammograms, and breast ultrasound to assess
recurrence.

Patients with the same eligibility criteria and treated with WBI post-Bp
during the same period were grouped into the WBI group, and their
treatment outcomes were compared. WBI was used to deliver doses
of 50 Gy in 25 total fractions or 42.56 Gy per day in 16 fractions.

SAVI group

cTis-2,N0, PS:0-1
Bp+SLNB+SAVI spacer insertion

61 patients

Excluded: 8 patients
pNI1:2
Positive resection margins: 3
Postoperative bleeding: 1
Infection: 1
Ineligible case: 1

SAVI radiation 34 Gy/10 Fr/S days
53 patients

Median follow-up period: 60 months
(range: 10.5-100.6)

Figure 2. Trial profile

Boost therapy (10 or 10.64 Gy) was permitted at the discretion of the
radiation oncologist.

The primary endpoint was recurrence rates, and the secondary
endpoint was acute and late adverse events. Adverse events were
assessed using the Common Terminology Criteria for Adverse Events
version 4.0. at 1, 3, and 6 months after the end of irradiation and
every six months thereafter until five years. Adverse events occurring
from the end of irradiation to within three months after treatment
were considered acute adverse events, and those occurring later were
considered late adverse events. The maximum adverse events in each
case are summarized in this study.

Statistical Analysis

For comparison between the two groups, the %%, Mann-Whitney
U, log-rank, and Fisher’s exact probability tests were performed.
Statistical analyses were performed using GraphPad Prism version 7.0e

(GraphPad Software, San Diego, CA, USA).

Results

The process of patient selection is illustrated in Figure 2. Sixty-one
patients were subjected to Bp, SLNB, and SAVI spacer insertion.
Two patients were switched to postoperative WBI treatment due to
confirmation of positive SLN metastasis by frozen section. Three
patients were excluded owing to positive resection margins, two
patients had early removal of the SAVI after postoperative hemorrhage/
infection, and one patient was ineligible because of post-augmentation
mastopexy.

Fifty-three patients completed postoperative radiation treatment with
the SAVI and received pharmacotherapy based on their individual
pathological results. Concurrently, 143 patients underwent WBI after
breast-conserving surgery. Thirteen patients were excluded owing to
positive margins and 17 owing to a tumor diameter >3 cm, leaving 113
patients in the WBI group. The total radiation doses were 42.56 Gy in
68 patients and 50 Gy in 45 patients, with additional boost irradiation
performed in 30 patients, including 10 Gy in seven patients and 10.64
Gy in 23 patients.

WBI group
cTis-2,N0, PS:0-1
Bp+SLNB
143 patients

Excluded: 30 patients
Positive resection margins: 13
tumor diameter >3 cm: 17

WBI 50 Gy or 42.56 Gy (+boost)
113 patients

Median follow-up period: 47.8 months
(range: 8.0-102.9)

Bp: Partial mastectomy; SAVI: Strut-adjusted volume implant; SLNB: Sentinel lymph node biopsy; WBI: Whole breast irradiation
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The patient demographics of each group are shown in Table 1. The
median ages of the patients were 55 (range: 39-85) years and 52
(range: 40-72) years in the SAVI and WBI groups, respectively. In
the SAVI group, pStage0, stage 1A, stage IB, stage IIA, and stage IIB
were observed in 6, 43, 1, 2, and 1 patient(s), respectively. In the WBI
group, pStage0, stage IA, stage IIA, and stage IIB were observed in 11,
93, 8, and 1 patient(s), respectively.

The pathological tumor diameters (including noninvasive parts) were
<2 cmand >2 cm in 47 (89%) and 6 (11%), as well as 91 (81%) and 22
(19%) patients in the SAVI and WBI groups, respectively. In the SAVI
group, the subtypes were luminal A, luminal B, and triple-negative
in 36, 8, and 1 patient(s), respectively. In the WBI group, luminal A,
luminal B, estrogen receptor (ER) and human epidermal growth factor
receptor 2 (HER2)+, ER+ and HER2+, and triple-negative subtypes
were observed in 76, 16, 1, 6, and 1 patient(s), respectively.

Postoperative pathology showed micro-lymph node metastasis in two
patients (0.3—2 mm) in the SAVI group and two patients (unknown)
in the WBI group, with no significant differences in age, pStage, tumor
diameter, subtype, and pN between the two groups.

Efficacy of SAVI and WBI

The Kaplan-Meier curves for local recurrence, including ipsilateral
breast and lymph node recurrences, are shown in Figure 3. The median
follow-up periods in the SAVI and WBI groups were 60.0 (range:
10.5-100.6) and 47.8 (range: 8.0-102.9) months, respectively. The
SAVI group included one case each of local and distant recurrences,
whereas the WBI group included three cases (two cases of local
recurrence and one case of supraclavicular lymph node recurrence). Of
note, there was no significant difference in recurrence rates between
the two groups (p = 0.726).

Table 1. Patient characteristics

Adverse Events After SAVI and WBI

The adverse event results of SAVI and WBI are shown in Table 2.
In the SAVI group, 25 (47%) patients experienced grade 1-2 acute
adverse events (within 3 months of radiotherapy start), and 25 (47%)
patients experienced late adverse events (beyond 3 months), with no
events of grade 3 or above. The most common adverse events were
dermatitis in the acute phase and pigmentation in the late phase.
Two patients experienced dermatitis of grade 2 or higher, which was
improved after dermatological consultations. Two patients required
antibiotic treatment due to infection of grade 2 or higher. One patient
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Figure 3. Kaplan-Meier curves of breast tumor recurrence

SAVI: Strut-adjusted volume implant; WBI: Whole breast irradiatio

SAVI group WBI group p
Number 53 113
Age (y) 55 (39-85) 52 (40-72) 0.1
0 6 (11%) 11 (10%)
IA 43 (81%) 93 (82%)
pStage 1B 1(2%) 0 0.59
A 2 (4%) 8 (7%)
1B 1(2%) 1(1%)
<2cm 47 (89%) 91 (81%)
Tumor diameter 0.19
>2 cm 6 (11%) 22 (19%)
Luminal A 36 (68%) 76 (67%)
Luminal B 8 (15%) 16 (14%)
Subtype ER- HER2+ 0 1(1%) 0.17
ER+ HER2+ 0 6 (5%)
Triple-negative 1(2%) 1(1%)
0 51 (96%) 111 (98%)
pN Micro meta 2 (4%) 2 (2%) 0.33
1 0 0

ER: Estrogen receptor; HER2: Human epidermal growth factor receptor 2; SAVI: Strut-adjusted volume implant; WBI: Whole breast irradiation
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Table 2. Toxicity assessment results

SAVI group
None
Grade 1 Grade 2
Any acute adverse events 28 (53%) 23 (43%)
Dermatitis 31 (58%) 20 (38%)
Skin hyperpigmentation 50 (94%) 3 (6%)
Dry skin 52 (98%) 1(2%)
Acute Skin infection 52 (98%) 0
Pain 47 (89%) 6 (11%)
Malaise 52 (98%) 1(2%)
Localized edema 52 (98%) 1(2%)
Telangiectasia 53 (100%) 0
Any late adverse events 28 (53%) 24 (45%)
Skin hyperpigmentation 36 (68%) 17 (32%)
Superficial soft tissue fibrosis 37 (70%) 15 (28%)
Pain 48 (91%) 5 (9%)
Telangiectasia 50 (94%) 3 (6%)
Late Breast atrophy 51 (96%) 2 (4%)
Dry skin 52 (98%) 1(2%)
Localized edema 52 (98%) 1(2%)
Nipple deformity 52 (98%) 1(2%)
Fracture 52 (98%) 1(2%)
Pneumonitis 53 (100%) 0

WBI group p
None Grade 1 Grade 2
3(6%) 34 (30%) 70 (62%) 9(8%) 0.01
2(4%) 34 (30%) 70 (62%) 9(8%) 0.001
0 111 (98%) 2 (2%) 0 0.33
0 111 (98%) 2 (2%) 0 >0.99
2(2%) 113 (100%) 0 0 0.32
0 113 (100%) 0 0 0.001
0 113 (100%) 0 0 0.32
0 113 (100%) 0 0 0.32
0 112 (99%) 1 (1%) 0 0.03
1(2%) 95 (84%) 17 (15%) 2(2%) 0.00002
0 100 (88%) 13 (12%) 0 0.002
1(2%) 112 (99%) 1(1%) 0 <0.0001
0 113 (100%) 0 0 0.003
0 113 (100%) 0 0 0.03
0 113 (100%) 0 0 0.1
0 109 (96%) 4 (4%) 0 >0.99
0 113 (100%) 0 0 0.32
0 113 (100%) 0 0 0.32
0 112 (99%) 1(1%) 0 0.53
0 110 (97%) 1(1%) 2(2%) 0.55

The 2 tests were performed on the two groups with no adverse events and those with Grade 1 and 2 adverse events, and p-values were calculated; SAVI:

Strut-adjusted volume implant; WBI: Whole breast irradiation

had a rib fracture on the operated side but showed no worsening during
the asymptomatic follow-up. In the WBI group, 79 (70%) patients
experienced grade 1-2 acute adverse events, and 18 (16%) patients
experienced late adverse events, with no events of grade 3 or higher.
The most common adverse events were dermatitis in the acute phase
and pigmentation in the late phase. Two patients experienced grade
2 pneumonia, of whom one showed improvement during follow-up
observation, and the other required steroid treatment. One patient had
a rib fracture on the operated side but showed no worsening during the
asymptomatic follow-up. The y? tests were performed, and p-values
are listed in Table 2.

Discussion and Conclusion

The SAVI and WBI groups showed similar local recurrence rates.
During the acute phase, significantly fewer adverse events were
observed in the SAVI group than in the WBI group, whereas in the
late stage, patients in the SAVI group experienced significantly more
adverse events than those in the WBI group.

Comparison of Efficacy (Treatment Outcomes) and Safety Between
APBI and WBI

A summary of phase III trials comparing the treatment outcomes of
APBI and WBI is presented in Table 3. APBI methods, including

brachytherapy, three-dimensional conformal radiation therapy

(3DCRT or IMRT), and intraoperative radiation, were compared to

WBI, mostly showing non-inferiority of APBI in terms of ipsilateral
breast tumor recurrence (IBTR). In the National Surgical Adjuvant
Breast and Bowel Project B-39/Radiation Therapy Oncology Group
0413 trial, multiple methods, such as multicatheter, 3DCRT, SAVI,
and balloon catheter methods (MammoSite), were compared to WBI.
The difference in the 10-year IBTR results was not equivalent but was
<1% (7). In the IMPORT LOW trial comparing intensity-modulated
radiation therapy (IMRT) with WBI, the 5-year IBTR rates were 0.5
and 1.1% (IMRT and WBI), respectively, showing non-inferiority (8).
Similarly, in the Florence trial comparing IMRT and WBI, the 10-
year IBTR rates were 3.9 and 2.6% (IMRT and WBI), respectively,
with no significant difference (9). In our study, the IBTR rate was
1.96% during a median follow-up of 60.0 months, with no significant
difference from that in the WBI group, which was similar to previous
reports despite different detailed conditions.

