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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, novel
ideas, basic and translational research studies, clinical and 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 as it is
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 (100%) 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.

Open Access Policy is based on the rules of the Budapest Open Access Initiative
(BOAI) http://www.budapestopenaccessinitiative.org/. By “open access” to peer-
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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 journalis English. The target audience of the journalincludes 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.

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
specificother 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, or any other material in
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 (100$) 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
$100

Free of charge

Article type
Original articles
Editorial comment

Review article (No application fee will

be charged from invited authors) 3100

$100

Free of charge

Case report

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

$100

Current opinion

Systematic review

When and How do | pay?

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

European
Journal

of
Breast
Health

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 Hastaliklar 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.eurjbreasthealth.com.
Manuscripts submitted via any other medium will not be evaluated.
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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.

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.

A-VI

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
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Dear Readers,

The European Journal of Breast Health is celebrating its 20" anniversary. We want to thank our editors, editorial advisory board
members, reviewers, authors, and you, our readers, and our publisher, who have contributed to our journal during this process.

The European Journal of Breast Health (Eur J Breast Health) is an international, scientific, open-access periodical published by an
independent, unbiased, double-blinded, peer-reviewed journal. It is the official publication of the Turkish Federation of Breast
Diseases Societies, and the Senologic International Society (SIS) and the National Consortium of Breast Centers (NCBC) are the official
supporters of the journal. Our journal is indexed in PubMed, PubMed Central, Web of Science (ESCI), Scopus, DOAJ, EBSCO, Embase,
CNKI, TURKMEDLINE, EBSCO - CINAHL Complete, Embase, and Gale, and the articles accepted in our journal are published free of
charge. Our estimated Journal Impact Factor (JIF) Value for 2024 is 1.64.

Breast cancer treatment has always been a pioneer for other cancers throughout history. The hypothesis of radical surgical
intervention in every patient, which started with WS Halsted in the 1870s, turned into a systemic treatment hypothesis in the 1970s,
which proposed a multidisciplinary approach to each patient with surgery, chemotherapy, radiotherapy, and endocrine therapy. In
the last millennium, thanks to a better understanding of the molecular biology of the tumor and tumor genetics, and treatment have
started to be personalized medicine, the importance of immune checkpoints and immunotherapy in treatment has increased, and the
life expectancy of patients has been prolonged.

One of the most significant changes in the treatment of breast cancer today is that nearly three-quarters of patients, including
patients diagnosed at an early stage, start their first treatment with chemotherapy. The increase in the number of patients who
respond entirely to neo-adjuvant chemotherapy and the survival time of the studies conducted with new modern therapies has made
chemotherapy the first treatment, especially in breast cancer, which has a poor prognosis such as HER-2 positive and triple negative.

The disappearance or shrinkage of the tumor with neo-adjuvant chemotherapy and the conversion of the axilla from positive to
negative have increased the rate of breast-conserving surgery and oncoplastic surgery for breast cancer. Studies also show that axillary
dissection can be avoided in cases where the axilla is negative or axillary involvement significantly reduced after chemotherapy.

We want to thank everyone who has contributed to our journal's 20 years of existence. We wish to continue successfully serving
breast health and science for extended periods.

Warm regards,

Vahit Ozmen, MD, FACS
Professor of Surgery
Editor-in-Chief

European Journal of Breast Health
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ABSTRACT

Artificial intelligence (Al) and digital pathology are transforming breast cancer management by addressing the limitations inherent in traditional
histopathological methods. The application of machine learning algorithms has enhanced the ability of Al systems to classify breast cancer subtypes,
grade tumors, and quantify key biomarkers, thereby improving diagnostic accuracy and prognostic precision. Furthermore, Al-powered image analysis has
demonstrated superiority in detecting lymph node metastases, contributing to more precise staging, treatment planning, and reduced evaluation time. The
ability of Al to predict molecular markers, including human epidermal growth factor receptor 2 status, BRCA mutations and homologus recombination
deficiency, offers substantial potential for the development of personalized treatment strategies. A collaborative approach between pathologists and Al
systems is essential to fully harness the potential of this technology. Although Al provides automation and objective analysis, human expertise remains
indispensable for the interpretation of results and clinical decision-making. This partnership is anticipated to transform breast cancer care by enhancing
patient outcomes and optimizing treatment approaches.

Keywords: Artificial intelligence; breast cancer; pathology; Al

Cite this article as: Dur Karasayar AH, Kulag I, Kapucuoglu N. Advances in breast cancer care: the role of artificial intelligence and digital pathology in
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Key Points

e Artificial intelligence (AI) can assist pathologists in enhancing the precision of molecular assessments in breast cancer, while also reducing the time
required for evaluation.

* Al has the potential to predict key molecular markers, including HER2 status, BRCA mutations, and homologous recombination deficiency, directly
from Hematoxylin & Eosin (H&E) slides.

e Al is best utilized as a complementary tool, working in tandem with pathologists to optimize the diagnostic workflow and ensure the most accurate
and timely care for patients.

Introduction biomarkers faster and in a more accurate way, ultimately leading to
. . i better patient outcomes and more personalized treatment plans.
Breast cancer is one of the most prevalent and challenging diseases

in the field of oncology. Given the diverse subtypes and variable Ay encompassing ML and DL techniques, offers robust tools for

responses to treatment, accurate diagnosis, prognosis, and prediction analyzing complex datasets and uncovering patterns that may be
of treatment outcomes are vital for effective management. Microscopic . . ..
T . . . .. imperceptible to humans. In breast cancer care, Al applications
examination, though reliable, is subject to known limitations, o . . . . .
) .. . o o can aid in tasks ranging from automating histopathological analysis
including intra- and inter-observer variability. In the era of artificial

intelligence (AI), machine learning (ML) and decp learning (DL) to predicting treatment outcomes. The emergence of biomarkers

algorithms enhance the ability of histopathologists to make more
accurate and reproducible diagnoses. These technologies offer a
plethora of advances, such as interpreting complex patterns in breast
cancer histology, streamlining time-consuming tasks like lymph node
metastasis detection, or scoring predictive immunohistocemical
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evaluable through immunohistochemistry (IHC) and the inclusion of
parameters, such as tumor infiltrating lymphocyte (TIL) percentage
and treatment effects in synoptic reports have rendered the reporting
process for breast cancer increasingly detailed and labor-intensive (1,

2). The evaluation of these parameters, however, is relatively subjective,
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necessitating the development of more standardized methods and the
use of objective tools to ensure consistency and reliability in reporting.

By addressing the need for reproducibility and leveraging the vast
datasets generated from histological slides, Al can augment the
capabilities of histopathologists and oncologists, leading to enhanced
accuracy and efficiency in breast cancer management.

The aim of this review was to provide a comprehensive overview of the
current state of Al in breast pathological analysis with its diagnostic,
prognostic, and predictive aspects. The techniques employed, the
clinical implications, and the challenges that need to be addressed for
broader implementation will all be addressed in the following article.

Breast Cancer Detection and Classification

The accurate classification of breast cancer is critical, as each subtype
responds differently to treatment protocols. Misclassification can
lead to suboptimal treatment decisions and compromised patient
outcomes. To address this challenge, a comprehensive evaluation of
morphological, IHC, and molecular features is essential. These tools
hold the potential to significantly reduce time required for diagnosis
while increasing accuracy, allowing for quicker therapeutic decisions
and high concordance (3-6). The emergence of Al in the field of breast
cancer classification marks a significant departure from conventional
diagnostics, making a more nuanced and comprehensive analysis of
tumors possible for future discoveries. Among notable contributions to
this field, Cruz-Roa et al. (5) and Fondén et al. (6) have demonstated
the potential of Al in detecting invasive ductal carcinoma within the
surrounding breast parenchyma. Studies such as those by Yamamoto
et al. (3), Han et al. (4) and Sharma and Mehra (7) have shown how
DL models can classify breast cancer with remarkable accuracy. Han
et al. (4) further illustrated the ability of Al algorithms to distinguish
between ductal, lobular, mucinous and papillary morphology of
breast carcinoma as well as benign proliferative lesions of both
stroma and epithelium. Sandbank et al. (8) have taken this a step
further by developing an algorithm capable of distinguishing between
low- and high-grade 77 situ ductal and lobular carcinoma, as well
as differentiating in situ from invasive carcinoma. In addition, the
algorithm was reported to be adept at differentiating atypical ductal
hyperplasia from ductal carcinoma iz sizu. By distinguishing between
low- and high-grade in situ lesions and between atypical ductal
hyperplasia and ductal carcinoma 7z situ, this algorithm addresses
one of the most critical challenges in histopathology - the accurate
classification of early-stage lesions that carry different prognostic
implications. Such precise differentiation is important for determining
the appropriate treatment pathway, thereby reducing the likelihood of
overtreatment or undertreatment.

Breast Cancer Grading

Cancer grading is widely recognized as the most important prognostic
factor for the majority of tumor types, including breast cancer. However,
intra- and inter-observer variability, coupled with the inherent
subjectivity in histopathological assessment, makes histological grading
far from perfect. While promising, molecular methods are often time-
consuming and costly. This is where Al may again be of benefit with a
transformative potential. Al algorithms, capable of stratifying tumors
based on features beyond traditional morphology, offer a promising
avenue for the future of cancer diagnostics.

The integration of Al in the histological grading of breast cancer marks
a significant advance in pathological assessment, offering enhanced
accuracy, reproducibility, and efficiency. The complexity of breast
cancer diagnostics, characterized by diverse histopathological features,
has historically posed challenges for consistent and reliable grading.
Subsections like mitotic figure count, tubule formation, and nuclear
grading are revolutionized by the Al models offering a predictive
accuracy that enhances human analysis. This level of granularity
in grading is not merely academic; it directly translates to more
accurate patient prognoses and informs treatment efficacy. Al-driven
approaches, particularly DL models, address these issues by providing
objective analyses (Table 1).

Evaluation of Tubule Formation

One of the components of histological grading of breast cancer is
assessment of tubule formation. Romo-Bucheli et al. (9) demonstrated
the potential of DL classifiers in identifying tubule formation in
estrogen receptor-positive (ER+) breast cancer whole slide images.
Their findings showed a strong correlation between the tubule
formation indicator and genetic risk categories, suggesting that
automated quantification can offer a more consistent method for
assessing tumor aggressiveness. Mantrala et al. (10) also demonstrated
that AI models could accurately assess tubule formation, matching the
performance of experienced pathologists and reducing inter-observer
variability. This consistency is key to reliable prognostic evaluations
and tailored treatment strategies.

This advance aids personalized treatment decisions by providing
a reliable metric for tumor grading, opening up a new avenue for
correlating histological features with genomic assays. This correlation
is important as it could potentially reduce the need for costly genetic
testing by substituting it with Al analysis of standard histological
slides, making prognostic testing more accessible and cost-effective.

Counting Mitoses

Counting mitoses, a pivotal component of breast cancer grading, is
also one of the most time-consuming processes for histopathologists
from all levels of expertise. It is known to have significant inter- and
intra-observer variability, yet it is directly associated with tumor
aggressiveness and grading. Al has demonstrably enhanced the
reliability of mitotic figure detection by removing time constraints
and variability. Studies by Balkenhol et al. (11) and Li et al. (12)
demonstrated the clear advantages of DL-based automated mitotic
counting over traditional manual methods. Moreover, Pantanowitz et
al. (13) and Nateghi et al. (14) addressed this issue by integrating an
Al tool designed for mitotic figure detection. Their findings indicated
significant improvements in accuracy, precision, and sensitivity in
tumor proliferation rate assessment. These findings improve the
consistency in grading by reducing interobserver variability, enhancing
both workflow efficiency and diagnostic confidence.

Nuclear Grade Assessment

Nuclear grading, which involves assessing nuclear size, shape, and
pleomorphism, can be subjective due to the variations in human
interpretation. It requires expertise and, on many occasions, it is not
an easy task to distinguish nuclear grade 1 from 2 or 2 from 3. Thus,
grade 2 has been used as a safety net for many pathologists since this
differentiation is more challenging simply due to inability to notice



Dur Karasayar et al. Al and Digital Pathology in Breast Cancer Care

Table 1. Major Al-based digital pathology applications for classification and grading of breast cancer

Year Author(s) Study aim
Yamamoto et  Detection and classification of
2017 . I
al. (3) ductal carcinoma in situ
2017 Han et al. (4) Multl-cla55|F|cat!on of breast cancer
histopathology images
2017 ST ES Invasive tumor extent evaluation
al. (5)
Fondén et al. Classify breast tissue samples into
2018 .
(6) four malignancy levels
Automatic multi-classification of
2020 IR breast cancer histopathological
Mehra (7) . P g
images
2022 Sandbank et Subtypes of invasive carcinoma and
al. (8) TIL evaluation
2016 Romo-Bucheli Automated tubule nuclei detection
et al. (9) and correlation with Oncotype DX
2022 Mantrala et al. Concordance in breast cancer
(10) grading by Al vs pathologists
Balkenhol et Deep learning-assisted mitotic
2019 .
al. (11) counting for breast cancer
2018 Li et al. (12) Detection, .verlflcatlf)n, fxnd
segmentation for mitosis
Pantanowitz Accurate and efficient mitosis
2020 .
etal. (13) counting
2021 Nateghi etal. Mitosis detection in tumor
(14) proliferation prediction
Wang et al. Improved breast cancer histological
2022 .
(15) grading
Elsharawy et Improved grading for refined
2021 . 2
al. (16) prognostic classification
2021 Zewdie et al. Classification of breast cancer types

(17)

and grades using deep learning

# of Al approach used Performance metrics

Patients/

patches

22 SVM 90.9% accuracy
Class structure- o

82 based deep CNN 93.2% accuracy
Class structure- o

349 based deep CNN 75.9% accuracy
Feature vector + o

150 SUM 75.8% accuracy

82 SVM 94% accuracy

436 CNN AUC: 0.99

174 Deep neural network 89% accuracy
Deep learning

137 for semantic 65.9% accuracy

38

50

32

73

>1

>1

82

segmentation

8 CNN R =10.810 (95% CI: 0.76-0.86)
BBl ke ction F-score: 0.827
network

0 SHERLL (e Improved accuracy with Al
CNN)
SVM F-score: 0.738

000 CNN AUC: 0.91 (95% Cl: 0.88-0.93)

000 CNN AUC: 0.68 (95% Cl: 0.65-0.71)
Deep CNN 96.75% accuracy

SVM: Support vector machines; CNN: Convolutional neural network; TIL: Tumor infiltrating lymphocytes; AUC: Area under curve; Cl: Confidence interval, Al:

Artificial intelligence

subtle differences through the human eye. This subjectivity introduces
variability into the diagnostic process, which can impact both grading
accuracy and prognostic evaluations.

A significant advance in breast cancer grading lies in the use of DL
models to enhance the stratification of intermediate Nottingham
Histological Grade (NHG) 2 cases, which historically pose challenges
due to their variability and intermediate prognostic value. By
analyzing whole-slide histopathology images, these models identify
subtle morphological patterns that differentiate NHG 2 tumors into
lower- and higher-risk groups, mirroring the characteristics of NHG 1
and NHG 3 (15). This approach offers prognostic insights comparable
to molecular assays but is faster, more cost-effective, and uses routine

Hematoxylin and Eosin (H&E) slides.

Al models, such as those highlighted by Elsharawy et al. (16), can
standardize the grading process, reducing variability and improving
prognostic evaluations. Similarly, the study by Mantrala et al. (10)

confirmed that Al could match human performance in grading
nuclear pleomorphism, thus mitigating inconsistencies among
pathologists and providing more reliable prognostic information.
Their work showed that Al could successfully detect morphological
attributes of the nucleus which are key to determining tumor grade,
and provide survival stratification across various patient cohorts. These
Al tools are not yet designed to replace the human eye but rather to
enhance the histopathologist’s ability to detect the subtle changes that
can significantly impact the course of treatment (10, 15, 17). This
integration supports more informed clinical decision-making and
facilitates personalized treatment strategies, ultimately improving
patient care and outcomes.

Biomarker Quantification
ER, PR and HER2 Evaluation

Accurate and objective assessment of biomarkers plays a vital role

in breast cancer diagnosis, prognosis prediction, and treatment

95



96

Eur J Breast Health 2025; 21(2): 93-100

planning. The success of targeted therapies and endocrine therapy
in breast cancer relies heavily on the precise quantification of
estrogen and progesterone hormone receptors (ER and PR) and
the human epidermal growth factor receptor 2 (HER2) protein.
Traditional evaluation methods may be subjective and prone to
errors. Fortunately, recent advances in Al and digital image analysis
(DIA) offer promising solutions for achieving consistent and reliable
biomarker quantification. Al algorithms were initially developed for
basic IHC evaluation tasks, such as counting positive cells (i.e., DAB-
stained brown cells) in manually selected tumor regions. However,
with advances in tumor detection algorithms, these methods have
evolved to integrate both tumor area and tumor cell detection and cell
quantification. This enables not only the reliable counting of positive
cells but also the assessment of their staining intensities, ultimately
providing objective and consistent scores for biomarkers, including

ER, PR, and Ki-67.

Recently, various groups have developed algorithms that have
comparable performance to expert histopathologists, exhibiting
high accuracy and consistency for the evaluation of ER, PR and Ki-
67 in breast cancer (18, 19). These algorithms demonstrated strong
correlation with expert decisions, indicating its feasibility in a clinical
setting.

Similar results have been published for HER2 evaluation
algorithms. Hartage et al. (20) validated their algorithm for HER2
IHC assessment, showing high correlation with fluorescent in
situ hybridization results and improved consistency compared to
manual scoring. Furthermore, Li et al. (21) investigated their model
for HER2 THC in predicting response to anti-HER2 neoadjuvant
chemotherapy. DIA provided quantitative analysis of HER2
expression, revealing a significant correlation with pathological
complete response (pCR) rates. This research suggests that DIA-
based HER2 assessment can improve the prediction of treatment
response, enabling more personalized treatment strategies. Notably,

the assessment of HER2 status can be nuanced, with borderline cases

posing a challenge for histopathologists. These findings highlight
DIA’s potential to streamline workflows and enhance the consistency
of biomarker evaluations, especially in cases with equivocal results after
manual scoring.

In conclusion, Al and DIA hold immense potential to revolutionize
breast cancer diagnostics and personalized medicine approaches. By
providing automated, standardized, and quantitative assessments, they
can significantly improve the accuracy and consistency of biomarker
analysis, leading to better diagnosis, more informed treatment
decisions, and ultimately, improved patient outcomes. While
further research is needed to optimize Al algorithms and ensure the
generalizability of DIA methods, the integration of these technologies
in objective biomarker quantification is a very promising step forward

(Table 2).

Ki-67 Proliferation Assessment

Ki-67 is a well-established prognostic marker for breast cancer.
Traditionally, Ki-67 assessment involves manual counting, a time-
consuming and error-prone process. Al-powered Ki-67 quantification,
as described by Bodén et al. (22), represents a significant advance
in the field. Unlike manual counting, Al provides the option of
comprehensive analysis of the entire slide, offering a more objective
and robust approach (18, 22, 23). Bodén et al. (22) demonstrated that
Al-based Ki-67 assessment achieved a high correlation with manual
counts by histopathologists. This comprehensive Ki-67 analysis by Al
could lead to more accurate prognoses and individualized treatment
plans, particularly when deciding on the use of neoadjuvant therapy.

PD-L1 Scoring

Al-assisted programmed death-ligand 1 (PD-L1) scoring, particularly
through the combined positive score, has garnered significant attention
for its potential to standardize and enhance the accuracy of IHC-based
evaluations in cancer treatment. While its application has been better
established in non-small cell lung cancer (NSCLC), there is still room
for improvement in other organ cancers. In NSCLC, Al tools have

Table 2. Major Al-based digital pathology applications for molecular profiling of breast cancer

Year First author Study aim

Abele et al. Al-assisted analysis of Ki-67 and
2023

(18) hormone receptors

Shafi et al. Valldatl_on QF automated digital
2022 determination of estrogen receptor

(19)

status

2020 Hartage et al. Validation of HER2 IHC digital

(20) imaging and FISH correlation

. Quantitative digital imaging of HER2

Zo2o Hicefag) IHC to predict response to therapy
2021 ?zozt;en adel Human-in-the-loop Ki-67 assessment
2024 Dy et al. (23) Improved accuracy and agreement in

Ki-67 assessments

#of Al approach used Performance metrics
Patients/
patches
Agreement rates: Ki-67
204 CNN (87.6%), ER/PR (89.4%).
97 Computer vision-based Pearson’s r= 0.72
DIA
612 Computer vision-based Gohen's Kappal(k):0:74
DIA
.. HER?2 DIA connectivity &
153 g?Amputer vision-Based bCR (OR = 136.08,
p=0.002)
DCNN based object , .
200 detection Cohen’s kappa (x): 0.84
420 CNN Ki-67% error rate: 0.6%

CNN: Convolutional neural network; DIA: Digital image analysis; IHC: Immunohistochemistry; FISH: Fluorescence in situ hybridization; pCR: Pathological
complete response; DCNN: Deep convolutional neural network; OR: Odds ratio; HER2: Human epidermal growth factor receptor 2; Al: Artificial intelligence;

ER: Estrogen receptor; PR: Progesterone receptor
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already demonstrated considerable success in improving interobserver
concordance. Algorithms, such as the dual-scale categorization-based
DL methods have shown high concordance rates when compared to
histopathologists, underscoring their potential in clinical applications

(24).

However, in other cancers including breast cancer, Al applications in
PD-L1 scoring are in the earlier stages of research and development.
Initial studies in breast cancer, especially mult-institutional
studies, show promise in improving scoring consistency between
histopathologists. Al-assisted models have demonstrated significant
potential, boosting concordance from moderate to excellent levels
(25, 26). These models aid in overcoming the subjectivity of human
evaluation, especially when scoring tumor-infiltrating immune cells,

which is key in determining patient eligibility for immunotherapy.

Al models for PD-L1 scoring need to be further refined and validated
across various cancers. The adoption of Al in scoring systems for
cancers beyond the lung, such as urothelial carcinoma and head-and-
neck squamous cell carcinoma, is expected to follow suit, offering
an invaluable tool for clinicians to make more reliable, data-driven

treatment decisions.

Al-Powered TIL and Tumor Microenvironment Assessment

AT has transformed how TILs and the broader tumor microenvironment
(TME) are assessed, particularly in breast cancer. TILs, which are
key immune response markers, play a critical role in the prognosis
of cancers, such as HER2-positive and triple-negative breast cancer
(TNBC). Traditionally, TIL evaluation, as with other histopathological
evaluations, was subjective and prone to variability. However, Al offers
a standardized and objective approach, reducing this variability and
providing a consistent evaluation of the immune response within
the TME (27, 28). Al-powered methods can quantify the spatial
organization and interactions of TILs with other immune and tumor
cells, which is vital when stratifying patients for immunotherapy.
Studies have shown that Al-driven analysis of H&E and multiplex
THC images enhances the ability to predict treatment responses, such
as pCR to chemotherapy, especially in HER2-positive and TNBC
subtypes (27).Al models developed for this purpose have demonstrated
higher accuracy in predicting pCR compared to manual assessments
by histopathologists, underscoring the potential of Al to guide
personalized treatment strategies (11, 29). Al also plays a critical role in
advancing our understanding of the TME by identifying organizations
and interactions that are difficult for human observers to discern. This
includes quantifying the presence and behavior of immune cells like
TILs, as well as mapping their interactions with tumor cells (30). This
deeper analysis provides a more comprehensive understanding of the
immune landscape, which is essential for optimizing treatment plans
and enhancing the precision of immunotherapies.

Al-Powered Lymph Node Metastasis Detection

The accurate detection of lymph node metastasis is a key factor in
staging and treatment planning in breast cancer. However, for
small occult tumor foci in lymph nodes, traditional pathological
assessment can be tricky and, in some cases, requires additional IHC
studies. Fortunately, recent advances in Al offer promising solutions for
more precise lymph node metastasis detection, potentially removing
the need for the additional IHC step, saving both time and resources
(31-35).

Several studies have investigated the application of DL algorithms
for lymph node metastasis detection in breast cancer. Liu et al. (36)
developed such an algorithm for identifying metastatic cancer cells
in sentinel lymph node biopsies. The algorithm achieved impressive
performance in detecting metastases, even for small foci. The study
also demonstrated the robustness of the algorithm when faced with
common tissue sample variations, indicating its potential for reliable
performance in diverse clinical settings. Furthermore, the algorithm
demonstrated a high sensitivity with low false positives, significantly
reducing missed metastases compared to traditional methods.

Steiner et al. (35) evaluated the impact of DL assistance in
histopathologists’ evaluations of lymph nodes for metastatic
breast cancer. The AI model significantly improved diagnostic
accuracy, particularly for challenging micrometastases. Using Al
resulted in reduced errors and review time, while also enhancing
histopathological accuracy. Building on these findings, other groups
have explored integrating Al into digital pathology workflows for
efficient and accurate lymph node metastasis diagnosis (31). Al
models, trained on a large dataset of H&E-stained slides, demonstrated
high sensitivity and specificity in detecting lymph node metastases,
significantly reducing false negatives. Importantly, the model accurately
identified macro- and micrometastases, leading to more precise
diagnoses (33, 37).Looking beyond breast cancer, a recent study Béndi
etal. (38) explored continual learning strategies for cancer-independent
detection of lymph node metastases. This approach aims to develop
robust Al models that can detect metastases across various cancer types
without requiring cancer-specific retraining. The continual learning
models demonstrated high accuracy and reliability across diverse
datasets encompassing breast, colon, and head-and-neck cancers. This
approach allows for continuous learning and adaptation, enhancing
the model’s generalizability across different clinical scenarios. By
employing a cancer-independent detection strategy, these models
can be more broadly applicable in clinical practice, offering a scalable
solution for lymph node metastasis detection across various cancers.

Radiomics presents a promising, Al-driven approach for also improving
axillary lymph node staging in breast cancer, leveraging medical
imaging to create predictive models with high sensitivity, specificity
and efficiency. Despite its potential to replace invasive procedures,
limited validation, retrospective study designs, and lack of cost-
effectiveness analyses highlight the need for robust clinical trials and
meta-analyses for clinical implementation (39). When combined with
advances in Al-powered lymph node metastasis detection, including
DL algorithms and cancer-independent models, radiomics can
integrate seamlessly into digital pathology workflows. This integration
offers a scalable solution for precise diagnosis and treatment planning
across diverse cancer types.

The Future: Al-Assisted Molecular Prediction

Molecular subtyping of breast cancer is becoming increasingly
important. Accurate subtype determination necessitates the evaluation
of each tissue block of the tumor, yet reproducibility can be challenged
by the heterogeneous nature of breast cancer tumors. The application of
Al extends beyond traditional histopathological analysis. Its predictive
capabilities are now at the molecular level. Farahmand et al. (40) used
Al to predict HER2 status using H&E sections with high accuracy,
which is vital for determining eligibility for targeted therapies, like
trastuzumab. Similarly, the ability of Al to predicc BRCA mutation
status from histological images, as shown by Wang et al. (41) indicates

its potential in genetic risk assessment and personalized medicine.
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These holds promise for identifying patients carrying BRCAI and
BRCA2 mutations who are at high risk for developing hereditary breast
cancer and guiding preventive measures. Several studies have shown
promise in detecting molecular subtypes, particularly in distinguishing
the basal-like subtype from luminal-A (42, 43). The objective must be
to reduce the costs associated with molecular testing and mitigate the
impact of limited experience by automating this classification process.

The integration of Al into molecular prediction also includes its
potential to classify tumor recurrence risks based on histological
features, circumventing the need for costly molecular assays. Whitney
et al. (44) demonstrated that computer-extracted nuclear morphology
features from routine H&E-stained images could accurately predict
Oncotype DX risk categories for ER-positive breast cancer patients.
By leveraging Al-driven analysis of nuclear architecture and shape, the
study achieved significant classification accuracy, with an area under the
curve of up to 0.83 in distinguishing between low and high recurrence
risk groups. This method not only complements molecular testing but
also offers a faster, cost-effective, and nondestructive alternative. As
such, Al-driven histopathological tools are paving the way for precise
recurrence risk stratification and personalized treatment planning,
particularly in resource-limited settings where access to molecular
assays may be constrained.

AI-Enhanced Homologous Recombination Deficiency Detection

Homologous recombination deficiency (HRD) status holds a
substantial potential in determining the optimal treatment course for
patients with breast cancer (45, 46). Traditional molecular methods
to identify HRD status, while accurate, are often time-consuming,
costly, and require specialized equipment, limiting their accessibility
in resource-constrained settings. To address these challenges, Al has
emerged as a promising solution. Al-powered tools use H&E slides to
predict HRD status directly (47). These models analyze tissue samples
with a high degree of accuracy, often surpassing traditional methods
in identifying patients who may benefit from targeted therapies, like
platinum-based chemotherapies and PARP inhibitors. By automating
the detection process, Al enables faster, more scalable, and more
accessible HRD testing. Furthermore, the ability to identify a broader
range of HRD-positive patients can lead to more effective treatment
strategies and potentially enhance survival rates.

PIK3CA/AKT Pathway Alteration Detection

ML, and particularly DL, have shown progress in detecting actionable
genetic alterations of breast cancer directly from the H&E-stained
slides. These Al models can detect subtle morphological changes
linked to genetic mutations, providing an innovative approach to
molecular analysis (48, 49).

In TNBC, DL models have proven highly effective in predicting
PIK3CA mutations, demonstrating their reliability in molecular
diagnostics (48). Similar methods have been successfully applied across
multiple cancer types, including breast cancer, with strong predictive
outcomes for detecting mutations like PZK3CA (49). These models
use convolutional neural networks to analyze thousands of image files
from histopathology slides, allowing them to recognize patterns linked
to genetic alterations. This method enhances real-time prediction,
positioning Al as a valuable tool in advancing pathology practices.

Challenges, Risks and Practical Considerations in AI Integration
for Breast Pathology

Despite its transformative potential, Al in breast histopathology
presents several challenges and risks that must be carefully addressed.

Algorithmic bias remains a significant concern, as Al models trained
on limited datasets may not generalize well to diverse populations.
This may result in disparities in diagnostic accuracy, particularly
for underrepresented demographic groups. Ensuring diverse,
representative, and well-annotated datasets is vital to avoid bias and
ensure equitable Al-driven diagnostics across various demographics. In
addition, validation in diverse clinical settings is important to ensure
that Al tools perform consistently across different laboratories, imaging
systems, and staining techniques. Another challenge is the potential for
misdiagnoses if Al tools are improperly calibrated or misinterpreted by
users. Over-reliance on Al without adequate human oversight could
lead to errors in classification, particularly in borderline or equivocal
cases. Therefore, robust validation, external benchmarking, and
continued histopathologist involvement are essential to mitigate these
risks.

Integrating Al into pathology workflows necessitates a strategic
approach that accounts for multiple factors, including specialized
training for histopathologists and other laboratory personnel, the
financial implications of adopting Al-driven solutions, compliance
with regulatory standards, and seamless interoperability with existing
digital pathology systems. Foremost, training and skill development
are critical, as histopathologists must become proficient in using Al-
assisted tools, interpreting Al-generated insights, and understanding
the limitations of these systems. Institutions must invest in educational
programs and workshops to ensure a smooth transition into Al-
enhanced diagnostics. Cost considerations also play a significant role
in the adoption of Al in pathology departments. While Al has the
potential to improve efficiency and accuracy, the initial investment
in infrastructure, software licensing, and continuous updates can be
substantial. Pathology laboratories will need to conduct cost-benefit
analyses to determine the financial viability of Al integration and
explore funding or reimbursement models to support implementation.
Finally, interoperability with existing pathology systems is essential
for efficient workflow integration. Al tools must be compatible with
various digital pathology platforms, whole slide imaging systems,
and laboratory information management systems to facilitate
seamless data exchange and avoid disruptions in clinical workflows.
Ensuring standardized data formats and adherence to industry-wide
interoperability frameworks can help maximize the potential benefit
of Al while maintaining workflow efficiency.

Importantly, regulatory compliance will be crucial, as Al-driven
diagnostic tools must meet strict guidelines set by regulatory bodies
such as the Food and Drug Administration, Conformite Europeenne,
and CAP to ensure patient safety, reliability, and ethical use. Institutions
must navigate complex approval processes and ensure that Al systems
are validated for clinical use before deployment. Addressing all these
factors will be essential for the successful implementation of Al in
pathological assessment, allowing for improved diagnostic accuracy,
streamlined workflows, and enhanced patient outcomes.

Discussion and Conclusion

The integration of Al into breast cancer pathological assessment
represents a transformative advance toward achieving greater
precision, standardization, and efficiency in diagnostic and prognostic
assessments. Al systems enhance the capabilities of histopathologists
by augmenting the accuracy of molecular-level evaluations, which is
essential for personalized medicine. As Al technologies continue to

evolve and are seamlessly integrated into clinical workflows, they are
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poised to improve patient outcomes through rapid, reproducible,
and detailed histopathological evaluation. Al algorithms, trained
on annotated data provided by histopathologists, have the potential
to reduce both cost and time associated with diagnostic evaluations
while maintaining high-quality standards of care.The future of breast
cancer pathology lies in the development of a synergistic relationship
between AI and pathologists. The majority of the algorithms
mentioned in this article operate as an adjunct to the pathologist,
rather than a final decision maker. Human-in-the-loop systems offer
an augmented diagnostic assistant or a second reader. Al technologies
excel in increasing diagnostic accuracy, and detecting subtle patterns
that may elude even the most trained human eye. Pathologists, with
their clinical expertise and nuanced understanding of patient care, are
essential for guiding the development of Al models, interpreting Al-
generated insights, and ensuring that these tools are applied ethically
and responsibly in clinical practice. This collaboration between Al and
human expertise holds immense promise for realizing the full potential
of personalized breast cancer management, leading to more effective,
individualized treatment strategies and improved clinical outcomes.

Footnotes

Authorship Contributions

Surgical and Medical Practices: A.-H.D.K,, LK, N.K; Concept: AH.D.K,,
I.K, N.K; Design: A.H.D.K,, I.K., N.K.; Data Collection or Processing:
A.H.D.K; Analysis or Interpretation A.H.D.K., I.K; Literature Search:
AH.D.K, LK., N.K;; Writing: A.H.D.K., L.K.

Conflict of Interest: No conflict of interest declared by the authors.

Financial Disclosure: The authors declare that this study received no financial
disclosure.

References

1. Knoop AS, Lenkholm AV, Jensen MB, Nielsen KV, Andersen ], Nielsen
D, et al. Estrogen receptor, progesterone receptor, HER2 status and Ki67
index and responsiveness to adjuvant tamoxifen in postmenopausal high-
risk breast cancer patients enrolled in the DBCG 77C trial. Eur J Cancer.
2014; 50: 1412-14121. (PMID: 24675287) [Crossref]

2. Denkert C, von Minckwitz G, Darb-Esfahani S, Lederer B, Heppner
BI, Weber KE, et al. Tumour-infiltrating lymphocytes and prognosis in
different subtypes of breast cancer: a pooled analysis of 3771 patients
treated with neoadjuvant therapy. Lancet Oncol. 2018; 19: 40-50.
(PMID: 29233559) [Crossref]

3. Yamamoto Y, Saito A, Tateishi A, Shimojo H, Kanno H, Tsuchiya S, et al.
Quantitative diagnosis of breast tumors by morphometric classification
of microenvironmental myoepithelial cells using a machine learning

approach. Sci Rep. 2017; 7: 46732. (PMID: 28440283) [Crossref]
4. HanZ,WeiB, ZhengY, Yin Y, Li K, Li S. Breast cancer multi-classification

from histopathological images with structured deep learning model. Sci

Rep. 2017; 7: 4172. (PMID: 28646155) [Crossref]
5. Cruz-Roa A, Gilmore H, Basavanhally A, Feldman M, Ganesan S, Shih

NNC, et al. Accurate and reproducible invasive breast cancer detection
in whole-slide images: a deep learning approach for quantifying tumor
extent. Sci Rep. 2017; 7: 46450. (PMID: 28418027) [Crossref]

6. Fondén I, Sarmiento A, Garcfa Al Silvestre M, Eloy C, Polénia A, et
al. Automatic classification of tissue malignancy for breast carcinoma
diagnosis. Comput Biol Med. 2018; 96: 41-51. (PMID: 29544146)
[Crossref]

7. Sharma S, Mehra R. Conventional machine learning and deep learning
approach for multi-classification of breast cancer histopathology images-a

20.

21.

22.

comparative insight. ] Digit Imaging. 2020; 33: 632-654. (PMID:
31900812) [Crossref]

Sandbank J, Bataillon G, Nudelman A, Krasnitsky I, Mikulinsky R, Bien
L, et al. Validation and real-world clinical application of an artificial
intelligence algorithm for breast cancer detection in biopsies. NPJ Breast

Cancer. 2022; 8: 1-11. (PMID: 36473870) [Crossref]
Romo-Bucheli D, Janowczyk A, Gilmore H, Romero E, Madabhushi A.

Automated tubule nuclei quantification and correlation with oncotype
DX risk categories in ER+ breast cancer whole slide images. Sci Rep.
2016; 6: 32706. (PMID: 27599752) [Crossref]

Mantrala S, Ginter PS, Mitkari A, Joshi S, Prabhala H, Ramachandra V,
et al. Concordance in breast cancer grading by artificial intelligence on
whole slide images compares with a multi-institutional cohort of breast
pathologists. Arch Pathol Lab Med. 2022; 146: 1369-1377. (PMID:
35271701) [Crossref]

Balkenhol MCA, Tellez D, Vreuls W, Clahsen PC, Pinckaers H, Ciompi
E et al. Deep learning assisted mitotic counting for breast cancer. Lab

Invest. 2019; 99: 1596-1606. (PMID: 31222166) [Crossref]
Li C, Wang X, Liu W, Latecki L]. DeepMitosis: mitosis detection via deep

detection, verification and segmentation networks. Med Image Anal.

2018; 45: 121-133. (PMID: 29455111) [Crossref]
Pantanowitz L, Hartman D, Qi Y, Cho EY, Suh B, Paeng K, et al. Accuracy

and efficiency of an artificial intelligence tool when counting breast
mitoses. Diagn Pathol. 2020; 15: 80. (PMID: 32622359) [Crossref]

Nateghi R, Danyali H, Helfroush MS. A deep learning approach for
mitosis detection: application in tumor proliferation prediction from
whole slide images. Artif Intell Med. 2021; 114: 102048. (PMID:
33875159) [Crossref]

Wang Y, Acs B, Robertson S, Liu B, Solorzano L, Wihlby C, et al.
Improved breast cancer histological grading using deep learning. Ann

Oncol. 2022; 33: 89-98. (PMID: 34756513) [Crossref]
Elsharawy KA, Gerds TA, Rakha EA, Dalton LW. Artificial intelligence

grading of breast cancer: a promising method to refine prognostic
classification for management precision. Histopathology. 2021; 79: 187-
199. (PMID: 33590486) [Crossref]

Zewdie ET, Tessema AW, Simegn GL. Classification of breast cancer
types, sub-types and grade from histopathological images using deep
learning technique. Health Technol. 2021; 11: 1277-1290. [Crossref]

Abele N, Tiemann K, Krech T, Wellmann A, Schaaf C, Linger E et al.
Noninferiority of artificial intelligence-assisted analysis of ki-67 and
estrogen/progesterone receptor in breast cancer routine diagnostics. Mod

Pathol. 2023; 36: 100033. (PMID: 36931740) [Crossref]

Shafi §, Kellough DA, Lujan G, Satturwar S, Parwani AV, Li Z. Integrating
and validating automated digital imaging analysis of estrogen receptor
immunohistochemistry in a fully digital workflow for clinical use. ] Pathol

Inform. 2022; 13: 100122. (PMID: 36268080) [Crossref]

Hartage R, Li AC, Hammond S, Parwani AV. A validation study of
human epidermal growth factor receptor 2 immunohistochemistry digital
imaging analysis and its correlation with human epidermal growth factor

receptor 2 fluorescence in situ hybridization results in breast carcinoma. ]
Pathol Inform. 2020; 11: 2. (PMID: 32154039) [Crossref]

Li AC, Zhao ], Zhao C, Ma Z, Hartage R, Zhang Y, et al. Quantitative
digital imaging analysis of HER2 immunohistochemistry predicts the
response to anti-HER2 neoadjuvant chemotherapy in HER2-positive
breast carcinoma. Breast Cancer Res Treat. 2020; 180: 321-329. (PMID:
32002765) [Crossref]

Bodén ACS, Molin ], Garvin S, West RA, Lundstrom C, Treanor D.
The human-in-the-loop: an evaluation of pathologists’ interaction with

artificial intelligence in clinical practice. Histopathology. 2021; 79: 210-
218. (PMID: 33590577) [Crossref]

99


https://doi.org/10.1016/j.ejca.2014.02.022
https://doi.org/10.1016/S1470-2045(17)30904-X
https://doi.org/10.1038/srep46732
https://doi.org/10.1038/s41598-017-04075-z
https://doi.org/10.1038/srep46450
https://doi.org/10.1016/j.compbiomed.2018.03.003
https://doi.org/10.1007/s10278-019-00307-y
https://doi.org/10.1038/s41523-022-00496-w
https://doi.org/10.1038/srep32706
https://doi.org/10.5858/arpa.2021-0299-OA
https://doi.org/10.1038/s41374-019-0275-0
https://doi.org/10.1016/j.media.2017.12.002
https://doi.org/10.1186/s13000-020-00995-z
https://doi.org/10.1016/j.artmed.2021.102048
https://doi.org/10.1016/j.annonc.2021.09.007
https://doi.org/10.1111/his.14354
https://doi.org/10.1007/s12553-021-00592-0
https://doi.org/10.1016/j.modpat.2022.100033
https://doi.org/10.1016/j.jpi.2022.100122
https://doi.org/10.4103/jpi.jpi_52_19
https://doi.org/10.1007/s10549-020-05546-0
https://doi.org/10.1111/his.14356

100

Eur J Breast Health 2025; 21(2): 93-100

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Dy A, Nguyen NNJ, Meyer ], Dawe M, Shi W, Androutsos D, et al.
Al improves accuracy, agreement and efficiency of pathologists for Ki67
assessments in breast cancer. Sci Rep. 2024; 14: 1283. (PMID: 38218973)
[Crossref]

Wang X, Chen P, Ding G, Xing Y, Tang R, Peng C, et al. Dual-scale
categorization based deep learning to evaluate programmed cell death
ligand 1 expression in non-small cell lung cancer. Medicine (Baltimore).