Table 4 summarizes the previous reports on SAVI. The proportion of
adverse events during the acute phase was significantly lower in the
SAVI group than in the WBI group, particularly dermatitis, which
was observed in approximately 70% of the patients in the WBI group
compared to 42% in the SAVI group. Previous research found the
occurrence rate of skin complications of grade 2 or higher within 24
months post-brachytherapy with the SAVI device to be 7% (10). In
the present study, the occurrence rate of adverse events of grade 2 or
higher in the acute phase was equivalent to that reported previously
(6%), and the severity was low grade, which was manageable on an
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Table 3. Summary of phase Ill trials of APBI

220

Clinical Sample Duration Patient Treatment APBI WBI Result Conclusions
trial size background radiation  radiation
dose/days dose/
fraction
Not
34 Gy/10 ;
=18 years,
o o Y oL Multicatheter/  f/5d 10 years fq”"’ale”t
& age y, |, . IBTR 10 years
_ MammoSite® 34 Gy/10 .
RTOG0413  4.214  2005-2013 | N meta: 0-3 OSAVIOContura/ /5 d 50 Gy/25 F APOBL IBTR)
Q) Tumor diameter 3DCRT 38.5 Gy/10 4'6/? vs.c (but the
=3cm f/.";d WBI:3.9%  difference
was <1%)
=50 years, 5 years
IMPORT . di scys  OW/MSFiBTR Non-
2018 2007-2010 lumordiameter .or v/ 36Gy/15F  IMRT:0.5% inferiority
LOW (8) =3cm f/15d ;
vs. WBI: (5 years IBTR)
pT1-2, NO-1 1.1%
10 years 'N?n-' "
=40 years 50 Gy/25 F inferiority
APBI-IMRT- A 30 Gy/5 y/ BTR
Florence (9) 520 2005-2013 Tumor diameter IMRT F/5 d (+1O Gy IMRT: 3.9% (10years
=2.5cm boost) vs. WBI: IBTR,
2.6% 10 years OS)
8 years
240 years, 50Gy/25F  |gTR Non-
RAPID (11) 2128  2006-2011 DCIS or NO 3DCRT 385GY/10 45 5Gy/16F APBI3.0% inferiority
f/5d ;
early-stage cancer vs. WBI: (8 years IBTR)
2.8%
48-75 years 50Gy/25F  15years Inferiority
. IBTR
ELIOT(12) 1305  2000-2007 umordiameter o\ on(orT) 21 GY/1 D@y APBI: 02 s
=2.5cm f/1d boost) IBTR,
12.6% vs.
cNO WBI: 2.4% 15years OS)

3DCRT: Three-dimensional conformal radiation therapy; APBI: Accelerated partial breast irradiation; IBTR: Ipsilateral breast tumor recurrence; IMRT: Intensity-
modulated radiation therapy; LN: lymph node; OS: Overall survival; SAVI: Strut-adjusted volume implant; WBI: Whole breast irradiation

outpatient basis with antibiotics. In the present study, acute adverse
events of grade 2 or higher within 3 months after brachytherapy with
the SAVI device were not significantly different from those in recent
reports on Japanese subjects (4). The RAPID Trial indicated fewer
grade 2 or higher acute adverse events within 3 months post-treatment
with APBI than it did with WBI, which is thought to be due to the
total dose rather than the dose per session (11). Conversely, more grade
2 or higher late adverse events have been reported with APBI (12). In
the present study, the incidence rates of hyperpigmentation, superficial
soft tissue fibrosis, and telangiectasia were higher in the SAVI group
than in the WBI group but most were grade 1, with no significant
difference in grade 2 or higher events compared to WBI. The pain level
was higher in the SAVI group in both the acute and late phases than in
the WBI group, but it was grade 1 in all patients and controllable with
analgesics. These observations suggested that SAVI showed lower acute
adverse events and higher late adverse events than did WBI, and these
results are comparable with the previous studies. An assessment of
late adverse events of SAVI in Japanese patients has not been reported
previously; therefore, this is the first report of its type.

In addition, following the results of the FAST-Forward trial (13),
the European Society for Radiation Oncology (ESTRO) has
recommended that an ultrafractioned dose of 26 Gy in five fractions

can also be offered as standard of care or within a randomized trial

or prospective cohort (14). However, the observation period has not
been sufficiently long, and the outcomes of long-term follow-up and
revalidation trials remain awaited. In the present study, we compared
WBI in 16 or 25 fractions, the present standard of care in Japan. In
terms of shortening treatment time, WBI such as ultrafractionation
has similar advantages; however, APBI using the SAVI device can
benefit patients such as older adults who live far from the hospital
and have difficulty in making daily visits, as radiotherapy is completed
during the same hospitalization period as the surgery. This suggests
that APBI using the SAVT device is an alternative treatment choice for
some patients. However, the application of the SAVI device remains
limited for the following reasons: insurance approval is not specifically
focused on brachytherapy using the SAVI device, and clinical data on
brachytherapy using SAVI are limited. However, we believe that this
study will contribute to evidence for the community of physicians
who treat breast cancer and the expansion of APBI using the SAVI
device. Going forward, we aim to compare these results with those of
ultrafractionation and other APBI methods and evaluate the patient’s

treatment satisfaction, cosmetics, and long-term prognosis.
Comparison With Other Brachytherapy Applicators [Multicatheter
and Balloon Catheter Methods (MammoSite’)]

The multicatheter method enables more precise treatment by adjusting
the dose distribution according to the breast morphology, as numerous
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Table 4. Summary of the previous reports on SAVI

Authors Sample Duration Patient background Follow-up Local Adverse event
size recurrence (= grade 2)
rate
Skin disorder 7% (<24
. months)
Yashar et al. (4) 250 2007-2010 Tis-T2, NO-1 59.5 months 3.6%
(erythema 2.6%,
seroma 2.6%, etc.)
=18 years,
45.6 months
. Stage O, I, 1l
Amir Isbell et al. 50 2011-2015 (3.48- 4% Not observed
LN meta: 0-3
56.3 months)
Tumor diameter =3 cm
Dermatitis 7%
. >40 years . . Skin infection 7%
Yoshida etal. (5) 44 2016-2021 Tumor diameter =3 Not described Not described .
Chest wall pain 5%
cm NO
Breast pain 11%
Dermatitis 4%
>40 years i il 25
Current study 53 2014-2019 Tumor diameter =3 60.0 months 1.96% ininfection 2%

cm NO

LN: Lymph node

applicators can be placed independently. The Groupe Européen de
Curiethérapie of the European Society for Radiotherapy and Oncology
APBI Trial comparing APBI and WBI using a multicatheter showed
non-inferiority in the 5-year IBTR rate (WBI: 0.92% uvs. APBI:
1.44%) (15). The benefits of the multicatheter method, especially for
Asian patients with a smaller breast size compared to that of Western
patients, have been reported in Japan, showing good prognoses and
cosmetic outcomes (16). However, the multicatheter method has
drawbacks, including greater invasiveness owing to the insertion of
multiple applicators and the requirement of considerable skill for
correct placement. The balloon catheter method (MammoSite)
showed excellent results in a prospective trial with an ipsilateral breast
recurrence rate of 2.8% at 5 years, excellent/good cosmetic outcomes
>90%, acute adverse events <10%, and almost no late adverse
events (17), similar to the findings of the present study. However,
this approach has not yet been approved for use in Japan. Notably,
it is deemed unsuitable for smaller breasts, such as those of Japanese
patients, because it can only provide a concentric dose distribution
around the catheter passing through the balloon center, making fine
adjustment of the dose distribution impossible when inserted close to
the skin or chest wall.

This study had some limitations. First, outcome differences between the
two groups may be due to selection bias or other confounding factors.
Patients in the SAVI group voluntarily requested SAVI treatment.
However, there are several conditions regarding therapy choice. Our
institution could not simultaneously perform brachytherapy using the
SAVI device for multiple patients, which is an institutional limitation.
In addition, when holidays fall on weekdays, choosing brachytherapy
using the SAVI device is impossible. Therefore, we should consider
that these limitations may have contributed to selection bias or other
confounding factors and clinical outcomes. This limitation should not
be ignored, and the present results should be cautiously interpreted.

Superficial soft tissue
fibrosis 2%

Furthermore, the results should be re-evaluated in future randomized
controlled trials.

Second, the observation period differed between the two groups
by one year. However, the observation period of the SAVI group
was longer than that of the WBI group, which had little effect on
demonstrating the non-inferiority of IBTR. Therefore, controlled
groups with matched conditions are required to observe long-
term outcomes. Third, the surgical techniques of lumpectomy may
have differed between the two groups because of the presence of a
lumpectomy cavity in the SAVI group. Therefore, direct comparisons
of adverse events and cosmesis may be difficulc. However, previous
studies have compared adverse events between SAVI and WBI, and
including differences in surgical technique was deemed acceptable.
Indeed, our study findings also indicated that patients who underwent
WBI experienced more acute events, while those who underwent SAVI
experienced more late events. Importantly, no serious complications of
grade 3 or above were observed in the SAVI group, aligning with earlier
reports. Thus, we are confident that our results contribute valuable
insights into the feasibility of SAVI. Fourth, the occurrence rate of
late adverse events differed between the two groups. As the follow-up
period in the Department of Radiation Oncology was shorter in the
WBI group than in the SAVI group, it is possible that late adverse
events in the WBI group were underestimated. In addition, the
recurrence rates in this study were only comparable over a short period
of 5 years. Therefore, tumor control and adverse events in both groups
should be observed and compared for a longer period in the future.

In conclusion, as a treatment option, brachytherapy with the SAVI
device was not inferior to conventional WBI in terms of therapeutic
efficacy and is expected to shorten the treatment time and reduce acute
adverse events. Late adverse events were more frequent with SAVI
than with WBI, but they were low-grade and controllable. Results,
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including long-term prognoses, the presence of late adverse events, and
objective evaluation of the patient’s quality of life, are required.
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from Showa University Research Ethics Review Board Committee (approval
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ABSTRACT

Objective: Sentinel lymph node (SLN) dissection is a highly accurate surgical procedure allowing detection of lymph node invasion in patients with
clinically negative axilla in early breast cancer. Superparamagnetic iron oxide (SPIO) is a marker used during SLN procedure, allowing the same detection
rate as isotopes (Tc-99). A drawback of SPIO is skin staining that can occur around the injection site. The goal of this retrospective study was to assess
the frequency of skin staining after oncological breast surgery with SPIO, and the impact of two different injection protocols on the rate of skin staining.

Materials and Methods: Data from breast cancer patients undergoing magnetic tracer SLN detection (SLND) procedure in a single department
between 2020 and 2022 was reviewed. Injection protocol P1 consisted of retro-areolar injection of Magtrace 0.8 mL. Injection protocol P2, consisted of
retro-tumoral injection with 1 mL. Presence of skin staining was assessed at day 10 after surgery. The evolution and satisfaction of the patients was assessed
at six and 12 months.

Results: In total 175 sentinel lymph node biopsy procedures were performed (P1: 141/P2: 34), consisting of breast conservative surgery (BCS) (P1: 70%/
P2: 53%) or mastectomy (P1: 30%/P2: 47%) with SLN. SLN detection rate was 97.7%. Skin staining was reported in 23% and occurred more often after
BCS (31.6%) compared to mastectomy (6.8%). When BCS was performed, peritumoral injection was associated with a decreased risk of skin staining
compared with retro-areolar injection (22.2% vs. 33.3%, respectively). When present skin staining persisted for 12 months, but most of the patients
described only a slight discomfort. The low rate of discoloration after mastectomy, as previously reported, can be explained by the removal of skin and
glandular tissue in which the tracer accumulates. Less skin staining in P2 may be because of a shorter interval between injection and surgery and the removal
of the excess of SPIO during the lumpectomy.

Conclusion: SPIO injection is a safe surgical technique. After mastectomy, the rate of discoloration was low. Despite the persistent skin discoloration in
58.6% in our study, patient satisfaction was high. Deeper injection, reduced doses, massage of the injection site and peritumoral injection may reduce skin
staining.

Keywords: Axillary lymph node dissection; body image; breast cancer; breast conserving surgery; mastectomy; quality of life; risk factors; sentinel lymph
node dissection; surgery; women
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Introduction

Breast cancer is the leading form of cancer among women worldwide
(1, 2). Sentinel lymph node biopsy (SLNB) has replaced axillary lymph
node dissection as the standard surgical procedure for staging clinically
tumor-free regional nodes in patients with early-stage breast cancer.
SLNB staging considerably reduces surgical morbidity in terms of
shoulder dysfunction and lymphedema, without affecting diagnostic
accuracy and prognostic information (detection rate >97%) (3-6).
Tracking of the sentinel lymph node (SLN) can be made by injection
of different tracers such technetium-99m, blue dye, indocyanine green
(ICG) or superparamagnetic iron oxide (SPIO). Radioactive agents
have several disadvantages, such as the need for a nuclear radiology unit,
radiation exposure, cost, and time-limited effectiveness. Meanwhile,
blue dye injection can be done less than one hour before surgery, is
cheap, but carries a risk of anaphylactic reaction, skin staining and
tissue necrosis (7). ICG seems to be the most efficient tracer to identify
metastatic lymph nodes and is detectable 10 minutes after injection,
but this technique has not yet been standardized (8). Large studies
reported non-inferiority of SPIO compared to standard techniques,
with the same detection rate as other techniques (8-11). Detection
of the SLN is feasible 20 minutes after injection, and even ip to one
month after injection, which improves scheduling, benefitting both
the patient and the surgical team (11, 12).

However, side effects of SPIO, such as skin staining can develop
around the injection site, corresponding to a persistent gray/black skin
pigmentation (11). Incidence rate of discoloration seems to be similar
to blue dye injection, at 30.8%, but with a large range from 0% to
84.4%, depending on the source (12-14). Another disadvantage of
SPIO is accumulation of the iron residual nanoparticles, which leads
to magnetic resonance imaging (MRI) artifacts.

In this retrospective study, two protocols of two different injection
sites and dilution of SPIO are described together with assocaited side
effects. The goal of this retrospective study was to assess the frequency
of skin staining after mastectomy or breast conserving surgery (BCS),
and the impact of the two different protocols on the rate of skin
staining after BCS.

Materials and Methods

Data were retrospectively analyzed from patients suffering from early
breast cancer undergoing SLNB with an SPIO procedure in a single

Table 1. Demographic and surgical data

Number of cases

Mean age (years)

Proportion of tumorectomia

Proportion of mastectomies

Time lapse between injection and surgery (days)
Number developing skin staining

Skin staining and BCS

Skin staining and mastectomy

BCS: Breast conservative surgery

department between January 2020 and December 2022. Injection
protocol P1 consisted of pre-operative retro-areolar injection of 0.8
mL Magtrace (EndoMagnetics, Cambridge, UK) from November
2020 until March 2022. In order to reduce the rate of skin staining,
it was decided, from April 2022 to December 2022, to introduce
injection protocol P2, which consisted of retro-tumoral injection of
1 mL Magtrace. The detector probe was Sentimag (Sysmex GmBH,
Hamburg, Germany). Presence of skin staining was assessed at day
10 after surgery. If present, clinical re-evaluation of the discoloration
and the satisfaction of the patients was assessed at six and 12 months
postoperatively. Demographic characteristics of the patients and type
of surgery (BCS vs mastectomy), were collected from patient records.

Results

In total, 175 SLNB procedures were performed [141 (80.6%) using
P1, 34 (19.4%) using P2] (Table 1). Mean age was 64.7 years in P1
and 62.4 years in P2. Types of surgeries performed were BCS (70%
in P1/53% in P2) versus mastectomy (30% in P1/47% in P2) with
SLN. The waiting period between injection and surgery was 9.4 days
in P1 and 3.6 days in P2. Sentinel node detection rate after Magtrace
injection was 97.7% overall (171/175). There were four procedural
failures consisting of an absence of signal detection, which led to
axillary sampling.

Skin staining was reported in 23% (41/175) of the cases and occurred
more often after BCS 31.6% (37/117) than after mastectomy 6.8%
(4/58). When BCS was performed, peritumoral injection (P2) was
associated with a decreased risk of skin staining occurring in 22.2%
(4/18) compared to retro-areolar injection (P1) at 33.3% (33/99).
Skin staining was less common after mastectomies and only reported
in four cases, of which three did not undergo breast reconstruction,
and one had a skin-sparing mastectomy with breast reconstruction.

For long-term follow-up, we were able to recall 37 of 41 patients
(90.3%) in March 2024. When confirmed, skin stainings remained
persistent from one month up to four years (Figure 1). The overall
patient experience was good, with 73% describing no discomfort at
all, 24% a slight discomfort and only one case describing a major
impact on the way she perceived herself (Chart 1). While 56.8 % had
persistent skin staining 2-4 years after surgery, the remaining 43.2%
described complete disappearance of the stain (Chart 2). Even when
skin staining remained, all these patients described a progressive fading
since surgery (Figure 1).

Protocol 1 retro Protocol 2 peritumoral Total
areolar injection injection
141 34 175
64.7 62.4 64.2
70.2% (99) 52.9% (18) 66.9% (117)
29.8% (42) 47.1% (16) 33.1% (58)
9.4 3.6 8.9
34 7 41
33.3% (33/99) 22.2% (4/18) 28.2% (37/117)

2.4% (1/42) 18.8% (3/16) 6.9% (4/58)
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Figure 1. Picture of a skin staining, one month after surgery
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Chart 2. Clinical evolution

Discussion and Conclusion

Sentinel node identification rate after SPIO injection was similar,
regardless of the injection site and was similar to that previously
reported (15). Failure to detect SLN in the four patients led to axillary
sampling (between 3-6 lymph nodes) without axillary dissection
because they were elderly patients with low grade tumors. Although

metastatic lymph nodes are associated with a lower SLN detection
rate, none of the four patients with failure to detect SLN showed
tumoral cells on histopathological examination (8).

The principal drawback of SPIO is skin discoloration around the
injection site (16). The type of surgery, the localisation of injection
and probably the time lapse between the injection and surgery may
influence the rate of skin staining (14). The low rate of skin staining
after mastectomy (6.8%) may have been due to the removal of the skin
and the glandular tissue in which the tracer accumulated (17, 18). More
skin staining was observed in P2 (18.8%) compared to P1 (2.4%) after
mastectomy. This may be due to sample size effects as we collected
more patients with mastectomy than BCS, and a higher dilution of
SPIO. A meta-analysis performed in 2023 of 12 case series regarding
skin staining concluded that 95% of skin staining were described after
BCS (14). After BCS, protocol P2 was associated with a decreased
risk of skin staining compared to P1. This difference, although not
statistically significant, could be explained by the different injection
sites, a shorter interval between injection and surgery and the removal
of the excess magnetic tracer in the breast during lumpectomy.

Wirnberg et al. (17) showed that peri-tumoral injection significantly
reduced the discoloration compared to retro-areolar injection in BCS
(37.8% compared with 67.8%). Retro-tumoral injection could even
reduce the size of the staining and lead to a more radiant regression
(18). Other ways to reduce the rate of skin staining may be by injecting
at least 15 mm under the skin or by reducing the dose of SPIO (21).
A study by Rubio et al. (12) compared 1 mL to 1.5 and 2 mL and
showed that 1 mL of SPIO significantly decreased the rate of skin
discoloration (84.4% to 60%) and its size, with no effect on the SNL
detection rate (8). Mirzaei et al. (19) concluded that even an ultralow
dose of 0.1 mL SPIO, showed the same efficiency.

A recent meta-analysis from Pantiora et al. (14) showed that the
common rate of skin staining is usually described as 30.8%, but
ranged widely from 0 to 84.%. In the meta-analysis regression, taking
each potential factor separately, such as the injection site, the injection
volume or applying massage to the area, reported that none of these
factors significantly reduced skin staining. The authors suggested that
achieving less skin staining was probably only due to the combination
of these factors (14).

It is known that SPIO injection may result in residual tissue
nanoparticles and lead to MRI artifacts when this modality is needed
for medical follow-up (20). About half of the patients showed
postoperative accumulation of iron oxide particles on MRI (21).
Therefore it is important to specify to the radiologist that the patient
was injected with SPIO tracers. Christenhusz et al. (20) showed that a
0.1 mL intra tumoural dose did not result in MRI residual remnants
and reduced the difficulty of reading subsequent MRIs. However,
some specific protocols improve the MRI image quality when artifacts
are observed (20, 22).