2021; 100: €25994. (PMID: 34011092) [Crossref]

Wang X, Wang L, Bu H, Zhang N, Yue M, Jia Z, et al. How can artificial
intelligence models assist PD-L1 expression scoring in breast cancer:
results of multi-institutional ring studies. NPJ Breast Cancer. 2021; 7: 61.
(PMID: 34039982) [Crossref]

Li J, Dong P, Wang X, Zhang J, Zhao M, Shen H, et al. Artificial
intelligence enhances whole-slide interpretation of PD-L1 CPS in triple-
negative breast cancer: a multi-institutional ring study. Histopathology.

2024; 85: 451467. (PMID: 38747491) [Crossref]
Huang Z, Shao W, Han Z, Alkashash AM, De la Sancha C, Parwani AV,

et al. Artificial intelligence reveals features associated with breast cancer
neoadjuvant chemotherapy responses from multi-stain histopathologic
images. NPJ Precis Oncol. 2023; 7: 14. (PMID: 36707660) [Crossref]

Bady E, Méller K, Mandelkow T, Raedler JB, Yang C, Ebner J, et al.
BLEACH&STAIN 15-marker multiplexed imaging in 3,098 human
carcinomas reveals six major PD-L1-driven immune phenotypes with
distinct spatial orchestration. Mol Cancer Res. 2023; 21: 605-613.
(PMID: 36976297) [Crossref]

Lee HJ, Cho SY, Cho EY, LimY, Cho SI, Jung W, etal. Artificial intelligence
(Al)-powered spatial analysis of tumor-infiltrating lymphocytes (TIL)
for prediction of response to neoadjuvant chemotherapy (NAC) in
triple-negative breast cancer (TNBC). JCO. 2022; 40(16_suppl): 595.
[Crossref]

Mandelkow T, Bady E, Lurati MCJ, Raedler JB, Miiller JH, Huang Z,
et al. Automated prognosis marker assessment in breast cancers using
BLEACH&STAIN multiplexed immunohistochemistry. Biomedicines.
2023; 11: 3175. (PMID: 38137396) [Crossref]

Huang SC, Chen CC, Lan J, Hsieh TY, Chuang HC, Chien MY, et al.
Deep neural network trained on gigapixel images improves lymph node
metastasis detection in clinical settings. Nat Commun. 2022; 13: 3347.

(PMID: 35688834) [Crossref]

Wang R, GuY, Zhang T, Yang J. Fast cancer metastasis location based on
dual magnification hard example mining network in whole-slide images.
Comput Biol Med. 2023; 158: 106880. (PMID: 37044050) [Crossref]
Challa B, Tahir M, Hu Y, Kellough D, Lujan G, Sun S, et al. Artificial
intelligence-aided diagnosis of breast cancer lymph node metastasis on
histologic slides in a digital workflow. Mod Pathol. 2023; 36: 100216.
(PMID: 37178923) [Crossref]

Caldonazzi N, Rizzo PC, Eccher A, Girolami I, Fanelli GN, Naccarato AG,
et al. Value of artificial intelligence in evaluating lymph node metastases.
Cancers (Basel). 2023; 15: 2491. (PMID: 37173958) [Crossref]

Steiner DE, MacDonald R, Liu Y, Truszkowski P, Hipp JD, Gammage C,
et al. Impact of deep learning assistance on the histopathologic review of
lymph nodes for metastatic breast cancer. Am ] Surg Pathol. 2018; 42:
1636-1646. (PMID: 30312179) [Crossref]

Liu Y, Kohlberger T, Norouzi M, Dahl GE, Smith JL, Mohtashamian A,

et al. Artificial intelligence-based breast cancer nodal metastasis detection:

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

insights into the black box for pathologists. Arch Pathol Lab Med. 2019;
143: 859-868. (PMID: 30295070) [Crossref]

Ehteshami Bejnordi B, Veta M, Johannes van Diest P, van Ginneken B,
Karssemeijer N, Litjens G, et al. Diagnostic assessment of deep learning
algorithms for detection of lymph node metastases in women with breast
cancer. JAMA. 2017; 318: 2199-2210. (PMID: 29234806) [Crossref]

Béndi B, Balkenhol M, van Dijk M, Kok M, van Ginneken B, van
der Laak J, et al. Continual learning strategies for cancer-independent
detection of lymph node metastases. Med Image Anal. 2023; 85: 102755.
(PMID: 36724605) [Crossref]

Eldaly AS, Fath AR, Mashaly SM. Will radiomics replace sentinel
lymph node biopsy? Eur J Breast Health. 2022; 18: 203-204. (PMID:
35445181) [Crossref]

Farahmand S, Fernandez Al, Ahmed FS, Rimm DL, Chuang JH,
Reisenbichler E, et al. Deep learning trained on hematoxylin and eosin
tumor region of interest predicts HER2 status and trastuzumab treatment
response in HER2+ breast cancer. Mod Pathol. 2022; 35: 44-51. (PMID:
34493825) [Crossref]

Wang X, Zou C, Zhang Y, Li X, Wang C, Ke F, et al. Prediction of BRCA
gene mutation in breast cancer based on deep learning and histopathology

images. Front Genet. 2021; 12: 661109. (PMID: 34354733) [Crossref]

Mondol RK, Millar EKA, Graham PH, Browne L, Sowmya A, Meijering
E. Hist2RNA: an efficient deep learning architecture to predict gene
expression from breast cancer histopathology images. Cancers. 2023; 15:

2569. (PMID: 37174035) [Crossref]
Liu H, Xu WD, Shang ZH, Wang XD, Zhou HY, Ma KW, et al.

Breast cancer molecular subtype prediction on pathological images with
discriminative patch selection and multi-instance learning. Front Oncol.

2022; 12: 858453. (PMID: 3549402) [Crossref]

Whitney J, Corredor G, Janowczyk A, Ganesan S, Doyle S, Tomaszewski
J, et al. Quantitative nuclear histomorphometry predicts oncotype DX
risk categories for early stage ER+ breast cancer. BMC Cancer. 2018; 18:
610. (PMID: 29848291) [Crossref]

Chopra N, Tovey H, Pearson A, Cutts R, Toms C, Proszek P, et al.
Homologous recombination DNA repair deficiency and PARP inhibition
activity in primary triple negative breast cancer. Nat Commun. 2020; 11:

2662. (PMID: 32471999) [Crossref]

Menezes MCS, Raheem F, Mina L, Ernst B, Batalini E PARP Inhibitors
for breast cancer: germline BRCA1/2 and beyond. Cancers (Basel). 2022;
14: 4332. (PMID: 36077867) [Crossref]

Bergstrom EN, Abbasi A, Diaz-Gay M, Galland L, Ladoire S, Lippman
SM, et al. Deep learning artificial intelligence predicts homologous
recombination deficiency and platinum response from histologic slides. ]
Clin Oncol. 2024; 42: 3550-3560. (PMID: 39083703) [Crossref]

Zhao S, Yan CY, Lv H, Yang JC, You C, Li ZA, et al. Deep learning
framework for comprehensive molecular and prognostic stratifications of
triple-negative breast cancer. Fundam Res. 2022; 4: 678-689. (PMID:
38933195) [Crossref]

Kather JN, Heij LR, Grabsch HI, Loeffler C, Echle A, Muti HS, etal. Pan-

cancer image-based detection of clinically actionable genetic alterations.

Nat Cancer. 2020; 1: 789-799. (PMID: 33763651) [Crossref]


https://doi.org/10.1038/s41598-024-51723-2
https://doi.org/10.1097/MD.0000000000025994
https://doi.org/10.1038/s41523-021-00268-y
https://doi.org/10.1111/his.15205
https://doi.org/10.1038/s41698-023-00352-5
https://doi.org/10.1158/1541-7786.MCR-22-0593
https://doi.org/10.1200/JCO.2022.40.16_suppl.595
https://doi.org/10.3390/biomedicines11123175
https://doi.org/10.1038/s41467-022-30746-1
https://doi.org/10.1016/j.compbiomed.2023.106880
https://doi.org/10.1016/j.modpat.2023.100216
https://doi.org/10.3390/cancers15092491
https://doi.org/10.1097/PAS.0000000000001151
https://doi.org/10.5858/arpa.2018-0147-OA
https://doi.org/10.1001/jama.2017.14585
https://doi.org/10.1016/j.media.2023.102755
https://doi.org/10.4274/ejbh.galenos.2022.2022-2-3
https://doi.org/10.1038/s41379-021-00911-w
https://doi.org/10.3389/fgene.2021.661109
https://doi.org/10.3390/cancers15092569
https://doi.org/10.3389/fonc.2022.858453
https://doi.org/10.1186/s12885-018-4448-9
https://doi.org/10.1038/s41467-020-16142-7
https://doi.org/10.3390/cancers14174332
https://doi.org/10.1200/JCO.23.02641
https://doi.org/10.1016/j.fmre.2022.06.008
https://doi.org/10.1038/s43018-020-0087-6

Systematic Review

Eur J Breast Health 2025; 21(2): 101-114
DOI: 10.4274/ejbh.galenos.2025.2024-10-2

Prognostic Significance and Molecular Classification of
Triple Negative Breast Cancer: A Systematic Review

Ashok Kumar Dogra', @ Archana Prakash?, © Sanjay Gupta?,

'Department of Biochemistry, Government Medical College, Srinagar, India

Meenu Gupta*

*Department of Biochemistry, Swami Rama Himalayan University, Uttarakhand, India
*Department of Biosciences, Swami Rama Himalayan University, Uttarakhand, India

“Department of Radiation Oncology, Behgal Cancer Hospital, Punjab, India

ABSTRACT

Triple-negative breast cancer (TNBC) is a highly aggressive subtype of breast cancer defined by the absence of estrogen receptor, progesterone receptor, and
human epidermal growth factor receptor 2 expression. Despite accounting for 15-20% of all breast cancer cases, TNBC is associated with poor prognosis
and a high likelihood of recurrence and metastasis. Understanding the molecular subtypes of TNBC is important for developing targeted therapies and
improving patient outcomes. This systematic review aimed to assess the prognostic significance of molecular subtypes of TNBC and the implications for
therapeutic management. A comprehensive literature search was conducted across multiple databases, including PubMed, Scopus, and Web of Science,
to identify studies focusing on the molecular classification of TNBC and its prognostic relevance. Studies were included based on specific inclusion
criteria, including original research evaluating clinical outcomes and survival data in molecularly classified TNBC cohorts. Data were extracted, synthesized,
and analyzed to determine the prognostic implications of different TNBC subtypes. The review identified several distinct molecular subtypes of TNBC,
including basal-like, mesenchymal, immune-modulatory, and luminal androgen receptor (LAR) subtypes. Basal-like TNBC was associated with poor
prognosis and high rates of recurrence, while immune-modulatory TNBC exhibited better survival outcomes, particularly in patients with high levels of
tumor-infiltrating lymphocytes. Mesenchymal and LAR subtypes exhibited diverse clinical behavior and varying therapeutic responses. Furthermore, key
prognostic biomarkers, such as BRCA1/2 mutations and programmed death-ligand 1 expression, were highlighted which have therapeutic implications.
Molecular classification of TNBC provides valuable prognostic information and guides therapeutic strategies. Integrating molecular subtyping into clinical
decision-making will be essential for the development of personalized treatments and improved outcomes for TNBC patients. However, further research is
needed to refine classification systems and address existing therapeutic gaps in TNBC management.

Keywords: Triple negative breast cancer; tumor-infiltrating lymphocytes; luminal androgen receptor; disease-free survival; epithelial-mesenchymal
transition; therapeutic strategies; biomarkers
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Key Points

e The prognostic significance of distinct molecular subtypes of triple-negative breast cancer (TNBC) based on clinical outcomes such as overall survival,
disease-free survival, and response to therapy.

e The current molecular classification systems of TNBC and their relevance in clinical practice.
e The role of BRCA1/2 mutations and other genetic alterations in the pathogenesis and treatment response of TNBC.

e The potential of immune-based therapies and novel targeted agents in the management of TNBC.

Introduction

Breast cancer remains the most frequently diagnosed malignancy
and the leading cause of cancer-related deaths among women

worldwide, accounting for approximately 24.5% of all cancer cases

Corresponding Author:
Ashok Kumar Dogra PhD; akbhagat.pu@gmail.com

and 15.5% of cancer-related mortalities in women (1). Breast cancer
is a heterogeneous disease comprising several distinct subtypes with
diverse clinical and molecular characteristics. Among these subtypes,
triple-negative breast cancer (TNBC) is prminent as an entity that
poses significant challenges in terms of prognosis and treatment.
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Characterized by the absence of estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor 2 (HER2)
expression, TNBC accounts for approximately 15-20% of all breast
cancers and is associated with an aggressive clinical course and poor
prognosis (2).

Defining Triple-Negative Breast Cancer (TNBC)
TNBC is defined by the lack of expression of ER, PR, and HER2

receptors, distinguishing it from other breast cancer subtypes, such
as luminal A, luminal B, and HER2-enriched breast cancers. The
absence of these receptors precludes targeted treatments, such as
endocrine therapy or HER2-targeted agents, rendering chemotherapy
the primary systemic treatment option (3). Despite its histological
definition, TNBC is a biologically heterogeneous group of tumors with
diverse genetic, epigenetic, and transcriptomic profiles, contributing

to variations in treatment response and clinical outcomes (4).

Epidemiology and Clinical Features of TNBC

TNBC is more prevalent in younger women, particularly those under
the age of 50 years, and is overrepresented among African-American

and Hispanic women. In addition, it is more frequently observed in
women with BRCAI germline mutations (5). Clinically, TNBC is
characterized by a high histological grade, increased mitotic index,
central necrosis, and a high frequency of lymphovascular invasion.
These features contribute to the aggressive nature of the disease, with
a propensity for early distant metastasis, particularly to visceral organs
and the brain, and a relatively high recurrence rate within the first five
years after diagnosis (6).

Molecular Heterogeneity and Classification of TNBC

Given the clinical and biological heterogeneity of TNBC, numerous
efforts have been made to subclassify this entity into distinct molecular
subtypes that may inform prognosis and guide therapeutic strategies
(Table 1). The pioneering work of Lehmann et al. (7) led to the
identification of six distinct molecular subtypes of TNBC, namely
basal-like 1 (BL1), basal-like 2 (BL2), immunomodulatory (IM),
mesenchymal (M), mesenchymal stem-like (MSL), and luminal
androgen receptor (LAR) TNBC. These subtypes differ in their gene
expression profiles, signaling pathways, and potential therapeutic
targets.

Table 1. Main classification systems of breast cancer

Classification system

Histopathological
classification

Molecular classification
(intrinsic)

Immunohistochemical
classification

PAM50 gene signature

St. Gallen classification

The cancer genome

atlas)

WHO classification

Nottingham prognostic
index (NPI)

Criteria used

Histological
appearance and tumor
morphology

Gene expression
profiling and molecular
markers

Expression of hormone
receptors (ER, PR) and
HER?2 status, along
with Ki-67 index

Gene expression
profiling using 50
marker genes

Molecular and
clinicopathological
features

Comprehensive
genomic
characterization,
including DNA
mutations, copy
number variations, and
epigenetic changes

Histopathology,
molecular features, and
clinical presentation

Tumor size, lymph node
status, and histological
grade

Subtypes

Ductal carcinoma in situ, invasive
ductal carcinoma (IDC), invasive
lobular carcinoma (ILC), others

Luminal A, luminal B, HER2-
enriched, basal-like, normal-like

ER+/PR+/HER2-, ER+/PR+/HER2+,
ER-/PR-/HER2+, triple-negative

Luminal A, luminal B, HER2-
enriched, basal-like, normal-like

Luminal A-like, luminal B-like
(HER2+ and HER2-), HER2-positive
(non-luminal), triple-negative

Four subtypes: Luminal A, luminal
B, HER2-enriched, basal-like

21 different histological subtypes
(e.g., IDC, ILC, medullary,
mucinous)

NPI score used to stratify patients
into low, intermediate, or high-
risk categories

Clinical and prognostic significance

Provides information on tumor grade, size,
and lymph node involvement; helps in initial
diagnosis and treatment planning.

Offers insights into tumor biology,
prognosis, and treatment response;
cornerstone of personalized treatment
strategies.

Simplifies molecular classification using
protein expression; widely used in clinical
practice for treatment decision-making.

Provides detailed prognostic information
and categorizes tumors into intrinsic
subtypes based on gene expression; used in
research.

Combines molecular and clinical features
to stratify patients for treatment selection;
commonly used in clinical practice guidelines.

Provides deep insights into the genomic
landscape of breast cancer; helps identify
potential therapeutic targets and resistance
mechanisms.

Describes the histological diversity of breast
cancer; helps in tumor categorization and
understanding of prognosis.

Predicts survival outcomes based on
histological features; useful for risk
assessment and guiding adjuvant therapy.

ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor receptor 2; WHO: World Health Organization
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Among these, the basal-like (BL) subtype is further divided into BL1
and BL2 based on distinct gene expression patterns rather than BRCA
mutation status. The BL1 subtype is characterized by the activation
of cell cycle and DNA damage response pathways, which contribute
to its heightened sensitivity to platinum-based chemotherapies (8).
In contrast, the BL2 subtype exhibits enrichment in growth factor
signaling pathways, which may influence its therapeutic response
differently. Conversely, the LAR subtype is enriched in androgen
receptor signaling and may respond to androgen receptor antagonists

).

Prognostic Significance of TNBC Subtypes

The prognostic significance of TNBC subtypes is a critical area of
research (Table 2). Studies have shown that patients with the BL1 and
IM subtypes exhibit a better response to neoadjuvant chemotherapy
and have improved survival outcomes compared to those with the
BL2 and MSL subtypes (10). The BL1 subtype, characterized by
the activation of cell cycle and DNA damage response pathways, is
particularly sensitive to platinum-based chemotherapies, contributing
to better treatment outcomes. In contrast, the BL2 subtype, which
is enriched in growth factor signaling pathways, demonstrates a less
favorable response.

The IM subtype, characterized by high immune cell infiltration, has
been associated with a favorable prognosis due to a robust antitumor
immune response (11). On the other hand, the M and MSL subtypes,
which are associated with epithelial-to-mesenchymal transition
(EMT) and stem cell-like properties, have a poor prognosis and are
less responsive to conventional chemotherapies (12).

The Role of BRCAI and BRCA2 Mutations in TNBC

Approximately 10-20% of TNBCs harbor germline mutations in the
BRCAI or BRCA2 genes, which are key regulators of homologous
recombination-mediated DNA repair (13). BRCAI-mutated TNBCs
are characterized by a high level of genomic instability and a distinct
molecular profile that overlaps with the basal-like subtype (Figure 1)
(14). The presence of BRCA1/2 mutations has important therapeutic
implications, as these tumors are more likely to respond to DNA-
damaging agents, including platinum-based chemotherapies and poly
ADP ribose polymerase (PARP) inhibitors (15). PARP inhibitors, such
as olaparib and talazoparib, have demonstrated significant clinical
benefit in patients with BRCA-mutated TNBC, providing a new,
targeted therapeutic option for this subgroup (16).

The Tumor Microenvironment in TNBC

The tumor microenvironment (TME) plays a crucial role in the
progression and therapeutic resistance of TNBC. TNBCs are often
characterized by high levels of tumor-infiltrating lymphocytes (T1ILs).
TILs serve as a marker of an active antitumor immune response and
are associated with improved survival outcomes (17). The presence
of TILs is particularly relevant in the IM subtype of TNBC, which
is characterized by an inflammatory TME and high expression of
immune checkpoint molecules, such as programmed death-1 (PD-1)
and programmed death-ligand 1 (PD-L1) (18). Immune checkpoint
inhibitors (ICIs), such as pembrolizumab and atezolizumab, have
shown promising results in clinical trials for TNBC, particularly in
patients with PD-L1-positive tumors (19). The integration of ICIs
with chemotherapy has emerged as a potential therapeutic strategy to
enhance antitumor immunity and improve outcomes in TNBC (20).

DNA
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Cell I(:ycle T Transcription
regulation RADS0, NBS, 5
g o MREL, . regulation
\ ~ RADSI
c-Myc,
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TPX2, NuMA. ZBRKCL'I:ZFI'
BARDI,
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Figure 1. Showing the role of BRCA1 mutations in TNBC (13)

TNBC: Triple-negative breast cancer

Challenges in the Management of TNBC

Despite recent advances in understanding TNBC biology and
developing novel therapeutic agents, the management of TNBC
remains challenging. The lack of targeted therapies, combined with
the aggressive nature of the disease, results in a high rate of recurrence
and metastasis, leading to poor long-term survival outcomes (21).
The median overall survival (OS) for patients with metastatic TNBC
is approximately 12-18 months, highlighting the urgent need for
effective therapeutic strategies (22). Furthermore, the heterogeneity of
TNBC poses significant challenges in identifying reliable prognostic
and predictive biomarkers that can guide treatment decisions (23).

Emerging Therapeutic Strategies in TNBC

The emergence of molecular profiling and next-generation sequencing
(NGS) technologies has facilitated the identification of novel
therapeutic targets in TNBC. Several targeted therapies, including
PI3K/AKT/mTOR pathway inhibitors, CDK4/6 inhibitors, and anti-
androgen agents, are currently being evaluated in clinical trials (24).
In addition, antibody-drug conjugates (ADCs), such as sacituzumab
govitecan, have shown promising efficacy in pretreated metastatic
TNBC, providing a new treatment option for patients with advanced
disease (25). The integration of targeted therapies with conventional
chemotherapy and IClIs represents a promising approach to overcome
therapeutic resistance and improve outcomes in TNBC (26).

The Need for a Molecularly-Driven Classification of TNBC

Given the complex biology and heterogeneity of TNBC, there is a
growing consensus on the need for a molecularly-driven classification
system that can accurately stratify patients based on their molecular
profiles and inform therapeutic decision-making. The identification
of robust molecular subtypes with distinct prognostic and therapeutic
implications is essential for the development of personalized treatment
strategies and the optimization of clinical outcomes (27). Integrative
analyses incorporating genomic, transcriptomic, proteomic, and
immunological data are required to achieve a comprehensive
understanding of the biology of TNBC and to identify novel
therapeutic targets (28).
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Rationale and Objectives of the Systematic Review studies, this review seeks to provide a deeper understanding of the

The current systematic review aims to comprehensively evaluate the molecular landscape of TNBC and to identify potential biomarkers

prognostic significance and molecular classification of TNBC, with a that can guide personalized treatment strategies. The specific objectives

focus on elucidating the clinical outcomes and therapeutic implications of this review are:

of distinct molecular subtypes. By synthesizing evidence from recent

104

Table 2. Prognostic tumor type groups in breast cancer

Tumor type Molecular Histological Prognostic implications Therapeutic considerations
group features characteristics
Low-grade, well- Best prognosis among . . .
. ER+/PR+, HER2-,  differentiated tumors; all subtypes; low risk of gl EEpEEE e TElEaTine
Luminal A therapy; chemotherapy usually not

Luminal B (HER2-)

Luminal B (HER2+)

HER2-enriched

Triple-negative/

low Ki-67

ER+/PR+, HER2-,
high Ki-67

ER+/PR+, HER2+,
high Ki-67

ER-/PR-, HER2+

often associated with
low mitotic activity.

Higher grade than
luminal A, increased
mitotic index, and
cellular atypia.

High grade, more
aggressive behavior; may
present with lymph node
involvement.

High-grade tumors with
significant cellular atypia
and high proliferation
rate.

High-grade tumors,
often showing necrosis,

recurrence and high overall
survival.

Intermediate prognosis;
higher risk of recurrence
and reduced survival

compared to Luminal A.

Worse prognosis
than luminal B (HER2-
); increased risk of
metastasis.

Poor prognosis due to high
likelihood of recurrence
and metastasis; HER2-
targeted therapies have
improved outcomes.

Very poor prognosis; high

required.

Endocrine therapy combined
with chemotherapy is often
recommended.

Requires combination of endocrine
therapy, chemotherapy, and HER2-
targeted therapies.

HER2-targeted therapies (e.g.,
trastuzumab, pertuzumab)
combined with chemotherapy.

Limited therapeutic options;
chemotherapy is standard. Emerging

basal-like ERERLE high mitotic index, and r|§k i ety recurrence e options include immunotherapy and
. distant metastasis. o
nuclear pleomorphism. PARP inhibitors.
Similar to luminal A, but  Favorable prognosis; . . .
. . L Endocrine therapy is the mainstay
. ER+/PR+, HER2-,  with lower expression similar outcomes to L .
Normal-like . . . . of treatment; limited benefit from
low Ki-67 of proliferation-related luminal A but less
chemotherapy.
genes. common.
t??efrfgﬁssmn Often displays Poor prognosis; associated Limited response to conventional
. . mesenchymal features with features of stem therapies; research is ongoing
Claudin-low adhesion . . L . . . .
and immune infiltration;  cell-like properties and for targeted and immune-based
molecules (e.g., . . . . -
. poorly differentiated. immune evasion. therapies.
claudins)
ER+/PR+, . . .
HER2-, high Well-differentiated; Favorable prognosis; e Ty s vsuell

Mucinous/colloid

mucin content
in extracellular
matrix

characterized by
abundant extracellular
mucin.

High-grade tumors but

lower risk of recurrence
compared to other ER-
positive tumors.

Paradoxically good

effective; chemotherapy is rarely
required.

ER-, PR-, HER2-, prognosis for a triple- May respond to chemotherapy;
R often show a favorable . B .
Medullary high immune cell X . negative phenotype; potential for immunotherapy due to
.2 . prognosis due to immune . S . .
infiltration potential immune-related  high immune infiltration.
response. )
tumor suppression.
ER-, PR-, HER2-,
presence of High-grade, _ Limited treatment options;
Very poor prognosis; high . . .
. squamous, heterogeneous tumors . chemotherapy is the primary option;
Metaplastic . - . . . risk of recurrence and .
spindle, or with varied histological - targeted therapies are under
metastasis. . -
mesenchymal appearance. investigation.
components
Exhibits apocrine Intermediate prognosis; By EmEE e androggn
Apocrine ER, PR+, AR%, differentiation with associated with a lower rEgEp e R [ e
P HER2- chemotherapy and anti-HER2

large, eosinophilic cells.

risk of metastasis.

therapies are also considered.

ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor receptor 2; Ki-67: Proliferation marker; AR: Androgen receptor
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1. To evaluate the prognostic significance of distinct molecular
subtypes of TNBC based on published clinical outcomes, such as OS,

disease-free survival (DFS), and response to therapy;

2. To summarize the current molecular classification systems of TNBC
and their relevance in clinical practice;

3. To explore the role of BRCAI/2 mutations and other genetic
alterations in the pathogenesis and treatment response of TNBC;

4. And to assess the potential of immune-based therapies and novel
targeted agents in the management of TNBC.

Significance of the Review

We believe that this review is significant as it addresses a critical
gap in the current understanding of TNBC by integrating findings
from molecular and clinical research. The comprehensive analysis of
molecular subtypes and their prognostic implications may provide
valuable insights for clinicians and researchers, ultimately contributing

to the development of more effective therapeutic strategies for TNBC.
In addition, the review will highlight emerging biomarkers and
therapeutic targets that hold promise for improving outcomes in this
challenging subset of breast cancer. Past research on the prognostic
significance and molecular classification of TNBC is presented in

Table 3.

What is New in the Literature

The study of TNBC has seen significant advances in recent years,
particularly in understanding its molecular heterogeneity and the
development of targeted therapies. Notably, the identification of
distinct molecular subtypes of TNBC, such as BL and IM subtypes,
has provided insights into personalized treatment approaches. Recent
research has highlighted the potential of immunotherapy, especially
ICIs like pembrolizumab and atezolizumab, which have shown
efficacy in combination with chemotherapy for early and metastatic
TNBC, leading to improved survival outcomes. In addition, ADCs,
such as sacituzumab govitecan, have emerged as promising therapeutic

Table 3. Past research on the prognostic significance and molecular classification of triple-negative breast cancer

Study Year  Objective

Lehmann et 2011 Identify molecular subtypes of triple-

al. (7) negative breast cancer (TNBC)

Dent et al. 2007 Investigate clinical features and

(40) outcomes of TNBC

Foulkes et al. 2010 Analyze the role of BRCA mutations

(41) in TNBC

Adams et al Evaluate the role of tumor-

(42) . 2019 infiltrating lymphocytes (TILs) in
TNBC prognosis
Evalvate clinical outcomes for
women with a high RS who received
adjuvant chemotherapy plus

e 2020  endocrine therapy in the TAILORX

(43) . .
trial, a population expected to have
a high distant recurrence rate with
endocrine therapy alone

Bardia et al. 2020 Assess efficacy of sacituzumab

(44) govitecan in TNBC patients

Cortes et al. 2020 Study outcomes of pembrolizumab in

(45) early TNBC

Rugo et al. Review molecular subtypes and

2020 .
(46) management strategies
Mavaddat et Investigate genetic risk factors for
2012
al. (47) breast cancer

Key Findings

Identified six distinct subtypes (BL1,
BL2, IM, M, MSL, LAR) with different
gene expression profiles.

Found that TNBC is associated with
younger age, higher grade, and poorer
overall survival compared to other
subtypes.

BRCA1 mutations were linked to basal-
like TNBC, which exhibited increased
sensitivity to DNA-damaging agents.

High levels of TILs were associated
with improved survival outcomes in
TNBC.

Freedom from recurrence of breast
cancer at a distant site, and freedom
from recurrence, second primary
cancer, and death (also known as
invasive disease-free survival).

Sacituzumab govitecan showed
significant efficacy in patients with
refractory metastatic TNBC.

Pembrolizumab improved event-free
survival in early-stage TNBC when
combined with chemotherapy.

Highlighted the clinical relevance
of molecular subtypes for guiding
treatment choices in TNBC.

Identified specific genetic markers
associated with TNBC, including
BRCA1 and BRCA2 mutations.

Conclusion

Molecular subtyping can
guide targeted therapy and
prognostic assessment in
TNBC.

TNBC patients face higher
risks of recurrence and
mortality.

BRCA mutation status should
inform treatment decisions
for TNBC.

TILs serve as a potential
prognostic marker in TNBC
management.

Emphasizes the need for
individualized treatment
strategies in TNBC.

New ADCs like sacituzumab
govitecan represent a
breakthrough in TNBC
treatment.

Immunotherapy enhances
outcomes in early TNBC
patients, especially with PD-
L1 expression.

A molecularly-driven
classification can optimize
management strategies in
TNBC.

Genetic screening can aid in

identifying at-risk individuals
for TNBC.

BL1: Basal-like 1; BL2: Basal-like 2; IM: Immunomodulatory; M: Mesenchymal; MSL: Mesenchymal stem-like; LAR: Luminal androgen receptor; PD-L1:

Programmed death-ligand 1
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options for patients with advanced TNBC, showcasing notable
response rates in refractory cases. Despite these advances, significant
gaps remain in the therapeutic landscape of TNBC. The high rate
of recurrence and metastasis, particularly within the first three years
of diagnosis, underscores the need for more effective treatment
options. Current therapeutic strategies often lack sufficient specificity,
leading to patient treatment response variability. Furthermore, the
molecular characterization of TNBC is still incomplete, with many
tumors remaining unclassified or poorly understood. This lack of
comprehensive molecular profiling hampers the development of
targeted therapies that could improve patient outcomes. Moreover,
the role of the TME, including the presence of TILs and their impact
on therapeutic efficacy, warrants further investigation. There is also a
pressing need for effective biomarkers to predict treatment response
and guide clinical decision-making, particularly in determining the
suitability of novel agents. Addressing these gaps through ongoing
research and clinical trials is important for enhancing the management
of TNBC and improving the prognosis for affected patients.

Methodology

The methodology section is an important component of this systematic
review, outlining the research strategy and steps to address the research
question: What is the prognostic significance and molecular classification
of TNBC? This section includes details about the research design, data
sources, eligibility criteria, study selection process, data extraction, and
synthesis of findings. The methodology aims to ensure transparency,
reproducibility, and rigor in this systematic review.

1. Research Design

This study employed a systematic review design, adhering to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. The methodology focused on identifying
and evaluating studies that explored the molecular classification and
prognostic significance of TNBC. The review incorporated both
qualitative and quantitative data from clinical trials, observational

studies, meta-analyses, and other peer-reviewed articles.

2. Data Sources and Search Strategy

The systematic review was conducted by searching several electronic
databases, including PubMed, Embase, Cochrane Library, Web of
Science, and Scopus. Additional sources included Google Scholar for
“grey literature” and clinical trial registries like ClinicalTrials.gov. The
Medical
Subject Headings terms and free-text keywords, which were “TNBC”,

search strategy was developed using a combination of

“molecular classification”, “prognostic markers”, “subtypes” and

“survival outcomes.”

The search strategy was refined using Boolean operators ("AND”,
“OR?”) and filters for human studies, articles published in English, and
studies conducted between January 2007 and August 2024. The initial
search generated 4,253 articles, which were further screened based on
relevance to the research question. Duplicate studies were removed
using EndNote reference management software.

3. Eligibility Criteria
Eligibility criteria were defined to include only studies that met the
following requirements:

* Study design - clinical trials, cohort studies, case-control studies, and
systematic reviews/meta-analyses. Preclinical studies, case reports, and

review articles were excluded.

* Population - women diagnosed with TNBC. Studies focusing on
non-TNBC breast cancer or male breast cancer were excluded.

* Interventions/Exposures - studies evaluating molecular subtypes of
TNBC, including BL, M, and IM subtypes. Prognostic factors, such
as biomarkers, TILs, and genetic mutations (e.g., BRCA1/2), were
included.

* Outcomes - primary outcomes included OS, DFS, and progression-
free survival (PFS). Secondary outcomes included response rates to
specific therapies and recurrence patterns.

* Publication status and language - only peer-reviewed articles
published in English were included. Studies not available in full text or
in languages other than English were excluded.

4. Study Selection Process

The study selection process was conducted systematically to ensure
the inclusion of high-quality and relevant studies. Initially, 4,253
records were identified, and duplicate entries were removed. The
titles and abstracts of the remaining studies were independently
screened by two reviewers to assess their relevance based on predefined
eligibility criteria. Any discrepancies in selection were resolved through
discussion, and if necessary, a third reviewer was consulted to reach
a consensus. Following this, full-text screening was performed for
studies that met the initial screening criteria to confirm their eligibility.
A total of 3,124 records were excluded during the title and abstract
screening phase, while 708 studies were removed after full-text review
due to non-compliance with the inclusion criteria. Ultimately, 421
studies were deemed eligible and included in the final meta-analysis.
The PRISMA flow diagram (Figure 2) was used to visually summarize
the study selection process, providing transparency and reproducibility
in the methodology.

Studies included in quantitative synthesis (n=58)

!

Records Identified through database searching (n=4253)

Additional records identified through other sources (n=50)

.

Total records after duplicates removed (n=3,895)

|

Records screened (n=3895)

|

Records excluded (based on title/abstract) (n=3124)

.

Full text articles assessed for eligibility (n=771)

v

Full text articles excluded (with reasons) (n=708)

Figure 2. PRISMA flow diagram for systematic review

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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5. Data Extraction

Data extraction was conducted systematically using a standardized
data extraction form developed in Microsoft Excel 2021. This form
was designed to ensure consistency and accuracy in collecting relevant
information from each included study.

e Author(s), Year of Publication, and Study Title
¢ Study Design and Setting
* Population Characteristics (sample size, age, and stage of TNBC)

* Molecular Classification Method (e.g., gene expression profiling,
immunohistochemistry)

* Prognostic Factors Evaluated (e.g., BRCA1/2 mutations)
* Outcomes Measured (e.g., OS, DFS, PES)

* Key Findings and Conclusions

* Level of Evidence and Quality Assessment

Two reviewers conducted data extraction independently, using cross-
checking to ensure accuracy. Any disagreements were resolved through
discussion. The extracted data were then entered into a summary table
for ease of analysis.

6. Quality Assessment

Quality assessment of the included studies was conducted using
validated and freely available tools based on study design. Randomized
controlled trials (RCTs) were evaluated using the Cochrane risk of bias
(RoB) tool, accessible through the Cochrane Collaboration website
(https://www.riskofbias.info/). Cohort and case-control studies were
assessed using the New castle Ottawa Scale (NOS), available a thttps://
www.ohri.ca/programs/clinical_ epidemiology/oxford.asp. Systematic
reviews and meta-analyses were evaluated using the AMSTAR-2
tool, which can be accessed at https://amstar.ca/Amstar_Checklist.
php. Each study was assigned a quality rating (high, moderate, or
low) based on established criteria, including selection bias, outcome
measurement, and control of confounding variables.

7. Data Synthesis

Data synthesis involved qualitative and quantitative analyses. For
qualitative synthesis, the findings from individual studies were
thematically grouped according to the molecular classification of
TNBC and the prognostic factors evaluated. The review examined
the distribution of molecular subtypes, their association with clinical
outcomes, and potential therapeutic targets. For quantitative synthesis,
meta-analyses were performed where appropriate to estimate pooled
effects of prognostic factors on survival outcomes. Hazard ratios (HRs)
and confidence intervals (Cls) were extracted from studies reporting
survival analyses. Heterogeneity across studies was assessed using
the I? statistic, with values greater than 50% indicating substantial
heterogeneity. Sensitivity analyses were conducted to explore potential
sources of heterogeneity.

8. Subgroup Analysis

Subgroup analyses were conducted to evaluate the prognostic
significance of specific TNBC subtypes (e.g., BL vs. non-BL), the
impact of BRCA mutation status, and the influence of TILs on
treatment response. Moreover, the review examined the effectiveness

of novel therapeutic agents, such as PARP inhibitors and ICIs, across
different molecular subtypes.

9. Risk of Bias and Publication Bias

The RoB was assessed at the study and outcome levels. For RCTs,

selection bias (random sequence generation and allocation
concealment), performance bias (blinding of participants and
personnel), and detection bias (blinding of outcome assessment) were
evaluated. For observational studies, selection bias and confounding

were assessed using NOS criteria.

Publication bias was evaluated through visual inspection of funnel
plots for asymmetry and by conducting Egger’s test, where applicable.
The presence of significant publication bias was addressed by adjusting
the analysis using trim-and-fill methods.

10. Limitations and Strengths of the Methodology

The systematic review has several strengths, including a comprehensive
search strategy, rigorous study selection and quality assessment, and
detailed data extraction and synthesis. However, limitations include
the exclusion of non-English studies, which may introduce language
bias and potential heterogeneity across studies due to differences in
molecular classification methods and outcome measures.

11. Ethical Considerations

This systematic review did not involve primary data collection and
was exempt from ethical approval. However, ethical standards were
maintained by adhering to principles of transparency, accuracy in data
reporting, and acknowledgment of original sources through proper
citation.

12. Software and Tools Used

This review utilized several software tools to enhance the efficiency
and accuracy of the research process. Each tool is properly referenced
along with its source for accessibility:

* EndNote (Clarivate Analytics, USA) - Used for managing references
and removing duplicates. More details can be found at https://www.
endnote.com.

* Microsoft Excel 2021 (Microsoft Corporation, USA) - Utilized for
data extraction and tabulation. Official details are available at heeps://
www.microsoft.com.

* Review Manager (RevMan) (Cochrane Collaboration, UK) - Used
for conducting meta-analyses and generating forest plots. Accessible at
https://training.cochrane.org/online-learning/core-software-cochrane-
reviews/revman.

¢ Cochrane Risk of Bias Tool (Cochrane Collaboration, UK) - Used
for quality assessment of randomized controlled trials. Available at
hteps://www.riskofbias.info/.

e Newcastle-Ottawa Scale (NOS) (Ottawa Hospital Research
Institute, Canada) - Applied for assessing the quality of cohort and
case-control studies. Accessible at https://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp.

* STATA Software (StataCorp LLC, USA) - Used for statistical analyses
and evaluating publication bias. Further information can be found at

hteps://www.stata.com.
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Results

This section presents the systematic review results on the prognostic
significance and molecular classification of TNBC. The findings are
structured according to the identified molecular subtypes, associated
prognostic factors, and survival outcomes, followed by an analysis of
current therapeutic strategies. Data from the 63 studies included in
the qualitative synthesis and 58 in the meta-analysis were summarized,
with key results highlighted in both narrative and tabular formats.

1. Molecular Classification of Triple-Negative Breast Cancer

TNBC is characterized by its heterogeneity, with several molecular
subtypes identified. The most commonly reported subtypes across the
studies were:

e Basal-like subtype: Identified in 40% to 80% of TNBC cases,
this subtype is typically associated with poor prognosis and is
characterized by high expression of cytokeratins 5/6, epidermal
growth factor receptor (EGFR), and TP53 mutations. Studies
consistently reported worse OS and DFS for basal-like TNBC
compared to other subtypes.

*  Mesenchymal subtype: Comprising approximately 10-15% of
TNBC cases, this subtype is characterized by the activation of
EMT pathways, which contribute to its invasive nature. Several
studies reported that mesenchymal TNBC was associated with
lower response rates to chemotherapy but may respond to
targeted therapies.

*  Immune-modulatory subtype: Representing 15-25% of TNBC
cases, the immune-modulatory subtype is enriched with TILs and
exhibits improved survival outcomes compared to the BL and M
subtypes. ICIs have shown particular promise in this group.

*  LARsubtype: This less common subtype (5-10%) is characterized
by the expression of androgen receptors and may benefit from
anti-androgen therapies. However, its prognostic significance
remains unclear, with studies showing variable outcomes.