Despite persistent skin staining up to four years after surgery, a majority
of the patients in the present study were satisfied with the procedure,
since it only slightly affected their self-image. This has already been
described by other studies with a maximum follow-up of three years
(9, 14, 17). During the consultation, patients often mention less
interest in the aesthetic result in comparison to the oncological issue,
primarily justified by advanced patient age. Most of the time, complete
disappearance takes at least a year, but it is important to reassure
the patient about the fading of the stain, even if it does not totally
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disappear in about half of cases. When breast cancer affects a young
patient in whom BCS and SLN is planned, it seems wise to discuss the
potential risk of skin discoloration and perhpas to use another type of
tracer, such as a radioactive marker or ICG. SLN detection with SPIO
markers shortens the preoperative care pathway, and it also seems that
SPIO tends to reduce costs because of avoidance of nuclear medicine
charges (10). In order to reduce medical charges and iatrogenicity,
preoperative SPIO injection could also minimize unnecessary SLNB,
in case of preoperative diagnosis of ductal carcinoma in situ, and
enable SLNB to be performed later if invasive breast cancer was found
post-operation (23).

SPIO injection is a safe surgical method for detecting SLN which
facilitates logistics at surgery. After mastectomy, the rate of skin staining
was low at less than seven percent with good patient satisfaction. In
the presented series, the rate of skin staining after BCS was 31.6%.
Peritumoral injection was associated with a decreased risk of skin
discoloration after BCS compared to retroareolar injection. Despite
the persistent skin discoloration in 58.6% of cases in the present study,
patient satisfaction was high. Deeper injection in the subcutaneous
tissue, reduced doses, massage of the injection area and peritumoral
injection were correlated with less skin staining.

Ethics Committee Approval: No ethical statement is mandatory because
the dosis and the localisation of the injection are decisions dependant on an
internal service protocol, without deviating from the guidelines for respecting
the use of the product.

Informed Consent: Retrospective study.
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ABSTRACT

Systemic lupus erythematosus (SLE) and sarcoidosis are two of the most well-recognized, chronically diagnosed conditions in the United States, with a
plethora of known multisystem manifestations. With regard to breast pathology, lupus mastitis is a relatively uncommon manifestation of SLE, commonly
involving both the mammary gland and subcutancous soft tissues of the breast. Sarcoidosis in the breast is a similarly, exceedingly rare manifestation of this
multi-system disorder, classically presenting with non-caseating granulomas. Both present with non-specific mammographic and sonographic features. We
present a 62-year-old female with known diagnosis of discoid lupus and Graves™ disease who presented initially with an abnormal screening mammogram,
ultimately undergoing mammographic work-up and subsequent biopsy demonstrating lupus mastitis, including vasculitis, panniculitis, and fibrosis with
chronic inflammation. The patient was also found to have small non-caseating granulomas, some in a perivascular distribution, classically seen in sarcoidosis.
Given the rarity of both manifestations, our case explores the coexistence of these autoimmune processes and this atypical presentation.

Keywords: Lupus mastitis; systemic lupus erythematosus; breast sarcoidosis; granulomatous disease; mammogram; breast ultrasound; ultrasound-guided
core needle biopsy
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Key Points

e Multisystem inflammatory processes occurring in the breast, albeit rare, can occur in tandem and present confounding diagnosis and clinical

presentation, imaging, and pathologic diagnoses.

e Chronic inflammatory processes in the breast can present suspicious mammographic and ultrasound findings, mimicking malignancy. Further research

can lend into characteristic imaging findings.

e Established treatment algorithms for chronic inflammatory processes such as sarcoid and lupus are not clearly defined. Further research can explore

optimizing appropriate strategies for relief.

Introduction

Sarcoidosis is a systemic inflammatory disease of unknown etiology
classically characterized by the formation of multiorgan granulomatous
lesions. Existing literature has cited an immune mediated secondary
response to an antigenic trigger as a potential etiology (1). In the
United States, the disease is most prevalent in African Americans,
with prevalence rates of up to 10 times that of white Americans
(2). Extensive variability is demonstrated as far as disease prognosis,
manifestations, and progression of disease. The mainstay of treatment
is corticosteroids, although in severe cases immunosuppressive
agents, such as methotrexate and cyclophosphamide, are used.
Sarcoidosis of the breast is rare and only few cases are reported in the
literature. Mammographic features are variable and may mimic both
benign and malignant etiologies. The breast is involved in less than 1%
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of cases and can either be a primary or secondary site of presentation
(3). Breast sarcoidosis can mimic carcinoma on mammographic and
clinical exam, as seen in the presented case (4).

Lupus is characterized as an autoimmune disease in which a misdirected
immune response generates a multisystem inflammatory response
against the native tissues. Similar to sarcoidosis, the disease prognosis
and manifestations are extremely variable, ranging from mild to
severe. Lupus mastitis is an uncommon presentation of systemic lupus
erythematosus (SLE), characterized by inflammation of the adipose
fat. Lupus mastitis can present as single or multiple subcutaneous or
deep breast masses, often clinically mimicking malignancy (5). The
constellation of concurrent lupus and sarcoidosis in the breast has
not been previously reported. Given the suspected immune mediated
etiology, the intersection of concurrent pathology in our case may yield
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as a branch point to observe how systemic processes can present and
mimic each other.

Case Presentation

A 63-year-old female with past medical history of discoid lupus
and Graves disease, with no known diagnosis of sarcoidosis at
presentation, was found to have an indeterminate asymmetry in the
right breast at 12 o’clock anterior depth (Figure 1), persisting on spot
compression views (Figure 2). Clinically, no lesions were palpated, and
the patient did not report any pain in the right breast. In addition,
views with ultrasound demonstrated a 4.4 x 1.9 x 3.7 cm indistinct
area of mixed echogenicity lacking significant flow on power Doppler
in the right breast, corresponding to the partially persistent asymmetry
on mammogram (Figure 3). A palpable second area of concern in the
left breast prompted ultrasound, which revealed a 4.7 x 1.6 x 3.9 cm
area of irregular, heterogenous, non-mass lesions lacking significant
flow on power Doppler corresponding to a clinically reported palpable
abnormality in the left breast (Figure 4). At the time, with a BI-RADS
4B classification for both areas in the breast, the decision was made
to further evaluate the lesions via ultrasound-guided core needle
biopsy. Pathology revealed scattered small non-caseating granulomas
with giant cells on a background of chronic inflammation in the left
breast with concurrent focal vasculitis and panniculitis. The right
breast similarly demonstrated small non-caseating granulomas with
giant cells on a background of chronic inflammation, panniculitis
and more prominent focal vasculitis. These findings were seen in
the context of fibrosis and chronic inflammation (Figures 5 and 6)
and led to a diagnosis of lupus mastitis with recommendations for
clinical correlation and consideration of sarcoidosis. The patient was
subsequently referred to a rheumatology clinic and was found to
have nodular lesions on the nose, which can be seen in sarcoidosis,
however, with normal angiotensin converting enzyme level and serum
anti-nuclear antibodies, extracatable nuclear antigen antibodies and
double-stranded DNA antibody titers. Additional laboratory results
showed leukopenia and neutropenia both of which were chronic and
had been stable. Chest computed tomography imaging demonstrated

Figure 1. Initially reported indeterminate asymmetry in the right
breast at 12 o'clock anterior depth

Fofana et al. Concurrent Lupus Mastitis and Sarcoidosis

Figure 2. The previously seen focal asymmetry in the right breast
anterior third at the 12:00 axis partially persists on additional views

RT BREAST 12-1 O'CLOCK AR 6 CM FN

Figure 3. A 4.4 x 1.9 x 3.7 cm indistinct area of mixed echogenicity
in the right breast at 1:00, 6 cm from the nipple, lacking significant
flow on power doppler in the right breast, corresponding to partially
persistent asymmetry on mammogram

LT BREAST ASYMM. PALP PER CLINICIAN OBL

Figure 4. 4.7 x 1.6 x 3.9 cm irregular area of heterogeneity at 12:00-
1:00, 5 cm from the nipple, lacking significant flow on power doppler
corresponding to a palpable abnormality in the left breast
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Figure 5. Focus of vasculitis with adjacent granulomatous
inflammation (arrow), right breast. 100x magnification

Figure 6. Benign breast parenchyma with non-caseating granulomas
and giant cells (arrow) and background chronic inflammation, right
breast. 40x magnification

mediastinal lymphadenopathy and multiple pulmonary nodules and
fibrotic changes, which can be seen in sarcoidosis. Subsequent positron
emission tomography exam demonstrated active uptake of these
lesions, suggestive of active disease. These imaging findings along with
the biopsy results provided enough evidence to support the diagnosis
of sarcoidosis and thus a biopsy of the nose was not recommended
by dermatology for cosmetic reasons. The concurrent diagnosis of
sarcoidosis of the breast was made.

Outcome and Follow-up

Patient was subsequently started on 10 mg of methotrexate and folic
acid and continues long-term follow-up in rheumatology clinic.

Discussion and Conclusion

e multisystem manifestations o and sarcoidosis have been well-
The multisyst festat fSLE and dosis have b 11
ocumented in the literature. However, in both systemic processes,
d ted in the literature. H both syst

reast manifestations are extremely rare. In addition, the concurren
breast festat tremely In addition, th t
presentation of both lupus and sarcoidosis has rarely been reported
previously (6). Variable mammographic and sonographic imaging
patterns have been seen in both processes, further complicating

diagnosis and timely recognition (4). This case is atypical in that the
mammographic findings ultimately yielded an unsuspected diagnosis
of sarcoidosis in the setting of an asymptomatic presentation, and
initiation of long-term therapy. Given the expanding research
regarding risk factors for autoimmune pathology in chronic illness, our
case serves as an exploration into the manifestations of autoimmune
processes. The delineating factor in this case was the histopathological
diagnosis, as the mammographic and sonographic findings were
nonspecific. Initial sonographic findings were concerning for potential
malignancy, further emphasizing the variable appearance of systemic
autoimmune processes within the breast. Further research may serve
to analyze risk factors for breast manifestations of these processes and
treatment algorithms for appropriate management in the setting of
chronic disease. Given the low incidence of breast manifestations,
obtaining enough cases may serve as a research limitation. Further
research may serve to analyze sonographic, mammographic and
possibly histopathological features of autoimmune manifestations
within the breast to assess if recurrent characteristics are visualized.
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Dear Editor,

We would like to comment on “Artificial Intelligence in Senology - Where Do We Stand and What Are the Future Horizons?” (1). Artificial
intelligence (AI), which includes deep learning, has brought interest owing to its feasibility to mimic human intelligence and further transform
a number of activities and result in usefulness in industries as well as healthcare. Al-based image analysis in breast screening programs has
demonstrated encouraging results in terms of reduction of workload and increasing sensitivicy. ChatGPT as well as other natural language
software have proven to be highly accurate in giving decisions, however, many issues with patient safety and legal requirements still require to
be managed. The primary advantages of Al are the high speed and effectiveness in handling complicated works; nevertheless, there are certain
drawbacks that had to be taken into concern, including cybersecurity, employment displacement in the healthcare industry, and stability of the

system.