Table 4. Prognostic Factors of TNBC and outcomes

Prognostic factor Frequency of reporting

(%)
BRCA1/BRCA2 mutations 60%
Tumor-infiltrating lymphocytes (TILs) 55%
Ki-67 expression 45%
EGFR overexpression 40%
TP53 mutations 35%
PD-L1 expression 30%
Androgen receptor expression 20%

2. Prognostic Factors in TNBC

Numerous prognostic factors have been identified in TNBC, with
varying degrees of significance across studies. The most frequently
reported factors are outlined in Table 4 and summarized below.

BRCAI1/BRCA2 mutations (60%) are associated with better responses
to DNA-damaging agents and PARP inhibitors, leading to improved
DEFS and OS. High TILs (55%) indicate enhanced immune response,
correlating with better DFS, OS, and responses to immunotherapy.
In contrast, high Ki-67 expression (45%) and 7P53 mutations (35%)
are linked to more aggressive tumors, poor prognosis, and shorter
DES and OS. EGFR overexpression (40%) is associated with worse
survival outcomes, though EGFR-targeted therapies may offer some
benefit. PD-L1 expression (30%) is linked to better responses to IClIs,
improving patient outcomes. Androgen receptor expression (20%)
shows conflicting results, with some studies indicating worse prognosis
and others suggesting potential benefits from anti-androgen therapies.
These factors may help tailor treatment strategies and predict cancer
progression.

3. Survival Outcomes by Molecular Subtype

A meta-analysis was conducted to estimate pooled HRs for OS and
DES based on molecular subtypes of TNBC. The results are presented

in Table 5 and summarized below.

The meta-analysis highlighted the prognostic disparities among
the molecular subtypes of TNBC. BL TNBC was associated with
the poorest survival outcomes, with pooled HRs for (OS: 1.89,
95% CI: 1.52-2.35) and (DEFS: 1.73, 95% CI: 1.43-2.10), along
with moderate heterogeneity (I> = 55%). Similarly, the M subtype
demonstrated worse survival outcomes compared to other subtypes,
with the exception of BL (OS: 1.56, 95% CI: 1.20-2.02; DFS: 1.44,
95% CI: 1.11-1.85; I? = 45%), reflecting its aggressive and metastatic
nature. In contrast, the IM subtype exhibited a favorable prognosis,
with HRs below 1.0 for both OS (0.73, 95% CI: 0.55-0.97) and DFS
(0.68, 95% CI: 0.50-0.91), and low heterogeneity (I* = 40%), likely

due to the its high TIL levels and responsiveness to immunotherapy.

Associated outcomes

Better response to DNA-damaging agents (e.g., platinum-based
chemotherapy) and PARP inhibitors. Improved DFS and OS.

High TIL levels associated with improved DFS and OS. Better
response to immunotherapy.

High Ki-67 expression correlated with poor prognosis, shorter DFS,
and OS.

Associated with worse OS and DFS. May indicate sensitivity to
EGFR-targeted therapies.

Associated with poor prognosis, increased tumor aggressiveness,
and resistance to certain therapies.

Higher PD-L1 expression linked to better response to immune
checkpoint inhibitors.

AR expression in TNBC shows conflicting prognostic implications.
Some studies associate it with poor prognosis due to
chemotherapy resistance, while others suggest potential benefits
from anti-androgen therapies. Further research is needed to clarify
its role and therapeutic potential.

PD-L1: Programmed death-ligand 1; DFS: Disease-free survival; OS: Overall survival; TNBC: Triple-negative breast cancer; EGFR: Epidermal growth factor

receptor
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Table 5. Pooled hazard ratios for survival outcomes across TNBC molecular subtypes

Molecular subtype Pooled HR for OS (95% Cl)
Basal-like 1.89 (1.52-2.35)
Mesenchymal 1.56 (1.20-2.02)

Immune-modulatory 0.73 (0.55-0.97)

Luminal androgen receptor 1.12 (0.86-1.45)

Pooled HR for DFS (95% Cl) Heterogeneity (I?)

1.73 (1.43-2.10) 55%
1.44 (1.11-1.85) 45%
0.68 (0.50-0.91) 40%
1.08 (0.82-1.42) 65%

HR: Hazard ratio; OS: Overall survival; DFS: Disease-free survival; TNBC: Triple-negative breast cancer; Cl: Confidence interval

Table 6. Impact of BRCA1/2 mutations on survival outcomes in TNBC

Outcome

Overall survival 0.68 (0.50-0.92)

Disease-free survival 0.72 (0.54-0.96)

HR: Hazard ratio; Cl: Confidence interval; TNBC: Triple-negative breast cancer

The LAR subtype, however, showed variable outcomes with HRs for
OS (1.12, 95% CI: 0.86-1.45) and DFS (1.08, 95% CI: 0.82-1.42),
suggesting no significant prognostic difference, but high heterogeneity
(I? = 65%) reflects inconsistent findings across studies.

4. Current Therapeutic Strategies in TNBC

The review identified several emerging therapeutic strategies for

TNBC based on molecular subtypes:

e Platinum-based chemotherapy: Studies have demonstrated that

platinum-based chemotherapy (e.g., cisplatin, carboplatin) is
particularly effective in TNBC patients with BRCAI/2 mutations.
These agents cause DNA crosslinking, leading to cell death in tumors

with impaired DNA repair mechanisms.

e PARP inhibitors: Olaparib and talazoparib are Food and Drug
Administration’s -approved PARP inhibitors that have shown efficacy
in BRCA-mutated TNBC. These agents exploit synthetic lethality by
inhibiting DNA repair in cancer cells, leading to improved survival in
patients with BRCA1/2 mutations.

e ICIs: The KEYNOTE-522 trial is published in The New England

Journal of Medicine.

e ADCs: The ASCENT trial, which evaluated sacituzumab govitecan
in metastatic TNBC, is published in The New England Journal of
Medicine:

Despite these advances, several studies highlighted the need for more
personalized treatment strategies, particularly for patients with non-
BL TNBC, where response to current therapies is often suboptimal.

5. Meta-Analysis of BRCA1/2 Mutations in TNBC and Survival

A focused meta-analysis was performed to assess the impact of
BRCAI/2 mutations on survival outcomes in TNBC patients. Pooled
HRs for OS and DFS were calculated from studies that reported
survival data stratified by BRCA mutation status (Table 6).

The pooled analysis highlighted the significant prognostic advantage
of BRCAI/2 mutations in TNBC, with HRs indicating improved

Pooled HR (95% ClI) for BRCA1/2 mutations

Heterogeneity (I2)

35%
40%

OS (HR: 0.68, 95% CI: 0.50-0.92, I> = 35%) and DFS (HR: 0.72,
95% CI: 0.54-0.96, I = 40%) compared to non-BRCA-mutated
TNBC patients. These findings reflect the distinct molecular profile
of BRCA-mutated TNBC, characterized by heightened sensitivity
to DNA-damaging agents and PARP inhibitors, which exploit
deficiencies in homologous recombination repair. The moderate
heterogeneity across studies likely arises from variations in patient
populations, therapeutic regimens, and follow-up durations but does
not diminish the consistency of the survival benefit observed. This
underscores the importance of BRCAI/2 testing for TNBC patients,
enabling personalized treatment strategies and optimizing outcomes
by incorporating targeted therapies. BRCA-mutated TNBC represents
a distinct, therapeutically vulnerable subtype with significantly better
prognosis, warranting its consideration in clinical decision-making
and future research.

6. Heterogeneity and Sensitivity Analyses

Significant heterogeneity was observed in some of the analyses,
particularly for the LAR subtype (I* = 65%), indicating variability in
survival outcomes across studies. Sensitivity analyses were performed
by excluding studies with a high RoB, but the results remained
essentially unchanged, suggesting that the observed heterogeneity
was likely due to inherent differences in study populations, molecular
classification methods, and treatment protocols.

7. Publication Bias

Publication bias was assessed using funnel plots and Egger’s test to
determine the potential impact of selective reporting on the pooled
estimates. The funnel plot for OS outcomes appeared symmetrical,
indicating a low risk of publication bias. Additionally, Egger’s test for
asymmetry yielded a p-value of 0.18, suggesting no significant small-
study effects or selective reporting bias among the included studies.
While the p-value is above the conventional threshold of significance
(»<0.05), indicating that publication bias is unlikely, a trim-and-fill
analysis was not conducted to further adjust for any potential missing
studies. Given the reliance on observational and interventional studies,
the results should still be interpreted with caution as factors such as
study quality and heterogeneity can influence bias assessments.
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8. Summary of Key Findings

a. Basal-Like (BL) TNBC as the Most Prevalent and Aggressive
Subtype

BL TNBC emerged as the predominant molecular subtype,
accounting for approximately 40% to 80% of TNBC cases. It was
consistently associated with worse survival outcomes, including lower
OS and DEFS, compared to other subtypes. The poor prognosis is
likely due to high tumor proliferation rates, frequent TP53 mutations,
and overexpression of basal cytokeratins (CK5/6) and EGFR, which
contribute to increased tumor aggressiveness and therapy resistance.
The findings align with previous research, indicating that BL TNBC
may require alternative therapeutic approaches, such as EGFR-targeted
therapies, beyond standard chemotherapy.

b. IM TNBC and Its Association with Favorable Prognosis

The IM subtype, comprising approximately 15% to 25% of TNBC
cases, exhibited better survival outcomes compared to BL TNBC. This
subtype was characterized by high levels of TILs, which correlated with
improved prognosis. Studies have demonstrated that increased TIL
density is associated with enhanced anti-tumor immune responses,
leading to prolonged OS and DFS. Furthermore, patients with IM
TNBC showed greater responsiveness to ICIs, particularly in the
presence of high PD-L1 expression. These findings underscore the
potential for immunotherapy as a viable treatment option for this

TNBC subgroup.

c. BRCA1/2 Mutations as Prognostic and Predictive Markers

BRCA1/2 mutations, identified in a subset of TNBC patients,
were found to be associated with improved outcomes, particularly
in response to DNA-damaging agents such as platinum-based
chemotherapy and PARP inhibitors. Studies reported that TNBC
patients with BRCA mutations exhibited higher sensitivity to these
therapies due to defective DNA repair mechanisms. Consequently,
these patients had significantly longer DFS and OS compared to non-
BRCA-mutated TNBC cases, reinforcing the prognostic and predictive
utility of BRCA testing in guiding personalized treatment strategies.

d. Emerging Therapies and Their Subtype-Specific Benefits

Novel therapeutic approaches, particularly ICIs and ADCs, have
shown promising efficacy in TNBC management. The addition
of pembrolizumab (an anti-PD-1 ICI) to chemotherapy in the
KEYNOTE-522 trial significantly improved pathological complete
response (pCR) rates in early-stage TNBC, particularly among PD-
L1-positive patients. Additionally, sacituzumab govitecan, an ADC
targeting Trop-2, demonstrated superior PFS and overall response rates
compared to standard chemotherapy in metastatic TNBC, as observed
in the ASCENT trial. These findings highlight the importance of
molecular profiling in identifying TNBC subtypes that are most
likely to benefit from targeted therapies, ultimately improving clinical

outcomes.

Discussion and Conclusion

This systematic review and meta-analysis on the prognostic significance
and molecular classification of TNBC provided interesting insights into
the complex nature of this heterogeneous disease and its implications
for therapeutic strategies. TNBC is associated with poor prognosis,
aggressive behavior, and a high likelihood of relapse compared to other
breast cancer subtypes. Understanding the molecular diversity within

TNBC is crucial for developing effective treatment modalities and
improving patient outcomes.

1. Molecular Classification of TNBC and Prognosis
The results highlighted that TNBC may be classified into several

molecular subtypes, each associated with distinct prognostic

implications and therapeutic responses.

* Basal-Like TNBC and Poor Prognosis

BLTNBC, which constitutes 40% to 80% of all TNBC cases, emerged
as the predominant subtype and is characterized by poor OS and DFS
compared to other subtypes (29). This subtype was associated with
high expression of cytokeratins 5/6, EGFR, and mutations in the 753
gene, which are known to drive tumor aggressiveness and resistance
to conventional therapies. These findings are consistent with previous
studies suggesting that BL TNBC may benefit from EGFR-targeted
therapies and novel therapeutic strategies aimed at overcoming TP53-
driven resistance mechanisms (30).

* Mesenchymal TNBC and High Metastatic Potential

The M subtype, accounting for approximately 10-15% of TNBC
cases, is another important group identified in the review. This subtype
is enriched with genes involved in EMT pathways, contributing to
its high metastatic potential and poor prognosis (31). In contrast to
the BL subtype, M-subtype TNBC has shown limited response to
standard chemotherapy but may be more susceptible to inhibitors
targeting the EMT process (32). These findings underscore the need
for further research into specific therapeutic targets for M TNBC and
the development of biomarkers to predict EMT activation in clinical

settings.

* Immunomodulatory TNBC and Favorable Prognosis

The IM subtype, representing 15-25% of TNBC cases, had a
significantly better prognosis than BL and M subtypes. High levels
of TILs were consistently associated with improved survival outcomes
and a greater likelihood of response to ICIs (33). This result supports
the growing evidence suggesting that TILs are a favorable prognostic
marker in TNBC and that IM TNBC may be an ideal candidate
for immunotherapy (33). Identifying biomarkers such as PD-L1
expression and TIL levels is important for selecting patients who may
benefit most from ICIs and for designing clinical trials investigating
novel immunotherapeutic approaches in TNBC (34).

* Luminal Androgen Receptor TNBC and Controversial Prognostic
Outcomes

The LAR TNBC subtype, which comprises 5-10% of cases, remains
a contentious group with variable prognostic outcomes. Some
studies suggest that LAR TNBC may be associated with a better
prognosis due to lower proliferative activity, while others indicate that
androgen receptor expression may confer resistance to conventional
chemotherapy (35). The review highlighted the need for additional
research to clarify the role of androgen receptor in TNBC and to
explore the potential utility of anti-androgen therapies in this subtype

(36).

2. Prognostic Factors in TNBC

The prognosis of TNBC is influenced by various molecular and
pathological factors, which provide insights into tumor behavior,
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treatment responses, and OS outcomes. The primary prognostic
factors discussed here are BRCA1/2 mutations, Ki-67 expression, and
EGEFR overexpression. Each of these markers has unique implications
for the management and prognosis of TNBC patients (37).

The research identified seven key prognostic factors with varying
frequencies of reporting and distinct associated outcomes (38).

BRCAI/BRCA2 mutations emerged as the most frequently reported
prognostic factor, appearing in 60% of studies. These mutations
actually demonstrate a positive prognostic significance, as patients
with these mutations show better responses to DNA-damaging agents,
particularly platinum-based chemotherapy, and PARP inhibitors. The
presence of these mutations was associated with improved DFS and
OS, making them valuable predictive markers for treatment response

(39, 40).

TILs were the second most commonly reported factor, appearing in
55% of studies. High levels of TILs serve as a favorable prognostic
indicator, correlating with improved DFS and OS. Moreover, patients
with elevated TIL levels show enhanced responses to immunotherapy
treatments, suggesting their potential role as a predictive biomarker for
immunotherapy success (41, 42).

Ki-67 expression, reported in 45% of studies, served as a negative
prognostic indicator. High levels of Ki-67 expression correlate with
poor prognosis, manifesting as shorter DFS and OS rates (Table 4).
This marker appears to be particularly important in identifying more
aggressive forms of TNBC that may require more intensive treatment

approaches (43-47).

EGEFR overexpression, noted in 40% of studies, generally indicated
a poorer prognosis, with affected patients showing worse OS and
DES outcomes (Table 4). However, this factor may have therapeutic
implications, as it could indicate potential sensitivity to EGFR-targeted
therapies, offering a possible treatment avenue for this subgroup of
patients (48).

TP53 mutations, present in 35% of studies, consistently correlated
with poor prognosis (Table 4). These mutations are associated with
increased tumor aggressiveness and resistance to certain therapeutic
approaches, making them an important consideration in treatment
planning and prognosis assessment (49).

PD-L1 expression, reported in 30% of studies, shows particular
significance for immunotherapy response. Higher levels of PD-
L1 expression correlated with better responses to ICIs, making it a
valuable predictive marker for immunotherapy success (50).

Androgen receptor expression, though less frequently reported (20% of
studies), presented interesting but conflicting prognostic implications.
Some research indicated that androgen receptor expression correlated
with worse prognosis, while other studies suggest potential benefits
from anti-androgen therapies. This variability in outcomes highlights
the complexity of TNBC and the need for further research to clarify
the prognostic significance of this marker (51, 52).

In summary, BRCA1/2 mutations and high TIL levels consistently
emerged as positive prognostic factors, while markers such as
elevated Ki-67 expression and 7P53 mutations generally indicated
poorer outcomes. This understanding of prognostic factors is key to
developing personalized treatment strategies and improving patient

outcomes in TNBC (53).

3. Therapeutic Implications of Molecular Classification

The review has highlighted the therapeutic implications of molecular
classification in TNBC, emphasizing the need for subtype-specific
treatment approaches. The findings suggest that BL TNBC, due to
its poor prognosis and aggressive nature, may require more intensive
treatment regimens, including the addition of targeted agents or the
use of neoadjuvant chemotherapy (54-56). M-subtype TNBC, on the
other hand, may benefit from therapies targeting EMT pathways or
from combinatorial approaches that modulate the TME. IM TNBC
has emerged as a promising candidate for immunotherapy. The
addition of pembrolizumab to chemotherapy in the KEYNOTE-522
trial resulted in significantly improved pCR rates in TNBC patients,
particularly in those with high PD-L1 expression (57, 58). These
results highlight the potential of ICIs as a standard component of
TNBC treatment, especially in patients with the IM-subtype. For LAR
TNBC, anti-androgen therapies, such as bicalutamide or enzalutamide,
may offer therapeutic benefits. However, the limited clinical data
available necessitate further studies to validate these findings and to
identify reliable biomarkers for selecting patients who may respond to
androgen receptor-targeted therapies (59, 60). The inclusion of LAR
TNBC in clinical trials evaluating anti-androgen agents is essential to
establish their role in the treatment of this subgroup (61).

This systematic review and meta-analysis have provided comprehensive
insights into the prognostic significance and molecular classification of
TNBC, which has emerged as a heterogeneous disease with distinct
molecular subtypes, each carrying different prognostic implications
and therapeutic vulnerabilities. The BL subtype, while being the
most common, consistently demonstrates the poorest survival
outcomes, with HRs indicating significantly increased risk of both
death and disease recurrence. In contrast, the IM subtype shows more
favorable outcomes, suggesting the important role of immune system
engagement in TNBC prognosis.

The presence of specific molecular markers significantly influenced
patient outcomes. BRCAI/2 mutations, contrary to traditional
assumptions about genetic mutations, actually confer a survival
advantage with HRs of 0.68 for OS and 0.72 for DFS. This finding
is particularly relevant given the availability of targeted therapies, such
as PARP inhibitors for this subset of patients. The presence of high
levels of TILs and PD-L1 expression emerged as positive prognostic
indicators, particularly relevant in the era of immunotherapy.

The therapeutic landscape for TNBC has evolved to reflect these
molecular classifications, with specific strategies showing efficacy in
different subtypes. Platinum-based chemotherapy and PARP inhibitors
demonstrate particular effectiveness in BRCA-mutated cases, while
ICIs show promise in patients with high PD-L1 expression or elevated
TILs. The development of ADC represents a significant advance in
targeting specific molecular features of TNBC.

However, the review also highlighted the continuing challenges in
treating non-BL TNBC subtypes, where response to current therapies
remains suboptimal. The heterogeneity in survival outcomes across
different molecular subtypes, as evidenced by the varying HRs,
underscores the critical importance of molecular classification in
treatment selection and prognostication. This suggests that future
therapeutic approaches should increasingly focus on personalized
strategies based on molecular subtyping and specific prognostic
factors, rather than treating TNBC as a single entity.
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Current Gaps and Future Directions

Despite the advances in understanding TNBC molecular subtypes
and their therapeutic implications, several knowledge gaps remain.
The lack of consensus on molecular classification criteria and the
heterogeneity in the methodologies used to define TNBC subtypes
across studies pose challenges in translating these findings into clinical
practice. The development of standardized classification systems and
high-throughput technologies, such as NGS, are needed to refine
TNBC subtyping and identify novel therapeutic targets. Another
critical gap is the limited understanding of resistance mechanisms
in TNBC. While therapies such as PARP inhibitors and ICIs have
shown promise in specific subgroups, resistance to these agents
remains a significant hurdle. Research into the molecular mechanisms
underlying resistance, including alterations in DNA repair pathways
and immune evasion strategies, is necessary to develop combinatorial
approaches to overcome resistance and improve outcomes for TNBC
patients. Furthermore, the paucity of clinical trials evaluating novel
agents in non-BL TNBC subtypes highlights the need for more
inclusive research efforts. Given the distinct biological behavior of
these subtypes, future clinical trials should incorporate molecular
stratification to ensure that the unique therapeutic needs of each
TNBC subtype are addressed. Identifying novel biomarkers predictive
of treatment response will be important for guiding patient selection
and personalizing therapy in TNBC.

The systematic review of the prognostic significance and molecular
classification of TNBC highlighted the complexity and heterogeneity
of this aggressive subtype of breast cancer. The analysis showed that
TNBC is not a uniform disease but consists of multiple distinct
molecular subtypes, BL, M, IM, and LAR, each with unique clinical
features, prognostic outcomes, and therapeutic vulnerabilities. The
BL- and M-subtypes were associated with poor prognosis and limited
response to conventional therapies, while the IM subtype exhibited a
more favorable prognosis and heightened sensitivity to immunotherapy.
The least common subtype, LAR TNBC, on the other hand, remains
an area requiring further investigation to better understand its clinical
implications and therapeutic opportunities. Despite recent advances,
significant challenges persist in the management of TNBC. The lack
of targeted therapies for most TNBC subtypes, coupled with the high
incidence of drug resistance and disease recurrence shows the need
for further research to identify novel therapeutic targets and develop
more effective treatment strategies. Future studies should focus on
refining molecular subtyping through standardized criteria, exploring
biomarkers for predicting treatment response and addressing resistance
mechanisms to improve patient outcomes. Integrating molecular
classification into clinical practice holds promise for the personalized
treatment of TNBC. By tailoring therapeutic approaches based on the
molecular profile of each TNBC subtype, it is hoped that the survival
outcomes and quality of life of patients diagnosed with this challenging
disease can be significantly improved.
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ABSTRACT
Objective: The aim of this study was to assess the health-related quality of life (HRQoL) of breast cancer (BC) survivors during adjuvant hormone therapy
(AHT) as a function of age and to identify predictor symptoms.
Materials and Methods: The study was based on a cross-sectional survey of 216 BC survivors undergoing AHT; in the Northern Region of Morocco.
HRQoL was assessed using a validated HRQoL questionnaire, the Functional Assessment of Cancer Treatment (FACT-ES). Multiple linear regression
analysis was used to identify predictor symptoms for the subscales of the FACT-ES.
Results: Younger women (<45 years) had lower scores on the emotional well-being subscale (p = 0.021). Irritability (: -0.786; p = 0.001) and mood swings
(B: -0.835; p = 0.031) were the strongest negative predictors of emotional quality of life. In both age groups, items related to social support had a positive
effect on survivors’ social HRQoL (p<0.05).
Conclusion: BC survivorss HRQoL during AHT differed by age group. Emotional problems negatively influenced HRQoL in younger women. Knowledge
of the symptoms that predict HRQoL in BC survivors may help clinicians develop personalized interventions.
Keywords: Age; breast cancer; hormone therapy; quality of life; predictor symptoms; survivors
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Key Points
*  Young survivors are more prone to emotional distress.
*  Overweight and physical problems are more prevalent among older survivors.
*  Social support has a positive effect on health-related quality of life for breast cancer survivors of all ages.
*  Clinicians must manage breast cancer survivors during adjuvant hormone therapy, taking account of the predominant symptoms in each age group.

Introduction BC is currently considered one of the most curable cancers, with a

steadily improving 5-year survival rate, reaching 80.6% in Morocco

Female breast cancer (BC) is a global burden. It ranks first in terms of (4). This is essentially due to the evolution of diagnostic methods and

incidence in the vast majority of the world’s countries (1). In Morocco,
BC is the leading cancer in women, with an incidence rate of 38.8%
of all cancers, and a death toll exceeding 4000 in 2022 (1). It is an age-
related disease, most often affecting older women. However, several
studies from Morocco have reported that the disease frequently affects
younger women (2). These include a study of 265 female BC patients
in North-East Morocco, which showed that the average age of the
participants was 45 years (3).
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the development of new therapeutic techniques. With the increasing
number of survivors of BC, the assessment of health-related quality of
life (HRQoL) in these patients is considered a fundamental necessity,
particularly in the case of long-term treatment, including adjuvant
hormone therapy (AHT). HRQoL is currently considered a key
determinant of treatment success in modern oncology, not only for
young women who are exposed to psychological distress due to the
disease or the effects of treatment (5), but also for older women, who
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represent the highest prevalence of BC (6). Indeed, several researchers
have assessed HRQoL of BC survivors as a function of age in several
countries (7-9). However, the relationship was not explicitly examined
in most of these studies, sometimes leading to contradictory results.
For example, some authors found that HRQoL was poorer in older
patients than in younger women (9, 10). In contrast, other studies
have reported better HRQoL in older women than in younger women,
particularly in psychological terms, despite their impaired physical
function and comorbidities (11, 12).

Currently, the majority of studies of BC survivors seek to explore
of HRQoL (13-15).

Nevertheless, studies investigating predictors in terms of symptoms

socioeconomic and clinical predictors
as a function of age remain very scarce, particularly during AHT. A
recent study (2023) aimed at identifying the main symptoms in BC
patients during AHT, showed that loss of sexual interest and joint pain
were the symptoms most commonly reported by women. However,
the study did not examine existing differences between younger and

older women (10).

To the best of our knowledge, the present study is the first in Morocco
and in the African context, to assess HRQoL of BC survivors as a
function of age while identifying predictor symptoms related to AHT.

This study may have important clinical implications, as knowledge of
these differences in HRQoL will enable personalized management of
women according to their age. In addition, this research will provide
valuable information on the symptoms that predict HRQoL in both
age groups (younger and older), with a view to improving the overall
health of these patients by acting on these predictors.

The primary aim of this study was to evaluate HRQoL in BC survivors
based on their age, as well as to identify predictor symptoms during

AHT.

Materials and Methods
Study Design

The present study was a cross-sectional study of 216 BC survivors
undergoing AHT between 2015 and 2020. Those women were
identified from the local cancer registry located at the focal point of
each province in the northern region of Morocco. Data collection was
done over two periods (8 months in total), 4 months in each province.
The data was collected after authorization to collect data from the
health authorities of the region, in collaboration with the archiving
managers and head nurses of each oncology center. Participants
were invited to participate in the study. For literate women, they
individually completed the questionnaire assessing HRQoL which was
the Functional Assessment of Cancer Treatment (FACT-ES) Arabic
version. For illiterate women, the data collection was done via direct
interviews. The compilation of data was completed using different
sources: consultation of women’s medical records and examination
reports.

Study Population
Sample
To calculate the size of our sample, we used the following formula:

n=z*pq/eé?

where n = sample size; z = the confidence level (for a 95% confidence
interval, z = 1.96); p = the total population (2023); q = 1-p; and e =

the tolerated margin of error (5%). The minimum sample size found
was 7 = 324.

The sampling method used for this study is proportional stratified
probabilistic sampling, which makes it possible to have a representation
closest to the general population. The choice of this sampling technique
was imposed by the fact that the population naturally presents itself
in strata, each stratum corresponding to a province. Thus, two strata
were determined (Al Hoceima/Tetouan). However, since the size of
each stratum is uneven, we opted for proportions corresponding to the
percentage of women represented by the stratum to which they belong
in relation to the minimum sample size determined beforehand (7 =
324). Then inside each stratum, a simple random sample was carried
out, after compiling the data in Excel.

The study database initially included 324 women, 216 of whom
successfully completed our questionnaire, a response rate of 67%.
Participants were stratified according to age (<45 years versus 245
years) to compare younger and older patients, based on available
literature.

Women with early BC undergoing AHT [tamoxifen or aromatase
inhibitors (AI)] were eligible to participate in this study.

Assessment of HRQoL

HRQoL was assessed using the FACT-ES, which is an international
scale, initially developed by Fallowfield in 1999 (16) to assess
HRQoL in BC patients undergoing AHT. It has been translated
into several languages, including Arabic. Previous studies have
demonstrated that the Arabic version of the FACT-ES is sensitive and
reliable for assessing HRQoL in cancer patients in Arab populations
(17). This questionnaire includes four domains: physical well-being
(PWB); social well-being (SWB); emotional well-being (EWB); and
functional well-being (FWB). There is also a 19-question subscale
on endocrine symptoms (ES). The PWB, SWB and FWB each
comprise seven items, and the EWB contains five items. FACT-
ES has been translated and validated in several languages, including
Arabic. Version 4 of FACT-ES Arabic was used for this study.
Participants’ responses to the various items were assessed using a
5-point Likert scale, with response scores ranging from 0 to 4 (0
= not at all; 1 = a little bit; 2 = somewhat; 3 = quite a bit and 4 =
very much). A higher overall HRQoL score FACT-ES and higher
individual domain and ES scores indicate a better HRQoL. Missing
values were calculated as an average of the observed items, if more
than half of the items making up the subscale were answered, as
suggested by its developer.

Statistical Analysis

Data were analyzed using Statistical Package for the Social Sciences
(SPSS), version 21.0 (IBM Inc., Armonk, NY, USA). Descriptive
statistics included frequencies and percentages for categorical variables
(socio-demographic and clinical) and mean and standard deviation for
continuous variables (FACT-ES scores). Differences between variables
were obtained using chi-square tests for categorical variables and non-
parametric tests (Wilcoxon-Mann-Whitney) for continuous variables.
A multivariate analysis including significant variables from the
univariate analysis was performed to identify predictors of the FACT-
ES subscales in both age groups. Regression coefficients were used for
linear regression results. In all multivariate analyses, the significance
level (p) was set at 0.05. The minimum important difference for
interpreting group differences in HRQoL for the FACT-ES scales is
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estimated at 3 to 8 points and at two points or more for the subscales,
as recommended by the developer of FACT (16).

Ethical Considerations

The study was conducted in accordance with the Declaration of
Helsinki, after obtaining authorization for data collection from the
health authorities of the region under no. 488/00 of 05/02/2000 due
to the non-existence of an ethics committee at the time of the study.
Informed consent was obtained and confidentiality of participants’
private information was respected.

Results

Sociodemographic and Clinical Characteristics

The basic demographic data of patients receiving AHT are presented
in Table 1. About 76% (7 = 117) of women aged over 45 years were
illiterate. More than half of the participants in both age groups were
married. The results also show that almost half (7 = 77) of women aged
over 45 years have three or more children. Regarding employment
status, almost all (90%) of the participants in both categories were
unemployed. Regarding clinical variables (Table 2), data analysis
revealed that more than 60% of women in both age groups had stage
II BC. In addition, almost all women under 45 years (94.4%) were
taking Tamoxifen, 70% of whom had treatment-induced menopause.
In women aged over 45 years, nearly 60% were on Al, of whom 70%
reported being postmenopausal. Regarding the duration of AHT use,
the study results showed that more than half (53%) of women aged
over 45 years had used this therapy for more than 2 years.

HRQoL According to Age

Table 3 compares HRQoL between younger (<45 years) and older (>45
years) women. The results show that older women have a significantly
better overall HRQoL, as well as a lower burden from the endocrine
therapy, in addition to a better emotional quality of life. Nevertheless,
younger women had significantly better mean PWB scores. However,
no significant differences were observed for cither SWB or FWB
between the two age groups.

Predictor Symptoms of HRQoL According to Age

Table 4 highlights the symptoms that predicc HRQoL in both age
groups. The main symptoms that negatively influenced HRQoL in
young women were psychological symptoms, namely: I feel nervous
(B: -1.087), I am afraid that my health will deteriorate (B: -1.306),
mood swings (B: -0.835), irritability (B: -0.786). Younger women also
reported that gynecological symptoms also had a negative effect on
HRQoL, including vaginal irritation (B: -0.931) and vaginal dryness
(B: -1.115). For older women, physical problems such as generalized
pain (B: -0.697), joint pain (B: -1.206) and lack of energy (B: -0.593),
in addition to vasomotor symptoms including day and night sweats
(B: -0.595), hot flashes (B: -0.628) and weight gain (B: -1,105) had a
negative effect on their HRQoL.

In terms of variables related to social support (“I feel close to my
partner”) or family support (“My family supports me morally”), these
had a positive impact on the HRQoL in both age groups.

Discussion and Conclusion

The present study is the first to assess the HRQoL of BC survivors
during five years of AHT as a function of age in the population of
northern Morocco. Then, the predictor symptoms in the same

population using the FACT-ES questionnaire were investigated. It is
hoped that this will enable healthcare providers to identify survivors
who may be at risk of impaired HRQoL and therefore provide targeted

and appropriate care for each woman.

Most studies conducted in Western countries consider the boundary
between “young” and “old” women to be 50 years (18, 19), as this
is the average age at which menopause begins. However, the age of
onset of menopause depends on several hormonal, hereditary and
environmental factors. According to the World Health Organization
the age of onset of menopause varies widely both between individuals
in the same population and between different populations around the
world, ranging from 45 to 55 years (20). Based on a literature review,

Table 1. Comparison of socio-demographic characteristics by age

group (n = 216)

Variables Age <45 years Age 245 years
(n=61) (n=155)

Education

Illiterate 22 (36.1%) 117 (75.5%)*

Primary 18 (29.5%)* 15 (9.7%)

Secondary 17 (27.9%)* 18 (11.6%)

University 4 (6.6%) 5(3.2%)

Marital status

Single 21 (34.4%)* 40 (25.8%)
Married 36 (59%) 91(58.7%)
Divorced 4 (6.6%) 8 (5.2%)
Widow 0 (0%) 16 (10.3%)*
Number of children

None 22 (36.1%) 52 (33.5%)
One child 6(9.8%) 8(33.5%)

10 (16.4%)
23 (37.7%)

18 (11.6%)
77 (49.7%)

Two children

Three or more children

Job

Unemployed 56 (91.8%) 150 (96.8%)
Employed 5 (8.2%) 5(3.2%)
Economic level

Low 19 (31.1%) 46 (29.7%)
Medium 42 (68.9%) 107 (69%)
High 0 (0.0%) 2(1.3%)
Type of insurance

CNOPS 2(3.3%) 16 (10.3%)*
CNSS 5(8.2%)* 3 (1.9%)
RAMED 53 (86.9%) 136 (87.7%)
Others 1(1.6%) 0 (0%)
Provenance

Rural 27 (44.3%) 61 (39.4%)
Urban 34 (55.7%) 94 (60.6%)

CNOPS: National Fund for Social Security Organizations; CNSS: National Social
Security Fund; RAMED: Insurance for low-income patients
*: Significant difference for chi-squared test is <0.05
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the mean age of menopause used in most epidemiological and HRQoL
studies of women with BC in the Moroccan and similar contexts was
45 years (2, 21). Thus, we opted to subdivide our study sample into
two age groups: <45 years and >45 years. Several studies have examined
the influence of age on HRQoL in BC patients (22). However, the
majority of these studies do not directly explain this relationship,
with contradictory results. For example, some authors found that the
HRQoL of older patients was poorer than that of younger women
(23, 24), while other studies reported the opposite, concluding that
young age was an important risk factor for poor HRQoL (19, 25). Other
results mentioned the influence of age only on certain dimensions of
HRQoL, notably the physical role (26). Still other studies have found
no significant difference between older and younger patients (27).

In the present report, younger age (<45 years) was associated with
lower overall HRQoL (FACT-ES), except for PWB. This corroborates
with some previous studies (28, 29), which highlighted a positive
relationship between younger age and better physical functioning.

Regarding SWB, the present study found a significant age-related
difference, with higher scores in older women, which is consistent with
the results of some studies that found a strong association between
young age and low SWB (11). Previous reports have explained this
finding by suggesting that older women are likely to live in better

Table 2. Comparison of clinical characteristics by age group (n =
216)

Variables Age <45 years Age >45 years
(n=61) (n=155)

Stage of cancer

Stage I 0 (0%) 5 (3.2%)

Stage II 40 (65.6%) 107 (69%)

Stage Il & IV 21 (34.4%) 43 (27.7%)

Type of hormone

Tamoxifen 60 (94.4%)* 63 (40.6%)

Aromatase inhibitors 1(1.6%) 92 (59.4%)*

Menopausal status

Premenopausal 18 (29.5%)* 17 (11%)
Menopausal 0 (0%) 107 (69%)*
Menopausal induced 43 (70.5%)* 31 (20%)
Surgery type

Mastectomy 42 (68.9%) 121 (78.1%)
Conservative 19 (31.1%) 34 (21.9%)
Pretreatments

Chemotherapy 8 (13.1%) 29 (18.7%)
Radiotherapy 2 (3.3%) 12 (7.7%)
Both 51 (83.6%) 114 (73.5%)

Treatment time/period

Less than 6 months 21 (34.4%) 44 (28.4%)
Between 6 to 12 months 12 (19.7%) 22 (14.2%)
Between 1 & 2 years 5 (8.2%) 7 (4.5%)

More than 2 years 23 (37.7%) 82 (52.9%)*

*: Significant difference for chi-squared test is <0.05

conditions of social stabilization than younger women, who may
experience divorce and problems with spouses who do not accept
their illness (30). However, this result contradicts other studies that
have detected a strong association between younger age and better
SWB (31). Given the inconsistency of these results, further research
is needed to clarify the influence of age on the SWB of BC survivors,
particularly among Moroccan patients in other regions.

Linear regression analysis demonstrated a positive effect of social
support on SWB in both age groups. These results corroborate those
of a recent study (32) and with other previous studies, demonstrating
that adequate social support from family members, husband, friends
and neighbors was associated with a significant improvement in

HRQoL of BC patients (33).

Concerning the psychological and emotional dimension, the present
study showed that younger survivors exhibit more psychological
distress than older women. The literature also presents similar results.
Indeed, the results of some systematic reviews have revealed that
depressive syndromes are more pronounced in younger patients (12),
which can be explained by the fact that younger women have more
difficulty adapting to life with BC than older women. In addition,
they complain and pay more attention to adverse effects, especially
those related to menopause and infertility (34).

Given the paucity of literature on age-related predictive symptoms
of HRQoL in BC survivors on AHT, our analysis and discussion
included some results from studies of women classified according to
menopausal status, given that premenopausal women are considered
young and postmenopausal women older.

The results of our study concerning ES, showed a greater weight of
these symptoms in younger patients than in older women, which is
contradictory to the results of a study conducted in Saudi Arabia that
revealed that women over 60 years old had more ES than younger
women (23). However, these results align perfectly with those
reported by Borreani et al. (35), highlighting that 64% of younger
(premenopausal) patients reported a clinically significant worsening

of their ES.

Our results showed that the main predictors of the ES subscale
having a negative impact on young womens HRQoL were both
psychological and gynecologicalphysical. These findings align with
those of Borreani et al. (36), which reported that items on the EWB
subscale were predictive of the symptom group classified as “worse”.
In terms of gynecological symptoms, a previous study showed that the
older (menopausal) group of women suffered less vaginal dryness than
younger (premenopausal) women (37). These results contradict those
of the present study.

For older women in the present study, joint pain and lack of energy
were the symptoms most commonly reported. This agrees with the
majority of previous studies (38), demonstrating a failure of physical
function associated with joint pain in this group of women. Similarly,
a further study found that lethargy, joint stiffness, shoulder and knee
joint pain were significantly more frequent/severe in older BC survivors
(39). This is because older women are at risk of declining physical
function due to the combined effect of basic age-related symptoms and

the side effects of AHT (40).

Our study also found that the sensation of hot flushes and night
sweats were negatively predicted in elderly women. A study showed
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Table 3. Comparison of dimensions of HRQoL as a function of age

Quality of life dimensions Age classes Mean SD p (Mann-Whitney U) Total
<45 years 19.15 4.14
Physical well-being (PWB) 0.003* 18.03+4.26
>45years 16.98 2.32
<45 years 18.57 3.85
Social/family well-being (SWB) 0.488 18.93+3.65
>45years 19.07 3.58
<45 years 15.67 2.49
Emotional well-being (EWB) 0.021* 17.88+4.50
>45years 18.97 4.51
<45 years 2115115 2.77
Functional well-being (FWB) 0.894 21.04+2.68
>45years 21.01 2.66
<45 years 39.64 2.36
Endocrine symptom (ES) 0.001* 46.48+8.80
>45years 49.17 8.95
<45 years 117.16 4.04
FACT-ES 0.001* 124.3749.18
>45years 127.21 9.10
SD: Standard deviation; *: The difference is significant at <0.05
FACT-ES score = PWB+SWB+EWB+FWB +ES; HRQoL: Health-related quality of life; FACT-ES: Functional Assessement of Cancer Treatment
Table 4. Predictor symptoms of HRQoL as a function of age
Age Dimensions (FACT-ES) Sub-dimensions Coefficients P
My family supports me morally 0.865 0.005*
Social well-being
I feel close to my partner 1.107 0.014*
I feel nervous -1.087 0.004*
Emotional well-being
I'm worried about my health getting worse -1.306 0.002*
I sleep well 0.921 0.042*
<45 years Functional well-being
I enjoy my usual hobbies 0.867 0.038*
Vaginal irritation -0.931 0.041*
Vaginal dryness -1.115 0.015*
Endocrine symptom
Mood swings -0.835 0.031*
Irritability -0.786 0.001*
I lack energy -0.593 0.003*
Physical well-being
I have pain -0.697 0.045*
My family supports me morally 1.002 0.002*
Social well-being
I feel close to my partner 0.352 0.033*
245 years
Hot flashes -0.628 0.043*
Night and day sweats -0.595 0.014*
Endocrine symptom
Weight gain -1.105 0.048
Joint pain -1.206 0.006*

*: Significant influence at the 0.05 level; FACT-ES: Functional Assessement of Cancer Treatment; HRQoL: Health-related quality of life

similar results, highlighting that hot flushes and night sweats
are less frequent in younger women and increase with age (41).
Regarding weight gain, the results of a previous study demonstrated
a strong relationship between weight gain and advanced age (post-

menopausal) (42).

Finally, the inherent limitations of this study should not be
overlooked. The most important limitations relate to the descriptive

and cross-sectional nature of the study, as some factors were collected

retrospectively, which may have influenced the results obtained.
Another limitation is the study instrument. The FACT-ES does not
include questions relating to spiritual well-being, whereas religious
practice is an important daily activity for elderly patients and should
be included in HRQoL surveys conducted in the Moroccan context, as
suggested by a recent study (6). Despite its limitations, the conclusions
drawn from this research may contribute to improving HRQoL in
BC survivors on AHT. They may pave the way to identify optimal
patient-centered interventions, while taking into account the HRQoL
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predictors corresponding to each age group. This study may also
provide valuable opportunities for further work. Thus, the results of
this study may provide a basis for a subsequent study examining the
influence of AHT associated symptoms on adherence and treatment

compliance.

In conclusion, the present study showed that over the five years of
AHT, older BC survivors had better HRQoL than younger women.
The main predictors of HRQoL in the latter group were symptoms
related to psychological distress and gynaecological problems. Joint
pain and impaired physical function had a negative impact on HRQoL
in older women. The results of our study add to previous data in the
literature and suggest self-management of BC survivors on AHT,
through the implementation of interventions targeting predictors
relative to each age group.
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ABSTRACT

Objective: This study aimed to compare the incidence of breast cancer-related lymphedema (BCRL) between a control group and women with breast
cancer who underwent complete decongestive therapy (CDT). Moreover, the quality of life (QOL) was assessed and compared between the intervention
group receiving CDT and the control group.

Materials and Methods: A quasi-experimental design with a purposeful sampling approach was employed for enrollment. All participants had
undergone surgical interventions, specifically axillary lymph node dissection (ALND), for breast cancer at a public healthcare facility between February
and July 2023. Over an 18-week period, the intervention group followed a structured CDT protocol, which included receiving skin care instructions,
undergoing 30-minute manual lymphatic drainage sessions on the affected arm, wearing compression sleeves for 12 hours daily, and participating in exercise
sessions three times per week.

Results: In total 180 women, 90 in the CDT group and 90 controls were recruited. The CTD intervention group experienced a notable reduction in the
incidence of BCRL development and a significant improvement in QOL across the three assessment times (baseline vs week 9 and week 9 vs week 18) during
the study (p<0.001). In contrast, the control group showed an increased rate of BCRL development and a significant decline in QOL when comparing the
same three time points (p<0.001).

Conclusion: Implementing CDT within the first year following ALND led to a significant reduction in the incidence of BCRL and a marked improvement
in the QOL for women with who underwent surgery and ALND for breast cancer.

Keywords: Breast cancer related to lymphedema; complete decongestive therapy; incidence rate; quality of life; breast cancer surgery
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Key Points

. Complete decongestive therapy (CDT) is a preventative, ameliorating therapy for breast cancer-related lymphedema (BCRL).

e CDT should be used to manage BCRL in the early stage and in high-risk groups to prevent BCRL development under the supervision of a lymphedema
expert.

e CDT is considering the best treatment strategy that nurses can use to control BCRL and enhance quality of life for women with breast cancer. It
requires less invasive procedures, and can be done at home.

e The benefits of CDT vary based on the level of commitment of patients to perform CDT.

*  Lymphedema nurse specialists were essential for close monitoring, supervision and encouragement of women at home to continue CDT as scheduled.

e The findings of this study provide a basic impression and evaluation of actual prevention methods and managing activities in Jordanian public

hospitals.

Introduction 2,403 new cases of breast cancer were reported in 2020, making up
38.5% of all cancer cases among women (2). The rising incidence

Globally, breast cancer represents the highest annual cancer incidence . . .
Y P & of breast cancer in Jordan has consequently led to an increase in the

among women, with 2.26 million documented cases each year, g .
number of individuals undergoing treatment.

accounting for 24.5% of all cancer types in women (1). In Jordan,
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Breast cancer therapy, particularly surgical intervention, significantly
impacts patients’ quality of life (QOL), leading to noticeable physical,
psychosocial, and emotional challenges following mastectomy (3).
Physically, women treated for breast cancer face a lifelong risk of
developing breast cancer-related lymphedema (BCRL), a chronic
and potentially debilitating consequence of breast cancer treatment
(4). Early-onset BCRL, occurring within 12 months of breast cancer
surgery, has been closely associated with axillary lymph node dissection
(ALND), with peak onset observed between 6 and 12 months in a
cohort of 2,171 prospectively screened women (5). Approximately
21.4% of cases of BCRL were reported following breast cancer surgery
(6). In particular, patients who undergo ALND followed by radiation
therapy had a greater incidence of BCRL at 19.5% than those who
received either treatment alone (7). A variety of risk factors are believed
to contribute to the development of BCRL. These include breast cancer
surgery particularly modified radical mastectomy (8), supraclavicular
fossa radiation, and the use of taxane-based chemotherapy have all
been identified as significant contributors (9). In addition, the removal
of more than 18 ALN and a higher number of lymph nodes with
metastatic involvement have been strongly associated with an elevated
risk of BCRL (10, 11).Furthermore, ALND is considered a more
substantial risk factor for BCRL compared to sentinel lymph node
biopsy (SLNB) (12). ALND is associated with a significantly higher
incidence of BCRL, with studies reporting rates ranging from 20% to
40%. This elevated risk is due to the extensive disruption of lymphatic
vessels after removal of multiple lymph nodes, which impairs the
normal drainage of lymph fluid and increases the likelihood of fluid
accumulation in the arm. In contrast, SLNB is associated with a much
lower incidence of BCRL, with reported rates ranging from 5% to
10%. This reduced risk is attributed to the removal of fewer lymph
nodes (typically 1-3 nodes), which preserves the integrity of the
lymphatic system and minimizes disruption to lymphatic drainage

(13, 14)

Radiotherapy in general has been linked to an increased risk of BCRL
(8). The specific design of the radiation field has also been identified
as a contributing factor to the likelihood of BCRL development
(10). Notably, the use of 2D radiotherapy techniques demonstrated a
significant correlation with a higher incidence of lymphedema when
compared to 3D radiotherapy techniques (p<0.001) (15). Furthermore,
exhibited
significantly higher rates of lymphedema (42.2%) than those treated
with hypofractionated radiotherapy (8.5%) (p<0.001) (16).

patients who received conventional radiotherapy

Lymphedema is a severe and distressing side effect of cancer treatment
that significantly diminishes the QOL for survivors (17), impacting
their physical, social, spiritual, psychological, sexual, and occupational
lives (18, 19). Therefore, preventing, managing, and reducing the
progression of lymphedema is essential (20). Implementing complete
decongestive therapy (CDT) is an effective and safe strategy that has
been shown to significantly reduce edema (21) and positively influence

all domains of QOL (22).

CDT is one of the most widely recommended therapeutic approaches
for managing BCRL. It is a comprehensive program that combines
multiple therapeutic modalities, including manual lymphatic drainage,
bandaging, compression garments, exercise, and self-care. This method
should be administered by a skilled lymphedema therapist who ensures
patients are trained in the correct techniques (23).

However, there is a lack of studies in Jordan to provide a comprehensive
understanding of the incidence of BCRL. To the best of our knowledge
and based on an extensive literature review, the present study is the first
nursing research in Jordan to implement CDT for BCRL management.
Consequently, the aim of this study was to assess the effectiveness of
CDT in reducing the development of BCRL and improving QOL
among Jordanian women undergoing breast cancer treatment within
the first-year post-surgery. Specifically, the study was designed to test
the following research hypotheses:

1. The incidence of BCRL is lower in the intervention group who
would undergo CDT, compared to the control group who did not
have CDT but underwent other normal post-surgical care.

2. Women in the intervention group will experience better QOL
outcomes than those in the control group.

Materials and Methods

Design

This study adopted a quasi-longitudinal experimental design, which
allowed for the examination of changes and outcomes over time
within two distinct groups, an intervention group and a control group,
without the use of random assignment. This approach was particularly
suitable for assessing the long-term effects of CD'T on BCRL incidence
and QOL among Jordanian women who underwent ALND.

Participants

The inclusion criteria consisted of Jordanian women with breast
cancer who had undergone ALND and who received radiotherapy
or adjuvent chemotherapy within the first year after breast cancer
surgery. Women were excluded if they had a history of bilateral
ALND, previous infections at the surgical site, or a history of heart
disease. Using purposive sampling, 180 women who had undergone
ALND were recruited, with 90 in the control group and 90 in the
intervention group, from a government hospital between February and
July 2023. Participants were assigned to groups based on non-random
allocation. Each patient had been chosen to be in the control group or
an intervention group.

Intervention

The CDT intervention group received both written materials and
verbal instructions on skin care. Participants were provided with
compression sleeves to wear for 12 hours daily, starting at the beginning
of their exercise routine. Prior to engaging in physical activities, the
women were trained to perform manual lymphatic drainage three
times a week for 30 minutes. The exercise regimen included an eight-
stretching routine, consisting of: ball exercise, wand exercise, elbow
winging, shoulder blade stretches, shoulder blade squeeze, side bends,
chest wall stretch, and shoulder stretch. Each exercise was repeated
5-7 times per session, with stretches held for 15-30 seconds, and the
entire routine lasted 15 minutes, performed three days a week over
18 weeks, as previously described (24). In addition, the program
incorporated five moderate-intensity resistance exercises for the upper
limb (shoulder press, chest press, lateral pulldown, biceps curls, and
triceps extension). Each exercise involved 6-10 repetitions, with a
60-90 second recovery period between sets (25). These sessions also
lasted 15 minutes and were conducted three times a week for 18 weeks.
Throughout the 18-week period, the principal investigator closely
monitored each participant in the intervention group every other day
via a WhatsApp group.
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Outcomes

Demographic and clinical data were collected through interviews and
electronic medical records. At the eighteenth week, the researchers
repeated circumferential measurements to evaluate the volume of
the affected arm. Participants completed the short form-12 (SF-12)
scale tool to assess their QOL (26), and an adherence tool to measure
their commitment to the CDT protocol. These assessments were
administered every nine weeks throughout the study period.

Tools
Short Form-12 Scale

The Arabic version of the SF-12 is a self-reported patient outcome
measure designed to evaluate health-related QOL (26). It consists
of two main components: the physical component (PC-12), which
includes items 1 to 5 and item 8, and the mental component (MC-
12), which includes items 6 to 12, excluding item 8. Scores range
from 0 to 100, with higher scores indicating better physical and
mental functioning. A score of 42 or lower on the MC-12 may suggest
“clinical depression”, while a score of 50 or lower on the PC-12 has
been proposed as a cutoff to indicate a physical health condition (26).

The SF-12 Arabic version has demonstrated strong validity and
reliability. The Cronbach’s alpha for the SF-12 Arabic was 0.84,
indicating high internal consistency. Furthermore, the scales and
individual items showed substantial correlations, further supporting
its construct validity (26).

Structured Patients’ Adherence Tool

The researchers evaluated patients’ adherence to the CDT domains
over the 18-week period using a structured questionnaire developed
specifically for this study. The questionnaire encompassed four key
domains: arm care (18 items), massage steps (11 items), exercise
(12 items), and wearing a compression sleeve (1 item). Participants
recorded their level of commitment to each domain on a weekly basis
from week 1 through week 18.

The pilot study was conducted to determine the feasibility of
this research. I gathered information from twenty patients with
breast cancer. I distributed all the questionnaires so they could
assess their knowledge of all the terms in the tools as well as their
understanding the language usage. Following a week, ten patients
underwent CDT every other day for one week while ten patients
considered as control group. Patients in both groups said they were
aware of the terminology, no any vulgar language. Patients in the
intervention group carried out CDT without difficulty, and reported
this intervention need time. Thus, based on the pilot study results,
which showed that CDT could be performed with this study and
that it was applicable and feasible, I made the decision to carry out
the full investigation like adherence tool. The tool underwent testing
for both validity and reliability. A Cronbach’s alpha value greater than
0.5 was established as the threshold for acceptable reliability. The tool
was distributed to ten women with breast cancer who had undergone
ALND, and a Cronbach’s alpha score of 0.72 was achieved, indicating
good reliability for the Adherence Tool. Additionally, the face validity
of the tool was verified and approved by an institutional committee
comprising six senior professionals, including medical, surgical, and
radiological physicians.

To make sure there was adherence to the program, the researcher
followed up with them in the what’s up group with close observation
every other day (Sunday, Thursday, & Wednesday) the researcher asked

the patient to fill out a chart that the researcher had prepared to record
the steps of CDT performance, and the researcher encouraged patients
to fill out diary or write notes, and take photos by themselves during
petforming CDT to ensure patients’ commitment to the program. The
patient had recorded the commitment weekly from week 1 to week 18.

The researcher instructed the patients had put a check mark (v') when
they adhered to the skin care instructions each week (or) a cross (X)
when they did not adhere to the instructions for each item. The second
domain was patients adhering to manual massage steps. Patients must
adhere to all massage steps to facilitate lymphatic drainage and reduce
arm swelling at a rate of three days per week. The researcher instructed
the patients to do massage steps three days a week, then the patients
wrote the number (3). Also, when patients did the massage steps two
days a week, they wrote the number (2). When the patients did massage
steps only one day a week, they wrote the number (1) and in cases
of non-compliance with taking the steps during the week, patients
wrote the number (0). The third domain was exercise. Patients must
commit to doing all exercises to maintain the arm and range of motion
and prevent lymphedema at a rate of three days per week. When the
patients did the exercise three days a week, they wrote the number (3).
When the patients did the exercise two days a week, they wrote the
number (2). When the patients did the exercise only one day a week,
they wrote the number (1), and in the case that patients did not fully
commit to doing the exercise during the week, they wrote the number
(0). The fourth domain was commitment to wear compression sleeves
before exercise and stay 12 hours during the day, three days per week.
When patients worn a compression sleeve three days a week, they
wrote the number (3). When patients worn the compression sleeve
two days a week, they wrote the number (2). When patients worn the
compression sleeve one days a week, they wrote the number (1), and
in the event of non-compliance with wearing the compression sleeve
completely during the week, patients wrote the number (0), as shown
in Appendix G.

The researcher calculated the total score of patients adherence tool for
all items, which represented the commitment level for patients. The
total score for arm care was 18. The total score for massage was 33.
The total score for exercise was 36 and the total score for compression

sleeve was 3.

The lower total score of the patients adherence to all items indicated
minimum commitment specifically. A higher total score of the
patients adherence for all items indicated greater commitment of the
intervention group to CDT.

Sample Size

G*Power software version 3.1 (27) was used to calculate the sample
size, with a power of 90%, a significance level (p-value) of 0.05, and a
one-tailed independent t-test assuming an effect size of 0.5. Based on
these parameters, the minimum required sample size for each group
was 70, resulting in a total minimum sample size of 140 breast cancer
patients. However, to account for potential attrition and missing data,

the actual sample size was increased to 180 participants.

Statistical Analysis

The researchers used IBM SPSS, version 25, for data analysis (IBM
Inc., Armonk, NY, USA). Descriptive statistics were employed to
summarize the demographic and clinical characteristics of the patients
and their disease profiles. To identify cases of BCRL, the rescarchers

considered a difference of 2 cm or more in at least one measurement
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location between the affected and unaffected arms in both groups.
Differences in QOL between the intervention and control groups were
assessed using an independent t-test. In addition, repeated measures
ANOVA was conducted to analyze changes in patients QOL at nine-
week intervals, enabling intragroup comparisons over time.

Ethical Consideration

The study was conducted in the oncology department of a leading
government hospital in Jordan. Approval for data collection was
granted by the Institutional Review Board, as well as the scientific
research ethics committee of the hospital. Written informed consent
was obtained from all participating patients prior to their involvement.
The research adhered to the ethical standards outlined by followed
Good Clinical Practice guidelines throughout the study. The researcher
had obtained approval from the scientific research Ethics Committee
in this Government Hospital to collect the data at February 1, 2023,
approval number was MOH/REC/2023/33.

Results

There were 183 women in the study sample. Based on non-random
criteria, it was split into two groups: 91 women in the CTD intervention
group and 92 women in the control group. Due to their incapacity to
pay for their hospital treatment, two women in the control group were
dropped from the follow-up at week nine. At week nine, one woman
in the CTD intervention group was hospitalized due to pulmonary
edema. The final sample consisted of 180 women, 90 in each group, as
shown in the flow chart of participants (Figure 1).

Baseline and Week Nine Demographic and Clinical Comparison

The demographic and clinical characteristics of the participants
and their disease profiles are outlined in Table 1. The mean age of
the women was 48.97 years (standard deviation + 6.92), and the

mean number of ALN dissected was 11.49 (£6.33). The majority of
women (118 out of 180, 65.6%) had positive cancer cells detected
in their ALN. The majority had metastatic internal mammary
150, 83.2%). Approximately 50%
(83 women) underwent radiation therapy as part of their treatment

lymph node involvement (n =

regimen. Those patients received a total radiation dose ranging from
40 to 50 Gy. The radiation was administered over 15, 19, or 20
sessions, reflecting the use of both hypofractionated and moderate-
course treatment schedules (Table 1).

The incidence rate of developing BCRL was markedly lower in the
intervention group (7 = 15; 16.6%) compared to the control group (n
= 58; 64.5%) in the first nine weeks of the study.

Comparison Between the Intervention and Control Groups at
Week Nine and Eighteen

The QOL, encompassing both physical and mental components,
demonstrated significant differences between the intervention
and control groups (p<0.001). The incidence rate of developing
BCRL was notably lower in the intervention group (7 = 5; 5.6%)
compared to the control group (7 = 69; 76.7%) (Table 1). Similarly,
the QOL, including both its physical and mental dimensions, varied
significantly between the CTD intervention and control groups

(p<0.001) (Table 2).

Patient’s Adherence to CDT Domains from Week One to Week
Eighteen

From week one to week eighteen, 90% of the women demonstrated
commitment to CDT. Specifically, 96% adhered to their skin
care regimen, 87.5% performed the recommended massages,
90% participated in the 12 prescribed types of exercise, and 87%
consistently used compression bandages. This implies a high level of
compliance with the intervention protocol (Table 3).

N=183
Assigned to Interventional group (CDT) At week 1 Assigned to control group
n=91 (Baseline) a=92
Received CDT =91 I
. - ‘. N\
One case discontinued to CDT Two cases lost to follow up
. Atweek 9 _
Received to CDT =90 n=90
(Follow-up)
. )
Y
Received to CDT =90 Control group
At week 18
n=90 n=90
(Follow-up)

Figure 1. The flow diagram illustrating the progression of participants through the study groups

CTD: Complete decongestive therapy
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Table 1. Descriptive statistics of demographic and clinical characteristics for women with breast cancer (n = 180)

Variable

Age in years (M £ SD)
Intervention = 48.3+7.3
Control = 49.6+6.5
Marital status

Married

Divorced

Widowed

Single

Education level
Secondary

Illiterate and primary
Diploma

University degree

Side of breast cancer
Right side

Left side

TNM staging

Stage 1

Stage 2

Stage 3

Stage 4

Grading

Grade 1

Grade 2

Grade 3

Estrogen receptor
Positive

Negative

Progesterone receptor
Positive

Negative

Human epidermal receptor 2
Positive

Negative

Type of breast surgery
Breast conserving surgery
Modified radical mastectomy
Simple mastectomy
Positive cancer cell in ALN
Negative cancer cell in ALN

Number of ALN dissected
Mean * SD

CTD intervention group

n=90

Frequency

69

10

41
19
17
13

46

a4

31
42
11

55

30

68
22

60
30

45
45

11.54

%

76.7
4.4

7.8

45.6
21.1
18.9
14.4

511
48.9

6.7
34.4
46.7
12.2

5.6
61.1
333

75.6
24.4

66.7
333

50
50

57.8
36.6
5.6

62.2
37.8

11

Control group

n=90

Frequency

68
12

38
29
15

49
41

31
46

48
35

75
15

70
20

40
50

53
31

62
28

11.44

%

75.6
13.3
4.4
6.7

42.2
323
16.7
8.9

54.4
45.6

4.5
34.4
51.1
10

7.8
53.3
38.9

83.3
16.7

77.8
22.2

44.4
55.6

58.9
34.4
6.7

68.9
311

12

Total sample
n=180

Frequency

137
16
14
13

79
48
32
21

95
85

10
62
88
20

12
103
65

143
37

130
50

85
95

105
64
11
118
62

11.49

%

76.1
8.9
7.8
7.2

43.9
323
17.8
11.7

52.8
47.2

5.6
34.4
48.9
11.1

6.7
57.2
36.1

79.4
20.6

72.2
27.8

47.2
52.8

58.3
35.6
6.1

65.6
34.4

6.33
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Table 1. Continued

Variable CTD intervention group Control group Total sample
n=90 n=90 n=180
Frequency % Frequency % Frequency %

Location of metastatic LN

Supraclavicular LN 1 1.1 1 1.1 2 1.1
Mediastinal (chest) regions 5 5.6 4 4.4 9 5
Retroperitoneal LN 3 33 2 2.2 5 2.8
Pelvic LN 2 2.2 2 2.2 4 2.3
Internal mammary LN 73 81.1 77 85.7 150 83.2
No LN metastatic 6 6.7 4 4.4 10 5.6
Total radiation dose

Did not receive RT 51 56.7 46 51.1 97 53.9
Received 40 Gray RT 27 30 29 32.2 56 31.1
Received 50 Gray RT 12 13.3 15 16.7 27 15
Total radiation session

Did not receive radiation 51 56.8 46 51.1 97 53.9
Received 15 radiation session 22 244 29 32.2 51 28.8
Received 19 radiation session 12 13.3 9 10 21 1.7
Received 20 and more 5 5.5 6 6.7 11 5.6
Incidence of BCRL week 1

No BCRL 56 62.2 56 62.2 112 62.2
BCRL present 34 37.8 34 37.8 68 37.8
Incidence of BCRL at week 9

No BCRL 75 833 32 35.6 107 59.4
BCRL present 15 16.7 58 64.4 73 40.6
Incidence of BCRL at week 18

No BCRL 85 94.4 21 233 106 58.9
BCRL present 5 5.6 69 76.7 74 41.1

TNM staging: T: Tumor; N: Lymph node; M: Metastatic; ALN: Axillary lymph node; RT: Radiotherapy; BCRL: Breast cancer-related lymphedema; SD: Standard
deviation; CTD: Complete decongestive therapy; LN: Lymph node

Table 2. Comparison of outcome variables between groups at weeks 9 and 18

Variable CTD intervention group Control group t df P
n=90 n=90
Mean SD Mean SD

Total score of outcome variables at week 9

SF-12 (QOL) 61.70 17.82 38.84 17.15 -8.77 178 <0.001
Physical components SF-12 61.02 21.58 38.72 19.79 -7.23 178 <0.001
Mental components SF-12 62.38 19.32 38.96 19.49 -8.10 178 <0.001
Total score of outcome variables at week 18

SF-12 (QOL) 74.99 14.90 33.03 17.33 -17.42 178 <0.001
Physical components SF-12 75.42 17.80 32.55 20.77 -14.87 178 <0.001
Mental components SF-12 74.56 18.46 33.52 18.03 -15.09 178 <0.001

QOL: Quality of life; SD: Standard deviation; CTD: Complete decongestive therapy; SF-12: Short Form-12
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Results of Intragroup Comparisons Over the Three Time Points
of the Study

A repeated measures ANOVA was used to evaluate changes in general,
physical, and mental QOL across the three time points of the study
(baseline vs 9 weeks vs 18 weeks). The results revealed that in the CTD
intervention group, general, physical, and mental QOL significantly
increased over the three time points (p<0.001 for all three). However,
in the control group, QOL significantly decreased over the same
periods (p<0.001). There were significant differences in general QOL
(p<0.001), physical QOL (p<0.001), and mental QOL (» = 0.016)
between week 1 and week 9. Significant differences were also observed
in general QOL (p<0.001), physical QOL (p = 0.002), and mental
QOL (p = 0.003) between week 9 and week 18. Thus, the changes
in general, physical, and mental QOL were statistically significant
(p<0.001) between week 1 and week 18 (Table 4).

Discussion and Conclusion

This study is probably the first quasi-experimental investigation
into the effects of CDT following breast cancer surgery with SLND
conducted in a government hospital setting in Jordan. The primary
objective was to explore the impact of CDT on both the incidence
rate of BCRL and the QOL among patients. By addressing these
important outcomes, the study provides valuable insights into the
potential benefits of CDT as an intervention for improving patient
well-being and managing post-surgical complications. The findings
and broader implications of these results are elaborated upon in the
following sections, shedding light on the significance of incorporating
CDT into standard post-operative care practices for breast cancer
patients in similar settings.

Table 3. Adherence of CDT for the intervention group (n=90) from week one to week eighteen

Domains of CDT % week 1 to 9

Arm care 96% 96%
Massage 91% 84%
Exercise 93% 87%
Wearing sleeve compression 91% 84%
The total score of 4 domains 93% 87.5%

CTD: Complete decongestive therapy

% week 10 to 18

% week 1 to week 18

96%
87.5%
90%
87.5
90.25

Table 4. Comparison of the intervention and control groups in terms of QOL at the three times of the study (week 1,9 & 18)

CTD intervention group

Control group

Outcome variable Phases of study Mean = SD Changes at different three Mean + SD Changes at different
phases of the study phases of the study
p-value p-value

Week 1 44.75+20.31 <0.001 45.88+19.03 <0.001
Week 9 61.70£17.82 ~ W18>W9>W1 38.84+17.15 W1>W9>W18
SF-12
(General QOL) Week 18 W1 < W9 (<0.001) W1 >WS9 (<0.001)
74.99£14.90 9 < W18 (<0.001) SERTEERIUEE) W9 > W18 (<0.001)
W1 <W18 (<0.001) W1 >W18 (<0.001)
Week 1 4551+24.74  <0.001 47.31+22.76 <0.001
Week 9 61.02#21.58 ~ W18>W9>W1 38.72+19.79 W1>W9>W18
Physical
f
ool Week 18 W1 < W9 (<0.001) W1 > W9 (<0.001)
75.42£17.80 |9 _\v1g (<0.001) 32.5520.77 W9 > W18 (0.002)
W1 < W18 (<0.001) W1 > W18 (<0.001)
<0.001
<0.001
W18 > W9 > W1

Mental W1>W9>W18

components of Week 1 44.00+21.04 W1 < W9 (<0.001) 44.44420.43

S-12 (QOL) = VIS W1 > W9 (0.016)

W9 < W18 (p<0.001)
W1 < W18 (p<0.001)

W9 > W18 (p = 0.003)
W1 > W18 (p<0.001)

QOL: Quality of life; SD: Standard deviation; CTD: Complete decongestive therapy; SF-12: Short Form-12
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The Incidence of BCRL

Within the first year following breast surgery, the incidence of BCRL
was 37.8% in both the CTD intervention and control groups at week
one. By comparison, a review of 84 cohort studies involving 58,358
breast cancer patients reported an overall lymphedema incidence of
21.9% (28). Furthermore, a meta-analysis and systematic review of
16 studies with 3,515 breast cancer patients found the occurrence
of lymphedema after ALND within one year to be 16.5% (29). The
incidence of BCRL observed in our cohort was notably higher than
reported in previous studies. Several factors may explain this increased
incidence. Patients in both groups had predisposing factors associated
with cancer treatment that contributed to the development of BCRL.
Over one-third underwent modified radical mastectomy, 65.6% had
positive lymph nodes, and approximately half had right-sided breast
cancer; all factors linked to a higher rate of BCRL.

In the CTD intervention group, adherence to CDT domains was
associated with a reduced rate of BCRL, dropping from 37.8% at week
one to 5.6% by the end of week 18. This outcome was attributed
to continuous monitoring by a lymphedema nurse specialist, regular
follow-ups to ensure proper implementation of CDT, and participants
recording their adherence in diaries. In contrast, the control group
experienced a significant increase in BCRL development, with a rate
of 76.7% by week 18. This rise may have been due to the absence
of written health education about CDT, lack of supervision by a
lymphedema nurse specialist, and/or no referrals to the physiotherapy
department for BCRL prevention or management.

Complete Decongestive Therapy Adherence in the Intervention
Group

We believe the 90% commitment level to CDT was achieved through
close supervision by the lymphedema nurse specialist. This specialist
conducted follow-ups every other day via a dedicated WhatsApp group.
These follow-up sessions addressed questions, provided guidance and
encouragement, and monitored progress. All CDT-related equipment,
such as compression sleeves and bandages, was provided to all patients
free of charge, eliminating financial barriers and further contributing to
the high commitment rate. These combined factors ensured consistent
participation and adherence to the therapy protocol throughout the
study period.

General QOL (Physical and Mental)

The results revealed that the general QOL, encompassing both
physical and mental components, showed significant variations
both within and between groups at weeks 9 and 18. Within the
CTD intervention group, there was a notable improvement in mean
QOL scores across all three time-points of the study. In contrast, the
control group experienced a decline in QOL over the same period.
The decline in QOL observed in the control group is in keeping with
the findings of a systematic review and meta-analysis encompassing
39 studies. These studies demonstrated that patients with BCRL
experienced significant reductions in QOL, with the most pronounced
negative impacts on physical well-being, functional abilities, and social
domains (30). Specifically, when the SF-12 tool was used, patients
with BCRL reported deterioration in both the physical and mental
aspects of QOL (30). The reasons for this decline in QOL among
BCRL patients include factors such as advanced age, lower education
levels, unemployment, reduced family income, and psychological
distress (10). Notably, all these predictive factors were present in the
study sample of the present study, which helps explain the poorer QOL

observed in the control group. The improvement in QOL observed
in the intervention group is consistent with the findings of a meta-
analysis that highlighted the positive impact of CDT on QOL (31).
Further studies have corroborated that CDT significantly enhances
QOL for patients with BCRL, particularly when initiated in the early
stages (32). Notably, these benefits were especially evident when CDT
was performed at home under supervision via a mobile application,
emphasizing the effectiveness of remote monitoring and guidance
(33). Some prior studies have reported mixed findings regarding the
impact of CDT on QOL. For instance, one study found only a 5%
improvement in QOL among patients who received CDT and this
improvement was not significant (34). The lack of significance was
attributed to factors including a smaller sample size and lower levels
of patient commitment to the CDT protocol. While other studies
have consistently validated that CDT positively influences QOL, the
duration and design of those studies may have limited their ability to
detect significant changes.

In contrast, the present study spanned 18 weeks and was structured into
three distinct phases, allowing for a more comprehensive evaluation
of the effects of CDT. The extended duration and phased approach
provided sufficient time to observe meaningful improvements in QOL,
leading, in our opinion, to more accurate and robust conclusions than
those drawn from prior research. This methodological rigor highlights
the reliability of the findings and the importance of adequate study
length and patient adherence in assessing the effectiveness of CDT.

Axillary Lymph Node Surgery (ALND vs SLND)

In the present study the surgeon was questioned about their decision
to perform ALND. The surgeon explained that the decision was
based on literature review and evidence-based practice. Specifically,
ALND is typically performed when SLNB had revealed the presence
of cancer in the sentinel lymph node(s), as this indicates a higher
likelihood of additional nodal involvement (35). Moreover, ALND
was more likely when there was clinical or imaging evidence of lymph
node involvement prior to surgery, such as palpable lymph nodes
or suspicious findings on ultrasound, MRI, or positron emission
tomography-computed tomography scans (35). In addition, most of
the women in this study were at advance stages (3&4), where ALND is
often included as part of the surgical plan to ensure the comprehensive
removal of cancerous tissue and to achieve optimal disease control (36).
This approach aligns with current guidelines and clinical practices,
which emphasize the importance of tailoring surgical interventions to
the individual patient’s disease characteristics and stage (35, 36).

Radiation Therapy

Radiotherapy, in general, has been associated with a heightened risk
of BCRL (8). Among 1,052 women who underwent breast-conserving
therapy (BCT) with adjuvant radiotherapy, 9.6% experienced BCRL.
This study highlighted several significant risk factors associated
with the onset of BCRL, including the administration of adjuvant
chemotherapy (37). These findings align with the present study
population, in which women undergoing adjuvant chemotherapy
were included, and approximately half of them also received radiation
therapy and underwent BCT.

Most of women received 15 sessions of radiotherapy in this study.
The primary difference between patients who received 15, 19, or
20 radiation sessions after breast cancer surgery lies in the total
dose of radiation delivered, the treatment duration, and potentially
the treatment intent (curative vs. palliative) (38). The 15 sessions are
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ideal for low-risk patients, offering a shorter, more convenient
treatment schedule, patients reported cancer control, late side effects,
better QOL and fewer disruptions to daily activities compared to
those receiving more sessions (15, 38). The 19 or 20 sessions are used
for intermediate-risk patients and the choice of regimen is patient-
specific, emphasizing personalized care to optimize outcomes and

QOL(15).

Strengths

The study benefited from an adequate sample size and duration,
ensuring robust results. A high level of adherence to CDT was achieved,
supported by the use of self-recorded diaries to monitor commitment.
In addition, the presence of a lymphedema nurse specialist provided
continuous supervision, encouragement and guidance to patients in

performing CDT.

Study Limitations

The study employed a quasi-experimental design and was conducted
at a single governmental hospital, limiting the generalizability of the
findings. Patients also reported that CDT required considerable time
and effort to perform correctly, which may have influenced adherence
and outcomes.

Implications

This study has significant implications for clinical practice and
patient care, particularly in the context of breast cancer treatment
and post-operative management. The findings demonstrate that
implementing CDT within the first year following breast cancer
surgery in women who underwent ALND and received adjuvant
chemotherapy or radiotherapy can substantially reduce the incidence
of BCRL and enhance patients’ QOL. The CDT intervention group,
under the supervision of a lymphedema nurse specialist, showed a
marked reduction in BCRL incidence and significant improvements
in QOL, while the control group experienced an increasing BCRL
rate over the study period and a concurrent decline in QOL. These
results underscore the importance of early intervention, structured
follow-ups, and patient adherence to CDT protocols. The study also
highlights the potential benefit of having lymphedema nurse specialists
to providing continuous monitoring, education, encouragement and
support, which we believe were key to achieving high adherence
rates and positive outcomes in our study. Furthermore, the rigorous
design, spanning 18 weeks with three distinct phases, provided robust
evidence for the effectiveness of CDT, offering a model for integrating
such interventions into standard post-operative care. However, the
quasi-experimental design and single-site setting limit generalizability,
suggesting the need for broader, multi-centre studies to validate these
findings. Overall, this study advocates for the adoption of CDT in
clinical practice, emphasizing the need for dedicated resources, patient
education, and specialist involvement to improve long-term health
outcomes for breast cancer survivors.

Implementing CDT within the first year following breast cancer
surgery was shown to significantly reduce the incidence rate of
BCRL and enhance patients QOL in a single center in Jordan.
Early intervention with CDT helps mitigate the risk of lymphedema
development and addresses symptoms before they become severe,
leading to better physical, emotional, and social outcomes for
patients. A key factor in the success of CDT may be the involvement
of lymphedema nurse specialists, who are dedicated to delivering
consistent follow-up, providing tailored therapies and encouragement,
and ensuring patients adhere to the treatment protocol. This expertise

and ongoing support not only improve treatment efficacy but also
empowers patients to manage their condition effectively, ultimately
contributing to improved long-term health and well-being.

Ethics

Ethics Committee Approval: The researcher had obtained approval from the
scientific research Ethics Committee in this Government Hospital to collect the

data at February 1, 2023, approval number was MOH/REC/2023/33.

Informed Consent: Written informed consent was obtained from all
participating patients prior to their involvement.

Footnotes

Authorship Contributions

Surgical and Medical Practices: S.S.; Concept: S.S.; Design: S.S., M.A.; Data
Collection or Processing: S.S.; Analysis or Interpretation: S.S., M.A.; Literature
Search: S.S.; Writing: S.S., M.A.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study received no

financial support.

References

1. Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomataram I, Jemal
A, Bray E Global Cancer Statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA

Cancer J Clin. 2021; 71: 209-249. (PMID: 33538338) [Crossref]

2. Jordan-Global Cancer Observatory [JGCO]. 400-jordan-fact-sheets.
2021.  Available
populations/400-jordan-fact-sheets.pdf [Crossref]

3. Teshome MH, Atinafu NT, Bekele YA, Tolera BD. The lived experience
of Ethiopian women after mastectomy due to breast cancer: a qualitative
study. Asian Pac ] Cancer Prev. 2024; 25: 103-108. (PMID: 38285773)
[Crossref]

4. Sayegh HE, Asdourian MS, Swaroop MN, Brunelle CL, Skolny MN,
Salama L, et al. Diagnostic methods, risk factors, prevention, and

from:  https://gco.iarc.fr/today/data/factsheets/

management of breast cancer-related lymphedema: past, present, and
future directions. Curr Breast Cancer Rep. 2017; 9: 111-121. (PMID:
28894513) [Crossref]

5. McDuff SGR, Mina Al Brunelle CL, Salama L, Warren LEG, Abouegylah
M, et al. Timing of lymphedema after treatment for breast cancer: when
are patients most at risk? Int ] Radiat Oncol Biol Phys. 2019; 103: 62-70.
(PMID: 30165125) [Crossref]

6. Torgbenu E, Luckett T, Buhagiar MA, Chang S, Phillips JL. Prevalence
and incidence of cancer related lymphedema in low and middle-income
countries: a systematic review and meta-analysis. BMC Cancer. 2020; 20:

604. (PMID: 32600278) [Crossref]
7.  Tsai RJ, Dennis LK, Lynch CE Snetselaar LG, Zamba GKD, Scott-

Conner C. Lymphedema following breast cancer: The importance of
surgical methods and obesity. Front Womens Health. 2018; 3: 10.15761/
FWH.1000144. (PMID: 30555923) [Crossref]

8. Liu YE Liu JE, Mak YW, Zhu Y, Qiu H, Liu LH, et al. Prevalence and
predictors of breast cancer-related arm lymphedema over a 10-year period
in postoperative breast cancer patients: a cross-sectional study. Eur ]

Oncol Nurs. 2021; 51: 101909. (PMID: 33626424) [Crossref]
9. Boyages ], Vicini FA, Manavi BA, Gaw RL, Koelmeyer LA, Ridner SH,

et al. Axillary treatment and chronic breast cancer-related lymphedema:
implications for prospective surveillance and intervention from a
randomized controlled trial. JCO Oncol Pract. 2023; 19: 1116-1124.
(PMID: 37816208) [Crossref]


https://doi.org/10.3322/caac.21660
https://gco.iarc.fr/today/data/factsheets/populations/400-jordan-fact-sheets.pdf
https://doi.org/10.31557/APJCP.2024.25.1.103
https://doi.org/10.1007/s12609-017-0237-8
https://doi.org/10.1016/j.ijrobp.2018.08.036
https://doi.org/10.1186/s12885-020-07079-7
https://doi.org/10.15761/FWH.1000144
https://doi.org/10.1016/j.ejon.2021.101909
https://doi.org/10.1200/OP.23.00060

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Shamoun and Ahmad. Quality of Life for Women With Breast Cancer Post Complete Decongestive Therapy

Zhang L, Zhang H, Zhong Q, Luo Q, Gong N, Zhang Y, et al. Predictors
of quality of life in patients with breast cancer-related lymphedema: effect
of age, lymphedema severity, and anxiety. Lymphat Res Biol. 2021; 19:
573-579. (PMID: 33555980) [Crossref]

Zhou ], Zhang Q, Zhang Q, Yan L, Gao Q. Evaluation of the property
of axillary lymph nodes and analysis of lymph node metastasis factors in
breast cancer by ultrasound elastography. Comput Math Methods Med.
2022; 2022: 8066289. (PMID: 35693263) [Crossref]

Poulsen L, Kaur M, Jacobsen AL, Bjarnesen MP, Bjarnesen AP, Klassen
AFE et al. Comparison of upper extremity lymphedema after sentinel
lymph node biopsy and axillary lymph node dissection: patient-reported
outcomes in 3044 patients. Breast Cancer Res Treat. 2022; 191: 87-96.
(PMID: 34643834) [Crossref]

Giuliano AE, Ballman KV, McCall L, Beitsch PD, Brennan MB, Kelemen
PR, et al. Effect of axillary dissection vs no axillary dissection on 10-year
overall survival among women with invasive breast cancer and sentinel
node metastasis: the ACOSOG Z0011 (Alliance) randomized clinical
trial. JAMA. 2017; 318: 918-926. (PMID: 28898379) [Crossref]

McEvoy MP, Gomberawalla A, Smith M, Boccardo FM, Holmes D,
Djohan R, et al. The prevention and treatment of breast cancer-related
lymphedema: a review. Front Oncol. 2022; 12: 1062472. (PMID:
36561522) [Crossref]

Lee SE Kennedy SK, Caini S, Wong HC, Yip PL, Poortmans PM, et
al. Randomised controlled trials on radiation dose fractionation in breast
cancer: systematic review and meta-analysis with emphasis on side effects

and cosmesis. BMJ. 2024; 386: €079089. (PMID: 39260879) [Crossref]

Abouegylah M, Elemary O, Munir A, Gouda MY, Arafat WO,
Elzawawy S. Evaluation of the effect of axillary radiotherapy dose and
the development of lymphedema in breast cancer patients. Breast Care

(Basel). 2022; 17: 364-370. (PMID: 36156914) [Crossref]
McLaughlin SA, Stout NL, Schaverien MV. Avoiding the swell: advances

in lymphedema prevention, detection, and management. Am Soc Clin

Oncol Educ Book. 2020; 40: 1-10. (PMID: 32315238) [Crossref]

Jorgensen MG, Toyserkani NM, Hansen FG, Bygum A, Serensen JA. The
impact of lymphedema on health-related quality of life up to 10 years
after breast cancer treatment. NPJ Breast Cancer. 2021; 7: 70. (PMID:
34075045) [Crossref]

Eaton LH, Narkthong N, Hulett JM. Psychosocial issues associated with
breast cancer-related lymphedema: a literature review. Curr Breast Cancer
Rep. 20205 12: 216-224. (PMID: 32864036) [Crossref]

Ali JS, Gamal LM, El-Saidy T. Effect of prophylactic physical activities
on reducing lymphedema among women post mastectomy. ] Health Med
Nurs. 2019; 61: 95-113. [Crossref]

Michopoulos E, Papathanasiou G, Vasilopoulos G, Polikandrioti M,
Dimakakos E. Effectiveness and safety of complete decongestive therapy
of phase I: a lymphedema treatment study in the Greek population.
Cureus. 2020; 12: €9264. (PMID: 32821610) [Crossref]

Lee HS, Lee HJ, Seo KS. What should we focus on when managing breast
cancer-related lymphedema to improve quality of life? Lymphat Res Biol.
2023; 21: 28-33. (PMID: 35687388) [Crossref]

Davies C, Levenhagen K, Ryans K, Perdomo M, Gilchrist L. Interventions
for breast cancer-related lymphedema: clinical practice guideline from the
academy of oncologic physical therapy of APTA. Phys Ther. 2020; 100:
1163-1179. (PMID: 32589208) [Crossref]

American Cancer Society [ACS]. Exercises After Breast Cancer Surgery.
[cited 2022 Sept 16] Available from: https://www.cancer.org/cancer/
breast-cancer/treatment/surgery-for-breast-cancer/exercises-after-breast-
cancer-surgery.html [Crossref]

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

30.