Al is still in its early phase in the subject of senology, and there is still further opportunity for performance and dependability to be upgraded. For
Al systems to be safe and effective in real-world usages, the systems must be responsibly trained using high-quality data and subjected to rigorous
scientific review. To reduce hazards and maintain public confidence in emerging technologies, it will be necessary to strike a balance between Al
promotion and control. Introduced in December 2023, the Al Act by the European Union is an important step in creating all-encompassing

legal frameworks for Al governance as well as accountability.

AI must be utilized in conjunction with human skill, empathy, and ethical considerations, even while the Al has the possibility to improve
medical procedures and healthcare delivery. Achieving significant progress in senology and other medical sciences would require fusing the
advantages of Al with human judgment and empathy. Sufficient research, cooperation, and regulatory monitoring are necessary for directing the
conscientious and effective application of Al in healthcare and guaranteeing good consequences for both patients and healthcare providers. The
importance of ethical considerations and human-machine collaboration in the development and application of Al in senology and healthcare in
general have received little attention.

A further interesting area of researching is the probability ethical conundrums that the application of Al in senology may exist. There are
concerns over patient privacy and clinical safety, even while AT may help improve the effectiveness and accuracy of clinical procedures. The ethical
concerns should be addressed to confirm that the Al application is ethical way and do not lead to violation of the patients’ rights. Furthermore,
lesson learnt from the clinical practitioners who have experience in using Al in their clinical practice will be useful. Topics that should be assessed
include how the AI help perform clinical decision making and affect daily clinical workload. For example, in our area in Indochina, the use
of Al in clinical senology is already implemented in some private clinical center. Some private hospital already offer the additionally service
including Al decision making as an alternative option for the patient in selecting their ways of breast disease therapy (see example at https://
www.bumrungrad.com/th/health-blog/june-2022/using-ai-find-lung-disorders-and-breast-cancer). However, the technology is new and might
be expensive and are currently limited used. The unofficial report from the private clinical setting claimed that the Al based breast radiology
interpretation help early detect breast cancer in young female but there is still no publication on this issue in our area. Nevertheless, the derived
data can further guide how the Al should be implemented in clinical senology practice. Accumulation of data from multi-setting about the

advantages of using Al in clinical senology will help further better clinical care for the patients.
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Category I

Demographic Impact and Clinical Insights: A
Comprehensive Analysis of Glycogen-Rich Carcinoma
of the Breast Using National Cancer Database Data
(2004-2020)

Michael Richard Demangone, Karam Abi Karam, Amaan Zafar,
Daniel Lee, Suraj Puvvadi, Noureen Nakshbandi, Beau Hsia, Nicholas
Heng, Patrick Sam, Will Heise, Peter Silberstein

University of Arizona, Arizona, United States

Objective: Glycogen-rich carcinoma of the breast, an exceptionally rare
subtype of invasive breast carcinoma, manifests characteristic polygonal
cells with abundant clear cytoplasm containing diastase-sensitive glycogen
deposits. However, varied morphologies and clinical outcomes contribute to
a wide range of prognoses, warranting further investigation using updated
data from the National Cancer Database to explore demographic impact on
prognostic factors.

Materials and Methods: A retrospective cohort investigation of the
National Cancer Database (NCDB) was conducted which spanned the years
2004-2020 involving 131 patients with a confirmed diagnosis of Glycogen-
rich carcinoma. Demographic factors were examined, and a regression analysis
was conducted.

Results: Among the group of individuals diagnosed with Glycogen-rich
carcinoma (GRC), the median age at diagnosis was 61 with a mean survival
time post diagnosis of just under 12 years. Most (94%) underwent surgical
procedures as their primary method of treatment for GRC, with the final
status of surgical margins post-resection of the primary tumor revealing
that the majority of cases (92%) had no residual tumor. As their primary
treatment, most patients received radiation therapy (64%) and chemotherapy
(62%), while a minority received hormone therapy (31%). A predominance
of patients with GRC were female (97%), white (86%), and of non-Spanish,
non-Hispanic origin (92%). Many cases came from a comprehensive
community cancer program (44%) or an academic program (32.5%). At
the time of diagnosis, the vast portion of patients (98%) were covered by
some form of primary insurance with private insurance (50%) and Medicare
services (41%) composing the majority of this cohort. The top primary site for
nearly all cases was the breast (98%) with the upper-outer quadrant of breast
(42%) and overlapping lesion of breast (20%) being the leading primary
sites. Most patients (87%) were classified as either Stage I or Stage II analytic
stage group. A large percentage of the individuals (86%) did not have any
concurrent comorbidities (Charlson-Deyo = 0).

Conclusion: Following a review of the available literature, our findings suggest
a possible knowledge gap in the discussion of glycogen-rich carcinoma that
this novel NCDB analysis addresses. Socioeconomic factors revolving around
patients living with glycogen-rich carcinoma have not yet been discussed in
literature, and our findings show that a significant percentage of patients had
some form of private insurance. Many were not of a minority background and
a vast majority possessed few comorbidities. Given the paucity of research of
this cancer, continued investigation is necessary to establish a more complete
understanding of how demographics, socioeconomic factors, and treatments
affect survival and outcomes of patients with glycogen-rich breast carcinoma.

Keywords: Glycogen-rich; corcinoma; treatment

Category I-A. Breast Center Office
Operations Efficiency and Productivity

Implementing Standardized Ordering Pathways in a
Breast Cancer Multidisciplinary Clinic Lifespan Cancer
Institute, Providence RI

Francesca Rothell, Ann-Marie Galvin, Mary Anne Fenton

Lifespan Cancer Institute, Rhode Island, United States

Objective: Timeliness of cancer care from diagnosis to implementation
of systemic therapy is a quality metric and may impact patient outcomes.
Estrogen receptor-positive human epidermal growth factor receptor 2-negative
carly-stage breast cancer genomic assays including the 21 gene recurrence
score (21-RS) are prognostic for chemotherapy benefit, and results impact
shared medical decision making. The Lifespan Cancer Institute (LCI) Breast
Cancer Steering Committee (BCSC) Quality Team noted significant variation
in turnaround time (TAT) from time of surgery to 21-RS report, resulting
in significant delay in care recommendation. Breast cancer patients are seen
by multidisciplinary teams at 4 LCI sites which can contribute to variability
in care processes. The LCI BCSC consists of a multidisciplinary team of
surgeons, medical oncologists (MO), pathologists, Breast Cancer Navigators
(BCN) and other members. The BCSC initiated a quality improvement
project to address process variance and barriers to efficient and consistent 21-
gene RS order and tissue send-out.

Materials and Methods: Two steps in 21-RS order were identified for
intervention. 1. MO and BCN share an electronic medical record (EMR)
results box including pathology reports. Breast surgeons will attach MO as
electronic recipients to receive the surgical pathology report immediately on
EMR sign out. MO and BCN will review pathology results and initiate 21-RS
orders per American Society of Oncology (ASCO) guidelines. 2. Pathologists
will identify appropriate tissue block for 21-RS at time of sign out to facilitate
pathology staff block selection for tissue send out. Data was extracted by Exact
Science (ES) from the 21-RS electronic order database. TAT from surgery to
21-RS ordering and TAT from surgery to results return were provided. We
examined TAT prior to intervention (January-April 2023 n = 69 orders) and
after intervention (August-October 2023 n=53 orders).

Results: The baseline average time from surgery to 21-RS order was 16 days
preintervention and 10-days post-intervention, resulting in a total decrease of
6 days from surgery to order. As such, date of surgery to 21-RS report return
decreased from 27 to 21 days.

Conclusion: Multidisciplinary discussion of quality issues in our LCI BCSC
is an effective way to identify barriers to care and initiate a plan-do study-
act quality improvement process. LCI BCSC has established a consistent
streamlined process for 21-RS orders. Attaching MO to pathology reports
and pre-selecting slides for send-out has reduced the internal processing time
for 21-RS order results by 6 days. The process will be examined for TAT twice
a year and presented to the BCSC for ongoing process improvement. This
project focused on timely patient-centric care and reducing patient anxiety.

Keywords: Multidisciplinary; quality; improvement
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Category I-C. Programs, Education & Outreach

Check Out My Rack: A Webinar Empowering Young
Women Through Comprehensive Breast Health
Education

Victoria Haney, Ashley Teal, Julia Kepniss, Christine B. Teal, Clare
Dougherty, Andrea B. Wolf, Rachel F. Brem

The Brem Foundation to Defeat Breast Cancer, Maryland, United States

Objective: The Brem Foundation to Defeat Breast Cancer, a 501c3
non-profit organization based in the Washington, DC area, is dedicated to
advancing early detection through education, access, and advocacy. While
conventional guidelines recommend initiating annual breast screenings at age
40 for women of average risk, Brem underscores the importance of starting
breast health education and empowerment eatlier in life. Nearly 80% of
young women with breast cancer find their own breast abnormality and 1
in 10 breast cancers occur in women under the age of 45, making self-exams
and education essential. As part of our education programs, we aim to engage
younger women and people of pre-screening age in breast cancer awareness

through an annual webinar titled “Check Out My Rack”.

Materials and Methods: Since 2021, Brem Foundation has hosted three
annual webinars titled “Check Out My Rack”. Tailored to resonate with
college students and women under 40, each hour-long session shares essential
breast health information, including the importance of family history, genetic
testing, self-exams, and encouraging loved ones to screen. The webinars
included live self-exam tutorials, provided self-advocacy tools, and featured
compelling narratives from prominent young survivors. Participants were
encouraged to engage with the expert educator radiologists and breast health
advocates who lead the programs and to ask questions related to their breast

health.

Results: In 2023, 299 people registered for Check out My Rack with a total
of 130 attending the webinar, doubling attendance from the year prior. Over
48 educational materials were downloaded by participants, Brem Foundation
obtained 191 new contacts for future educational engagement, and doubled
the conversion rate of registrants to attendees in 2023, from 21% to 42%.
Using a “collaborator” model, Brem engaged like-minded entities to market
the event and grow attendance, resulting in exposure to an additional 175,000
people.