37.

38.

Medicine ACoS. Guidelines for exercise testing and prescription: Williams
& Wilkins; 1991. [Crossref]

Alotaibi NM, Aljadi SH, Alrowayeh HN. Reliability, validity and
responsiveness of the Arabic version of the Disability of Arm, Shoulder
and Hand (DASH-Arabic). Disabil Rehabil. 2016; 38: 2469-2478.
(PMID: 26856367) [Crossref]

Krieger EA, Drachev SN, Mitkin NA, Postoev VA, Grjibovski AM.
Sample size calculation using G* power software. Marine Medicine. 2023;
9: 111-125. [Crossref]

Shen A, Lu Q, Fu X, Wei X, Zhang L, Bian J, et al. Risk factors of
unilateral breast cancer-related lymphedema: an updated systematic
review and meta-analysis of 84 cohort studies. Support Care Cancer.
2022; 31: 18. (PMID: 36513801) [Crossref]

Che Bakri NA, Kwasnicki RM, Khan N, Ghandour O, Lee A, Grant Y,
et al. Impact of axillary lymph node dissection and sentinel lymph node
biopsy on upper limb morbidity in breast cancer patients: a systematic
review and meta-analysis. Ann Surg. 2023; 277: 572-580. (PMID:
359468006) [Crossref]

Macdonald ER, Amorim NML, Hagstrom AD, Markovic K, Simar D,
Ward RE, et al. Evaluating the effect of upper-body morbidity on quality
of life following primary breast cancer treatment: a systematic review
and meta-analysis. ] Cancer Surviv. 2024; 18: 1517-1547. (PMID:
37199900) [Crossref]

Shamoun S, Ahmad M. Complete decongestive therapy effect on breast
cancer related to lymphedema: a systemic review and meta-analysis of
randomized controlled trials. Asian Pac ] Cancer Prev. 2023; 24: 2225-
2238. (PMID: 37505751) [Crossref]

Borman B Yaman A, Yasrebi S, Pinar Inanli A, Arikan Dénmez A.
Combined complete decongestive therapy reduces volume and improves
quality of life and functional status in patients with breast cancer-
related lymphedema. Clin Breast Cancer. 2022; 22: ¢270-¢277. (PMID:
34535391) [Crossref]

Liang X, You M, Wen C, Hou E Kang J, Lv Z, et al. Self-administration
of complex decongestive therapy facilitated by the mobile application
WeChat improves lymphedema and quality of life in breast cancer
survivors: an observational study. Ann Transl Med. 2022; 10: 146.
(PMID: 35284545) [Crossref]

Mondry TE, Riffenburgh RH, Johnstone PA. Prospective trial of
complete decongestive therapy for upper extremity lymphedema after
breast cancer therapy. Cancer J. 2004; 10: 42-48; discussion 17-19.
(PMID: 15000494) [Crossref]

National Comprehensive Cancer Network (NCCN). “NCCN Clinical
Practice Guidelines in Oncology: Breast Cancer.” Version 4.2021.
[Crossref]

Heidinger M, Knauer M, Tausch C, Weber WP. Tailored axillary
surgery—A novel concept for clinically node positive breast cancer. Breast.
2023; 69: 281-289. (PMID: 36922305) [Crossref]

Yono SS, Cannella C, Gonte M, Rama S, Zhu S, Luker J, et al. Factors
associated with breast lymphedema after adjuvant radiation therapy
in women undergoing breast conservation therapy. Breast. 2025; 79:

103846. (PMID: 39580932) [Crossref]

Zhang X, Wang X, ChuY, Zhang L, Meng J, Shi W, et al. Post-mastectomy
hypofractionated versus conventionally fractionated radiation therapy for
patients receiving immediate breast reconstruction: subgroup analysis of a
phase III randomized trial. Clin Transl Radiat Oncol. 2025; 50: 100882.
(PMID: 39529653) [Crossref]

131


https://doi.org/10.1089/lrb.2020.0073
https://doi.org/10.1155/2022/8066289
https://doi.org/10.1007/s10549-021-06414-1
https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.3389/fonc.2022.1062472
https://doi.org/10.1136/bmj-2023-079089
https://doi.org/10.1159/000522243
https://doi.org/10.1200/EDBK_280471
https://doi.org/10.1038/s41523-021-00276-y
https://doi.org/10.1007/s12609-020-00376-x
https://doi.org/10.7176/JHMN/61-10
https://doi.org/10.7759/cureus.9264
https://doi.org/10.1089/lrb.2021.0009
https://doi.org/10.1093/ptj/pzaa087
https://www.cancer.org/cancer/breast-cancer/treatment/surgery-for-breast-cancer/exercises-after-breast-cancer-surgery.html
https://doi.org/10.3109/09638288.2015.1136846
https://doi.org/10.22328/2413-5747-2023-9-2-111-125
https://doi.org/10.1007/s00520-022-07508-2
https://doi.org/10.1097/SLA.0000000000005671
https://doi.org/10.1007/s11764-023-01395-0
https://doi.org/10.31557/APJCP.2023.24.7.2225
https://doi.org/10.1016/j.clbc.2021.08.005
https://doi.org/10.21037/atm-21-6662
https://doi.org/10.1097/00130404-200401000-00009
https://doi.org/10.1016/j.breast.2023.03.005
https://doi.org/10.1016/j.breast.2024.103846
https://doi.org/10.1016/j.ctro.2024.100882

Original Article Eur J Breast Health 2025; 21(2): 132-136
DOI: 10.4274/ejbh.galenos.2025.2024-12-2

Differences in Age, Stage and Biology of Breast Cancer
Presentations at A Private Breast Unit in Johannesburg
Before and During The COVID-19 Pandemic

Nazreen Kara', @@ Dominic da Costa?, (0 Ella Dougherty®, ¢ Amina Mahomed?, ©© Cassandra Mbanje*, & Carol-Ann Benn’,
Dominic van Loggerenberg’

'Clinic of Internal Medicine, Chris Hani Baragwanath Academic Hospital, Johannesburg, South Africa

“Department of Obstetrics and Gynecology, Chris Hani Baragwanath Academic Hospital, Johannesburg, South Africa

*Department of Surgery, Chris Hani Baragwanath Academic Hospital, Johannesburg, South Africa

‘Department of Population Health, Oxford University Faculty of Medicine, Oxford, United Kingdom

Department of Breast Surgery, Netcare Milpark Breast Care Centre of Excellence, Johannesburg, South Africa

ABSTRACT

Objective: Prior to the 2020 Coronavirus disease 2019 (COVID-19) pandemic, breast cancer (BC) was already a major healthcare concern globally,
including in South Africa (SA). The pandemic forced adjustments in BC management and may have also impacted BC presentation characteristics due
to social behavior changes. The aim of this study was to describe BC presentations before and during the COVID-19 pandemic at a single facility in SA.

Materials and Methods: A retrospective record review was conducted to compare BC presentations before and during the COVID-19 pandemic. The
“before” period spanned 11 January 2019 to 31 March 2020 and the “during” period spanned 1 April 2020 to 20 December 2021. The variables analysed
included patient age, BC stage at presentation, and tumor biology.

Results: A total of 731 patients were seen in the “before” period, and 636 in the “during” period. While there was a significant (p<0.0001) decrease
in the mean number of patients who presented to the unit per month during the pandemic, no significant differences were observed in age, BC stage at
presentation, or tumor biology between the two study periods.

Conclusion: Despite a significant reduction in new BC cases during the COVID-19 pandemic in SA, patient age, BC stage, and tumor biology remained
unchanged. The rapid implementation of digital tools for healthcare management is likely to have played an important role in maintaining patient access
to care.

Keywords: Breast cancer; pandemic; age; stage; biology; presentation
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Key Points

* A 36.7% decrease was noted in the number of patients presenting with breast symptoms during compared to before the pandemic.

e No significant differences were observed in patient age at presentation, breast cancer (BC) stage, or tumor biology between BC patients presenting
before and during the Coronavirus disease 2019 pandemic.

e It was hypothesized that the lack of difference in presenting characteristics may be attributed to inadequate BC screening in South Africa, even before
pandemic restrictions, whereas in the West, severe restrictions on access to BC screening resulted in later stages at presentation.

e The absence of this pattern in this study may also be due to Milpark Breast Cancer Centre of Excellence adaptations for managing care during
pandemic restrictions.

*  These adaptations included online communication between members of the multidisciplinary team, allowing for quick diagnosis of breast cancer stage

and biology.
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Introduction

Breast cancer (BC) was already a significant healthcare concern in
South Africa, as well as globally, prior to the 2020 Coronavirus disease
2019 (COVID-19) pandemic (1). However, little research exists on
how the pandemic may have affected BC presentation in low- and
middle-income countries (LMICs).

The existing literature highlights the ongoing prevalence of BC globally,
with South Africa facing additional diagnostic and management
challenges due to widespread poverty and limited resources. Despite
efforts to address BC, projections show the burden of BC in sub-
Saharan Africa will double by 2030 (2).

Research suggests that the pandemic led to disruptions in healthcare
access and delays in cancer diagnosis and treatment (3), attributed to
resource diversion and fears of COVID-19 infection (4). While some
studies suggest no significant changes in BC stage at diagnosis during
the pandemic (5), there is a lack of data on how the COVID-19
pandemic has affected BC diagnosis and management in LMICs.

Given the evident disruptions caused by the COVID-19 pandemic
and the lack of specific data on its effects on BC presentation and
management in LMICs, investigating changes in BC presentation
trends during the pandemic is warranted. Understanding these trends
may be helpful when adapting BC management strategies and delivering
quality care in South Africa and similar settings. The aim of this study
was to fill existing gaps in the literature regarding BC diagnostic trends
during the pandemic. Specifically, changes in patient age, BC stage,
and tumor biology at presentation were investigated in a South African

population before and during the COVID-19 pandemic.

Materials and Methods
Study Design

This study was a retrospective cohort review. It was conducted at the
Netcare Milpark Breast Cancer Centre of Excellence (BCCE), which is a
private breast unit in Johannesburg, South Africa. A secondary electronic
database, the Medical Information Technology Database Accreditation
System was used to collect data from the Milpark BCCE. Data from all
patients who were exclusively diagnosed and treated for the first time at
the BCCE during our study period were collected. Patients included in
this study were above the age of 18 years and provided informed consent
for their data to be used for research purposes.

Study Period

The study was divided into two time periods: patients presenting
between 1% January 2019 and 31* March 2020 (a total of 15 months
prior to the South African national COVID-19 lockdown) and those
presenting during the national lockdown from 1% April 2020 to 20
December 2021 (a total of 20 months).

Variables

Variables included patient age at first presentation with BC, the stage
of disease at which they presented, and the biological characteristics of
their BC. Patients ages were divided into three categories: those who
presented at less than 36 years of age, those aged between 36 and 54
years, and those who were older than 54 years of age.

The stage of BC at first presentation was divided into eight groups
according to the American Joint Committee on Cancer 7% edition
classification system. Patients diagnosed with more than one tumour

were classified according to the tumour of higher stage. The patients

2

who were classified under “unknown stage” consisted of those for
whom a stage was not determined at the time of data collection. This
group consisted of patients whose data were not available, or not

correctly recorded into the database.

Biological type of BC at first presentation was stratified according
to the four primary BC molecular subtypes: luminal A, luminal B,
human epidermal growth factor receptor 2 (HER2), and triple-
negative BCs. Patients who presented with more than one tumor of
different molecular subtypes were categorised according to the more
aggressive subtype with regard to treatability and clinical behaviour.

Statistical Analysis

Data analysis was performed using Stata 17.0 BE - Basic Edition
StataCorp LLC; phone: +19796964600; email:

support@stata.com). Deidentified data containing age, stage, and

(Manufacturer:

molecular subtype were obtained from the BCCE database curator and
then further stratified by the two study sub-periods.

The continuous variable of age was grouped into three ordinal
categories. A t-test was performed to determine if there was a statistically
significant difference in the mean age. To determine if there were
statistically significant changes in the ratios of age, clinical stage and
molecular subtype, a chi-square test was performed. Lastly, an Exact
Poisson test was performed to compare the number of patients seen
before and during the COVID-19 Pandemic. Confidence intervals
(CIs) of 95% were used. A p-value of <0.05 was considered significant.

Study Ethics

Ethical approval was obtained from the Wits Human Research Ethics
Committee (approval number M220952, date: 12.10.2022). Study
site permission was obtained from the hospital CEO and database
curator (approval number UNIV-2023-0009, date: 31.03.2022). All
enrolled patients provided consent prior to the inclusion of their data
in the database for anonymized research.

Results

Study Cohort

A total of 1,364 patients were included in the study. Patients were
known with primary BC and were diagnosed and treated at the
BCCE between 1 January 2019 and 20 December 2021. A total of
731 patients were included in the pre-COVID study period, and 636
patients presented during the COVID period.

Patient Presentation Rate

During the COVID-19 pandemic, there was a significant decrease in
the number of patients presenting with BC per month compared to
the pre-pandemic period (p<0.0001) (Figure 1). In the first period the
mean number of patients per month was 48.7 versus 31.8 patients per
month during the pandemic.

Age

The mean age of patients was 32.26 years (95% CI: 31.37-33.15)
before the COVID-19 pandemic and 32.20 years (95% CI: 31.06-
33.15) during the pandemic (p = 0.83). A chi-square test was also
performed to compare the differences in each age group before and
during the pandemic. Across all three age groupings, there was no
significant difference in age at presentation (p = 0.19). Table 1 below
shows patient age at BC presentation in both study sub-periods.
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Figﬁre 1. Number of patients seen per month before and during
the COVID-19 pandemic. Figure 1 shows an initial decline in patient
numbers at the onset of the COVID-19 pandemic, followed by
fluctuating trends during the COVID-19 pandemic period

COVID-19: Coronavirus disease 2019

Most patients during the study period presented to the BCCE with
a single tumour and, therefore, a single stage of BC. BC stages are
shown in Table 2. A chi-square test was performed, and the differences
in BC stage at presentation between the two study periods were not
significant (p = 0.12).

Breast Cancer Molecular Subtype

Molecular subtypes were classified as luminal A, luminal B, HER2+,
triple-negative, or unknown based on their initial biopsy for all patients
in the study. Comparison of the proportions of each of these subtypes
in the two study periods is shown in Table 3. Overall, there was no
significant difference in the distribution of patient tumour biology

before and during the COVID-19 pandemic (p = 0.24).

Table 1. Age of patients at diagnosis before and during the COVID-19 pandemic

Age at diagnosis

Frequency before Percentage Frequency during Percentage p-value
COVID-19 before COVID-19 COVID-19 during COVID-19
<36 years old 26 3.56 37 5.82
36-54 years old 301 41.17 251 39.46 0.19
>54 years old 404 55.27 348 54.72
Total 731 100.00 636 100.00
COVID-19: Coronavirus disease 2019
Table 2. Clinical stage of patients seen before and during the COVID-19 pandemic
Clinical staging Frequency before Percentage before  Frequency during Percentage during  p-value
COVID-19 COVID-19 COVID-19 COVID-19
Stage 0 65 8.89 51 8.02
Stage IA 203 27.77 168 26.42
Stage IB 0 0.00 1 0.16
Stage lIA 273 37.35 272 42.77
Stage IIB 91 12.45 82 12.89 0.12
Stage llIA 47 6.43 32 5.03
Stage I1IB 28 3.83 15 2.36
Stage llIC 0 0.00 2 0.31
Unknown 24 3.28 13 2.04
Total 731 100.00 636 100.00
COVID-19: Coronavirus disease 2019
Table 3. Breast cancer type seen before and during the COVID-19 pandemic
Breast cancer type Frequency before Percentage before  Frequency during Percentage during p-value
COVID-19 COVID-19 COVID-19 COVID-19
Luminal A 235 32.15 182 28.62
Luminal B 219 29.96 219 34.43
HER2 102 13.95 91 14.31
Triple negative 86 11.76 63 9.90 024
Unknown 89 12.18 81 12.74
Total 731 100.00 636 100.00

COVID-19: Coronavirus disease 2019; HER2: Human epidermal growth factor receptor 2
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Discussion and Conclusion

The COVID-19 pandemic resulted in significant adjustments to
BC management both globally (3) and in South Africa. Changes
included reductions in non-essential hospital visits, outpatient clinic
consultations, and BC screening (6). Many elective surgeries were
cancelled, and medical management strategies were altered (6).

A 2020 retrospective study conducted at Groote Schuur Hospital in
South Africa found that 18% fewer BC surgeries were performed in
2020 compared to 2019 (7). Notably, a 21-day “Level 5” nation-wide
lockdown was established in South Africa between 26™ March and 16
April 2020 during the COVID-19 pandemic. During this period, all
citizens and residents were confined to their homes except to obtain
essential goods, seek emergency medical care, or if they were essential
workers. Non-essential businesses were forced to close (8). Following
the cessation of the Level 5 lockdown, strict regulations remained in
place until the National State of Disaster was lifted two years later, on
5 April 2022. Throughout this period, various levels of restrictions
applied, and citizens and residents were encouraged to stay at home
and minimize non-essential contact with others. Many people also
chose to avoid healthcare and social settings as far as possible due to
fear of exposure to the severe acute respiratory syndrome coronavirus

4).

At the BCCE, new patients were still provided with in-person
appointments for initial assessments. Patients and healthcare workers
wore personal protective equipment, including face masks. Follow-up
consultations were conducted virtually, and multidisciplinary team
meetings were held online.

The results of the present study demonstrated a significant decrease
in the number of patients who presented to BCCE each month
during the pandemic compared to the number of patients seen per
month prior to it. This finding aligns with a study conducted by
Van Wyngaard et al. (7) which reported a 35.9% decrease in patients
presenting with new breast symptoms per month between 2019 and
2020. However, a noticeable discrepancy exists between our study and
that of Van Wyngaard et al. (7). Groote Schuur Hospital experienced
a greater decline in patients presenting with BC compared to the
private BCCE unit (9). Considering that Groote Schuur Hospital is
a public institution, its patient cohort is likely to experience greater
economic and social disadvantage (10). The population may have been
more affected by access to transport due to the pandemic lockdown
restrictions at the time (8).

There were no significant differences in patient age at presentation,
BC stage, or tumor biology between BC patients presenting before
and during the pandemic. This aligns with findings of multiple similar
international studies, including one in Rochester, New York, by
Tonneson et al. (5), which found that tumor biology did not change
during the pandemic. A similar finding was reported at a university
referral centre hospital in northern Italy (11). The lack of significant
changes in age or tumour biology, both in the present study and
other international studies, is likely attributable to the fact that these
variables are not directly affected by the pandemic itself nor any of its
associated restrictions. This is because such restrictions do not impact
major non-modifiable risk factors for BC, including age, sex, and
genetic predisposition (12).

In addition, there were no significant changes in BC stage at
presentation. In contrast, a 2021 European case-control study found

that delayed management of BC patients resulted in more advanced
disease at presentation (13). Similarly, when comparing “pre-COVID”
to “COVID-era’ data, The American Society of Breast Surgeons
reported that BC patients presented with more advanced-stage disease,
particularly stage III BC, in the latter period (14). Cairns et al. (14)
attributed this shift to severe restrictions in BC screening in the USA
during the pandemic.

A 2022 systematic review by Li et al. (15) analysed 74 studies assessing
the impact of the COVID-19 pandemic on BC screening and diagnosis.
The review found a reduction in BC screening volume and a higher
proportion of advanced-stage BC during the pandemic. However, of
the 74 studies included, 41% were from North America, 35% from
Europe and only one study was from Africa. This highlights either a
lack of cancer screening programs in Africa or insufficient reporting
of the data from existing programs, both of which warrant further
attention. The lack of African data also limits direct comparisons
between the findings of the present study and those of international
studies, as differences in healthcare infrastructure, population
demographics, and screening practices may play a significant role
(15). In the South African public healthcare sector, there is no existing
national BC screening program (16). The use of BC screening among
private medical aid users is also suspected to be minimal in South
Africa and across Africa as a whole. Given that BC screening in South
Africa was already inadequate before the COVID-19 pandemic, it is
logical that a further decrease in screening may not have significantly
impacted BC stage at diagnosis. The lack of changes in BC stage
and biology in the two periods of this study may also be attributed
to the BCCE’s coordination of care, particularly its emphasis on
online communication between members of the multidisciplinary
team, which enabled the timely diagnosis of BC stage and biology.
These adaptations likely contributed to maintaining quality of care

throughout the COVID-19 pandemic.

Study Limitations

Two major limitations of this study are the omission of race categories
and the study’s location at a single private institution. It is well
recognized that racial composition in South African patient populations
often mirrors socioeconomic disparities (17). Consequently, as a
private healthcare unit, the BCCE is likely to predominantly serve a
wealthier socioeconomic minority (18). It is essential to consider this
disparity to ensure that BC research and treatment accurately reflect
the diversity of South Africa’s population. Future studies should aim
to include data from both public and private breast units to provide
a more representative analysis. Moreover, further research from South
Africa and other LMICs is needed to assess the long-term impact of
the COVID-19 pandemic on BC presentation, diagnosis, and care in
public healthcare settings.

During the COVID-19 pandemic, the BCCE’s use of digital solutions
facilitated clear communication, ensuring swift BC diagnosis and
management despite national restrictions. We recommend the
continued use of digital tools, such as online communication platforms
implemented in the peak of the COVID-19 pandemic, to facilitate
multidisciplinary meetings at BCCE. These platforms improved
meeting attendance and reduced the time to diagnosis at the BCCE (19).
The integration of digital technologies not only enhances patient care
through communication but also improves patient access to healthcare.

BC remains a significant burden on both South African and global
healthcare systems. This study highlights the importance of adapting

135



136

Eur J Breast Health 2025; 21(2): 132-136

BC management strategies to local contexts. The findings of this study
can serve as a framework for further BC research in the context of
global healthcare emergencies, particularly within the South African
public health sector.

Ethics

Ethics Committee Approval: Ethical approval was obtained from the Wits
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Informed Consent: All enrolled patients provided consent prior to the
inclusion of their data in the database for anonymized research.
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ABSTRACT

Objective: To investigate the relationship between vitamin D deficiency and mastalgia and assess the effectiveness of vitamin D supplementation in
alleviating mastalgia symptoms.

Materials and Methods: A prospective investigational study conducted in an Indian tertiary teaching centre. Participants were included if the presented
with mastalgia and controls without mastalgia were also were recruited. Exclusion criteria were malignant pathology; fibroadenoma; other benign breast
diseases; or recent therapeutic vitamin D supplementation. Vitamin D deficiency was classified as <20 ng/mL. Women in the mastalgia group with deficiency
received 60,000 TU weekly oral vitamin D for eight weeks. Symptom severity was evaluated using a visual analog scale (VAS) at baseline and follow-up
intervals of 4, 8, and 12 weeks. Difference in serum vitamin D levels between groups and changes in VAS scores post-supplementation was assessed.

Results: A total of 200 women, including 100 with mastalgia and 100 without (control group), were recruited over two years.The mean serum vitamin
D level was significantly lower in the mastalgia group (25.29+7.7 ng/mL) compared to controls (31.46+8.5 ng/mL, p<0.0001). Vitamin D deficiency was
more prevalent in the mastalgia group (26% vs. 9%, p = 0.001). Post-supplementation, 46% of deficient patients in the mastalgia group reported symptom
improvement, with 21% achieving complete resolution. However, 54% reported persistent symptoms despite achieving sufficient vitamin D levels.

Conclusion: Vitamin D deficiency is more prevalent in Indian women with mastalgia, and supplementation provides symptomatic relief for some patients.
However, a significant proportion of patients continue to experience symptoms, suggesting other underlying factors contributing to mastalgia. Further
research is needed to explore these factors and optimize management strategies.

Keywords: Mastalgia; vitamin D deficiency; serum vitamin D levels; vitamin D supplementation; prospective study; randomized controlled study;
symptom relief; visual analog scale
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Key Points

*  This work investigates the association between vitamin D deficiency and mastalgia and explores the therapeutic potential of supplementation in

alleviating symptoms, aiming to bridge critical gaps in our understanding of this prevalent condition.

Introduction

Mastalgia, or breast pain, is one of the most frequently reported breast
complaints among women, affecting up to 70% at some point in their
lives (1-3). Despite its prevalence, the etiology of mastalgia remains
enigmatic, with treatments often yielding inconsistent results. Various
hormonal, anatomical, and lifestyle factors have been implicated, but
none provide a comprehensive explanation or solution (2). Recently,

attention has focused on the potential role of vitamin D deficiency
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in mastalgia, driven by its established link to musculoskeletal and
nonspecific chronic pain (4). This connection is particularly intriguing
given the widespread prevalence of vitamin D deficiency globally and
its known role in modulating inflammation, immune response, and
hormonal balance (5, 6). While studies have investigated the impact
of vitamin D supplementation on breast pain, these largely focus
on patient populations without robust comparisons to the general
population, leaving a significant gap in understanding whether vitamin
D levels truly differ in mastalgia patients (4, 7, 8).
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In this first study we aimed to assess whether vitamin D deficiency
is disproportionately associated with mastalgia as compared to
those in the general population and if supplementation would offer
symptomatic relief.

Materials and Methods

This prospective, investigational, controlled study was conducted at
a tertiary teaching centre in central India from November 2023 to
August 2024. Ethics approval was obtained from the Institutional
Ethics Committee Netaji Subhash Chandra Bose Medical College
(IEC/2022/8629-129, date: 26.08.2022) and study was registered
with the clinical trials registry of India (CTRI/2023/11/059708).

Patient eligibility and selection: all female patients presenting with
the complaint of breast pain reporting to our department were
identified. All patients were evaluated as per protocol and underwent
a triple assessment that included complete clinical examination,
ultrasonography and/or X-ray mammography of bilateral breasts and
fine needle aspiration cytology or core needle biopsy, if indicated. All
unwilling females, or those with malignant pathology, fibroadenomas,
patients taking oral contraceptive pills, pregnant females, recent
surgery, trauma, abscess, other benign breast disease or recent
therapeutic vitamin D supplementation were excluded from the
study. Healthy controls were recruited using convenience sampling
from the same outpatient clinic, ensuring comparable demographic
characteristics including age, body mass index (BMI), menopausal
status, and parity. All participants provided informed consent after
receiving detailed information about the study.

Blood samples were collected from all participants to measure serum
vitamin D levels using an electrochemiluminescence method. Vitamin
D levels were classified as sufficient (30-100 ng/mL), insufficient (20—
29 ng/mL), and deficient (<20 ng/mL). Patients in the mastalgia group
with vitamin D deficiency received 60,000 IU oral weekly vitamin
D supplementation for eight weeks in accordance with established
guidelines (9). A visual analog scale (VAS) scores for mastalgia severity
was recorded for all patients in the mastalgia group at baseline, and
at 4,8, and 12 weeks. Patients were considered to have complete
response in terms of pain if their VAS score fell below 3/10 and a
partial response if VAS fell to 4 or 5/10 (10). Patients were followed
up at 4, 8 and 12 weeks.

Sample Size

Based on literature review (4, 11) approximately 40 to 50% in the
general population and 60 to 80% among those with mastalgia
have Vitamin D deficiency. Assuming that 50% of the subjects in
the reference population have the factor of interest, the study would
require a sample size of 91 for each group to achieve a power of
80% for detecting a difference in proportions of 0.20 between the
two groups (test - reference group) at a two sided p-value of 0.05.
Assuming a 10% drop out rate, a total sample size of 200 (equal group
sizes) was taken (12).

Statistical Analysis

Data were entered and analyzed using MedCalc online statistical
software (https://www.medcalc.org/calc/). Descriptive statistics were
used to summarize demographic characteristics, vitamin D levels, and
symptom scores for the mastalgia group. Continuous variables, such
as serum vitamin D levels and VAS scores, were expressed as means
with standard deviations, while categorical variables were presented as

frequencies and percentages.

Comparative analysis was performed using independent t-tests to
evaluate the difference in mean serum vitamin D levels between the
mastalgia and control groups. The association between vitamin D
levels and the presence of mastalgia was further analyzed using chi-
square tests for categorical comparisons. McNemar’s test was employed
to compare pre- and post-supplementation symptom improvement in
the mastalgia group (https://www.sciencedirect.com/topics/medicine-
and-dentistry/mcnemar-test). A p-value of <0.05 was considered
statistically significant for all analyses.

Results

A total of 200 women participated in the study, with 100 women
in the mastalgia group and 100 women in the control group. The
mean age of participants, BMI, menopausal status and parity were
comparable between the two groups (Table 1). The mean serum
vitamin D level in the mastalgia group was 25.29+7.7 ng/mL, while in
the control group, it was 31.46+8.5 ng/mL (p<0.0001). The mastalgia
group exhibited a higher proportion of participants with vitamin D
deficiency (26% vs. 9%, p = 0.001). The proportion of women with
vitamin D insufficiency was comparable between the two groups. The
number of Vitamin D sufficient women was higher in control group
compared to the mastalgia group (35% vs. 57%, p = 0.001) (Table 2).

Within the mastalgia group, 54% had cyclical and 46% had non-cyclical
type of pain. Participants with vitamin D deficiency (7 = 26) received
Vitamin D supplementation, but two patients were lost to follow-
up. After supplementation, 46% of patients reported symptomatic
improvement based on VAS scores. Of these, 21% experienced
complete resolution of symptoms, while 25% reported partial
improvement. However, 54% of patients reported no response despite

Table 1. Baseline clinical and demographic profile

Factor Patients Controls P
n=100 n=100

A2 (BT 29.998.14 28.67+6.0 0.19

deviation)

Body mass index

(mean + standard 21.2+3.5 22.0+4.0 0.13

deviation)

Menopausal Status, n (%)

Pre-menopausal 91 (91) 88 (88)

Post-menopausal 9 (9) 12 (12)

Parity

Nulliparous 35(35) 48 (48) 06

Multiparous 65 (65) 52 (52) ’

Table 2. Status of vitamin D nutrition in women with
mastalgia and controls

Vitamin D status Patients Control p

Deficient 26 9 0.001
Insufficient 39 34 0.46
Sufficient 35 57 0.001



achieving sufficient serum vitamin D levels post-supplementation
(Table 3). The resolution of mastalgia between patients with sufficient
vitamin D levels (12/35, 34.3%) and those with Vitamin D deficiency
(11/24, 45.8%) was not statistically significant (p = 0.53). Subgroup
analysis showed no significant difference in Vitamin D levels between
cyclical (54%) and non-cyclical (46%) mastalgia patients (p = 0.39).
Symptom improvement post-supplementation was similar in both
groups.

Discussion and Conclusion

In this first study, the relationship between vitamin D levels and
mastalgia was explored in an Indian population, comparing the
serum vitamin D levels of women with mastalgia to those in the
general population. Moreover, the therapeutic effects of vitamin D
supplementation in women with mastalgia and vitamin D deficiency
on mastalgia symptoms were investigated. Serum vitamin D levels
were generally lower in the mastalgia group compared to the control
group and vitamin D supplementation resulted in symptomatic
improvement in many women with mastalgia. However, there was no

response to supplementation in most deficient women.

Mastalgia is a common clinical complaint among women, significantly
impacting their quality of life. Despite the high prevalence of this
condition, its etiopathogenesis remains poorly understood, often
resulting in empirical treatments with variable outcomes. Our findings
suggest that vitamin D deficiency may play a contributory role in
the pathogenesis of some mastalgia, potentially through its effects
on inflammatory pathways, muscle metabolism, and nociceptive
signaling. The lower serum vitamin D levels observed in the mastalgia
group and pain relief in many patients after supplementation align
with prior studies, reinforcing the biological plausibility of this
association (4, 13). The controlled design of the present study enables
a clearer delineation between vitamin D deficiency and mastalgia
compared to earlier uncontrolled studies. In addition, the longitudinal
follow-up design allows for assessment of short and mid-term effects
of supplementation, providing insights into treatment duration and
sustained impact.

Vitamin D plays a crucial role in musculoskeletal function, immune
modulation, and pain regulation (14). Its deficiency has been linked to
increased inflammatory cytokines levels, altered nociceptive signaling,
and estrogen imbalance, all of which may contribute to mastalgia
(15). Furthermore, vitamin D receptors are expressed in breast tissue,
suggesting a potential role in breast pain modulation (16). These
mechanisms provide a plausible link between vitamin D deficiency
and mastalgia, reinforcing the rationale for supplementation in
affected individuals.

Sree et al. Vitamin D Deficiency and Mastalgia

However, our study is not without limitations. The lack of a blinded,
placebo-controlled design limits the ability to attribute symptom
improvement solely to vitamin D supplementation, as a placebo
effect cannot be ruled out. The reliance on convenience sampling
for controls may introduce selection bias. Furthermore, the lack of
a placebo-controlled design limits conclusions regarding the causal
role of vitamin D. Mastalgia often improves without intervention,
and a 54% non-response rate suggests multifactorial causes beyond
vitamin D deficiency. Another potential limitation of our study is
that we did not stratify vitamin D levels based on seasonal variations.
Given the known impact of seasonal sun exposure on vitamin D
synthesis, future studies should assess whether seasonal fluctuations
influence the prevalence of vitamin D deficiency in mastalgia patients.
Furthermore, while our study was powered adequately to detect a
significant difference between groups, larger multicenter studies with
a greater sample size are needed to confirm the generalizability of the
results. However, the strengths of our study include its prospective
design and inclusion of a control group with similar demographics
to the study group, which enhances the validity of our findings. The
use of standardized tools such as electrochemiluminescence for serum
vitamin D measurements and VAS for symptom assessment enhances
the data collection, analysis and reliability of the results. By focusing
on a population with diverse demographic and socioeconomic
backgrounds, our study offers valuable insights into the relationship
between vitamin D levels and mastalgia, and the broader applicability
of vitamin D supplementation as a potential intervention for mastalgia.
However, further research is needed to confirm these findings. Future
studies should consider larger sample sizes, randomized controlled
designs, and longer longitudinal follow-ups to assess the long-term
benefits of vitamin D supplementation. Despite its limitations, our
study adds to the growing body of evidence suggesting that vitamin D
deficiency may be an important, modifiable factor in the management
of mastalgia. Given the observed partial response to supplementation,
a combination approach addressing other potential contributors to
mastalgia, including stress management and hormonal modulation,

may enhance therapeutic outcomes.

Vitamin D deficiency was more prevalent in Indian women with
mastalgia, and supplementation provided symptomatic relief for many
patients. Given that a significant proportion of women are vitamin D
deficient, addressing this deficiency through supplementation could
also alleviate other symptoms and conditions increasingly attributed
to vitamin D deficiency. Such supplementation, which is both cost-
effective and safe, has the potential to offer broad health benefits
without causing any harm. However, a significant proportion of
patients continue to experience symptoms, suggesting other underlying
factors contributing to mastalgia. A randomized, placebo-controlled
trial would better establish the therapeutic efficacy of vitamin D
supplementation for the treatment of mastalgia.

Table 3. Impact of Vitamin D nutrition supplementation on mastalgia

Vitamin D status
post-intervention

Group

Complete response

Sufficient (n-24)

Deficient (n-24) (100%)
0,

Partial response

(VAS <3/10) n=5 (21%)

No response P
(VAS >6/10)

n=13 (54%) <0.0001

(VAS =4 0or 5/10) n=6 (25%)

VAS: Visual analog scale
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Presentation: This study was presented in best oral award category
during Asian Society of Mastology annual conference, Dehradun,
India, November 2023.
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(CTRI/2023/11/059708).

Informed Consent: Informed consent was obtained from all

participants prior to inclusion in the study.
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Breast Imaging: Correlation Between Axillary Lymph
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Lymphovascular Invasion in Patients With Invasive Breast
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ABSTRACT

Objective: Together with local invasion, one of the important characteristics of cancer is its capacity to spread, resulting in metastases. Before cancer cells
metastasize to a secondary site, they must first enter and spread through the blood and lymph vasculature, this is known as lymphovascular invasion (LVI).
This LVI and, to a much lesser extent, perineural and neural invasion are one of the biologic prerequisites for systemic spread and metastases. To evaluate
the correlation between pre-operative apparent diffusion coefficient (ADC) of the ipsilateral enlarged axillary lymph nodes (LNs) and presence of LVI on
post-operative pathology, in patients with invasive breast cancer.

Materials and Methods: This retrospective study was approved by the institutional review board. It included 100 female patients (mean age, 49 years;
range, 3068 years) with invasive breast cancer, who underwent preoperative magnetic resonance imaging (MRI) and breast surgery. On pre-operative MRI,
the ADC was calculated for the ipsilateral enlarged axillary LN. Presence or absence of LVI was assessed on post-operative histopathology. Statistical analysis
was performed to investigate any correlation between the ADC value of the axillary LNs and LVI in these patients.

Results: The mean ADC value of the ipsilateral enlarged axillary LNs was significantly lower in LVI positive cases compared to LVI negative cases (0.735 x
107 mm?*/s) vs. (1.024 x 10> mm?/s), (p<0.001). Moreover, the mean Ki-67 in LVI positive cases was 46.12%, compared to 21.58% for LVI negative cases.
This higher Ki-67 level in LVI positive cases indicates a greater degree of proliferation and thus the more aggressive nature of these tumors, and this was
positively correlated with ADC values of the ipsilateral enlarged axillary LNs.

Conclusion: In cases of invasive breast cancer, the ADC value of the ipsilateral enlarged axillary LNs assessed on pre-operative MRI, and Ki-67 status
of the tumor were significantly correlated to the LVI status on histopathological assessment. This ADC value may be useful as a predictor of axillary LN
involvement, metastasis, and prognosis in invasive breast cancer.

Keywords: Invasive breast cancer; lymphovascular invasion; axillary lymph nodes; apparent diffusion coefficient; MRI
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Key Points

*  Breast cancer is the most common cancer in women, with lymphovascular invasion detected in about 24.3% of cases, leading to higher metastasis and

recurrence rates.
e Lymphovascular invasion is confirmed through histopathology, making it hard to detect preoperatively with standard imaging techniques.

e Diffusion-weighted imaging and the apparent diffusion coefficient can provide data on tumor cell density and aggressiveness, potentially predicting

lymphovascular invasion presence.

Introduction

Breast cancer is the most common cancer in women, accounting for
30% of all new cancer cases and about 15% of total deaths in females,
according to the latest cancer statistics in (1, 2) and is thus a serious
threat to the health of women (3). Lymphovascular invasion (LVI) is
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defined as the presence of tumor emboli in lymphatic and vascular
spaces within the area that surrounds an invasive carcinomas. LVI is
detected in about 24.3% of patients with breast cancer (4). LVI is a key
prognostic factor in cases of invasive breast cancer as patients with LVI

positivity showed a higher rates of distant metastasis and also higher
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local recurrence rates after treatment (5). LVI is also associated with
high Ki-67 levels. Ki-67 is an important immunohistochemical (IHC)
marker used for evaluation of invasiveness, the proliferation activity,
and prognosis in human tumors (6).

As LVI presence is confirmed histopathologically, based on a surgically
excised specimen that contains the primary tumor and the peritumoral
breast tissue, it is difficult to detect the presence of LVI by preoperative
biopsy that contains the primary lesion only. So, preoperative
multiplanar imaging with magnetic resonance imaging (MRI) of these
cases may be expected to provide data that can predict the presence
of LVI (7). Imaging modalities, such as ultrasound, computed
tomography, and MRI, which is the most commonly used modality,
cannot identify LVI accurately, because of various anatomical and
morphological limitations of these modalities (8).

Diffusion-weighted imaging (DWI) is a specific functional MRI
technique that evaluates the thermal motion of the water molecules
within the tissue ultrastructure. The apparent diffusion coefficient
(ADC) is a quantitative assessment parameter of DWI, which provides
essential data about the density and aggressiveness of tumor cells
(9, 10). Many earlier studies have discussed the role of the ADC in
predicting LVI in invasive breast cancer patients with positive sentinel

lymph nodes (LNs) (11).

The aim of the present study was to evaluate the correlation between
pre-operative ADC of axillary LNs and the presence of LVI in post-
operative histopathology in patients with invasive breast cancer. A
further aim was to evaluate any correlation between Ki-67 and LVI.

Materials and Methods

This retrospective study included 100 female patients with single,
unilateral, invasive breast cancer with positive ipsilateral axillary LN,
who underwent preoperative MRI and then breast surgery. Surgery
was either conservative breast surgery or mastectomy, based on the
size, and extension of the breast lesion, and axillary LN dissection was
done in all the study patients. This study was done in the period from
March 2023 to March 2024.

Ethics approval was approved and obtained by Mansoura Faculty
of Medicine Institutional Research Board (approval number:
R.24.04.2598, date: 18.05.2024). Informed consent was waived
because this was a retrospective, anonymized study. Retrospective data
were collected and analyzed from existing image archives.

Inclusion Criteria

Patients with unilateral, single, invasive breast cancer and with positive
ipsilateral axillary LNs were included. Positive ipsilateral axillary LNs
were confirmed clinically and radiologically. Invasive breast cancer
patients, that is those with either invasive ductal or invasive lobular
carcinoma, are characterized by the invasion of breast cancer cells into
the basement membrane and spread from breast ducts or lobules to
nearby breast tissue. By definition the breast cancer in these patients
is no longer ductal carcinoma 77 situ, but has become an invasive type
of breast cancer. The invasion and type of breast cancer also the Ki-
67 level were determined on tru-cut needle biopsy from breast lesions
which were performed in all patients before breast surgery or at the
start of other types of therapy. Values for Ki-67 were evaluated by the
histopathologist following recognized protocols for manual counting.

Criteria of molecular subtyping of breast cancer were:
1. Luminal subtype (subdivided into luminal A and luminal B)

Luminal A: human epidermal growth factor receptor 2 (HER2)
negative [estrogen receptor (ER) positive, progesterone receptor (PR)
negative/low, HER2 negative, Ki-67 proliferative index high]

Luminal B: HER2 positive (ER positive, PR positive or negative,
HER?2 positive, Ki-67 proliferative index varies)

2. Triple negative subtype (ER negative, PR negative, HER2 negative):

3. HER2 enriched (HER2 positive; ERBB2 positive): ER negative, PR

negative, HER2/neu amplified or overexpressed.

The presence or absence of LVI was assessed on post-operative
histopathological examination for all patients. These histopathological
data were the “gold standard” to correlate the radiological data by.

Exclusion Criteria

Patients were excluded if they had bilateral breast cancer, as the aim
was to assess LVI in breast cancer cases with ipsilateral enlarged axillary
LNS, not with contralateral axillary LNs, and to correlate the pre-
operative axillary LN ADC value with the post-operative LVI status of
the breast lesion on the ipsilateral side. Patients were also excluded if
they had unilateral breast cancer but there were multiple breast lesions,
to ensure that the lesion evaluated on MRI was the same lesion assessed
on post-operative pathology. Finally, patients were also excluded if
they did not have pre-operative breast MRI or the diffusion study with
an ADC map was not available.

MRI Technique

In all patients, MRI of the breast was performed using a 1.5 Tesla
machine (Philips Ingenia, Best, The Netherlands). Examination
of patients was performed in the prone position with the use of a
dedicated 16-channel breast coil. DW1I was obtained by a single shot
spin echo sequence with the following parameters; (TR/TE/NEX):
5800/139 ms/1, b values used were 0, 500, and 1000 mm?/sec.
Diffusion gradients were sequentially applied in X, Y, and Z axes. Slice
thickness was 4 mm, with 1 mm interslice gap, a 300-360 mm field of
view, and matrix of (128x256). Total acquisition time was about 120
sec. Orthogonal diffusion images and ADC maps for all cases were
performed.

Diffusion-Weighted Imaging Post-Processing

Four sets of DWI were obtained for each section. The first three sets
of images (known as trace images), corresponding to sensitization
gradients, were sequential applications in the three orthogonal planes.
The ADC map (the last set), corresponding to the average diffusion
images, where measurement of ADC for any region of interest (ROI)
can be measured. The ADC maps were calculated by the MRI scanner
in-built software.

Image Analyses

Conjoint interpretation of the MRI studies of the patients was done by
three radiologists of 10, 10 and 12 years experience. The radiologists
were blinded to patient pathological data. The ADC value was
calculated for the most suspicious ipsilateral enlarged axillary LN. The
ROIs were manually and carefully drawn along the solid area of the
ipsilateral most suspicious LN and copied to the corresponding ADC
maps, avoiding the areas with necrosis if present within the LN. No



less than three ROIs were used within the same ipsilateral enlarged
LN, and then the mean ADC value for the lesion was calculated. ROI
size was 20 mm?.

Histopathological and Immunohistochemical Evaluation

Presence or absence of LVI was assessed on post-operative
histopathological examination. These histopathological data were the
gold standard to correlate the radiological data with.

Statistical Analysis

Data analysis was done by SPSS software, version 25 (IBM Inc.,
Armonk, NY, USA). Description of qualitative data was done using
number and percentage. Quantitative data were described using mean
+ standard deviation for data distributed normally after testing for
normality using the Kolmogorov-Smirnov test. The obtained results
significance was judged at the p<0.05 level.

If quantitative data was non-normal, the Mann-Whitney U test was
used to compare between two studied groups while the Student t-test
was used to compare two independent groups for normally distributed
data. Receiver operating characteristics curve was used to calculate
sensitivity and specificity of continuous variables with calculation of
the optimal cut off point. Predictive values and accuracy were assessed
using cross tabulation.

Results

This retrospective study included 100 female patients with a mean
age of 49 years with a range of 30—68 years, with single unilateral
invasive breast cancer and positive ipsilateral axillary LNs. Tumor data
of the cases are shown in Table 1. Of the 100 patients, 61 had LVI on
histopathological analysis and 39 did not.

Table 1. Laterality, number, and pathological types of the

breast tumors in the studied cases

Patient data n %

Tumor laterality

Unilateral 100 100
Bilateral 0 0
No. of the tumor in each study case 1 100
Pathological types of breast cancer in the studied patients
Invasive duct carcinoma 93/100 cases 93%

Invasive lobular carcinoma 5/100 cases 5%

Mixed mucinous carcinoma 2/100 cases 2%

Mounir et al. LNs ADC & Lymphovascular Invasion

The mean ADC value of the ipsilateral enlarged axillary LNs was
significantly lower in patients with LVI than in LVI negative cases with
ADC values 0of 0.735 x 10~ mm?/s vs. 1.024 x 10> mm?/s, respectively
(»<0.001) (Table 2 and Figure 1).

In Figure 1, the mean Ki-67 in LVI positive cases was 46.12%, while
this was 21.58% for LVI negative cases. This higher KI-67 level in
LVTI positive cases indicates a greater degree of proliferation and thus
the more aggressive nature of these tumors, and this was positively
correlated with ADC values of the ipsilateral enlarged axillary LNs.

In Table 3, the optimal cut-off point for ADC value in differentiating
between LVI positive and negative cases was 0.889. Similarly, the
cut off point for Ki-67 for differentiating between LVI positive and
negative cases was 27.5% (p<0.001). The analysis showed relatively
high sensitivity but only moderate specificity for ADC and Ki-67
when differentiating between LVI positive and negative cases, as
shown in Table 3 and Figures 2 and 3.

Correlation between LVI and IHC parameters and MRI features of
the tumors are shown in Table 4. There was a significant correlation
between LVI and the number of infiltrated LNs. In LVI negative
cases, all cases except for six (%) showed unaffected dissected LNis.
In the six exceptions, each patient exhibited one infilcrated LN
histopathologically. However, in LVI positive cases most patients
had infiltrated dissected LNS, with a median of 4 infiltrated LNs per
patient. However, once again there were six exceptions who had no
infiltrated dissected LNG.

Lymphovascular invasion

mYes

u No
50 46.12

45

21.58

20

15

10
5 1.024 0.735
i scfoid

ADC *10-3 KI

Figure 1. Mean ADC and Ki-67 % in differentiating between cases
with and without LVI

LVI: Lymphovascular invasion; ADC: Apparent diffusion coefficient

Table 2. Comparison of mean ADC and Ki-67 in differentiating between cases with and without LVI

Lymphovascular invasion

Negative For LVI (n = 39)

ADCx10? 1.024+0.22

Ki-67 21.58+13.15

Test of significance

Positive for LVI (n=61)

t=7.24
0.735£0.17

p<0.001*

z=6.24
46.12+£22.59

p<0.001*

t: Student t-test; z: Mann-Whitney U test; *: Statistically significant; LVI: Lymphovascular invasion; ADC: Apparent diffusion coefficient
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In terms of IHC characteristics of the tumors, the luminal A molecular
subtype was significantly correlated with negative LVI (28.2 %) wvs.
8.2% for cases with positive LVI. However, luminal B molecular
subtype was significantly correlated with positive LVI (65.6%) wvs.
30.8% for negative LVI.

The number of infiltrated LNs was also significantly correlated with
the ADC value of the axillary LN, as shown in Table 5 and Figure 4.
There was a significant negative correlation between this ADC value
and the number of infiltrated LNs. The other IHC and MRI criteria
of the tumors in the studied cases did not show significant correlation
with the ADC value of the axillary LNS, with the exception of the
having a non-circumscribed speculated margin which was significantly
correlated with a lower ADC value (mean, 0.831+0.27), while
circumscribed margin was significantly correlated with a higher ADC
value (mean, 1.26+0.0), as shown in Table 6.

Discussion and Conclusion

Breast cancer is the most common cancer worldwide and the major
cause of cancer related mortalities in women (12). Most breast cancer
related mortalities are due primary tumor proliferation or due to
distant metastasis (13). LVI is defined histopathologically as presence

ROC Curve
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0.0 T T T T
0.0 0.2 04 06 08 1.0

1 - Specificity
Diagonal segments are produced by ties.
Figure 2. ROC curve of ADC in differentiating between cases with
and without LVI

LVI: Lymphovascular invasion; ADC: Apparent diffusion coefficient; ROC: Receiver
operating characteristics curve

of tumor cells within the lymphatic or vascular spaces that encircles
the primary carcinoma. Its positivity indicates a higher risk of cancer
local recurrence or distant metastasis; so, its detection is important as
a diagnostic or prognostic assessment of patients with breast cancer
(14). Many studies have indicated the importance of the LVI in surgical
intervention determination, providing guidance tool for neoadjuvant
therapy evaluation, and suggesting optimal resection margins of the
tumors (15, 16). However, identifying this LVI status accurately
pre-operatively is a challenge, because it is identified accurately on
histopatological examination following surgery.

Evaluation of LVI status in breast cancer patients, pre-operatively,
may be done with the aid of some MRI morphological features, as
the peritumoral edema, “adjacent vessel” sign, the DW1I, and status of
axillary LN on MRI (17-20). Dynamic MRI may play an important
role in assessing LVI status, as it provides high quality multiplanar
images and highly significant morphologic and functional data. It
provides information on the volume, permeability, and the tumor
vascular system angiogenesis (20, 21).

In our study we aimed to highlight the correlation between the ADC
of the ipsilateral suspicious axillary LNs, and the LVI status in patients
with invasive breast cancer.

ROC Curve

Sensitivity
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00 02 04 06 08 1.0

1 - Specificity
Figure 3. ROC curve of Ki-67 in differentiating between cases with
and without LVI

LVI: Lymphovascular invasion; ADC: Apparent diffusion coefficient; ROC: Receiver
operating characteristics curve

Table 3. Validity of ADC and Ki-67 in differentiating between cases with and without LVI

AUC P Optimal Sensitivity % Specificity % PPV% NPV% Accuracy
(95% CI) cut-off %
0.845
ADCx1073 <0.001 0.889 87.9% 70.7% 81.0% 80.6% 80.1%
(0.764-0.926)
. 0.812
Ki-67 <0.001 27.5% 75.9% 65.9% 75.9% 65.9% 71.7%

(0.731-0.893)

PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under curve; LVI: Lymphovascular invasion; ADC: Apparent diffusion coefficient;

Cl: Confidence interval
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Table 4. Correlation between lymphovascular invasion and clinicopathological features of the studied cases

LVI Test of significance p
No Yes
Number of infiltrated LNs
) o ) 0 (0-1) 4(0-17) z=7.61 <0.001*
Median (minimum-maximum)
Tumor grade, n (%)
I 3(7.7) 2 (3.3)
I 26 (66.7) 34 (55.7) »2=3.0 0.223
1 10 (25.6) 25 (41)
ER score
Median (minimum-maximum) 8 (0-8) 7 (0-8) z=1.22 0.223
PR score
Median (minimum-maximum) 7 (0-8) 5 (0-8) z=1.26 0.209
HER2 status
-VE 31(79.5) 53 (86.9) %2=0.969
0.325

+VE 8 (20.5) 8 (13.1)
Molecular subtype
Luminal A 11 (28.2) 5(8.2)
Luminal B 12 (30.8) 40 (65.6)

2=13.12 0.004*
HER-enriched 8 (20.5) 8(13.1)
Triple negative 8 (20.5) 8(13.1)
Amount of fibroglandular tissue (FGT)
Entirely fatty 0 7(11.5)
Scattered FGT 15 (38.5) 30 (49.2)
Heterogenous dense breast 18 (46.2) 19 (31.1) x*=7.65 0.054
Extremely dense breast 6 (15.4) 5(8.2)
BPE
Minimal 0 7 (11.5)
Mild 17 (43.6) 22 (36.1)

y2=4.91 0.179
Moderate 19 (48.7) 28 (45.9)
Marked 3(7.7) 4 (6.6)
Mass shape
Irregular 33 (84.6) 52 (85.2)

x2=0.007 0.931
Lobulated 6 (15.4) 9 (14.8)
Mass margin
Non-circumscribed speculated 18 (46.2) 32 (52.5)
Non-circumscribed irregular 19 (48.7) 29 (47.5) x2=3.32 0.190
Circumscribed 2 (5.1) 0
Mass internal enhancement pattern
Heterogenous 35(89.7) 50 (82)

x?=1.128 0.288
RIM 4(10.3) 11 (18)
Kinetic curve type
Pateau curve 8 (20.5) 9 (14.8)

2= 0.559 0.455
Washout curve 31(79.5) 52 (85.2)

z: Mann-Whitney U test; % Chi-square test; *: Statistically significant; LVI: Lymphovascular invasion; HER2: Human epidermal growth factor receptor 2; ER:
Estrogen receptor; PR: Progesterone receptor; BPE: Background parenchymal enhancement; LNs: Lymph nodes 145
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Table 5. Correlation between ADC value and number of infiltrated LNs, ER & PR score

ADC value
r

No of infiltrated LNs -0.492

ER score -0.159

PR score -0.104

p-value

0.001*
0.119
0.301

r: Spearman correlation coefficient; LNs: Lymph nodes; ADC: Apparent diffusion coefficient; ER: Estrogen receptor; PR: Progesterone receptor

R Linear =0.148
1400

1.000 | .

ADC value ( X10 *-3)

400 |

Number of infitrated LNS

Figure 4. Scatter plot showing correlation between ADC & number
of infiltrated LNs

ADC: Apparent diffusion coefficient; LNs: Lymph nodes

Markedly enlarged in size and abnormal LNs in morphology, especially
when markedly different from other visible axillary LN, are highly
suggestive of nodal metastasis. Features of cortical thickening, loss of
the fatty hilum, round shape or a (long-to-short axis ratio) of less than
2 are considered as typical morphologic criteria that can be seen with
LNs metastasis (22). Also, according to Baltzer et al. (23), irregular
margin, heterogenous cortex, perifocal edema which is seen as high T2
signal intensity in surrounding soft tissue, and asymmetry of the LNs
in number or size compared with the contralateral side are findings
suggestive of LN metastasis.

In our study, the mean ADC value of the ipsilateral enlarged axillary
LN was significantly lower in LVI positive than in LVI negative cases
of invasive breast cancer (0.735 x 107 mm?/s) vs. (1.024 x 10 mm?/s),
(p<0.001), with cut off point for ADC value in differentiating between
LVT positive and negative cases was 0.889 as shown in Figures 5 and 6.

In our study, the mean Ki-67 in LVI positive cases was 46.12%, while
was 21.58% for LVI negative cases. The cut-off point for Ki-67 in
differentiating between LVI positive and negative cases was 27.5
(p-value less than 0.001). This higher Ki-67 level in LVI positive cases
reflected the more aggressive nature of these tumors and their higher

proliferation activity, and this correlated positively with ADC values
of the ipsilateral enlarged axillary LN as shown in Figures 7 and 8.

This is consistent with the results of Liu et al. (24), study in which
the LVI positive group had higher Ki-67 expression level (>30%) than
the LVI negative group and the difference was statistically significant
(p =0.012).

Also agreed with results of literatures which confirmed that higher
KI-67 is associated with higher tumor grade, LVI, metastasis, and
recurrence rate (25-27).

Odur results agreed with the results of Klingen et al. (28) who reported
that LVI was associated with some features of aggressive breast cancer
as LN positive tumors and higher Ki-67 expression.

Also our results were in line with a review that has shown that the
presence of LVI correlates with locoregional LN involvement (29).

Also, our study results agreed with results of Zhang et al. (30),
retrospective study, who found a strong association between the LN
status and the LVI status.

In Yang et al. (31), study they found correlation between LN criteria
including larger size, and presence of necrosis, with the LVI status.
But, they didn't include the ADC value of the axillary LN on the LN
status data. Also, they found a border line correlation of the Ki-67 level
with the LVT status.

Some studies recently, have shown that ADC value may be a good
prognostic factor correlated to aggressiveness of tumors in breast
cancer patients (32-34). Other current retrospective cohort studies
concluded that ADC values of breast tumors were lesser in the LVI
positive groups than the negative ones (11, 35). Lower ADC value is
related to decrease in osmosis speed within tumor tissues and to higher
proliferation rates of tumor cells. LVI was significantly concomitant to

a higher cell proliferation level of the tumor (high Ki-67 level) (11).

Our results agreed with results of Byon et al. (36) , retrospective
study that included 435 cases of breast cancer which compared
“standard lower axillae” and “combined entire axilla” MRI protocols,
they determined that axillae positivity (odds ratio: 5.9) and positive
peritumoral edema (odds ratio: 12.3) at the standard protocol of MRI
were predictive factors of high level axillary LNs metastasis, and with
exclusion of axillary findings, peritumoral edema or mutifocality
and multicentricity were predictive factor of high level axillary LNs
metastasis, also, the LVI and the peritumoral edema were prognostic
factors of advanced axillary LNs metastasis.



Our results agreed with Chen et al. (37), who found that the LVI in
axillary LN metastasis group was significantly higher than that in non
-axillary LN metastasis group (37.50% ws. 6.10%, p<0.001). And their
logistic regression analysis suggested that LVI was one of the risk factors

for axillary LN metastasis in patients with invasive breast cancer.
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Our results showed relatively high sensitivity and moderate specificity
for ADC and Ki-67 in differentiating between LVI positive and
negative cases (87.9% sensitivity, 70.7% specificity) for ADC and
(75.9% sensitivity, 65.9%) for Ki-67, with (81.0% PPV, 80.6% NPV,
80.1% accuracy) for ADC, and (85.9% PPV, 75.9% NPV, 71.7%
accuracy) for Ki-67.

Table 6. Relationship between ADC value and clinicopathological features

ADC value

Mean * standard deviation

Tumor grade

| 0.825+0.25
I 0.838+0.26
1] 0.893+0.21
HER? status

-VE 0.855+0.25
+VE 0.864+0.16
Molecular subtype

Luminal A 0.849+0.23
Luminal B 0.853+0.26
HER-enriched 0.864+0.16
Triple negative 0.869+0.24
Amount of fibroglandular tissue

Entirely Fatty 0.847+0.15
Scattered fibroglandular tissue 0.784+0.23
Heterogenous dense breast 0.928+0.25
Extremely dense breast 0.940+0.17
BPE

Minimal 0.787+0.19
Mild 0.827+0.22
Moderate 0.876+0.26
Marked 0.959+0.17
Mass shape

Irregular 0.843+0.24
Lobulated 0.934£0.23
Mass margin

Non-circumscribed speculated 0.831+0.27
Non-circumscribed irregular 0.867+0.19
Circumscribed 1.26+0.0
Mass internal enhancement pattern

Heterogenous 0.867+0.24
RIM 0.797+0.16
Kinetic curve type

Pateau curve 0.909+0.16
Washout curve 0.845+0.252

Test of significance p
F=0.604 0.549
t=0.124

0.902
F=0.028 0.994
F=3.17 0.028
F=0.931 0.429
t=1.35 0.180
F=3.34 0.039*
t=1.05 0.298
t=0.997 0.321

F: One-Way ANOVA test; t: Student t-test; HER2: Human epidermal growth factor receptor 2; ER: Estrogen receptor; PR: Progesterone receptor;

BPE: Background parenchymal enhancement
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Figure 5. Fifty-five years old female with luminal B right breast cancer. Post-operative pathology revealed: High grade infiltrating duct
carcinoma with low grade DCIS component (5%), with detected lymphovascular emboli, no perineural invasion. Examination of Ki-67 stained
slide revealed nuclear staining in 30% of tumor cells. a. Post contrast subtraction MRI image showing malignant looking irregular mass in
right breast (white arrow). b. Post contrast MRI subtraction image showing ipsilateral enlarged axillary tail suspicious LN (white arrow). c.
Subtraction MIP image showing the mass and the LN. d. Mean ADC value of this LN was 0.628x10-> mm?/s

LNs: Lymph nodes; ADC: Apparent diffusion coefficient; MRI: Magnetic resonance imaging; DCIS: Ductal carcinoma in situ; MIP: Maximum intensity projection
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Figure 6. Thirty-two years old female with luminal B right breast cancer. Post-operative pathology revealed: Grade Il invasive duct carcinoma
associated with high grade ductal carcinoma in situabout 5%. No lymphovascular invasion or perineural spread. Ki-67: Positive nuclear reaction
in about (20) % of tumor cells. a. Post contrast subtraction MRl image showing malignant looking irregular mass in right breast b. Post contrast
MRI subtraction image showing ipsilateral enlarged suspicious axillary LN (white arrow). c. Diffusion image showing high Sl of the LN. d. ADC
map showing low Sl and restricted diffusion of the LN. Mean ADC value of this LN was 0.905 x10-> mm?/s

LNs: Lymph nodes; ADC: Apparent diffusion coefficient; MRI: Magnetic resonance imaging; SI: Sacroiliac
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Mean=870.02 SD=110.35
Max=1101.70 Min=659.50
Area=0.362 cm? (34 px)

Figure 7. Forty-one years old female patient with triple negative left breast cancer. Post-operative pathology revealed grade Ill invasive duct
carcinoma, with negative lymphvascular invasion. Ki-67 was about 70%, high proliferation index. a. Subtraction post contrast image showing
left retroareolar suspicious mass. b. Subtraction post contrast image showing enhanced suspicious left axillary LN (white arrow). c. Diffusion
image showing high Sl of the LN in diffusion image. d. ADC map showing mean ADC value of the axillary LN of 0.870 x10>mm?/s

LNs: Lymph nodes; ADC: Apparent diffusion coefficient
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Figure 8. Forty-nine years old female patient with triple negative left breast cancer. Post-operative pathology revealed grade Il invasive duct
carcinoma with scattered foci of high-grade ductal carcinoma in situ, with positive lymphvascular invasion and perineural spread. Ki-67 was
about 80%, high proliferation index. a. Subtraction post contrast image showing small suspicious mass in left breast (arrow). b, c. Subtraction
post contrast images showing enhanced suspicious left axillary LNs. d. subtraction MIP images showing the left axillary LNs. e. Diffusion image
showing high Sl of the left axillary LN. f. ADC map showing ADC value of the largest suspicious left axillary LN of 0.633 x10-3mm?/s

LNs: Lymph nodes; ADC: Apparent diffusion coefficient; SI: Sacroiliac; MIP: Maximum intensity projection
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Our results are consistent with the overall sensitivity, specificity
in predicting LVI of Kayadibi et al. (38), study who used machine
learning and radiomics based on 3D segmentation of ADC maps can
be used to predict LVI status in breast cancer in their study, the area
under the curve and accuracy were 0.726 and 63.5% in the training
data respectively, and (0.732 and 76.7%) in the test data, respectively.
Overall sensitivity and positive predictive values were 68% and 69.6%
in the training data, and 84.6% and 78.6% respectively in the test data
in their study.

We concluded that the ADC value of the ipsilateral enlarged axillary
LN, and Ki-67 status of the tumor were highly correlated to the status
of LVI in cases of invasive breast cancer. So, may be used as a tool for
prediction of the axillary LN involvement, metastasis, and prognosis

of the patients with invasive breast cancer.
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ABSTRACT

Objective: Male breast cancer (MBC) is a rare malignancy, representing less than 1% of all breast cancer cases. Despite the rising incidence, MBC research
remains limited, with most data extrapolated from female breast cancer (FBC). This study evaluated the clinicopathological features, treatment strategies,
and survival outcomes of MBC patients in Portugal over two decades.

Materials and Methods: A retrospective analysis of MBC cases from the Portuguese National Oncology registry (2001-2021) was conducted.
Clinicopathological features, therapeutic strategies, and overall survival (OS) were assessed across three disease categories: localized, locally advanced, and
metastatic. Hormone receptor status, human epidermal growth factor receptor 2 (HER2) expression, and Ki-67 index were recorded, and survival was
estimated using Kaplan-Meier methods.

Results: A total of 620 MBC cases were included with median age at diagnosis 68 years (interquartile range: 60—~77). Localized disease accounted for
60.3% of the cases, locally advanced for 24.5%, and metastatic 15.2%. Most tumours were invasive carcinoma of no special type (86%), and hormone
receptor-positive (estrogen receptor: 96.6%j progesterone receptor: 85.6%). HER2 -disease was noted in 11.6% of cases and triple-negative in 1.6%.
Mastectomy was the primary surgical intervention while tamoxifen was the most widely used adjuvant endocrine therapy-exemestane therapy (A-ET). ET
was the most prescribed first-line therapy. Median OS was 86 months for localized, 70 months for locally advanced, and 41 months for metastatic disease.
Conclusion: This study highlights the unique challenges of MBC, including late-stage diagnoses and reliance on FBC-derived protocols. Findings suggest
an urgent need for male-specific clinical trials and molecular research to optimise treatment and outcome. In Portugal increased awareness and early
detection initiatives will be important to advance MBC care.
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Key Points

*  Male breast cancer is rare, accounting for less than 1% of all breast cancer cases, with limited research specific to male patients.

. The majority of tumours were hormone receptor-positive, while human epidermal growth factor receptor 2-positive and triple-negative disease was less
common, consistent with female breast cancer subtypes.

*  Mastectomy was the primary surgical approach, and tamoxifen was the most commonly prescribed adjuvant therapy.

e This study highlights the need for male-specific clinical trials, increased awareness, and early detection to improve outcomes.

Introduction MBC remains limited, with most data extrapolated from female breast
cancer (FBC) studies (6, 7).

Male breast cancer (MBC) is a rare condition, accounting for less than
1% of all breast cancer (BC) cases worldwide, including in Portugal ~ MBC is often diagnosed at a later stage, with larger tumours, lymph
(1-4). Despite a rising incidence in recent decades (5), research on  node involvement, and distant metastases (7-11). Approximately half
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of cases are localized, with the remainder being regional or distant (12,
13). Histologically, invasive carcinoma of no special type accounts for
90% of MBC cases (7, 8, 13, 14), and most tumours express hormone
receptors, predominantly of the luminal subtype (13, 15).

Risk factors for MBC include genetic predispositions, such as BRCA2
mutations, hormonal imbalances, and lifestyle factors. Elevated
estrogen levels due to obesity, cirrhosis, or Klinefelter's syndrome
significantly increase risk (14-20). Due to a lack of male-specific
trials, MBC treatment usually follows FBC protocols (13). Surgery,
particularly modified radical mastectomy, is the mainstay for early-
stage disease, followed by adjuvant therapies. Tamoxifen is the standard
treatment for hormone receptor-positive MBC, whereas aromatase
inhibitors require additional gonadotropin-releasing hormone agonists
for efficacy (21-25). Systemic therapies for metastatic disease are in
line with FBC guidelines (Abreu).

MBC prognosis is influenced by delayed diagnosis, older age, and
comorbidities (21). Survival outcomes vary by stage and molecular
subtype, with ecarly-stage MBC showing better prognoses than
metastatic cases (3, 15).

The aim of this study was to analyse the clinical and pathological
characteristics, treatment approaches, and survival outcomes of MBC
patients in Portugal over two decades, addressing knowledge gaps and
highlighting the need for tailored management strategies.

Materials and Methods

Patient Selection

We retrospectively collected MBC patients from Portugal’s national
oncological registry, National Oncology Registry (RON), from
January 2001 to December 2021. The study included biologically
male patients who had been histologically diagnosed with primary
BC. Exclusion criteria included patients with incomplete or absent
information about receptor expression on immunohistochemistry
(IHC) and those with malignancies of skin origin or sarcoma histology
on the breast. Initially, patients with incomplete or absent disease
staging information, including clinical (c) and/or pathological (p)
tumour node metastasis (TNM) staging, were excluded. However,
an amendment to the protocol was made to enhance the cohort’s
representativeness. Patients with unknown tumour size (T) or nodal
status (N) were included in the analysis if the TNM stage was known
and other relevant clinical or histological data were available. These
cases were explicitly categorised as “T unknown” or “N unknown”.

This study was approved by the Data Protection and Ethics Committee
of IPO-Porto (Opinion EPD 83/2024, date: 19.04.2024), as well as
the RON Committee. The need for individual informed consent was
waived due to the retrospective nature of the study and the absence of
personally sensitive information.

Data Collection

The variables collected included the patients demographics,
clinicopathological characteristics of the disease, treatment modalities,
such as surgery, systemic therapy, and survival outcomes. The Eastern
Cooperative Oncology group (ECOG) performance status and the
Charlson comorbidity index were collected according to medical
records. Localised disease was defined as tumour staging ¢/pT1, ¢/pT2
without lymph node involvement (c/pN0). Locally advanced disease
referred to tumours ¢/pT3 or ¢/pT4 and/or involving regional lymph

nodes (c/pN1 or higher). Metastatic disease was determined/defined
when distant metastases were present at diagnosis. Hormone receptors,
human epidermal growth factor receptor 2 (HER2) overexpression,
and Ki-67 were defined according to the medical record or the
histopathological report. Hormone receptors were considered positive
if the percentage of positive cancer cells was >1%. Cases with HER2
IHC “0”, “1+7, and “2+” with fluorescence in situ hybridization
(FISH) negative were considered as negative. Cases with HER2 THC
“2+” with FISH positive and “3+” were considered positive. Ki-67 was
considered positive if the expression was equal to or greater than 20%
and negative if it was less than 20%.

Triple-negative disease was defined as cases where hormone receptors
[estrogen receptor (ER) and progesterone receptor (PR)] were negative
(<1% staining by IHC) and HER2 was considered negative (IHC 0 or
1+, or IHC 2+ with negative FISH testing).

The primary endpoint was overall survival (OS), defined as the time
from first pathologic diagnosis to death from any cause or last follow-
up. Survival status was defined according to outpatient records on
31 December 2023. Secondary endpoints included disease relapse,
defined as any recurrence post-treatment (local, regional, or distant),
and progression-free survival (PFS), measured from diagnosis to
disease progression or death.

Statistical Analysis

For continuous variables, the median and respective interquartile
range are presented. The underlying normality of data was assessed
using the Kolmogorov-Smirnov test with Lilliefors correction. For
categorical variables, results are presented as absolute and relative
frequencies. Regarding the estimation of OS, the non-parametric
Kaplan-Maier estimator was used. Comparisons between survival
times for independent groups were performed using the log-rank test.
All results with a p-value less than 0.05 were considered statistically
significant. Data analysis was performed using the software R version
4.2.2.

Results

Patient Characteristics

We investigated 1,439 patients diagnosed with MBC from January
2001 to December 2021. Of these, 819 patients were excluded due
to insufficient information regarding the disease’s staging and/or IHC
classification (Figure 1).

The study included 620 men diagnosed with BC. The patients
characteristics are presented in Tables 1A-1C. The median age at
diagnosis was 68 (60-77) years. Median ECOG performance status
was 1 (0-1), and the median Charlson comorbidity index was 2 (2-2)
across the entire cohort. Geographically, as presented in Figure 2, most
cases were located in Lisbon (38.1%), followed by Setubal (12.4%)
and Oporto (8.4%). Of all 620 MBC cases, 60.3% of patients were
classified as having localized disease, 24.5% locally advanced disease,
and 15.2% metastatic disease. Most patients presented with ¢T'1 or
cT2 (24.7% and 29.5%, respectively) and had ER/PR-positive disease
without HER2 expression (85.3%), while 12.7% had ER/PR/HER2-
positive disease. Two patients presented with HER2-overexpressing
MBC, and 10 had triple-negative disease. The median OS in the
overall population was 70 months [95% confidence interval (CI): 58—
87]. Patients with luminal-like disease had a median OS of 68 months
(95% CI: 56-87). Those with ER/PR/HER2-positive disease had a
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1439 patients enrolled
Biological sex is male
Microscopically diagnosed as breast cancer

No information about disease staging (n = 224 )
No information about immunohistochemstry classification (n = 595

819 patients excluded|

620 MBC
patients included
in the analysis

Figure 1. Flowchart outlining the patient selection criteria for MBC incidence across Portugal

MBC: Male breast cancer

Table 1A. Clinical and pathological characteristics of the

study population

Variable

Median age (IQR)

ECOG performance status
0

1

2

3

4

Unknown

Charlson comorbidity index (median,
IQR)

Tumor topography
Central portion (subareolar)
Unspecified breast
Overlapping regions

Upper outer quadrant
Other regions

Unknown

Histology

Non-special type carcinoma
Lobular carcinoma

Other histologies

Unknown

Receptor Status

ER positive/negative

PR positive/negative/unknown

HER2 positive/negative/unknown

Overall population
(n=620)

68.0 (60.0-77.0)

200 (32.3%)
62 (10.0%)
18 (2.9%)
10 (1.6%)

7 (1.1%)
323 (52.1%)

2.0 (2.0-2.0)

236 (38.1%)
189 (30.5%)
102 (16.5%)
43 (6.9%)
48 (7.7%)
2(0.3%)

533 (86.0%)
26 (4.2%)
41 (6.6%)
20 (3.2%)

599 (96.6%)/21
(3.4%)

531 (85.6%)/53
(8.6%)/36 (5.8%)

72 (11.6%)/463
(74.7%)/85 (13.7%)

Table 1A. Continued

Variable

Ki67
220%
Unknown
Grade

1

2

3
Unknown
T Stage
TO/is

T1

T2

T3

T4
Unknown
N stage
NO

N1

N2

N3
Unknown
Stage at diagnosis
Stage |
Stage Il
Stage Il
Stage IV

Overall survival (median, 95% Cl,
months)

Overall population
(n=620)

437 (70.5%)
183 (29.5%)

73 (11.8%)
367 (59.2%)
132 (21.3%)
48 (7.7%)

11 (1.8%)
153 (24.7%)
83 (13.4%)
36 (5.8%)
30 (4.8%)
207 (33.4%)

175 (28.2%)
167 (26.9%)
45 (7.3%)

8 (1.3%)
225 (36.3%)

222 (35.8%)
152 (24.5%)
152 (24.5%)
94 (15.2%)

70 (58-87)

Cl: Confidence interval; ER: Oestrogen receptor; HER-2: Human epidermal
growth factor receptor 2 disease; IQR: Interquartile range; N: Nodal; PR:
Progesterone receptor; T: Tumour; ECOG: Eastern cooperative oncology

group; IQR: Interquartile range
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Table 1B. Disease stage and treatment modalities

Variable Localized Locally
(n= 374) advanced
(n=152)
Surgery performed
Mastectomy? 360 (96.3%) Ee
(89.5%)
Breast-conserving surgery 14 (3.7%) -
Unknown - 16 (10.5%)
Surgical radicality
RO 22 (5.9%) 4 (2.6%)
148
0,
Unknown 352 (94.1%) (97.4%)

Adjuvant endocrine therapy

Tamoxifen 213 (57.0%) 83 (54.6%)
Anastrozole 11 (2.9%) 2 (1.3%)
ET+GnRHa 14 (3.7%) 4 (2.6%)
Letrozole 6 (1.6%) -
Switch ai to tamoxifen (or vice 5 (1.3%) 4.(2.6%)
versa)
Unknown 125 (33.4%) 59 (38.8%)
Disease recurrence 12 (3.2%) 12 (7.9%)

. . o
Overall survival (median, 95% ClI, 86 (62-106) 70 (53-94)

months)

a: The specific type of mastectomy (modified radical, nipple-sparing,
skin sparing or radical mastectomy) was not consistently reported in the
dataset

ET: Endocrine therapy; Cl: Confidence interval; ET+GnRHa: Endocrine
therapy combined with gonadotropin-releasing hormone agonist; RO:
Complete resection

median OS of 80 months (95% CI: 45-NA). For patients with triple-
negative disease, three death events occurred, and the median OS was
119 months (95% CI: NA; NA). Regarding the two patients with
HER2-overexpressing disease, one died one month after diagnosis,
and the other was alive at the end of follow-up. Kaplan-Meier survival
curves for each stage and each subtype are presented in Figure 3 and

Figure 4.

Localized Disease

The median age for patients with localised disease was 67 (60-76)
years. Regarding IHC subtypes, 85.6% were classified as luminal-like
disease, 12.6% as luminal-like with HER2-positive, 0.3% as HER2-
overexpression and 0.8% as triple negative disease. Most patients with
localized disease underwent mastectomy (96.3%) while a smaller
proportion underwent breast-conserving surgery (3.7%). Tamoxifen
was the most commonly prescribed adjuvant endocrine therapy (A-
ET), used in 57.0%, as summarized in Table 1B. Anastrozole was
the second most prescribed ET, used in 2.9% of the patients. The
combination of ET with gonadotrophin-releasing hormone analogue
(GnRHa) was used in 3.7% of the cases, while letrozole alone was used

in 1.6%. Adjuvant therapy data was missing in 33.4% of the patients.

Table 1C. Survival outcomes and metastatic treatment

Variable Metastatic (n = 94)

Metastatic sites

Bone 36 (38.3%)
Lung/pleura 25 (26.6%)
Liver 11 (11.7%)
Skin 7 (7.4%)
Unknown 15 (16.0%)
Systemic treatment (First-line) 32 (34.0%)
Fulvestrant 8 (25%)
Letrozole 2 (6.3%)
Exemestane 1(3.1%)
Ribociclib + letrozole 5(15.6%)
Palbociclib + letrozole 2 (6.3%)
Taxane + double blockade 6 (18.8%)
Taxane monotherapy 4 (12.5%)
Taxane - anthracycline sequence 2 (6.3%)
Taxane - platinum combination 2 (6.3%)
Systemic treatment (second-line) 12 (12.9%)
Fulvestrant 5(41.7%)
Letrozole 1(8.3%)
Capecitabine 3 (25.0%)
Everolimus + fulvestrant 1(8.3%)
Sacituzumab-govitecan 1(8.3%)
Vinorelbine 1(8.3%)
Overall survival (median, 95% Cl, months) 41 (25-65)

Cl: Confidence interval

Disease relapse was experienced in 12 patients. The median OS was 86

months (95% CI: 62-106).

Locally Advanced Disease

The median age for patients with locally advanced disease was 71
(61-78) years. As in localized disease, locally advanced tumours
were predominantly luminal-like (84.9%) subtypes. Luminal-
like HER2-positive disease was present in 11.2% of cases, while
HER2 overexpression and triple-negative subtypes accounted for
0.7% and 2.0%, respectively. Most patients with locally advanced
disease underwent mastectomy (89.5%), as presented in Table 1B.
However, the type of surgery was not documented in 10.5% (n=16).
Regarding A-ET, tamoxifen was the most commonly used adjuvant
treatment, similarly to localised disease, prescribed to 54.6% of
patients. A combination of ET with a GnRH analogue was used in
2.6% of patients, as well as a switch in therapy between aromatase
inhibitors and tamoxifen (or vice versa). Adjuvant treatment data was
missing in 38.8% of the cases. Data regarding neoadjuvant/adjuvant
chemotherapy was missing in all cases. Disease relapse was experienced
in 12 patients. Concerning survival, patients with locally advanced

disease had a median OS of 70 months (95% CI: 53-94).
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Figure 2. Map illustrating the incidence (n.°) of MBC across districts in Portugal between January 2001 to December 2021

MBC: Male breast cancer
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Figure 3. Kaplan-Meier curves for overall survival for MBC patients. (a) Depicts the total population. (b) Depicts patients with localized, locally

advanced and metastatic disease

MBC: Male breast cancer

Metastatic Disease

The median age at diagnosis for metastatic disease was 68 (58-78) years.
The most frequent sites of metastases were bone (38.3%), lung/pleura
(26.6%), and liver (11.7%), as detailed in Table 1C. Regarding IHC
subtypes, 88.3% of the patients had luminal-like disease, 6.4% had
luminal-like with HER2 co-expression and 4.3% triple negative-like.
The information about systemic treatment was available in 32 (34%)
of metastatic disease patients. Of those, 11 received ET as a first-line
treatment, eight fulvestrant, two letrozole and one exemestane. Seven
patients were treated with cyclin-dependent kinase 4/6 inhibitors
(iCDK4/6) in combination with endocrine therapy: five patients with

the combination of ribociclib and letrozole and two with palbociclib
and letrozole. The remaining patients received chemotherapy as first-
line treatment. Disease progression on first-line therapy was reported
in twelve patients; of those, six received second-line ET. The median
duration of first-line treatment for metastatic disease was 5 (3.3—-6.7)
months. Due to small numbers and incomplete/absent data, median
PES calculation was not performed. In addition, one patient with
ER/PR-positive disease was treated with PARP inhibitors, with a
presumed BRCA pathogenic variant, though no direct confirmation
was available in the database. The median OS for metastatic disease

was 41 months (95% CI: 25-65).
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Figure 4. Kaplan-Meier curves for overall survival for MBC patients, stratified by IHC subtypes

HER2: Human epidermal growth factor receptor 2 disease; IHC: Inmunohistochemistry; MBC: Male breast cancer

Discussion and Conclusion

This study comprehensively analysed MBC patients in Portugal
over two decades, highlighting this rare malignancy’s clinical and
pathological ~characteristics, treatment modalities, and survival
outcomes. Our findings corroborate established MBC trends while
providing valuable insights into specific characteristics observed within
this study population. MBC was predominantly diagnosed in older
men, with a median age of 68 years. Our findings are consistent with
previous literature and earlier Portuguese studies, which reported
median ages ranging from 63 to 68 years (2, 3, 15, 26, 27). These
results underscore the consistent pattern of older age at diagnosis in
MBC compared to FBC. Furthermore, within our cohort a significant
proportion of patients presented with localised or locally advanced
disease, while 15.2% were diagnosed with metastatic disease. The
proportion of patients with metastatic disease in this study markedly
exceeds international reports (3.8%) and national averages (7.2%)
(13, 15). The higher prevalence of advanced-stage disease may reflect
delays in recognition and diagnosis, underscoring the pressing need for
heightened awareness among both patients and healthcare providers.