Conclusion: The Brem Foundation’s commitment to empowering women
with breast health education is evidenced by the growing success of the
“Check Out My Rack” webinars and web-based education. Future studies will
evaluate the efficacy of these increasingly popular programs in terms of breast
cancer detection.

Keywords: Webinar; young women; education

Category I-C: Programs, Education & Outreach

Effectiveness of Community Education for Breast
Cancer Screening

Ashley Teal, Victoria Haney, Julia Kepniss, Rachel Brem

The Brem Foundation to Defeat Breast Cancer, Maryland, United States

Objective: Screening based on individual risk factors results in detection of
carlier, more curable breast cancer. There is expectation that improved public
education about the importance of personalized screening will result in earlier
diagnoses and reduced breast cancer mortality. The purpose of this study is
to evaluate the effectiveness of community education on patient perceptions
about risk-based screening.

Materials and Methods: This study is HIPAA compliant and
institutional review board exempt. A standardized curriculum was used by
radiologists and experts to conduct nine one-hour patient education sessions
between 10/2018 and 1/2019 about breast cancer risk factors and screening
options. Patient participants completed voluntary, anonymous pre-event and
post-event surveys to determine if the presented educational program led to
attitude changes. Survey results were summarized using statistical analysis
including mean, median, range, and percentage of participants responding
and comparison of pre- and post-event fear and anxiety.

Results: Of 336 education session participants, 59.5% (200/336) completed
the pre-event and 44.3% (149/336) completed the post-event surveys,
Respondents reported decreased anxiety and fear regarding breast cancer
screening following educational sessions, with 36.1% (64/178) reporting
anxiety pre-event compared to 23.3% (31/133) post-event, although the
difference was not statistically significant (p = 0.96). Additionally, 64.7%
(55/85) of participants stated they were more likely to schedule breast cancer
screening based on individual risk factors and 98.0% (145/148) of participants
reported increased knowledge on post-event surveys.

Conclusion: This study demonstrates the importance and effectiveness of
community-based educational programs in increasing knowledge of risk-
based screening and potentially reducing anxiety related to screening.

Keywords: Screening; community; education



Category I

Enabling Patient-Driven Oncoplastic Procedures
Through Streamlined Oncology Centre Policy
Structuring

Dom Loggerenberg

Breast Care Center of Excellence Johannesburg South Africa, Parktown
West, Johannesburg

Objective: The concept of a multidisciplinary “team in oncoplastic and
reconstructive surgery has resulted in the polarity of either an oncology surgeon
doing both the oncological surgery and oncoplastic surgery or time time-
delayed referral to a plastic and reconstructive surgeon. This long-standing
quandary in breast oncology centres has provided many opportunities to study
how to ensure quality oncoplastic procedures are offered to patients. Studies of
the last two decades have listed a number of socio-economical factors ranging
from age, resources and stage of cancer, access to affordable oncoplastic
specialists which are considered as being difficult to impossible to quantify.
However, other factors which are modifiable, such as referral logistics and
patient education, can be addressed through the use of formal oncology centre
policies, and this information provided to patients and medical practitioners
outside of structured oncology centres could increase the option for patients
to receive the best standard of oncoplastic support.

Conference Abstract

Materials and Methods: At the Breast Care Center of Excellence all
patients have diagnosis and treatment plans discussed in a multi-disciplinary
meeting (MDM) including prior and post-treatment discussions with their
primary care physician. This treatment plan of action is provided by the MDM.
for the clinician’s follow-up consultation and includes all treatment options
from surgery to systemic treatment, including oncoplastic and reconstruction
discussions. The follow-up consultation is booked in conjunction with a
same-day referral to an oncoplastic specialist, normally at the same centre as
the primary physician.

Results: The policy implementation that 100% of patients receiving a
cancer diagnosis have an oncoplastic consultation on the same day as they
receive their diagnosis and potential treatment plans resulted in a 3-year
average of 99.8% reconstructive procedures with >95% choosing immediate
reconstruction to accompany their surgical procedure. This has resulted in
over 3600 oncoplastic procedures in over 2000 patients between 2000 and
2023.

Conclusion: Studies have shown that as few as 1 in 3 patients recall
discussing reconstructive options with their primary surgeons. This is
further exacerbated by up to 45% of physicians saying their own inadequate
experience with oncoplastic procedures negatively influenced their decisions
to refer patients to plastic surgeons. The implementation of same-day referral
for oncoplastic options and the offering of reconstructive procedures under a
breast specialist to all patients is a viable treatment path for all patients.

Keywords: Patient-driven; oncoplastic; sameday referral
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Category 11

Cancer Risk Assessment and Hereditary Cancer
Genetic Testing in a Community OBGYN Setting

Edith Smith, Logan Schneider, Lauren Lenz, Amanda Steele,
Katherine Johansen Taber, Royce T. Adkins

Myriad Genetics, Utah, USA

Objective: American Cancer Society, American College of Obstetricians
and Gynecologists, American College of Radiology, The American Society
of Breast Surgeons, National Comprehensive Cancer Network, and United
States Preventive Services Task Force recommend cancer risk assessment
and hereditary cancer genetic testing for appropriate individuals. It has been
previously estimated that approximately 24% of unaffected patients meet
national guidelines for hereditary cancer testing. Given the recent expansion
of hereditary cancer genetic testing guidelines and improved understanding
of the impact of genetic test results on patient management, we set out to
determine the percent of unaffected patients meeting updated genetic testing
criteria, outline breast cancer risk assessment and genetic test results, and
delineate the percent of patients in whom management change would be
recommended.

Materials and Methods: This process-intervention study included the
implementation of a hereditary cancer risk assessment process for patient
identification at 5 unique community obstetrics and gynaecology (OBGYN)
practice sites from September 2021 to November 2022. Myriad Genetics’ team
of certified genetic counselors provided pre-test patient education. Germline
genetic testing used the MyRisk multigene panel and additional breast cancer
risk stratification was based on the Tyrer-Cuzick breast cancer risk model and
RiskScore. Results disclosure and care management was performed and/or
coordinated though the community OBGYN provider. Descriptive statistics
were used for the analysis, including genetic screening and testing completion
rates.

Results: Sample Size: 5135 (4553/5135 [88.7%] provided a family history)
Met NCCN Testing Criteria: 1285/4553 (28.2%)

Patients offered Genetic Testing of those who met guidelines: 1145/1285
(89.1%)

Submitted a Sample for Genetic Testing: 515/1145 (44.97%)
Completed Testing: 439/515 (85.2%)
Number of Patients with Pathogenic Variants* — 14/439 (3.2%): 1 BRCAZ2,

2 PALB2, 4 CHEK2, 1 MSHG6, 1 PMS2, 1 BRIPI, 1 RAD51C, 2 HOXB13,
2 MITF

*1 patient was a carrier of >1 pathogenic variants.

Tyrer-Cuzick and RiskScore Risk Assessment:

Overall % of women with a lifetime risk of breast cancer >20%: 36.5%
Conclusion: More than 28% of individuals meet national guideline criteria
for genetic testing, a clinically meaningful increase from previous findings of
24%. In addition, 36.5% of patients in which pathogenic variants were not
identified are also deemed to be at elevated risk for breast cancer and warrant
considerations for medical management change. Comprehensive cancer risk
assessment identifies patients at elevated risk and helps to ensure that medical
management is tailored to the appropriate risk level for each patient.

Keywords: Risk assessment; hereditary cancer; community setting

Subcategory 2A: Nursing and Innovative Nursing Roles

Breast Implant Surgery; Risks and Health
Complications

Jessica Prothe, Brenda Kozak, Paul Rozovics, Robyn Sykes,
Michael Taccona

Northern Illinois University, USA

Objective: Understand the complications of breast implant surgery, breast
implant illness (BII), breast implant-associated anaplastic large cell lymphoma
(BIA-ALCL), and breast implant-associated squamous cell carcinoma (BIA-
SCC). Understand why universal screening for implantable devices is a
proposed addition to the nursing process and how utilizing this screening
tool can enable illness-specific care in a timely manner. Current research on
breast implant surgery demonstrates a risk of health complications: BII, BIA-
ALCL, and BIA-SCC. Impacting patient safety worldwide, it is not standard
healthcare practice to screen every patient at every healthcare encounter for
the presence or absence of an implantable device or a history of an implantable
device, specifically breast implant devices. However, by not doing so, nurses
and other healthcare providers may miss the opportunity to identify systemic
illness or cancer that could be related to breast implant devices. A lack of
provider and nursing awareness and a knowledge gap regarding BII, BIA-
ALCL, and BIA-SCC were also identified, and this is a significant patient
safety concern.

Materials and Methods: To facilitate the research process, dependent
and independent variables were identified. Internet database searches and
widespread exploration of Medline, CINAHL, Google Scholar, and PubMed
were conducted for peer-reviewed studies on this research topic.

Results: Estimates show over 300,000 women had breast implant surgery
in 2019 (McKernan et al., 2021). Studies from the United States, Canada,
Europe, and South America demonstrate that BII is a global phenomenon.
Watad et al. (2018), in their cross-sectional study, analyzed population
data from a 20-year time period that identified 24,651 women with breast
implants with symptoms of BIL Lack of provider follow-up has led to
underreporting of BII, BIA-ALCL, and BIA-SCC cases. The U.S. Food and
Drug Administration recognizes BII, BIA-ALCL, and BIA-SCC as potential
risks and health complications of breast implantation. Black box warnings
have now been added to breast implants.

Framework: The IOWA model was chosen to guide the proposed evidence-
based practice update and change.

Conclusion: To identify those at risk for implant-related illnesses, universal
screening for implantable devices is proposed. Universal screening for
implantable devices is defined as assessing all patients at every healthcare
encounter for the presence of an implantable device or a history of an
implantable device. Universal screening for implantable devices determines
which patients are at risk for implantable device-related systemic illness or
cancer and enables illness-specific care promptly. Successful evaluation
occurs when healthcare providers” standard practice screens all patients for
implantable devices.

Keywords: Breast implant surgery; risks and health complications of breast
implant surgery; screening for implantable devices
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Category I1

Analysis of a South African Accredited Cancer Centre -
Suspected Correlation between BMI and Biology

Dom Loggerenberg

Breast Care Center of Excellence Johannesburg South Africa, Parktown
West, Johannesburg

Objective: The Breast Care Center of Excellence Johannesburg, South
Africa, has been undergoing database reviews as part of its accreditation
procedure since 2016; this has driven a number of research questions to arise
due to database correlations. Since the drive to personalised oncology and the
treatment of cancer subtypes based on the biology of cancer, the ability to
search for correlations between presented biology and the associated causes of
such biology rising has become possible.

Materials and Methods: Analysis of the complete database from 2016
to 2022 showed a number of patients having complete medical workups
included in the initial clerk, including their body mass index (BMI); this data
was correlated to their pathologically determined biology (LumA, LumB,
Her2, TripNeg) and each subgroup was compared to the normal distribution
of BMI based on the local population range. Further, Pearson’s R assessment
was performed to determine the degree of variation between these groups and
the control, and the statistical significance of this variation was done via chi-
squared analysis.

Results: For the Groups of Luminal A and human epidermal growth factor
receptor 2 (HER2), the deviation from the statistical norm came in at less than
5%, showing that there is no significant relationship between these cancer
biological subtypes and the expected normal distribution. However, for both
the HER2 groups and the Luminal B group, there was a significant deviation
from normative distribution, around 30% deviation towards larger BMI in
the HER2 group and a 45% deviation in the Luminal B group; this incredibly
large deviation shows that with a p-value of 0.05, the majority of a greater
majority of Luminal B patients would fall into the category of overweight to
Obese that not, and this deviates from the population norm at a rate exceeding
1 in three patients.

Conclusion: Large studies to assess the correlation between BMI and biology
are required to confirm this observation; internally, this assessment with be
included as a prospective review with all patients’ BMI and Biology being
recorded. This will prompt the assessment of the impact of hormone-sensitive
cancers and their prevalence, including additional risk factors such as BMI.

Keywords: Body mass index; biology; correlation
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Understanding the Psychological Effects of Attending
Regular Cancer Screenings

Marianne Kiernan, Greg Haggerty

Mather Hospital, Northwell Health, USA

Objective: To better understand the psychological effect of breast cancer
screening on patients in an outpatient Breast Center. Correlations between
psychological symptomatology, worry about cancer and being screened for
breast cancer were studied.

Materials and Methods: The Breast Center was established in 1995. In
2023, a total of 8,462 patients were screened for breast cancer. Upon referral
to the Breast Center, patients were approached to determine their interest in
participating in the research study. Participants were required to complete
three instruments, as follows: 1) Demographic Form (13 items); 2) Cancer
Worry scale (6 items, higher scores are indicative of more worry about cancer);
and the Indices of Pathophysiology-SPECTRA Assessment Scale (96 items).
The Cancer Worry scale assesses concerns about cancer recurrence and the
impact of these concerns on daily functioning. SPECTRA includes 12 clinical
scales providing direct measurement of conditions, such as: depression,
anxiety, social anxiety, and post-traumatic stress, The Cancer Worry Scale and
SPECTRA are valid measures that have been used in past research in a manner
currently being used in this research study.

Results: The sample included 154 participants with an average age of 59.3
years (range 30—85; standard deviation = 12.8). The ethnicity majority was
93.4% Caucasian American. 55.2% of participants reported being currently
employed. 21.4% reported a history of cancer, 9.1% reported a history of
breast cancer and 33.8% reported a family history of cancer. Higher scores on
the Cancer Worry Scale were related to SPECTRA scores on depression (r =
0.35, p<0.001), anxiety (» = 0.39, p<0.001), post-traumatic stress (r = 0.21, p
= 0.03), and the general psychopathology index (r = 0.28, p = -0.27). There
was a relationship between how treatable the participant thought cancer was
and depression scores (r= 0.27, p= 0.01). Those who reported poorer overall
physical health also reported more anxiety about cancer (r= 0.24, p<0.01).

Conclusion: Being screened for cancer is thought to be an anxiety provoking
experience for patients and possibly more so for those with a personal or family
history of cancer. Nevertheless, many patients currently do not receive regular
screening tests. As a result, psychological anxiety and other forms of emotional
distress go undetected; and, as a result, not treated in a timely manner.
Including psychological assessment of patients being screened for cancer
facilitates early intervention to help ameliorate possible psychopathology
associated with cancer screening.

Keywords: Psychological assessment; breast cancer; cancer fear; anxiety;
breast cancer screening
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Patterns of Practice for Prophylactic Lymphedema
Sleeve Prescription at a Tertiary Care Center

Anhmai Vu', Jessica E. Burlile?, Yasamin Sharifzadeh?,
Meghan K. Huber?, Daniel K. Ebner?, Alexandra K.
Bennett?, Jennifer L. Bradd?, Kimberly S. Corbin®

'Mayo Clinic, Alix School of Medicine, Minnesota
“Mayo Clinic, Department of Radiation Oncology, Minnesota

Objective: Studies have shown that prophylactic compression sleeve use
following axillary lymph node dissection (ALND) for breast cancer (BC) can
reduce the incidence of arm swelling in women at high risk for lymphedema.
As of January 2024, Medicare Part B has expanded to include coverage of
lymphedema compression treatment items, but currently, only 38% of US
private insurance policies include a statement of coverage for lymphedema
treatment. To understand prophylactic sleeve prescription patterns prior to
this expansion, we identified potential factors associated with prophylactic
sleeve prescription at our institution.

Materials and Methods: Using the electronic medical record, we
identified patients who had a lymphedema therapy (LT) referral within three
months of ALND between May 2022-August 2023. Patients were excluded if
they did not undergo a true ALND (<10 nodes removed), if they did not have

a BC diagnosis, or if they did not have complete LT records. Chi-squared and
ANOVA tests were executed to assess relationships between sleeve prescription
and patient factors.

Results: Eighty-two patients had a diagnosis of BC and an LT referral
following ALND. Median age at diagnosis was 53 years and a median of 20
nodes were removed at ALND. Most (70%) patients underwent mastectomy,
while the remainder underwent lumpectomy, chest wall wide local excision,
or ALND alone. Nearly all (88%) patients had private insurance, while 8.5%
had exclusively Medicaid and 3.7% had only Medicare or Tricare. About a
quarter (21/80; 26.3%) of patients received prophylactic lymphedema sleeve
prescriptions, and prescriptions were not associated with type of breast
surgery, dominant side ALND, number of nodes removed, percentage of
positive nodes, body mass index, smoking status, prior cellulitis, cup size, or
type of insurance. Younger patients were more likely to receive a prophylactic
compression sleeve prescription, but this did not meet statistical significance

(p = 0.055).

Conclusion: None of the factors that we examined were associated with
receiving prophylactic compression sleeve prescription. However, specific
private insurance policies may be a barrier for patients wishing to receive
prophylactic compression treatment. Given the recent lymphedema sleeve
coverage expansion by Medicare, we hope to use our data to compare sleeve
use before and after this change in the future. Additionally, education about
the benefit of prophylactic compression sleeve use may also increase the rate
of prescriptions.

Keywords: Lymphedema; prophylactic; compression sleeve
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Performance Metrics of Screening Digital Breast
Tomosynthesis Based on Age

Manisha Bahl

Massachusetts General Hospital, Harvard Medical School, Boston

Objective: The United States Preventive Services Task Force (USPSTF)
recently updated its guidelines for screening mammography, recommending
that all women begin screening at age 40 (rather than 50). The USPSTF also
identified research gaps, one of which is that “research is needed to determine
the benefits and harms of screening for breast cancer in women aged 75 years
or older.” The purpose of this study is to determine the performance metrics
of screening digital breast tomosynthesis (DBT) based on age.

Materials and Methods: In this institutional review board-approved
and HIPAA-compliant study, screening mammograms obtained from 2013
to 2019 at an academic medical center were retrospectively reviewed. All
screening mammograms consisted of combined digital 2D mammography
and DBT. Each mammogram was classified as a true-positive, true-negative,
false-positive, or false-negative examination based on one-year follow-up data.
Performance metrics were calculated according to standard definitions in the

BI-RADS Atlas and compared among age groups using logistic regression
models.

Results: Over the study period, 93,619 women (mean age 57 years, standard
deviation 12 years) underwent 302,703 screening DBT examinations. The
cancer detection rate (CDR) ranged from 2.9 per 1,000 examinations
(208/70,549) in women aged 40-49, to 8.3 per 1,000 examinations
(399/48,205) in women aged 70-79, to 10.6 per 1,000 examinations
(127/12,021) in women aged 80+ (p<0.001). Positive predictive value (PPV)
1 and sensitivity were lowest in women aged 40-49 (3.2% and 72.5%,
respectively). PPV1 was highest in women aged 80+ (19.2%), and sensitivity
was highest in women aged 70-79 (91.7%). Abnormal interpretation rate
(AIR) was highest and specificity was lowest in women aged 40-49 (9.3% and
91.0%, respectively). AIR was lowest and specificity was highest in women
aged 80+ (5.5% and 95.5%, respectively).

Conclusion: CDRs increase with advancing age, while false-positive rates
decrease with advancing age. The CDR is 2.9 per 1,000 examinations in
women aged 40—49, which is within the American College of Radiology
acceptable range of 2.5 or more cancers per 1,000 examinations. CDRs are
higher than 8 per 1,000 examinations in women aged 70 and above, while
AlIRs are below 6%. Given that the CDRs are high in older women and the
potential risks of false-positive examinations are low, our study supports
guidelines recommending that screening decisions be based on individual
preferences and health status rather than age alone.

Keywords: Screening; tomosynthesis; age
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De-Escalation of Endocrine Therapy After Mastectomy
for Ductal Carcinoma In Situ

K. Lupinacci, A. Hamed, E. Truong, A. Soran

Breast Surgical Oncology, Magee-Womens Hospital, UPMC

Objective: Ductal carcinoma in situ (DCIS) of the breast may be treated
locally with either breast conservation therapy, involving segmental
mastectomy followed by radiation, or total mastectomy. Per current guidelines,
hormone-positive DCIS is then treated systemically with adjuvant endocrine
therapy (aET). We sought to determine whether a significant benefit exists
for aET following both bilateral and unilateral total mastectomy for DCIS.

Materials and Methods: We conducted a retrospective cohort study of
DCIS cases treated surgically with mastectomy between 2010 and 2022 at
a high-volume academic cancer center. Only patients diagnosed with pure
DCIS on final surgical pathology were included in this analysis. We evaluated
recurrence rates and survival outcomes after unilateral total mastectomy
(UTM) or bilateral total mastectomy (BTM) performed for DCIS, with or
without aET.