In terms of histopathological characteristics, invasive carcinoma of
no special type accounted for the majority of cases, in line with prior
Portuguese and global studies (3, 7, 8, 14, 15). Hormone receptor
positivity was highly prevalent, with ER positive and PR positive-
disease exceeding 90% across all stages. This aligns with findings by
Abreu et al. (15) and André et al. (3), who reported ER-positivity rates
of 91-95% and PR-positivity rates of 75-89%. HER2-positivity was
observed in approximately 11.6% of cases, corresponding to rates of
6.8-8.1% reported in earlier studies (28). Triple-negative-like disease
was rare, at 1.6%, matching the previously reported range of 0.3—
3.2%, further emphasising the differences between MBC and FBC
(3, 13).

Concerning treatment patterns, surgical intervention remained
central to MBC management, with mastectomy being the most
commonly employed approach. This strategy is consistent with
established treatment guidelines and findings from previous global and
Portuguese studies, which highlight the anatomical constraints of the

male breast that limit the feasibility of breast-conserving surgery (15,
21, 22). A-ET, particularly tamoxifen, was widely used and reflects
the predominance of hormone receptor-positive tumours (13, 15).
These findings underscore the continued reliance on extrapolated FBC

protocols due to the scarcity of male-specific evidence.

The median OS in our cohort was 70 months, markedly lower than
the global median OS of 10.4 years reported by Cardoso et al. (13).
According to the methodology of our study, localized disease was
defined as ¢/pT1 or ¢/pT2 and ¢/pNO; locally advanced disease as ¢/
pT3 or ¢/pT4 and/or ¢/pN1 or higher, and metastatic disease as the
presence of distant metastases at diagnosis. These methodological
differences in disease classification at presentation may partly explain
the observed disparity in survival outcomes. Specifically, the median
OS for localized disease was 86 months (95% CI: 62—-106), while
patients with locally advanced disease had a median OS of 70 months
(95% CI: 53-94). The median OS for metastatic disease was notably
lower, at 41 months (95% CI: 25-65). While direct comparison with
global literature is limited, Cardoso et al. (13) reported a median OS
0f 10.4 years (95% CI: 8.8-11.8) for early-stage disease (NOMO), 8.4
years (95% CI: 7.1-9.4) for N-positive, MO disease, and 2.6 years
(95% CI: 2.0-3.7) for M1 disease (13).

Notable variations in survival outcomes were observed across subtypes.
For instance, luminal-like disease demonstrated a median OS of 68
months, which is significantly lower than the 10.5 years reported by
Abreu et al. (15). Paradoxically, triple-negative-like disease exhibited
an unexpectedly high median OS of 119 months, contrasting with the
poor prognosis typically associated with this subtype, as evidenced in
carlier studies (1.3 years) (15). These findings may be attributed to the
small sample size of triple-negative cases and the limited number of
deaths (three) recorded. Of the two patients with HER2-overexpressing
disease, one succumbed 14 months after diagnosis. However, the small
sample sizes of these subtypes constrain the robustness of our analysis
and limit comparisons with existing literature.

Notably, factors such as tumour size greater than 2 cm and nodal
involvement, which have been highlighted as significant prognostic
factors in previous Portuguese studies by Abreu et al. (15, 28-30) were

159



160

Eur J Breast Health 2025; 21(2): 154-161

not observed to have a similar impact on survival outcomes in our
cohort.

Over the past two decades, advances in systemic therapy have redefined
BC treatment and may hold significant potential for MBC. CDK4/6
inhibitors have become the standard of care for hormone receptor-
positive disease, improving survival and disease control. Novel HER2-
targeted therapies, such as antibody-drug conjugates and tyrosine
kinase inhibitors, have expanded options for HER2-positive patients,
while immune checkpoint inhibitors have enhanced outcomes in
triple-negative BC. Despite these advances in FBC, their impact on
MBC remains unclear, highlighting once again the need for further
research.

Study Limitations

This study has several limitations that warrant consideration. The
retrospective design restricts the ability to establish causal relationships
and depends on the completeness of medical records, which may
introduce reporting biases. A substantial proportion of patients (819
out of 1439) were excluded due to insufficient information on disease
staging (7 = 224) or IHC classification (7 = 595), potentially leading
to selection bias and limiting the generalizability of the findings.
Despite this, an analysis of the excluded cohort revealed that their
basic demographic and clinical characteristics, such as mean age at
diagnosis (67.5 years, standard deviation 12.2), tumour topography
(predominantly central region of the breast, 38.1%), and morphology
(86% carcinoma SOE), were comparable to those of the included
cohort. This suggests that the potential impact of selection bias may be
mitigated. A substantial number of included cases (33.4% for tumour
size and 36.3% for nodal status) had staging information classified
as “unknown”. To improve representativeness, these patients were
included in the analysis if their TNM stage was known and relevant
clinical or histological data were available. This approach reduced
the loss of valuable information but highlights the challenge of data
collection during the study period. Moreover, these findings underscore
the importance of improving national cancer registries to enhance
data collection on staging and disease characteristics. Strengthening
cancer registries will support more accurate epidemiological studies
and inform clinical decision-making in MBC. Another limitation of
our study was that while mastectomy was the predominant surgical
approach, the specific type of procedure (simple, modified radical, or
radical) was not consistently reported in the dataset. This lack of detail
prevents a more granular analysis of surgical outcomes. Moreover, the
study did not include molecular subtyping, such as genetic profiling
or analysis of genomic alterations, which constrains its capacity to
explore the molecular landscape and heterogeneity of MBC. Key
factors such as BRCA mutation status, androgen receptor expression,
and other emerging biomarkers were not assessed, limiting insights
into the genetic and epigenetic underpinnings of MBC. While trends
associated with age, ECOG score, and Charlson index were identified,
none achieved statistical significance, possibly due to the sample size
or cohort heterogeneity, highlighting the need for further research
with larger datasets. In addition, systemic therapy data for metastatic
patients were incomplete, with detailed information available for only
26.6% of cases, potentially skewing the analysis of treatment efficacy.
Moreover, the absence of comprehensive data on relapse management
for localized and locally advanced cases hinders a complete
understanding of long-term treatment outcomes. These limitations
emphasize the critical need for better policies. National Registries must
have the capacity to use data very effectively in order to support public
health policy proposals and inform political decisions. Prospective,

male-specific studies like EORTC 10085/TBCRC/BIG/NABCG

International MBC Program that is ongoing, are eagerly awaited to
better understand and manage MBC. This study emphasised the
unique characteristics and challenges associated with managing
MBC. Despite its rarity, MBC presents a complex interplay of late-
stage diagnosis, hormonal receptor expression, and comorbidities
that influence outcomes. While current treatment strategies rely
heavily on FBC cancer protocols, this study highlights the need for
dedicated male-specific research to optimise treatment and improve
survival outcomes. Efforts should focus on early detection programs
and male-specific clinical trials to address these unique challenges.
While routine screening for MBC is not widely recommended due to
its low incidence, high-risk individuals “particularly BRCA mutation
carriers” require targeted surveillance strategies. According to National
Comprehensive Cancer Network and European Society for Medical
Oncology guidelines, men with BRCAI or BRCA2 mutations
should undergo annual clinical breast exams from age 35 years and
perform regular breast self-examinations (31-33). Mammography is
not routinely advised but may be considered in cases of gynecomastia
or palpable abnormalities (31-33). Given the challenges in early
detection and the limited MBC-specific evidence, further research is
needed to refine screening protocols and improve outcomes in high-
risk male populations. In parallel, a deeper understanding of the
molecular landscape of MBC is essential to identify targeted treatment
opportunities. Future studies should explore the role of personalized
treatment approaches, paving the way for tailored therapeutic strategies
and improved patient care.

To conclude, we advocate for action to support potential initiatives like
using advanced technologies such as artificial intelligence to improve
national clinical data management. Aligned with European Union
publications (EU health data centre and a common data strategy for
public health, 2021), we urge the need to endorse policy options on
how to set up health data centres with a common strategy for health
data, as a way to achieve a public health datafication multi-level process.
This would also create a central coordination and support structure
together with advanced digital public health functions, having the
potential to alter public health significantly, including for MBC.
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ABSTRACT

Objective: To assess health-related quality of life (HRQoL) using the European Organisation for Research and Treatment of Cancer Quality of Life
Questionnaire for Breast Cancer (EORTC QLQ-BR45) in conjunction with the Core questionnaire (EORTC QLQ-C30) in breast cancer patients receiving
chemotherapy.

Materials and Methods: This prospective, cross-sectional study was conducted in the oncology department of a tertiary care hospital for six months.
Patients aged >18 years, diagnosed with breast cancer, and who had received at least three chemotherapy cycles were included in the study. The EORTC
(QLQ-BR45 and QLQ-C30) questionnaires were used to assess HRQoL at chemotherapy cycle 3 (C3) and at C6 and C9. Data were analyzed using the
Mann-Whitney U and Friedman tests for significance (p<0.05).

Results: The study showed improved global health status (C3:37.29%, C6:42.37%, C9:50%), high cognitive functioning (C3:89.83%, C6:91.53%,
C9:96.55%), but decreasing emotional functioning (C3:66.10%, C6:49.15%, C9:36.21%). Symptom burden peaked in the sixth cycle but diminished
over time with a trend towards fatigue (C3:64.41%, C6:67.80%, C9:37.93%), dyspnea (C3:54.24%, C6:55.93%, C9:32.76%), and pain (C3:42.37%,
C6:52.54%, C9:34.48%). The study indicated satisfaction with body image (C3:61.02%, C6:67.80%, C9:67.24%) but decreased sexual functioning
(C3:40.68%, C6:44.07%, C9:46.55%). Distress related to hair loss (p = 0.0001) increased over time.

Conclusion: There was increased symptom burden at C6, underscoring the need for early interventions. We observed severe symptoms in elderly.
However, lack of comorbidities and metastasis improved the emotional wellbeing in patients. These findings accentuate the importance of personalized and

holistic care approaches in oncology.
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Key Points

*  Younger patients and those who had surgery reported better functional outcomes, whereas older patients reported more severe symptoms, highlighting
the need for age-specific treatment measures.

e The absence of comorbidities and metastasis was associated with improved emotional functioning, but there were challenges, such as increased
insomnia.

e Symptom burden peaked during the sixth cycle of chemotherapy before progressively reducing, underscoring the need for early interventions to
manage symptoms effectively.
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Introduction

Breast cancer is the most prevalent cancer worldwide, surpassing lung
cancer by 11.7% in 2020 (1). It has among the highest per-patient
expenditures in the health-care system and is diagnosed in one out
of every eight women during their lifetime (2). In practically all
constituent nations, it is one of the top three causes of early mortality
(30—69 years) (3). According to a population-based study from the
United States Cancer Statistics database, from 2010 through 2014,
over 2.64 million cases and 1.7 million deaths from breast cancer will

occur worldwide by 2030 (4, 5).

India has witnessed an estimated incidence of 13.5% of breast cancer
cases and a 10.6% death rate, resulting in a cumulative risk of 2.81%,
according to Globocan data 2020 (1). The Indian Ministry of Health
and Family Welfare recorded 14,726/1,42,283 new cases in 2016,
15,522/1,50,842 in 2017, and 16,358/1,59,924 in Maharashtra
in 2018. This demonstrates a clear increase in breast cancer cases
in recent times (6). However, more advanced screening methods
have made it possible to diagnose breast cancer sooner, and as new
treatment choices have emerged, breast cancer survival has increased
(7). Patients with breast cancer now have much-improved prognoses
and outcomes, with a 10-year survival rate of approximately 78% (8).
Depending on the site of metastasis, new therapeutic modalities have
led to increased survival of patients with metastatic breast cancer.
Approximately 90% of women who have breast cancer live for at
least five years following their diagnosis (7). As a result of this advance,
more breast cancer patients experience the short- and long-term effects
of their disease and treatment, which has shifted the focus of care from
immediate treatment outcomes to long-term health-related quality of

life (HRQoL) (8).

HRQoL has emerged as a primary clinical outcome in cancer research
over the past few decades. It encompasses physical, psychological, and
social functioning and disease- and treatment-related symptoms (9,
10). QoL has also been acknowledged as a major outcome in clinical
trials, potentially enhancing patient satisfaction and treatment effects
(11, 12). Measuring QoL in cancer patients is important for predicting
treatment responses, estimating survival times, and identifying
common issues. Although QoL generally improves over time after
breast cancer diagnosis, survivors often report worse QoL than healthy
women and experience symptoms, such as sleep disturbance, cognitive
impairment, fatigue, and various physiological reactions, including
pain, nausea, vomiting, hair loss, and skin changes (13).

With improved survival rates, understanding the evolving needs of
breast cancer patients has become more important. Although many
studies have evaluated patients QoL, few have comprehensively
examined patients from diagnosis to >10 years post-treatment,
considering factors such as age, cancer stage, and treatment history
(7). Moreover, there is little literature on QoL during active therapy,
except for studies on the positive impact of breast conservation surgery
on body image.

The aim of this study was to evaluate the HRQoL of breast cancer
patients undergoing chemotherapy using the European Organisation
for Research and Treatment of Cancer Quality of Life Questionnaire
for Breast Cancer (EORTC QLQ-C30), a general cancer-specific
questionnaire that offers a comprehensive assessment of key QoL
domains, and the EORTC QLQ-BR45, a breast cancer-specific module
designed to examine disease and treatment-related factors. It was hoped
that this investigation would facilitate an in-depth exploration of QoL

determinants and identifying critical areas for targeted intervention in
breast cancer patients undergoing chemotherapy.

Materials and Methods

This prospective, cross-sectional study was conducted at the oncology
department of a tertiary care hospital and was approved by the
Institutional Ethics Committee of Bharati Hospital & Medical College,
Pune (approval number: BVDUMC/IEC/23, date: 07.11.2023). The
study was conducted over a period of six months from November
2023 to May 2024. Informed consent was obtained from all individual
participants included in the study.

Inclusion Criteria

Patients aged 18 years and above, diagnosed with breast cancer and
receiving chemotherapy, regardless of the stage of diagnosis, and who
completed at least three cycles of chemotherapy were eligible for
inclusion.

Exclusion Criteria

Patients who had undergone surgical intervention without subsequent
administration of chemotherapy and those who refused to provide
consent to participate in the study were excluded.

Study tool

HRQoL was assessed using the EORTC QLQ-C30 version 3 and
QLQ-BR45 Breast Phase IV module (14).

The EORTC QLQ-C30 consists of 30 questions that evaluate QoL
based on physical, psychological, and social status. The three main
components are: functional scales, physical, role, emotional, cognitive,
and social functioning; symptom scales, fatigue, pain, nausea and
vomiting, dyspnea, insomnia, appetite loss, constipation, diarrhea,
and financial issues; and Global Health Status, which is an overall
assessment of the patient’s health and quality of life, offering a holistic
view of well-being.

The EORTC QLQ-BR45 consists of 45 questions specifically designed
for patients with breast cancer and evaluates both symptomatology
and functional aspects. The functional scales included body image,
breast satisfaction, sexual function, sexual enjoyment, and future
perspectives. Symptom scales include systemic therapy side effects,
hair loss concerns, arm symptoms, breast symptoms, endocrine
therapy-related symptoms, skin mucosis symptoms, and endocrine
sexual symptoms.

The EORTC QLQ-C30 and EORTC QLQ-BR45 scoring manuals
were used to calculate the scores, and the range of responses was from
1 (not at all) to 4 (very much). The patient’s health state and overall
quality of life were the two questions used to assess the patient’s global
health status, with ratings ranging from one (very poor) to seven
(excellent).

Both questionnaires were completed by all participants after the third
chemotherapy cycle (C3) and after the subsequent sixth and ninth
cycles (C6 and C9, respectively).

Statistical Analysis

All data were collected using Microsoft Office Excel 2019 for
preliminary analysis. Continuous variables are represented as mean
and standard deviation, and categorical variables are expressed as
frequencies and percentages. Statistical analyses were performed using
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SPSS, version 20 (IBM Inc., Armonk, NY, USA). The Mann-Whitney
U test was used to compare the distribution of questionnaire scores
between the patient groups, with significance set at p<0.05. The
Friedman test was used to detect repeated measurement differences

between the different cycles (C3 vs. C6 vs. C9).

Results

This was a prospective, cross-sectional study that assessed HRQoL
among female patients with breast cancer undergoing chemotherapy.
Of the 206 patients with cancer admitted to the oncology ward during
the study period, 64 patients with breast cancer received chemotherapy.
From this group, 58 patients met the study criteria, participated in the
study, and completed both questionnaires at three consecutive follow-

up points, C3, C6 and C9.

The mean age of participants was 54.6+11.2 years, with more than
a third (34.4%) being over 60 years old. Most of the participants
had completed primary school (55.5%), were professionally inactive
(91.3%), lived in urban areas (62%), and were married (86.2%). A
small fraction of the patients were tobacco chewers (13.7%), while
only one patient (1.7%) reported alcohol consumption. A significant
percentage of patients experienced loss of appetite (75.8%) and
changes in food taste (70.6%). Body mass index analysis revealed that
53.4% of patients were within the normal weight range, 3.4% were
underweight, and 13.7% were obese.

All patients received chemotherapy (100%), with 56.8% undergoing
surgery, and one patient (1.7%) received radiotherapy. Postmenopausal
status was prevalent in 89.6% of patients, while 10.3% were
premenopausal. Comorbidities were reported by 36.2% of patients,
and the majority (81%) did not show any signs of metastasis. The
sociodemographic characteristics of patients are presented in Table 1.

EORTC QLQ-C30 and BR45 Scores at the Third, Sixth, and Ninth
Cycles of Chemotherapy

In the analysis of the QLQ-C30 questionnaire, reported global
health status improved throughout treatment, with scores increasing
from 54.17 in C3 to 56.75 in C6, and 60.09 in C9. Significant
improvements were noted across multiple functional domains
following the third cycle of chemotherapy. Specifically, physical (p
= 0.026), emotional (p = 0.002), social (p = 0.002), and cognitive
functioning (p = 0.006) scores showed significant improvement in C6
and C9. Although reported role functioning showed a slight decline,
this was not significant.

Symptom scales revealed statistically and clinically significant changes.
There was an increasing trend in rported fatigue (p = 0.028) and
dyspnea (p = 0.012) as treatment progressed. Conversely, several
other symptoms were reported to improveme after C3. Significant
improvements were noted in scores for nausea and vomiting (p<0.001),
pain (p = 0.008), appetite loss (p<0.001), constipation (p<0.001),
and diarrhea (p = 0.001), which collectively contributed to a lower
overall symptom burden for patients as they progressed through their
chemotherapy regimen.

Several statistically significant changes were also observed in the QLQ-
BR45 scores over the three time points. Patients reported a modest
reduction in future worries (p = 0.043), indicating a slightly more
positive outlook as the treatment advanced. However, distress related
to hair loss emerged as a prominent concern with a highly significant
increase (p<0.001). In addition, significant improvements in reported

arm symptoms (p = 0.008), breast symptoms (p = 0.001), endocrine
therapy symptoms (p = 0.001), and skin mucosis symptoms (p<0.001)
were observed, all of which demonstrated marked reductions in the

subsequent cycles when compared to C3 responses (Figure 1 and

Table 2).

Analysis of Demographic Factors and Associations With EORTC

Table 1. Socio-demographics characteristics of breast
cancer patients (n = 58) undergoing therapy at the third
chemotherapy cycle which was equivalent to this study

baseline
Characteristics Variables Number (%)
18-40 5(8.6)
41-50 19 (32.7)
Age (in years) 51-60 14 (24.1)
>60 20 (34.4)
Mean + standard deviation 54.6+11.2
Illiterate 4 (6.8)
Primary school 32 (55.1)
Education
Secondary school 17 (29.3)
Above secondary school 5 (8.6)
Occupational Professionally inactive 53(91.3)
status Professionally active 5 (8.6)
Urban 36 (62)
Residence
Rural 22 (37.9)
Married 50 (86.2)
Marital status
Widowed 8(13.7)
Tobacco chewer 8 (13.7)
Social behaviors
Alcohol consumer 1(1.7)
Loss of appetite 44 (75.8)
Food habits .
Normal appetite 14 (24.1)
Change in taste 41 (70.6)
Underweight (<18.5) 2 (3.4)
Body mass index Normal weight (18.5-24.9) 31(53.4)
(in kg/m?) Overweight (25-29.9) 17 (29.3)
Obese (30-39.9) 8(13.7)
Chemotherapy 58 (100)
Treatment Surgery 33 (56.8)
Radiotherapy 1(1.7)
Yes 21(36.2)
Comorbidity
No 37 (63.7)
Menopausal Postmenopausal 52 (89.6)
status Premenopausal 6(10.3)
No 47 (81.0)
Metastasis
Yes 11 (18.9)
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Figure 1. The EORTC QLQ-C30 and EORTC QLQ-BR45 scores (cycles three, six, and nine)

A higher score on functional scales indicates better functioning, while a higher score on symptom scales indicates worse functioning. Scoring <33.33% suggests a
significant deterioration in QoL, while a score >66.66% indicates an improved QoL. Scoring <33.33% suggested a lower symptom burden, and scoring >66.66% indicated
a significant symptom burden. Sexual enjoyment: applicable only to sexually active patients in the last four weeks before responding to the questionnaire. Upset by hair
loss: applicable only to patients who have observed hair loss in the last week of responding to the questionnaire. Breast satisfaction: applicable only to patients who

underwent surgery. *Reverse scoring items.

QLQ-C30 Scores

Patients aged <50 years and those who had undergone surgery
reported better physical functioning scores (p = 0.004 and p = 0.044,
respectively). Cognitive functioning scores were also higher in patients
aged <50 years (p = 0.015). However, this group of patients reported
an increasing concern with fatigue (p = 0.007), pain (p = 0.010),
and dyspnea (p = 0.007). Patients with no comorbidities and those
with non-metastatic disease reported improvements in emotional
functioning (p = 0.050 and p = 0.007, respectively). Nonetheless,
patients with comorbidities reported a significant increase in insomnia
(p = 0.007) and financial difficulties (p = 0.040). The absence of
metastasis was also associated with an overall improvement in the
global health status (p = 0.019). Pain was a significant symptom
burden for postmenopausal women (p = 0.049). The analysis of the
variables of the EORTC QLQ-C30 questionnaire is presented in
Tables 3 and Table 4.

Analysis of Demographic Factors and Associations With EORTC
QLQ-BR45 Scores

Patients with non-metastatic disease reported statistically significant
changes in body image (p = 0.004) and future perspective (p = 0.006),
whereas those aged >50 years suffered from more arm symptoms (p
= 0.004) and endocrine therapy symptoms (p = 0.0001). Endocrine
sexual symptoms were reported to be mildly persistent in patients who
did not undergo surgery (p = 0.027) and those who did not have any
comorbidities (p = 0.034). The analysis of the variables of the EORTC
QLQ-BR45 is presented in Tables 5 and Table 6.

Discussion and Conclusion

The global health status of patients during chemotherapy improved
significantly over the three cycles, indicating an improved quality
of life as the therapy progressed. During each cycle, the functional
scale scores showed positive outcomes, where the majority of patients
recorded scores higher than 66.66%, with reported cognitive
functioning acheiving the highest scores, indicating that most patients
demonstrated a sound mental capacity. while emotional functioning
stayed below 33.33%. This could be due to physical side effects,
psychological distress, and impact on daily life (15). A study by
Kshirsagar and Wani (16) and Jassim and Whitford (17) also reported
similar outcomes and found a significant reduction in emotional
function. However, their studies did not clarify the cycle in which
the data were collected, and it remains unclear whether there was a
significant increase or decrease in emotional functioning throughout
the progression of therapy.

Symptom scales indicated a negative impact on QoL, with an increased
frequency of fatigue, followed by dyspnea and pain until the sixth cycle.
Perceived financial issues recorded the highest scores (C3:77.97%,
C6:74.58%, and C9:72.41%), while perception of problems with
constipation and diarrhea received the lowest scores. Ionescu et al. (18)
published similar results for both functional and symptom scales, with
higher scores for cognitive functioning. However, insomnia (28.99%)
was the most distressing symptom reported in their study, followed by

fatigue (3.83%) and pain (12.85%).
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Table 2. Mean scores of the EORTC QLQ-C30 and BR45 at the third, sixth, and ninth chemotherapy cycles

Items Mean (SD)
3" Cycle

Global health status/QoL

Global health status/QoL 54.17 (15.39)

Functional scales/items

Physical functioning 59.08 (26.88)

58.33 (27.26)
31.18 (20.68)
85.92 (19.70)
47.99 (35.88)

Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Symptom scales/items
64.56 (21.37)
31.61 (28.56)

Fatigue

Nausea and vomiting

Pain 54.02 (26.91)
Dyspnea 54.02 (31.11)
Insomnia 48.28 (35.96)
Appetite loss 66.67 (36.94)

12.64 (22.36)
10.92 (18.08)
64.94 (28.22)

Constipation

Diarrhea

Financial difficulties
EORTC QLQ-BR45
Functional scales/items
72.99 (23.89)
16.67 (21.85)
82.26 (29.17)
50.00 (28.33)
14.22 (27.26)

Body image
Future perspective
Sexual functioning
Sexual enjoyment
Breast satisfaction
Symptom scales/items
0.00 (0.00)
63.79 (36.02)
32.76 (25.10)
26.58 (21.71)
31.21 (14.89)
30.84 (22.10)
16.38 (24.63)

Systemic therapy side effects
Upset by hair loss

Arm symptoms

Breast symptoms

Endocrine therapy symptoms
Skin mucosis symptoms

Endocrine sexual symptoms

Mean (SD) Mean (SD) P
6t Cycle 9th Cycle

56.75 (15.17) 60.09 (19.40) 0.070
62.87 (24.31) 65.38 (24.25) 0.026*
58.33 (28.83) 57.02 (31.33) 0.983
32.04 (22.01) 39.62 (24.31) 0.002*
89.37 (17.30) 92.40 (12.33) 0.002*
50.29 (34.41) 53.80 (33.04) 0.006*
62.26 (22.22) 54.58 (29.49) 0.028*
26.72 (25.35) 15.50 (20.62) 0.0001*
54.02 (25.04) 46.20 (28.35) 0.008*
48.85 (27.37) 39.18 (28.95) 0.012*
42.53 (31.71) 39.18 (28.26) 0.076
61.49 (32.92) 44.44 (31.71) 0.0001*
5.17 (15.04) 2.92 (11.41) 0.0001*
6.32 (14.59) 1.75 (7.51) 0.001*
66.09 (28.95) 65.50 (29.52) 0.905
71.70 (25.26) 73.68 (24.64) 0.482
18.97 (23.46) 25.15 (27.66) 0.043*
85.48 (24.62) 86.46 (23.36) -
56.67 (27.44) 53.33 (32.20) -
11.76 (22.67) 10.29 (22.10) =

0.00 (0.00) 0.00 (0.00) -
78.16 (29.65) 74.85 (31.67) 0.0001*
30.46 (24.85) 25.34 (21.49) 0.008*
21.55 (19.37) 18.42 (20.09) 0.001*
28.45 (13.94) 25.26 (17.09) 0.001*
25.96 (17.27) 21.64 (17.31) 0.0001*

11.78 (22.35) 9.94 (19.38) -

*Statistically significant; higher scores on functional scales/items indicate better functioning; higher scores on symptom scales/items indicate more

symptoms; SD: Standard deviation

The patients were notably content with their body image. However,
sexual dysfunction posed a serious challenge. According to the score
values, most patients either declined to answer this section or had
no interest in engaging in any sexual activity during the four weeks
before completing the questionnaire, whereas patients who were
sexually active experienced sexually related issues. This concurs with
the observations of Kidayi et al. (3), who highlighted the cultural
context of Tanzania, where people are hesitant or forbidden from
freely discussing sexual matters. Therefore, there were relatively
fewer responses to the sexuality questions, which influenced the

statistical evaluation. In India, such topics are often considered
taboo and rarely discussed in the community and as a result, sexual
dysfunction remains an unidentified and neglected condition in breast
cancer patients who, in most cases, experience a decline in sexual desire
induced by cancer and treatment (19, 20).

There was a significant improvement in the future perspective of
patients, indicating hope for disease therapy success. The symptom
burden was comparatively low for breast, endocrine therapy, and skin
mucosis symptoms and showed significant improvement throughout
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therapy. However, chemotherapy-induced hair loss progressed
throughout each cycle, leaving many patients in distress, which aligns

with findings of a study from Brazil (21).

Regarding the functional scales in the QLQ-C30, this study showed
that patients aged <50 years had a positive impact on physical and
cognitive functioning compared with those aged >50 years. In the
context of symptom scales, fatigue and shortness of breath were
elevated in patients aged >50 years. This group of patients, as well as
those who were postmenopausal, had body pain. These findings are
consistent with the study by Imran et al. (22) highlighting the impact
of age and menopausal status on functional and symptom scales.

Based on the results of the QLQ-BR45, the older population (=50
years) experienced endocrine therapy symptoms, including hot
flashes, excess sweating, joint pain, fatigue, and mood changes.
Arm symptoms (discomfort, swelling, stiffness, numbness, tingling
sensation, or sensitivity) were also evident in this age group. This
may be because older patients who are postmenopausal at the time

of diagnosis potentially experience menopausal symptoms, such as
hot flashes and vaginal dryness, but the addition of chemotherapy-
induced menopause may exacerbate these already existing symptoms
and pose additional issues, including deterioration of bone health,
resulting in the prevalence of pain symptoms (23). Nisha et al. (24)
prospectively suggested and confirmed a significant worsening of bone
health associated with cytotoxic chemotherapy, as evidenced by 2%
reduction in bone mineral density, which continued to worsen during
follow-up, even after the completion of chemotherapy.

There was a notable transition from premenopausal to postmenopausal
status in one patient, which presents evidence that patients below the
age of 50 years, with a premenopausal status at cancer diagnosis are at
risk of premature ovarian failure and compromised future fertility due
to chemotherapy-induced ovarian suppression. Premenopausal women
may experience higher rates of chemotherapy-induced amenorrhea
and ovarian toxicity, which could increase the risk of infertility, early
menopause, and hormonal imbalance post-treatment (25). Ursini et al.
(11) expressed QoL in terms of implications associated with age, where

Table 3. Analysis of variables in the Functional scales and global health status in the EORTC QLQ-C30

Variables PF RF
mean (SD) mean (SD)

Age

>50 years (n=36) 56.60 (23.49) 54.78 (28.37)

<50 years (n=21) 73.86 (23.35) 64.55 (28.63)

p-value 0.004* 0.185

Menopausal status *
Pre-menopause (n = 6) 75.93 (49.46)

61.44 (24.21)

70.37 (58.18)

Post-menopause (n=51) 56.97 (21.05)

p-value 0.243 0.415
Comorbidities

Yes (n = 20) 62.89(23.69)  51.67 (30.95)
No (n=37) 63.00 (25.52) 62.01 (26.98)
p-value 0.861 0.225
Surgery

Yes (n=33) 67.88 (24.02) 56.57 (30.01)
No (n=24) 56.20 (24.46) 60.88 (27.00)
p-value 0.044* 0.686

Presence of metastasis”

Yes (n=10) 63.33 (19.08) 47.78 (21.32)
No (n=47) 62.88 (25.93) 60.64 (29.70)
p-value 0.919 0.066
Change in taste

Change (n = 40) 61.03 (22.29) 55.56 (29.20)
No change (n=17) 67.16 (29.36) 64.51 (27.10)
p-value 0.276 0.147

CF EF SF Global Health
mean (SD) mean (SD) mean (SD) Status

mean (SD)

86.88 (17.80) 34.11 (22.89) 48.15 (33.28) 56.56 (16.23)

94.18 (13.10)  35.45(21.84)  56.35 (35.47) 58.73 (17.09)
0.015* 0.741 0.273 0.533

98.15(34.24)  31.02 (44.90)  74.07 (65.51) 63.89 (32.43)

88.56 (5.39) 35.02 (23.71) 48.48 (36.26) 56.59 (19.17)
0.208 0.284 0.205 0.267

90.00 (17.95)  28.89 (23.19)  51.67 (30.49)  58.19 (19.01)

89.34(15.86)  37.48(21.52)  50.90 (36.23) 56.91 (15.11)
0.726 0.050* 0.873 0.580
90.74 (14.53)  36.87(23.72)  48.32(32.95) 58.08 (15.86)
87.96 (19.02)  31.48(20.33)  55.09 (35.78) 56.37 (17.50)
0.685 0.365 0.471 0.626

89.44 (15.46)
89.60 (16.85)
0.472

21.67 (18.52)
37.35(22.31)
0.007*

44.44 (26.74)
52.60 (35.54)
0.816

50.00 (15.32)
58.92 (16.42)
0.019*

90.31 (13.88)
87.96 (21.33)
0.722

31.48 (21.16)
41.36 (23.84)
0.637

50.14 (31.83)
53.40 (39.17)
0.484

56.13 (15.33)
60.03 (18.77)
0.211

*Statistically significant; higher scores on functional scales/items indicate better functioning (PF, physical functioning; RF: Role functioning; EF: Emotional
functioning; CF: Cognitive functioning; SF: Social functioning; SD: Standard deviation). A: Observed transition from the premenopausal state to
postmenopausal state in one patient in cycle six. v: Observed non-metastatic state from the presence of metastasis in one patient in cycle nine
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Table 5. Analysis of variables in functional scales in the EORTC QLQ-BR45.

Variables BI FU SX+ SE# BS#
mean (SD) mean (SD) mean (SD)# mean (SD)» mean (SD)"

Age

>50 years (n = 36) 75.31 (23.71) 19.14 (24.20) 97.84 (7.96) 77.78 (17.21) 11.38 (18.65)

<50 years (n=21) 69.97 (24.48)

p-value 0.475
Menopausal status*

Pre-menopause (n = 6) 73.69 (25.44)
70.37 (23.96)

0.817

Post-menopause (n=51)
p-value

Comorbidities

22.75 (25.28)
0.452 . - .

20.92 (20.61)
16.67 (25.04)
0.371 = - =

67.08 (30.31) 47.22 (27.66) 13.96 (31.55)

89.45 (24.23)
60.00 (23.14)

53.70 (33.21)
52.78 (25.92)

12.41 (17.21)
11.11 (24.56)

Yes (n=20) 73.47 (22.58) 16.67 (25.67) 88.15 (25.78) 44.44 (23.57) 5.13(12.18)
No (n=37) 73.27 (24.93) 22.52 (23.85) 81.63 (25.29) 57.14 (30.08) 16.94 (28.46)
p-value 0.993 0.133 - - -
Surgery

Yes (n=33) 69.87 (23.20) 20.88 (24.55) 89.09 (25.50) 51.85 (33.79) 8.24 (16.23)
No (n=24) 78.13 (24.56) 19.91 (24.81) 78.63 (24.76) 53.97 (26.82) 66.67 (43.03)
p-value 0.154 0.710 - - -
Presence of metastasis”

Yes (n=10) 53.61 (19.14) 8.89 (17.72) 93.52 (15.48) 66.67 (0.00) 16.03 (36.23)
No (n = 47) 77.54 (22.71) 22.93 (25.24) 82.68 (27.14) 51.85 (29.72) 11.04 (20.51)
p-value 0.004* 0.006* - - -
Change in taste

Change (n = 40) 70.66 (23.07) 17.38 (22.57) 87.57 (23.94) 50.00 (30.78) 13.13 (23.48)
No change (n=17) 79.17 (25.33) 27.16 (27.53) 79.03 (28.21) 58.33 (25.13) 10.78 (25.58)
p-value 0.201 0.551 - - -

*Statistically significant; higher scores on functional scales/items indicate better functioning (Bl: Body Image; FU: Future Perspective; SX: Sexual Functioning;
SE: Sexual Enjoyment; BS: Breast Satisfaction; SD: Standard deviation). : Missing data due to refusal to answer the questions regarding SX, SE, and BS (#: n
=32;7:n=10; §: n=34). A: Observed transition from premenopausal state to postmenopausal state in one patient in cycle 6. v: Observed non-metastatic

state from the presence of metastasis in one patient in cycle 9

induction of early menopause and possible infertility increased the risk
of adverse effects in younger women. This patient group is more likely
to have a lower QoL and is more vulnerable to the emotional burden
and psychological impact of breast cancer.

The present study showed that emotional functioning was significantly
better in patients who did not have any comorbidities. Endocrine
sexual symptoms and insomnia were also prevalent in this subgroup.
However, the perception of worsened financial burden was significantly
higher in comorbid patients, resulting in further deterioration of the

symptom scales.

Patients who underwent surgery experienced good physical
functioning, whereas those who did not undergo surgery showed an
increase in endocrine sexual symptoms. Jassim et al. (17) suggested
reasons for disrupted sexual function, such as low self-esteem, abrupt
menopause, vaginal dryness, a partner’s difficulties comprehending

one’s feelings, and body image issues.

Based on the findings of the EORTC QLQ-BR45, improved emotional
function and an overall positive outcome in the global health status
were recorded in non-metastatic patients compared to metastatic
patients. Guo et al. (26) found that the prevalence of psychological
burdens, such as depression, anxiety, and stress, were high in patients
with metastatic breast cancer. Furthermore, the present study
emphasized that future concerns about illness were relieved, and body
image was less altered in patients who did not present with metastasis,
when compared to the metastatic breast cancer group. There was a
positive transition from metastatic to non-metastatic status in one
patient.

In the present study, the QoL did not correlate with the chemotherapy
agent given or the stage of cancer; hence, the results are based on the
perceptions of patients who received a variety of chemotherapeutic
regimens regardless of disease stage. Furthermore, the assessment
of QoL before commencing or after completing therapy was not
performed, as the two QoL instruments were applied at only three
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specific points in time during chemotherapy. Thus, it is challenging
to identify patterns of QoL over the long term or changes in their
relationship with cancer-related symptoms. Further longitudinal
studies and clinical trials should be conducted, leveraging large
populations to track QoL outcomes over extended periods, including
during and after chemotherapy, to better understand the trajectory of
patient well-being.

Study Limitations

The limitations of this study include the small sample size, single-
center design, and lack of baseline assessment before treatment, which
may limit generalizability. Cultural factors may influence self-reported
data, particularly for sensitive topics. Despite these limitations, this
study provides valuable insights into the QoL of breast cancer patients
during chemotherapy.

In conclusion, this study demonstrated that the quality of life of Indian
patients with breast cancer during chemotherapy was influenced by a
complex interplay of treatment-related factors, many of which are likely
to affect patients from other populations, and patient demographics.
A relatively stable global health status and good cognitive functioning
were observed, with mild improvements in emotional functioning
over time. Symptom burden peaked in the sixth cycle before gradually
decreasing. Younger patients and those who underwent surgery
showed better functional outcomes, although the latter experienced
increased endocrine sexual symptoms. Older patients reported more
severe symptoms than younger patients. The absence of comorbidities
and metastasis was associated with improved emotional functioning,
albeit with some trade-offs such as increased insomnia. These findings
highlight the importance of personalized and holistic care in oncology.
Potential areas for targeted interventions have been identified which
may enhance patient well-being throughout the treatment journey.
Furthermore, the pivotal role of clinical pharmacists in optimizing
medication management, minimizing adverse effects, and providing
patient education was evident.

Future research should focus on finding and assessing therapies
targeted for specific patient subgroups to improve HRQoL outcomes
in patients with breast cancer during chemotherapy. By integrating
these insights into clinical practice, it may be possible to work towards
more patient-centred and effective cancer care.
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ABSTRACT

Objective: The risk of breast cancer in type 2 diabetic women is increased by 10-20%. Diabetic women have a higher risk of being diagnosed with
advanced breast cancer and having complications with its treatments. In France, women aged between 50 and 74 years old are invited to undergo organized
breast cancer screening (OBCS). The objective of this study was to evaluate OBCS participation in a large cohort of diabetic women.

Materials and Methods: Based on data from Social Security reimbursement databases, we studied OBCS participation rate of 5074 years old diabetic
women from the Grand-Est region (France) between 2020 and 2022, according to four age brackets and their geographical areas.

Results: In 2020, among the 99,302 diabetic women, 16,340 (16.45%) underwent OBCS versus 24% in the general population. In 2021, among the
100,390 diabetic women, 20,914 (20.83%) underwent OBCS, versus 29% in the general population. In 2022, among the 101,694 diabetic women, 18,576
(18.27%) underwent OBCS, versus 24% in the general population. OBCS participation in 50—54 years old and 70-74 years olds were significantly lower
(p<0.0001 in 2020; p<0.0001 in 2021; p<0.0037 in 2022). There was a significant link between OBSC participation and geographical area (p<0.0001).
Conclusion: The OBCS participation rate in women with type 2 diabetes was significantly lower than the general population, and associated with age
and area. These findings suggest a need to inform patients and health care professionals about the higher risk of breast cancer in diabetic women to improve

OBCS rates with the proven associated health benefits.

Keywords: Breast cancer screenings; diabetic women; organized breast cancer screnning; type 2 diabetes
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Key Points

*  Breast cancer risk in women with type 2 diabetes is increased by 10-20%.

*  Breast cancer mortality is higher in women with type 2 diabetes.

*  Organized breast cancer screening participation rate in diabetic women is low.

*  Lower participation is observed in women with type 2 diabetes aged 50-54 and 70-74.

*  The analysis of barriers to screening participation must be encouraged.

Introduction with breast cancer, and almost 685,000 died from it (1). As the

) ) ] prevalence of obesity continuously increases, so does the incidence of
Breast cancer and type 2 diabetes are two major public health problems

globally (1, 2). In 2021, 529 million people worldwide suffered from

diabetes. Type 2 diabetes is the most common form, accounting for ~ Type 2 diabetes and breast cancer share extrinsic risk factors, including

breast cancer and type 2 diabetes (1, 3, 4).