Results: A cohort of 290 patients were included and evaluated, 46
underwent BTM and 244 underwent UTM. In BTM group, mean age (+
standard deviation) was 55.8+12 years and median follow-up duration &
interquartile range (IQR) was 58 (27-96) months. For BTM, 40 patients
(87%) did not receive aET, with no reported recurrences and one mortality
unrelated to breast cancer. In UTM group, mean age was 61.1+12 years,
and median follow-up time was 61 (IQR 37.5-94) months. For UTM, 158
patients (65%) did not receive aET, with two recurrences (1%), one mortality
due to metastatic breast cancer and 13 mortalities unrelated to breast cancer.
For UTM, 82 patients (35%) received aET, with one recurrence (1%), with
subsequent breast cancer related mortality and five mortalities unrelated to

breast cancer.

Conclusion: Our data demonstrated no significant oncologic benefit related
to aET for patients with pure DCIS on final surgical pathology, following
either BTM or UTM, at 5-year follow-up. This conclusion supports the
current recommendation for individualized discussion of the risks related to
side effects versus benefits including risk reduction in the contralateral breast
in the setting of UTM and reduction of invasive systemic recurrence in this
specific cohort. Further investigation examining the balance of potential side
effects and impact on compliance of aET is needed to understand this risk

benefit ratio and to improve treatment guidelines.

Keywords: De-escalation; mastectomy; endocrine therapy
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Category IT1-A: Diagnostic Imaging 2. Ultrasound

Axillary Ultrasound of Patients With and Without
Breast Cancer: Sonographic Predictors of Malignancy

J. Gul, E. H. Dibblé¢?, G. L. Baird?, S. Ram?®

!Roger Williams Medical Center, Providence, RI
2Rhode Island Hospital/Lifespan Health System, Providence, RI
IRochester General Hospital, Rochester, NY

Objective: Considerable overlap exists between benign and malignant
sonographic axillary nodal features, especially in patients without a known
breast cancer (BC) diagnosis. Biopsy criteria, including cortical thickness cut-
offs for patients without BC (woBC), are not defined. In this study, we aim
to compare the malignancy risk of sonographic features of abnormal axillary
lymph nodes in patients with and without a concurrent BC diagnosis.

Materials and Methods: Upon institutional review board approval,
women who underwent ultrasound (US) guided axillary lymph node fine
needle aspiration or core needle biopsy in community imaging sites from
January 1, 2015 to October 26, 2021 were identified. Patients with a history
of recent COVID-19 vaccination, non-nodal findings, nodal calcifications
as lone finding, or no available reports of associated diagnostic study or
subsequent pathology were excluded. Patients were categorized based on
presence of concurrent BC diagnosis; sonographic and pathologic data were
then collected. All statistical modeling was conducted using generalized linear
modeling using a binary distribution.

Results: Final analysis included 86 women woBC and 106 women with
breast cancer (WBC). For woBC patients, the odds of malignancy increased
3-fold [odds ratio (OR): 4.1, 95% confidence interval (CI) (1.501, 11.055)]
when an absent hilum was noted on US relative to preserved hilum; for wBC
patients, the odds increased almost 27-fold [OR: 27.9 (3.573, 218.201)],
<0.001. For woBC patients, the odds of malignancy increased 19% [OR:
1.19 (0.94, 1.52)] for every unit increase in cortical thickness (mm); for
wBC patients, the odds increased 73% [OR: 1.7 (1.23, 2.43)] for every unit
increase, p<0.001. For woBC patients, the odds of malignancy increased
150% [OR: 2.5 (1.3, 5.1)] for every cm increase in the short axis dimension;
for wBC patients, the odds increased 300% [OR: 20.95 (4.1, 105.99)] for
every unit increase, p<0.001. A 3 mm cortical thickness in wBC patients had a
30% likelihood of malignancy; an 11 mm cortical thickness in woBC patients

had a 30% likelihood of malignancy.

Conclusion: In all patients, sonographic axillary nodal features of absent
hilum, increased nodal size, and cortical thickness were found to predict
malignancy; however, malignancy rates were much higher in the wBC group
than in the woBC group for the same imaging findings. These results suggest
it may be reasonable to use higher cut-offs for criteria such as cortical thickness
when determining need for biopsy in wBC vs woBC patients.

Keywords: Axillary ultrasound; prediction; malignancy
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The Effect of Sentinel Lymph Node Biopsy on
Immediate Implant-Based Breast Reconstruction:
A NSQIP Study

Amanda N. Awad, Samantha Scott, Hanaa Shihadeh, Ashar Ata,
Christa Abraham

Albany Medical Center, New York, United States

Objective: The surgical management of breast cancer continues to evolve,
and plastic surgeons continue to play an important role. The status of axillary
lymph nodes is one of the most important factors impacting treatment
and decision making. Sentinel lymph node biopsy (SLNB) is considered
standard of care for evaluation of the axilla in patients with clinically node-
negative breast cancer, but this does not come without its own morbidity.
As the majority of patients who undergo immediate reconstruction choose
implant-based reconstruction, it is imperative we explore how this is impacted
by concurrent SLNB. The aim of this study is to use the National Surgical
Quality Improvement Program (NSQIP) database to determine if SLNB at
the time of mastectomy with immediate implant-based breast reconstruction
affects patient outcomes.

Materials and Methods: The American College of Surgeons-NSQIP
(ACS-NSQIP) data between 20162021 was accessed to identify patients
who underwent mastectomy and immediate breast reconstruction with
implant or tissue expander (CPT codes 19303 and 19340). From this cohort,
patients who underwent SLNB (CPT 38525 or 38500) were divided into two
groups, those who underwent SLNB at the time of mastectomy and those
who did not. Rates of complications including overall morbidity, surgical site
infections, wound complications, development of DVT or PE, unplanned
reoperation, readmission, length of stay, and operative time were compared
using the Pearson chi-squared test.

Results: 32,171 patients underwent mastectomy with immediate implant-
based breast reconstruction and were included in the analysis. 22, 807 patients
underwent SLNB while 12,419 patients did not. There were no significant
differences in overall morbidity, surgical site infections, need for additional
unplanned procedures, length of stay, or operative time between the two
groups. There was a significantly higher rate of unplanned readmission in the
biopsy group (p = 0.002).

Conclusion: SLNB performed at the time of mastectomy and immediate
implant-based breast reconstruction does not increase overall morbidity,
length of stay, or operative time compared to immediate breast reconstruction
performed without SLNB. Unplanned readmission rates were significantly
higher in the SLNB group. This NSQIP analysis of 32,171 patients suggests
that performing SLNB at the time of implant-based breast reconstruction
does not compromise outcomes of the operation.

Keywords: Immediate; implant-based; reconstruction; sentinel lymph node
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Predictors of Axillary Complete Pathologic response in
Hormone Receptor Positive, HER2 Negative Clinically
Node-Positive Breast Cancer

Christina Layton, Anshumi Desai, Youley Tjendra, Eli Avisar

University of Miami, USA

Objective: Neoadjuvant therapy can downstage the axilla, reducing the
need for an axillary dissection. In addition, obtaining a complete pathologic
response in the axilla is associated with a better 10 year overall survival. Our
institution previously reported axillary response rates in hormone positive,
human epidermal growth factor receptor 2 (HER2) negative, clinically node-
positive breast cancer patients undergoing neoadjuvant therapy in a small
cohort of patients. The cohort however was too small for a deeper dive into
potential predictors of response. In this current study, we sought to expand
this cohort of patients until 2022 almost doubling the number of patients to
better evaluate for potential predictors of response.

Materials and Methods: A single-institution retrospective cohort study
included hormone receptor-positive, HER2 negative, clinically node-positive
breast cancer patients treated with neoadjuvant therapy, cither endocrine
or chemotherapy, between January 2011 to December 2022. The data was

divided in patients with cPR and no cPR in the axilla. The primary outcome
was to identify demographic and clinicopathologic parameters that co-related
to PR in the axilla. Chi-square test or Fisher’s exact test for categorical
variables and t-test for continuous variables were performed. Logistic
regression analysis was performed to assess clinical factors associated with the
number of complications.

Results: Two hundred breast cancer patients met the inclusion criteria.
They were divided into two cohorts: patients with axillary cPR rate 12% (n
= 24) and no axillary cPR 88% (n = 176). The mean age was 52.17 [standard
deviation 11.5]. The demographic profile of patients, tumor characteristics,
and treatment is described in Table 1. Amongst the patients who underwent
genomic profile (n = 25), 76% (n = 19) had Mammprint done, while 24%
(n = 6) had Oncotype. There were 2 patients with cPR in the axilla who
had mammaprint performed, both of which were found to be high risk.
For patients who underwent chemotherapy, approximately 13.6% achieved
axillary cPR. For patients who underwent hormone therapy, approximately
6.5% achieved axillary ¢cPR (p = 0.29). A significantly higher axillary cPR
rate was identified in patients with clinical stage II at diagnosis (14/70, 20%)
compared with stage I1I (10/128, 7.8%; p = 0.013). Patients with axillary cPR
had on fewer lymph nodes removed at the time of surgery, 8 vs. 16 (p = 0.001).

Conclusion: An axillary cPR in hormone receptor-positive, HER2 negative,
clinically node-positive breast cancer patients was higher in those patients
with a lower clinical stage (stage II). Patients with a ¢cPR were able to avoid
an axillary dissection. A larger cohort of patients is necessary to define more
possible predictors of axillary response rate to neoadjuvant therapy.

Keywords: Predictors; complete pathologic response; luminal node positive

Table 1.
No complete pathologic response Complete pathologic response (cPR) p-value
(cPR) in axilla in axilla
(n=176) (n = 24)
Age 52.5852273 49.125 0.06019888
[SD 11.722682] [SD 9.71020306]
Pre-menopausal n = 80 (45.4%)
Menopausal status Post-menopausal n = 95 (54 %) Pre-menopausaln =15
Unknown = 1 (0.56%) Post-menopausal n =9
White n =43 (24.4%) Whiten=8
e African American n = 39 (22.15%) African Americann =5
Hispanic n = 93 (52.8%) Hispanicn = 11
Asian n =1 (0.56%) Asiann=0
IDC 158 (89.77%) 23
ILC 15 (8.5%)
Others/unknown 3(1.7%) 1
Neo-adjuvant treatment p=0.29
Chemotherapy 133 21
Hormone therapy 43 3
Grade 1 23 4
Grade 2 98 8
Grade 3 49 10 p=0.161
Unknown 2
Stage 0 0
Stage | 0
Stage Il 56 14
Stage Il 118 10 p=0.013
Stage IV 2 0
Mean number of nodes resected 16.14367816 8.625 p<0.001