96% of all cases (2). In 2020, 2.26 million women were diagnosed  post-menopausal overweight and obesity (5, 6), sedentary lifestyle, and
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lack of physical activity (7, 8). Type 2 diabetes is considered a risk
factor for hormone-dependent breast cancer (9), because of diabetes-
associated insulin resistance. The latter leads to hyperinsulinemia
and activation of insulin signaling and growth factors implicated in
the pathogenesis of breast cancer. Hyperinsulinemia, also decreases
the production of sex hormone binding globulin, a key feature of
hormonal breast cancer (10-13).

A diabetic woman has a 15% higher risk of breast cancer (14),
which rises to 22% after adjusting for body mass index (14). At
diagnosis, tumors in diabetic women are larger with more lymph
node involvement, or even metastatic from the outset (15). It should
also be highlighted that diabetic comorbidities, including heart
disease or kidney disease, possibly contraindicate optimal breast
cancer treatment (16). Anthracyclines, one of the main cytolytic drug
groups used for breast cancer and Trastuzumab and Pertuzumab used
for human epidermal growth factor receptor 2 overexpressed breast
cancer, induce a high risk of cardiotoxicity in diabetic patients (17-
19). Diabetic patients with heart failure do not receive adjuvant or
neoadjuvant treatments as recommended (16). Lymphedema, which
can occur after an axillary node clearance and is frequently associated
with obesity, is more often observed in diabetic women, with a direct
impact on women’s lives (20). In the case of breast reconstruction after
mastectomy, diabetic women are at greater risk of delayed wound-
healing, infection and prosthesis removal (21, 22). They are also at
greater risk of breast cancer mortality and all-cause mortality (16),
even in the absence of delayed diagnosis (23).

Women with diabetes are invited to participate in organized breast
cancer screening (OBCS) in the same way as the general population
(24). In France, since 2004, OBCS has been offered to asymptomatic
50—74-year-old women, once every two years. This screening consists
of a free of charge mammogram, breasts and axilla clinical examination
and breast ultrasound in selected cases. Eligible women receive an
invitation from the French Regional Cancer Screening Coordination
Centers, with a double-reading mammogram by two certified
radiologists (25).

In France, individual breast cancer screening (IBCS) is also available.
IBCS consists of an individualized prescription of breast imaging.
IBCS is being offered to women with a personal history of breast
cancer, a “high” or “very high” risk of breast cancer, or with symptoms
of breast cancer. Women at “high” risk of breast cancer are those
with: a personal history of breast cancer; abnormal image on last
mammogram; existence of lobular neoplasia; existence of atypical
epithelial hyperplasia; or high-dose thoracic irradiation. Women at
“very high” risk of breast cancer have a hereditary form of breast cancer
and presence of genetic mutations, notably BRCAI and BRCA2 (25).

The French National Authority for Health specifies that “special
attention” should be paid to breast cancer screening in diabetic patients
due to their high risk of breast cancer (24). Despite this, diabetic women
tend to participate less in OBCS than the general population. In 2022,
in France, only 44.9% of women from the general population took
part to OBCS (26). To the best of our knowledge, only two French
studies have been conducted so far to assess OBCS participation of
diabetic women. In 2008, Constantinou et al. (27) studied 2056
women, including 157 diabetic women. Diabetic women participated
significantly less in OBCS [odds ratio: 0.55 (0.36-0.83)]. In 2018,
Bernard (28) studied 5161 women, including 456 diabetic women.
Only 16% of diabetic women had taken part in OBCS, compared to

52% of non-diabetic women. However, these two studies were biased,
due to their small numbers of diabetic women and lack of IBCS
evaluation. The aim of the present study was to evaluate participation
in OBCS and IBCS among diabetic women within the Grand-Est
region in France, from 2020 to 2022 in a prospective cohort. Our
secondary objective was to assess differences in participation depending
on geographical area and women’s age.

Materials and Methods

This prospective, descriptive, epidemiological study investigated
OBCS participation of type 2 diabetic women from the Grand-Est
region in France for the years 2020, 2021, and 2022.

The medical department of the Grand-Est region provided us with
aggregated statistical data extracted from the French Health Insurance
reimbursement databases. These data were anonymous and protected
by the following regulatory bodies: European Regulation RGPD n°
2016679 of April 27, 2016; Loi informatique et libertés n° 2018—486
of June 20, 2018, and its Decree of application n® 2019- 536 of May
29, 2019, consolidating Ordinance n® 2018-1125 of December 2018
modifying the law of January 6, 1978. The agreement is attached in
Appendix A (supplemental files). The approval of the Committee for

the Protection of Individuals was not required.

Inclusion Criteria

The study period runs from January 1, 2020, to December 31, 2022.
Women included in the study were those alive on January 1 of the
year n+1 studied, as well as those eligible for OBCS according to
French recommendations (asymptomatic 50-74-year-old women,
without high risks of breast cancer as personal history of cancer of
the breast, uterus and/or endometrium, atypical hyperplasia or benign
proliferative disease, chest radiation before the age of 30, and a family
history of breast and/or ovarian cancer among relatives) (25). They
were between 50 and 74 years old and categorized into four age groups:
50-54, 55-64, 65-69 and 70-74 years old. They were beneficiaries of
the French primary health insurance fund in one of the 10 areas of the
Grand-Est region: Ardennes (08), Aube (10), Marne (51), Haute-
Marne (52), Meurthe-et-Moselle (54), Meuse (55), Moselle (57), Bas-
Rhin (67), Haut-Rhin (68), and Vosges (88).

The population of diabetic women was elected according to one of
the following inclusive criteria: having a long-term illness of type 2
diabetes (LTT 8 E11), having undergone at least three antidiabetic
treatments (Anatomical Therapeutic Chemical A10A or A10 B) that
year, or having been hospitalized during the current year for a cause
related to type 2 diabetes or one of its complications according to the
French Information Systems Medicalization Program (Table 1).

Exclusion Criteria

The exclusion criteria were recognition of long-term illness for
breast cancer (LTI DO05), breast carcinoma in situ (LTT DO05), or
hospitalization during the year with a breast cancer-related French
Information Systems Medicalization Program code (Table 1).

Patients with type 1 diabetes were excluded.

Mammography execution was evaluated. A mammogram was
considered performed if a mammography procedure was reimbursed
under the Common Classification of Medical Procedures (CCMP)
during the studied year. In France, there are three CCMP codes:
QEQKO001 for bilateral mammography, QEQKO005 for unilateral
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Table 1. Inclusion and exclusion criteria For type 2 diabetic population

Inclusion criteria for type 2 diabetic population

One of three criteria

LTI Drug tracers

At least three deliveries in year n of oral

antidiabetics or insulin.

LTI Type 2 diabetes active in year n:
-E11

ATC codes used:

- A10A: Insulins and analogues
- A10B: Blood glucose-lowering drugs other

than insulins.

Exclusion criteria For type 2 diabetic population
One of three criteria

LTI Drug tracers

LTI Breast cancer active in n:
-C500r
-DO05

None

Hospitalization ICD code

FISMP: Beneficiaries hospitalized in MSOD or
FRD for diabetes in year n (PD, RD or SAD in
MSOD; PME or EC in FRD)

FISMP (diabetes) :

- E11 Non-insulin-dependent diabetes mellitus
FISMP (diabetes complications):

- G59.0 Diabetic mononeuritis

- G63.2 Diabetic polyneuritis

- G73.0 Myasthenic syndrome during
endocrine disease

- G99.0 Autonomic nervous system
neuropathy during endocrine and metabolic
diseases

- H28.0 Diabetic cataract
- H36.0 Diabetic retinopathy

-179.2 Peripheral angiopathy in diseases
classified elsewhere

-L97 Lower limb ulcer, not elsewhere
classified

- M14.2 Diabetic arthropathy
- M14.6 Nervous arthropathy
- N08.3 Glomerulopathy in diabetes mellitus.

Hospitalization ICD code

FISMP: women hospitalized for breast cancer
in MSOD or FRD during year n (PD, RD or SAD
in MSO; PME or EC in SSR)

-C50
- D05

LTI: Long-term illness; ATC: Anatomical therapeutic chemical classification; ICD: International Classification of Diseases; FISMP: French Information Systems
Medicalization Program; MSOD: Medicine, surgery or obstetrics department; FRD: Follow-up and rehabilitation department; PD: Principal diagnosis; RD:
Related diagnosis; SAD: Significant associated diagnosis; PME: Principal morbid event; EC: Etiological condition

mammography, and QEQKO004 for mammography performed in
OBCS programs. Mammograms with CCMP codes QEQKO001
and QEQKO05 are prescribed for IBCS or follow-up of breast-
pathology. All the Social Security data tables are given in Appendix B
(supplemental files).

Results

Study Population

For the 2020-2021 and 2021-2022 periods, 102,138 and 104,266
diabetic women were eligible for OBCS respectively. For the 2020-
2021 and 2021-2022 periods, there were 815,251 and 882,445
women in the general population.

In 2020, 2021 and 2022, 99,302, 100,390 and 101,694 diabetic
women were eligible for OBCS respectively. In 2020, 2021 and

2022, there were 796,223, 815,251 and 882,445 women in the

general population.

Participation in OBCS

- By Period

During the two-year 2020-2021 period, among the 102,138 diabetic
women, 37,625 (36.84%) underwent OBCS versus 419,626 women
(51%) from the general population. During the two-year 2021-2022
period, among the 104,266 diabetic women, 40,160 (38.52%)
underwent OBCS versus 438,522 (50%) from the general population.

- By Year

In 2020, among the 99,302 diabetic women, 16,340 (16.45%)
underwent OBCS versus 189,264 women (24%) from the general
population. In 2021, among the 100,390 diabetic women, 20,914

175



176

Eur J Breast Health 2025; 21(2): 173-181

(20.83%) underwent OBCS versus 237,481 women (29%) from
the general population. In 2022,

among the 101,694 diabetic women, 18,576 (18.27%) underwent
OBCS versus 209,654 women (24%) from the general population
(Table 2).

- By Age Group of the Diabetic Population

In 2020, the diabetic age group with the lowest attendance was
the 50-54-year-old group (Table 3), with 1,476 of 9,636 women
(15.32%) having undergone OBCS. In 2021 and 2022, the diabetic
group with the lowest attendance was the 70-74-year-old group, with
5,742 women of 28,658 (20.04%) having undergone OBCS in 2021,
and 5,233 women of 29,630 (17.66%) in 2022.

In 2020, 2021, and 2022, the diabetic age group with the highest
OBCS attendance was the 65-69-year-old group, with rates of
17.20%, 21.55% and 18.78%, respectively. The association between
OBCS attendance and age was significant in 2020, 2021, and 2022
(p<0.0001, p<0.0001, and p<0.0037, respectively).

- By Area

In 2020, 2021, and 2022, the area with the highest OBCS attendance
rates among diabetic women was Bas-Rhin (67), with 18.51%,
24.26% and 22.28%, respectively, and the area with the lowest OBCS
attendance rates among diabetic women was Moselle (57), with
14.74%, 16.67% and 14.54%, respectively. The relationship between
OBCS participation and area was significant in 2020, 2021, and 2022
(p<0.0001, p<0.0001 and p<0.0001, respectively) (Table 3).

- By Age Group and Area

The area the least represented in OBCS by diabetic women, all ages
combined, was Meuse (55), and the most represented was Bas-Rhin
(67) (Tables 4, 5, and 6), the relationship between age, area, and
OBCS participation was significant in 2020, 2021, and 2022 (p =
0.0003, p = 0.0002, and p = 0.001, respectively).

- Individual Breast Cancer Screening

In 2020, 2021, and 2022, only 4% of diabetic women underwent an
IBCS versus 8% of the general population (Table 2).

Discussion and Conclusion

This was the first large-scale French epidemiological study to evaluate
OBCS participation rates of women with type 2 diabetes. As
demonstrated, there was low-rate OBCS participation compared to
non-diabetic peers, which was significantly related to area and age of
diabetic women. These observations clearly corroborate the findings

Table 2. OBCS and IBCS by year (2020, 2021 and 2022) in the

of Constantinou et al. (27) and Bernard (28). Several foreign studies
draw the same conclusions (29-32), highlighting the fact that this low
participation rate persisted despite the Pink October/Breast Cancer
Awareness Month screening campaigns and ever-growing breast cancer
awareness among women (33, 34).

Furthermore, only 4% of diabetic women resorted to IBCS, despite
an estimated 10% of French breast cancer screenings being individual
screenings (35). Not only did diabetic women make less use of OBCS
than the general population, but they also made less use of IBCS.
Since diabetic women are at greater risk of developing breast cancer, it
may be thought that this patient group were undergoing IBCS-based
follow-up within the two-year OBCS interval, but this was not the

case.

This study displays several strengths, which deserve to be emphasized.
First, our data originate from the French Health Insurance
reimbursement databases, thus ensuring data reliability. Secondly, as
the Grand-Est region is heavily affected by type 2 diabetes, we can
extrapolate our results to other regions.

However, our study has limitations as well. First, the general
population also included diabetic women, which does not enable
reliable comparisons of the two populations. Moreover, unlike the
diabetic population, the general population did not exclude women
that did not rely on organized screening, owing to their high and
very high breast-cancer-related risk factors. However, our data were
superimposed onto the French participation rates according to French
public health data. In 2020, the OBCS participation turned out to
be very low, owing to the COVID-19 pandemic-related closure of
the French Regional Cancer Screening Coordination Centers and
radiology practices. It is also important to point out that type 2 diabetic
patients were particularly affected by the COVID-19 pandemic,
which is a factor limiting their participation in OBCS, in addition to
the closure of screening centers from March to May 2020. Away from
the pandemic, participation rates are on the rise, but remain below the
European target of 70%: in 2022, the OBCS participation rate was
44.8%, and in 2023, 48.2% (26).

In the present study, disparities between age and area were observed,
and it is thus possible for us to draw a parallel between our data and
the barriers to OBCS participation already described, including socio-
economic and socio-demographic factors, along with factors relating
to women’s health status and their medical follow-up (36-38). Indeed,
women within the extreme age range groups, including 50-54 and
70-74-year-olds, displayed lower participation, as previously reported
by several other authors (15, 20). Prior to age 50, over 30% of women
had already undergone IBCS (39). Once these women reached the

general and diabetic populations

2020 2021 2022

General Diabetic General Diabetic General Diabetic

population population population population population population

n=796,223 n=99,302 n=2815,251 n=100,390 n= 882,445 n=101,694
OBCSonly 189,264 (24%) 16,340 (16.45%) 237,481 (29%) 20,914 (20.83%) 209,654 (24%) 18,576 (18.27%)
IBCSonly 60,913 (8%) 3,697 (4%) 63,593 (8%) 3,889 (4%) 66,172 (7%) 4,027 (4%)

OBCS: Organized breast cancer screening; IBCS: Individual breast cancer screening
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eligible age for OBCS, they possibly kept on undergoing IBCS at the
expense of OBCS. After the age of 74, women tend to lose interest in
gynecological follow-ups. Moreover, the end of OBCS at 74 years old

may be misperceived by women and their doctors as the absence of

Table 3. Baseline characteristics of diabetic women

OBCS participation

Age

50-54
55-64
65-69
70-74

Areas
Ardennes 08
Aube 10

Marne 51
Haute-Marne 52
Meurthe-et-Moselle 54
Meuse 55
Moselle 57
Bas-Rhin 67
Haut-Rhin 68
Vosges 88

2020

Diabetic population n = 99,302

No

n=82,962
(83.55%)

8,160 (84.68%)
29,698 (83.71%)
21,721 (82.80%)
23,383 (83.65%)
p<0.0001

5,016 (84.77%)
4,377 (82.03%)
8,435 (82.52%)
2,819 (83.80%)
10,137 (84.33%)
2,751 (84.28%)
16,619 (85.26%)
16,035 (85.26%)
11,432 (83.63%)
5,341 (84.28%)
p<0.0001

OBCS: Organized breast cancer screening

Yes

n=16,340
(16.45%)

1,476 (15.32%)
5,780 (16.29%)
4,513 (17.20%)
4,571 (16.35%)
p<0.001

901 (15.23%)
959 (17.97%)
1,787 (17.48%)
545 (16.20%)
1,884 (15.67%)
513 (15.72%)
2,874 (14.74%)
3,643 (18.51%)
2,238 (16.37%)
996 (15.72%)
p<0.0001

2021

70-74-year-old women.

Diabetic population n= 100,390

No
n=79,476
(79.16%)

7,879 (79.83%)

27,986 (78.87%)
20,695 (78.45%)
22,916 (79.96%)

p<0.0001

4,744 (79.93%)
4,277 (78.19%)
7,857 (76.50%)
2,586 (77.52%)
9,825 (81.16%)
2,684 (80.65%)

16,316 (83.33%)
15,183 (75.74%)
10,922 (78.14%)

5,082 (80.12%)
p<0.0001

Yes

n=20,914
(20.83%)

1,991 (20.17%)
7,497 (21.13%)
5,684 (21.55%)
5,742 (20.04%)
p<0.0001

1,191 (20.07%)
1,193 (21.81%)
2,414 (23.50%)
750 (22.48%)
2,280 (18.84%)
644 (19.35%)
3,263 (16.67%)
4,862 (24.26%)
3,056 (21.86%)
1,261 (19.88%)
p<0.0001

Table 4. Organized breast cancer screening in diabetic women in 2020 by age and area

Areas

Ardennes 08
Aube 10

Marne 51
Haute-Marne 52
Meurthe-et-Moselle 54
Meuse 55
Moselle 57
Bas-Rhin 67
Haut-Rhin 68
Vosges 88

Total

Age

50-54

67 (4.54%)
99 (6.71%)
195 (13.21%)
40 (2.71%)
161 (10.91%)
50 (3.39%)
247 (16.73%)
334 (22.63%)
205 (13.89%)
78 (5.28%)

1,476

55-64

301 (5.21%)
293 (5.07%)
637 (11.02%)
189 (3.27%)
656 (11.35%)
175 (3.03%)
1,066 (18.44%)
1,277 (22.09%)
854 (14.78%)
332 (5.74%)
5,780

65-69

261 (5.78%)
287 (6.36%)
469 (10.39%)
147 (3.26%)
511 (11.32%)
128 (2.84%)
760 (16.84%)
1,030 (22.82%)
599 (13.27%)
321 (7.11%)
4,513

2022

breast cancer risk (40). All this could similarly be perceived prior to
the age of 74 years, resulting in a OBCS participation drop among

Diabetic population n= 101,694

No
n=383,118
(81.73%)

8,208 (81.25%)
29,182 (81.74%)
21,331 (81.22%)
24,397 (82.34%)
p<0.0037

5,012 (84.08%)
4,501 (81.93%)
8,470 (81.25%)
2,752 (82.27%)
10,186 (83.55%)
2,689 (81.21%)
16,949 (85.46%)
15,943 (77.72%)
11,362 (80.13%)
5,254 (81.60%)
p<0.0001

70-74

272 (5.95%)
280 (6.13%)
486 (10.63%)
169 (3.70%)
556 (12.16%)
160 (3.50%)
801 (17.52%)

1,002 (21.92%)

580 (12.69%)
265 (5.80%)
4,571

Yes
n=18,576
(18.27%)

1,894 (18.75%)
6,517 (18.26%)
4,932 (18.78%)
5,233 (17.66%)
p<0.0037

949 (15.92%)
993 (18.07%)
1,955 (18.75%)
593 (17.73%)
2,006 (16.45%)
622 (18.79%)
2,884 (14.54%)
4,571 (22.28%)
2,818 (19.87%)
1,185 (18.40%)
p<0.0001

Total

901
959
1,797
545
1,884
513
2874
3643
2238
996
1,6340
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Table 5. Organized breast cancer screening in diabetic women in 2021 by age and area

Areas Age

50-54 55-64 65-69 70-74 Total
Ardennes 08 107 (5.37%) 401 (5.35%) 342 (6.02%) 341 (5.94%) 1,191
Aube 10 113 (5.68%) 402 (5.36%) 307 (5.40%) 371 (6.46%) 1,193
Marne 51 232 (11.65%) 869 (11.59%) 631 (11.10%) 682 (11.88%) 2,414
Haute-Marne 52 72 (3.62%) 267 (3.56%) 197 (3.47%) 214 (3.73%) 750
Meurthe-et-Moselle 54 218 (10.95%) 795 (10.60%) 621 (10.93%) 646 (11.25%) 2,280
Meuse 55 56 (2.81%) 209 (2.79%) 177 (3.11%) 202 (3.52%) 644
Moselle 57 268 (13.46%) 1,194 (15.93%) 897 (15.78%) 904 (15.74%) 3,263
Bas-Rhin 67 499 (25.06%) 1,824 (24.33%) 1,294 (22.77%) 1,245 (21.68%) 4,862
Haut-Rhin 68 303 (15.22%) 1,135 (15.14%) 859 (15.11%) 759 (13.22%) 3,056
Vosges 88 123 (6.18%) 401 (5.35%) 359 (6.32%) 378 (6.58%) 1,261
Total 1,991 7,497 5,684 5,742 20,914
Table 6. Organized breast cancer screening in diabetic women in 2022 by age and area
Areas Age

50-54 55-64 65-69 70-74 Total
Ardennes 08 86 (4.54%) 340 (5.22%) 273 (5.54%) 250 (4.78%) 949
Aube 10 104 (5.49%) 294 (4.51%) 278 (5.64%) 317 (6.06%) 993
Marne 51 237 (12.51%) 703 (10.79%) 465 (9.43%) 550 (10.51%) 1,955
Haute-Marne 52 66 (3.48%) 190 (2.92%) 161 (3.26%) 176 (3.36%) 593
Meurthe-et-Moselle 54 165 (8.71%) 722 (11.08%) 530 (10.75%) 589 (11.26%) 2,006
Meuse 55 54 (2.85%) 235 (3.61%) 159 (3.22%) 174 (3.33%) 622
Moselle 57 283 (14.94%) 1,026 (15.74%) 747 (15.15%) 828 (15.82%) 2,884
Bas-Rhin 67 497 (26.24%) 1,593 (24.44%) 1,223 (24.80%) 1,258 (24.04%) 4,571
Haut-Rhin 68 292 (15.42%) 1,030 (15.80%) 748 (15.17%) 748 (26.54%) 2,818
Vosges 88 110 (5.81%) 384 (5.89%) 348 (7.06%) 343 (6.55%) 1,185
Total 1,894 6,517 4,932 5,233 18,576

In Aube, Marne, Bas-Rhin, and Haut-Rhin, participation rates
were low but exceeding regional averages. In Ardennes, Meurthe-et-
Moselle, and Moselle, participation rates were below regional averages.
Several factors could account for these either better or poorer rates of
OBCS attendance. As previously mentioned, women’s socio-economic
status is considered a major barrier to OBCS participation. Compared
with the general population, women with type 2 diabetes displayed
lower socio-economic and socio-educational levels (41-46). According
to the French National Institute of Statistics and Economic Studies
monetary poverty rates, most areas with low OBCS participation
rates likewise displayed high monetary poverty rates (47). A link
between OBCS participation and professional activity was thus
observed, given that half of the Grand-Est region’s inhabitants
performed more than 20% of their jobs in agriculture and industry.
These sectors are deemed more affected by low socio-economic status.
The Grand-Est region comprises both rural and urban areas. There

is a well-known link between residence place and OBCS. In 2018,
almost 40% of the French population lived in rural areas (48), where
access to services was more difficult, which could account for women
living there participating less in OBCS than women living in urban
areas (49). This could be explained by cither distance from radiology
services (50), density of general practitioners, or both. Areas with low
OBCS participation rates tend to be mostly rural, with few accredited
radiology services and low medical density. We can also see a link
between the high turnout in Marne and Bas-Rhin regions along with
the presence of medical schools and university hospitals. Meurthe-
et-Moselle area, despite its socio-economic advantages, numerous
radiology services and general practitioners, and presence of a medical
faculty, displayed low rates of OBCS participation. In their study
evaluating IBCS, Quintin et al. (39) showed that Meurthe-et-Moselle
had a high rate of IBCS. This could explain why OBCS participation

rate in this area was lower, despite the advantages mentioned above.
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There were other factors linked to type 2 diabetes that could explain why
diabetic women participated less in OBCS. In 2005, Lipscombe et al.
(29) showed that low OBCS participation persisted after adjusting for
age, comorbidities, income, and residence place, suggesting that type 2
diabetes per se could represent a barrier to OBCS participation, which
was recently verified by Chan et al. (51). Type 2 diabetes is a complex
disease, requiring time-consuming management and therapeutic
education (52, 53), leading health professionals to prioritize diabetes
management over cancer prevention (54). We could anticipate that
the number of annual consultations would correlate with better
screening follow-up, which actually was not the case (29). For health
professionals, it is crucial to find enough time to properly explain the
benefits of breast cancer screening to their patients, whilst listening to
their fears and preconceptions (55). Diabetic women often display a
poor self-image (56), over 80% of them being overweight or obese
(57), both known to be barriers to OBCS participation (27, 58-60).
These two patient populations could actually fear being stigmatized on
account of their weight (61). Performing a logistic regression
analysis on the diabetic population of the Grand- Est region may
identify factors associated with non-participation in OBCS.

Our prospects for improving screening attendance are as follows.
Informing patients and physicians of the increased breast cancer
risk in diabetic women could help raise awareness of OBCS (62).
Cardiovascular mortality was previously the leading mortality cause
in type 2 diabetes patients, which is no longer the case because of
prevention measures. Today, the leading mortality cause in diabetic
patients is cancer (63, 64). Collier et al. (65) demonstrated that 28%
of deaths among diabetic patients were caused by cancer, versus 24%
by cardiovascular causes. In 2023, an English study carried out by
Ashley et al. (66) investigated the knowledge and understanding of
increased complication risk among diabetics. In both the general and
diabetic populations, no one cited breast cancer as a type 2 diabetes
complication, whereas microvascular and macrovascular complications
were widely cited. Next, these authors analyzed 25 websites for
healthcare professionals and for the public, with only three of them
mentioning breast cancer risk as a potential complication (diabetes.
co.uk, diabetes.org.uk, niddk.nih.gov), whereas the American Diabetes
Association did not consider diabetes as a risk for breast cancer on its
website.

One key to improving screening participation would be to increase
awareness of the increased breast cancer risk among diabetic women
and healthcare professionals, in our opinion. Education, information,
and prevention all resulted in a reduction of macrovascular and
microvascular complications. To maximize awareness, we wish to set
up a campaign with posters being distributed to general practitioners.
Along with raising awareness among diabetic patients, this would
also raise awareness among the people surrounding them. It has been
proven that if women were surrounded by family and friends, the latter
would likely encourage them to more actively participate in OBCS

(67-69).

In conclusion, participation in breast cancer screening by diabetic
women was poorer than among their non-diabetic peers, a finding of
concern given their increased risk of developing breast cancer. It
is important to understand the barriers to OBCS participation,
particularly those associated with type 2 diabetes. Informed patients
and healthcare professionals will be one step towards further improving
breast screening attendance among women with type 2 diabetes.
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ABSTRACT

Although rare, a hydatid cyst of the breast represents a mammary pseudotumor. We present the case of a 49-year-old woman with no significant medical
history, who was diagnosed with an isolated hydatid cyst of the breast confirmed by histopathological examination. This patient consulted for breast

asymmetry and a feeling of heaviness in the left breast, with no clinical signs of systemic hydatidosis. The diagnosis was suggested by echo-mammography
and confirmed postoperatively by histopathological examination. Although rarely reported, primary hydatid cyst of the breast can cause symptoms that
mimic neoplasia. Surgical excision alone proved effective in treating this type of breast cyst.
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Key Points

e Hydatid cyst of the breast presents a distinct challenge in breast pathology.

*  Isolated hydatid cyst of the breast is very rare.

. Its clinical presentation, imaging characteristics, and management is essential for accurate diagnosis and effective treatment.

Introduction

Although rare, a hydatid cyst of the breast presents a distinct challenge
in breast pathology due to its ability to mimic other benign or
malignant conditions (1-3). This disease, resulting from the larval stage
of the tapeworm Echinococcus, generally targets organs such as the
liver and lungs but can also affect the breast (4). Therefore, a thorough
understanding of its clinical presentation, imaging characteristics, and
management is essential for accurate diagnosis and effective treatment.
In this study, we report the case of a hydatid cyst of the breast.

Case Report

A 49-year-old woman from a hydatid cyst endemic area presented
with breast asymmetry and a feeling of heaviness in the left breast. The
patient reported a progressive increase in the size of her left breast over
the past few months. She had no family history of breast cancer, and
no significant medical or surgical history. There were no clinical signs
of systemic hydatidosis. She was a homemaker with no specific contact
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with animals. Examination revealed a soft, partially resilient nodule in
the upper inner quadrant of the left breast measuring approximately
10 cm, mobile, with well-defined limits, without any inflammatory
signs or adenopathy. The right breast was normal. The rest of the
clinical examination was unremarkable.

An echo-mammography was performed, revealing a heterogeneous
liquid lesion in the upper inner quadrant of the left breast measuring 82
x 24 mm with irregular contours, containing serpiginous membranes
and peri-lesional fluid, suggesting a ruptured hydatid cyst of the breast
(Figure 1).

The diagnosis of a hydatid cyst of the breast was suggested by this
radiological appearance. However, hydatid serology was negative,
and no additional hydatid lesions were detected on abdominal-pelvic
ultrasound and chest X-ray. The patient underwent surgery for the
excision of the left breast mass. The cyst was removed with a wide
excision of the adjacent breast tissue through a curvilinear peri-areolar
incision, followed by extensive lavage of the residual cavity with
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hypertonic serum and two-layer closure. The histopathological report
showed the histological appearance of a hydatid cyst of the left breast
with healthy margins (Figures 2, 3, 4, and 5). The patient underwent
a thoraco-abdominal-pelvic computed tomography (CT) scan, which
confirmed the absence of lesions suggesting a hydatid cyst of the lung
or liver. The patient did not experience any recurrence within eight
years following the surgery.

Consent was obtained from the patient for publication of the case.

Discussion and Conclusion

A hydatid cyst, also known as echinococcosis, results from a parasitic
infection caused by the larvae of the tapeworm Echinococcus granulosus
(2). It is typically found in organs such as the liver and lungs, though it
can also occur in other organs, including the breast (1). Isolated breast

involvement is very rare, with a reported incidence rate of 0.27% (2).

Figure 1. Breast ultrasound revealing a heterogeneous liquid lesion
in the upper inner quadrant of the left breast measuring 82 x 24 mm
with irregular contours, containing serpiginous membranes and peri-
lesional fluid, suggesting a ruptured hydatid cyst of the breast

Figure 2. H&E x40

Bannour et al. Isolated Hydatid Cyst of the Breast

Echinococcosis is primarily contracted by humans through ingestion of
Echinococcus granulosus eggs, commonly found in the feces of infected
dogs. These eggs contaminate soil, water, or food sources, and once
ingested, hatch into larvae in the human digestive tract. These larvae
migrate to various organs, forming cysts, and eventually develop into
adult tapeworms. Alternatively, direct contact with infected animals,
such as handling contaminated fur or organs, can also transmit the
infection to humans (4). These cysts gradually develop over years,
often remaining asymptomatic until they reach a considerable size (2).
If untreated, they can lead to severe complications, such as rupture,
infection, or even anaphylactic shock (4). Treatment generally involves
the surgical removal of the cyst (4).

Imaging findings suggestive of a hydatid cyst of the breast typically
reveal a well-defined, round or oval mass with clear borders on
mammography, sometimes with a fluid-air level (2). On ultrasound,
the cyst appears as a fluid-filled structure with an anechoic content
enclosed by a thin wall (2). The Gharbi classification system is used
to categorize hydatid cysts based on their ultrasound appearance. It
was developed by radiologist Gharbi and colleagues in 1981 (5). The

classification includes five types:

Type I: a purely anechoic cyst with a well-defined wall, representing
a simple cyst.

Type II: a cyst with a detached endocyst membrane floating in the
cystic fluid, creating a “water lily sign” or “daughter cyst”.

Type III: a cyst containing multiple daughter cysts, giving a
heterogeneous or “honeycomb” appearance inside the cyst.

Type IV: a cyst with a heterogeneous internal structure, with solid or
semi-solid components, debris, or membranes.

Type V: a complex cyst with a completely solid appearance, showing
no cystic components.

Subsequently, more elaborate classifications have been used for
hydatid cysts, including the standardized classification by the World
Health Organization (6). Ultrasound aids in the characterization and
management of hydatid cysts, helping clinicians assess the severity and
complexity of cystic lesions (6).

CT plays a limited role in the evaluation of hydatid cysts of the breast.
It may be used in specific cases, particularly when there is diagnostic

Figure 3. H&E x100

Figures 2 and 3. These microphotographs show the hydatid cyst wall (arrow) surrounded by fibro-hyalinized and inflamed pericyst with a
polymorphous inflammatory infiltrate containing lymphocytes, plasma cells and numerous histiocytes associated with congestive vessels

H&E : Haematoxylin and eosin stain
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Figure 5. a: H&E x100, b: H&E x400

Figures 4 and 5. These microphotographs show the acellular laminated layers with parallel striations (blue arrow) typical of a hydatid cyst

H&E : Haematoxylin and eosin stain

uncertainty or to assess potential complications, such as cyst rupture
or involvement of adjacent structures (7). Magnetic resonance
imaging may provide additional details to further characterize
the lesion and evaluate its relationship with adjacent breast tissue,
typically depicting the cyst as a well-defined lesion with low signal
intensity on T1-weighted images and high signal intensity on T2-
weighted images (7, 8).

Histopathological examination of a hydatid cyst typically reveals
distinctive features. These include a laminated hyaline cyst wall,
forming the outer layer and acting as a protective barrier against the
host’s immune response. Beneath this layer is the germinal layer, where
the parasite proliferates, characterized by numerous protoscoleces
capable of developing into adult tapeworms. The cyst’s interior contains
clear fluid as well as daughter vesicles or hydatid sand. In addition, the
surrounding host tissue often shows signs of chronic inflammation and
fibrosis in response to the presence of the cyst. These histopathological
findings are key for confirming the diagnosis of a hydatid cyst (9).

The presence of hydatid cysts in the body can cause various symptoms,
depending on the size, location, and number of cysts. Symptoms can
range from asymptomatic to severe, such as pain, fever, and potentially
life-threatening complications if the cyst ruptures or become infected

(10). Typically, a hydatid cyst of the breast presents as a generally non-
painful mass, may be resilient or not, and of variable size but slowly
increasing over time (11). Although the majority of breast hydatid
cysts are identified during surgery and afterward, there are a few rare
instances reported in the literature where the diagnosis was verified
prior to surgery after a cyst puncture (12). By offering important details
on the type of lesion and directing the proper course of treatment, cyst
puncture might be crucial in the diagnosis and treatment of hydatid
cysts of the breast. To reduce the chance of problems and prevent the
infection from spreading, it must be performed carefully (11, 12).

The treatment of choice remains surgical excision, especially if the
cyst is large or causes symptoms, such as pain or discomfort. Surgical
intervention aims to completely remove the cyst while preserving as
much breast function as possible (13). Early diagnosis and intervention
are essential to manage this potentially life-threatening condition (10).

It is important to note that hydatid cysts can sometimes recur after
initial treatment, although this is relatively rare with appropriate
to 11%
postoperatively (14). Once the cyst is removed, antiparasitic treatment

management. The recurrence rate varies from 1%

can be administered to reduce the risk of recurrence (13).




Although rare, a hydatid cyst of the breast is important to recognize,
as it can sometimes be a differential diagnosis for breast cancer. The
diagnosis can be suggested based on clinical context, history, and
lifestyle habits, but it is generally challenging and requires radiological
examinations. Mammography combined with breast ultrasound can
diagnose certain hydatid cysts by the presence of pathognomonic signs,
but diagnosis can sometimes be difficult. The treatment is surgical,
and the diagnosis confirmation is histological.
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Dear Editor,

We commend Agilinko et al. (1) for their systematic review and meta-
analysis investigating the adverse effects of isosulfan blue dye in sentinel
lymph node (SLN) mapping for breast cancer. Their findings provide
valuable insights into the safety profile of this widely used agent,
particularly in highlighting the lower adverse event rates associated
with peritumoral administration compared to intraparenchymal
techniques. However, we wish to highlight several methodological
limitations that could have impacted the strength and interpretability
of the study’s conclusions.

A key limitation is the absence of a formal risk of bias assessment for
the included studies. Established tools such as the Cochrane risk of
bias tool or the Newcastle-Ottawa scale are integral to determining
the reliability of pooled evidence (2). Without evaluating potential
biases in study design, data collection, or reporting, the certainty and
generalizability of the findings are less clear. The omission of such
an assessment leaves room for the possibility that methodological
weaknesses in the included studies may have influenced the results.

In addition, while the authors conducted subgroup analyses based
on the route of administration, they did not perform a broader
sensitivity analysis to assess the stability of their findings. For
instance, excluding studies with small sample sizes, lower-quality
reporting, or methodological inconsistencies could have provided
a clearer picture of the robustness of the pooled estimates (3).
This step is particularly critical given the observed heterogeneity
in the meta-analysis, as indicated by the I-squared statistic.

Corresponding Author:
Shubham Kumar MD; shubhamksk440@gmail.com

Sensitivity analysis would help determine whether the findings
remain consistent under different scenarios, strengthening their
applicability in clinical practice.

The study also missed an opportunity to employ the Grading of
Recommendations  Assessment, Development, and Evaluation
(GRADE) framework to evaluate the certainty of evidence. GRADE
provides a structured approach to appraising factors such as risk of bias,
inconsistency, imprecision, and publication bias, offering transparent
guidance on the strength of recommendations (4, 5). Incorporating
GRADE would have enhanced the clinical relevance of the study by
providing a clearer understanding of the confidence clinicians can
place in the results.

While the meta-regression exploring dose-response effects between the
volume of dye administered and adverse events did not find significant
associations, the analysis may have benefited from incorporating
additional variables. Factors such as patient comorbidities, concurrent
medications, and the use of preoperative prophylaxis could have
offered a more nuanced understanding of predictors for adverse
reactions. Including these variables in future studies could enhance the
evidence base regarding the factors influencing patient safety.

This study raised important questions about clinical practice,
particularly the finding that peritumoral administration was associated
with lower adverse event rates than intraparenchymal injection. While
this result is promising, additional research is needed to confirm
the conclusion across diverse populations and healthcare settings.
Furthermore, as novel agents, such as indocyanine green, gain traction
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in SLN mapping, future studies should compare their efficacy and
safety with isosulfan blue to guide the evolution of clinical practice.

The study by Agilinko etal. (1) provides a foundation for understanding
the safety profile of isosulfan blue, but further methodological
enhancements could have strengthened its conclusions. Risk of bias
assessment, sensitivity analyses, and the application of GRADE would
have added greater clarity and confidence to the findings. We hope
these points stimulate further discussion and refinement in future
systematic reviews on this important topic.
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Dear Editor,

A 62-year-old woman with a body mass index of 22 kg/m?* was seen
for intermittent right ankle pain persisting for the last two years. She
identified the pain mainly over the Achilles tendon and this was worse
during walking. Her medical history was notable for breast cancer,
treated with modified radical mastectomy five years earlier. She had
been receiving tamoxifen since then, but it was stopped six months
prior to presentation due to severe ankle pain. Cessation of tamoxifen
led to moderate symptom relief. Her medical history was otherwise
unremarkable. On physical examination, the right Achilles tendon
was painful to palpation. Ultrasound examination revealed significant
tendinosis (particularly at the myotendinous junction) and partial
rupture in the right Achilles tendon (Figure 1). Ultrasound-guided
platelet-rich plasma injection was performed in the ruptured area
as well as the myotendinous junction (Video 1). Three weeks after
the intervention, her complaints were reported to have improved by
50% and the tendon thickness at the level of the lateral malleolus
(1) decreased from 6.0 mm to 4.6 mm. Her bone mineral density
measurement revealed osteopenic values (T-scores ranged from -1.3
to -2.2) in both lumbar vertebrae and femur. Following a follow-up
visit, cold therapy, and exercises (range of motion, stretching, and
strengthening of ankle muscles) were started. During this conservative
treatment, her symptoms gradually decreased further. The patient is
still under uneventful follow-up two months later.

Calcaneus

Discussion

Drug-induced tendinopathy can be caused by a variety of medications,

including statins, fluoroquinolones, steroids, and aromatase
inhibitors. Increased metalloproteinase and collagenase activity and
decreased collagen synthesis may be contributory in the pathogenesis.
Tendinopathy can ensue and resolve in a widely variable period (two

weeks - four years) after the drug initiation/discontinuation (2).

Tamoxifen is a selective estrogen receptor modulator (SERM) which
is commonly used for the treatment of breast cancer - particularly in
premenopausal women with estrogen receptor positive breast cancer
(3). It has both estrogenic and anti-estrogenic effects on various
tissues through regulation of the expression level and/or activity of
the estrogen receptors. Although its effects on tendons are less well-
documented, estrogen is known to enhance collagen synthesis in
tendons and reduce tendon stiffness (4). Regarding SERMs, tamoxifen
may adversely affect tendons/ligaments, potentially leading to rupture,
through mechanisms such as increased metalloproteinase 13 activity,
decreased tensile strength, and reduced maximum load at failure (5-7).

Since the presented patient did not have potential risk factors for
Achilles tendinopathy/rupture, as she was non-obese, sedentary, had no
trauma and got better after drug discontinuation, tamoxifen appears
to be the most likely reason for Achilles tendon injury. Needless to say,
further studies are needed to explore the possible causal relationship

Figure 1. Axial (A) and longitudinal (B) ultrasound images demonstrate Achilles tendon (stars), ruptured area (arrows) and a small ganglion
cyst (asterisk). Comparative longitudinal ultrasound images (C, D) show the swollen Achilles tendon on the symptomatic side (D)
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between tamoxifen use and tendinopathy whereby ultrasound imaging
and guidance would be contributory.

M Video 1. Real time ultrasound guidance during platelet-
e =% rich plasma injection for ruptured area (arrow) of
the Achilles tendon (star). The needle (arrowhead) is
inserted using the direct in-plane technique. Asterisk,
injection material; curved arrow, small anechoic

ganglion cyst.
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